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The official answer is NO (1).
However, there are a lot of arguments that a 

small “yes” answer does exist today – the myo-
cardium can regenerate a little bit (2). And there 
is hope that genetic engineering in medicine will 
boost this answer, turning it into a big “YES”, in 
order to repair the damaged myocardium in-
stead of merely helping the resting one by drugs 
or mechanically.

How does the heart grow?

Before birth, myocardial cells proliferate and 
constitute the embryonic heart. Soon after birth, 

the heart stops proliferation and becomes a 
“post-mitotic” organ (1, 2). The 10-fold growth 
of the heart, from the dimensions of a newborn’s 
heart to those of an adult’s one, is done by hy-
pertrophy only. Later on, if the adult makes 
heavy exercise, the heart becomes an “athletic” 
heart also solely by hypertrophy. There are very 
few exceptions to this concept, without clinical 
relevance.

Can we inseminate stem cells into the 
myocardium?

The answer is “Yes, of course”. The problem is 
that there are already tens of clinical studies with 
very little increase in left ventricular function and 
no significant effect on clinical income in pa-
tients with heart failure (3).

The main problems with cell insemination 
into the myocardium are (4, 5):

• the source and type of implanted cells;
• the way to transform them into functio-

nal myocytes;
• the way to develop new angiogenesis, in 

order to make a new region of functional 
myocardial tissue.

The source of cells is very important and 
there are a lot of possible alternatives. Hemato-
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poietic cells, induced pluripotent stem cells, 
myocardial stem cells and even skeletal muscular 
stem cells have been used (5). Each of these and 
some others had some success in becoming 
functional new myocytes. 

The way to prepare the source cells to be in-
seminated is also very important and various mo-
dalities were tried: non-genetic ones (drugs, cy-
tokines, hypoxia), genetic engineering (DNA, 
RNA), paracrine interventions (5). In this respect, 
attempts have been made to take into account 
the use of telocytes. These cells are present in 
the interstitium of the myocardium, have very, 
very long and thin extensions which constitute a 
real network in the myocardial tissue and are 
considered to play a role in the nutrition and 
functioning of the myocytes (6)

As previously mentioned, there are already 
tens of clinical studies on hundreds of patients 
followed for several years (3). The results were 
not so impressive and a new idea emerged: in-
stead of implanting cells, to implant pieces of tis-
sue constructed in vitro, with cells and nutrient 
fluids fixed on the scallop before the tissue is 
fixed into the myocardium. This procedure is 
called 3D bio printing (7, 8).

Can we fix artificial tissue into the 
myocardium?

This 3D bio printing method implies three pha-
ses: creation of the scallop, preparing the “bio 
ink” and constructing the tissue. 

The scallop is done by biological or artificial 
fibres put into a 3D construction. The main 
problem is that the vessel network has to be thin 
enough to develop neovascularisation. At pre-
sent, the best diameter of the vessels inside the 
scaffold is about 20 microns and, with endothe-
lial cells injected inside, this scaffold is capable to 
generate new micro vessels (7, 8).

The “bio ink” consists of fluids with stem cells 
injected into the scallop. There are different 
combinations of fluids and cells used, but none 
has been approved by the FDA yet.

The third phase is to put together the scallop 
and bioink in a piece of tissue to be implanted 
into the damaged myocardium (7-9). Techniques 
based on direct injection of bioink, extrusion or 
laser use are described. The final result is good 
enough to permit development of new clinical 
studies (7-9). 

Myocardial regeneration by mechanical 
support

In the last years, the mechanical support of the 
heart has been increasingly developed because 
the number of heart transplant is limited by  
the small number of donors. The artificial heart 
was used for the first time by Kolff et al in  
1957 (10), but since then, and especially in the 
last 20 years, the technique has developed  
dramatically. At present, the new generation of 
ventricular assist devices (VAD) are implanted 
into the myocar dium, with minimal friction  
inside the pump, which is kept in the position  
by magnetic levitation, and the very new ge-
nerations will have their batteries charged in a 
Wi-Fi manner, in rooms with magnetic resona-
tors (11, 12).

Ventricular assist devices, and especially left 
ventricular assist devices (LVAD), are now used 
not only as “bridge to transplant” but also as 
“destination therapy”, which is a special indica-
tion in the ESC Guidelines for the diagnosis and 
treatment of acute and chronic heart failure (13). 
This is due to the extraordinary observation that, 
in some patients with advanced heart failure and 
dilated cardiomyopathy, in whom the cause of 
the heart failure cannot be removed, the myo-
cardial function recovers after several months of 
mechanical support in such a degree that some-
times the LVAD can be explanted (11, 12). Stu-
dies show that this is a possible explanation in 
about one third of patients with dilated cardio-
myopathy, mainly idiopathic. The exact mecha-
nism of this recovery is not completely under-
stood. Some authors believe that at macroscopic 
level, the ventricle regains its contractility, but at 
molecular level, the new myocardium is diffe-
rent from the healthy myocardium before the 
development of heart failure (14). That is why 
the phenomenon of regaining contractility of the 
failing myocardium by simple prolonged me-
chanical support is considered an important field 
of research, in order to develop a new therapy in 
advanced heart failure.

Other methods

From some other methods developed in the field 
of myocardial regeneration, one important cate-
gory is emerging: the use of gene engineering. A 
good example is the injection of micro messen-
ger RNA in the damaged myocardium, which 

Can MyoCardiuM regenerate?
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leads to proliferation of myocytes – phenome-
non which changes all the above-discussed con-
cept that the adult myocardium does not proli-
ferate. Two examples of experimental studies 

(15, 16) may suggest that our old theories of the 
heart as a non-mitotic organ will be completely 
changed in the near future by gene interven-
tions. q
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ABSTRACT
Purpose: To assess the landscape of management of pediatric inflammatory bowel disease (IBD) patients 

in Greece and investigate possible prognostic factors for the disease outcome.
Methods: The medical records of all IBD patients who visited the gastroenterology divisions of two 

university pediatric clinics as in- or outpatients over 13 years were examined.
Results: Twenty-seven females and 25 males were included in the study. Ulcerative colitis (UC) was 

diagnosed in 46% of cases, Crohn’s Disease (CD) in 33% and unclassified IBD (IBD-U) remained the 
diagnosis in 21%. The CRP level was elevated in 68% of cases at diagnosis, whereas only 27.4% of 
patients had ESR levels and platelet counts within the age-adjusted normal range. No parameter derived 
from patient history, physical examination or laboratory and imaging was found to influence the time to 
diagnosis. Abdominal pain and lack of diarrhea at the time of diagnosis were significantly associated with 
the need for biologic therapy during the disease course in CD. Consistent with the “step-up” approach the 
treating physicians practiced, an increased number of relapses correlated with the addition of biologics in 
the treatment of both CD and UC patients (P=.03 and P=.002, respectively).

2020; 15(2): 146-154
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INTRODUCTION

Inflammatory bowel diseases (IBDs) are a 
group of disorders characterized by chronic 
inflammation of the intestinal tract. The 
main types of IBD are Crohn’s disease (CD) 
and ulcerative colitis (UC), although some 

patients’ condition fails to fulfill the published 
criteria for either type; these patients are dia-
gnosed with unclassified inflammatory bowel 
disease (IBD-U) (1, 2).

The incidence of IBD in children and adoles-
cents has increased in the last decade, both in 
developed and developing countries. Recent 
studies suggest that childhood-onset IBD com-
prises 25% of all IBD cases (3, 4).

The underlying mechanisms of the disease 
are quite complicated. Several genetic loci have 
been observed to play a role in the pathogenesis 
of the disease. It can roughly be stated that an 
abnormal immune state leads to inflammation in 
the intestine and disease progression (1).

The clinical appearance of IBD in children 
and adolescents may depend, among else, on 
the affected part of the gastrointestinal tract. Di-
arrhea and rectal bleeding are associated with an 
inflamed colon, whereas affected terminal ileum 
with or without jejunum involvement is charac-
terized by  more vague symptomatology com-
prised of fever, abdominal pain and weight loss 
(5). Extra-intestinal symptoms such as erythema 
nodosum, arthritis, and uveitis appear in less 
than one third of children (2). Some noticeable 
differences between childhood-onset and 
adult-onset IBD are reported throughout the lite-
rature. For example, childhood-onset UC tends 
to appear as pancolitis, in contrast with the more 
localized character of adult-onset UC (6). Apart 
from the standard clinical picture, untreated pe-
diatric IBD patients, and especially CD patients, 

are led to a failure to thrive, as the intestinal tract 
plays a major role in human growth (6, 7).

The diagnosis is “ruled in” by observing the 
aforementioned symptomatology and is con-
firmed through the findings of colonoscopy, ima-
ging modalities and histopathological examina-
tion (2, 8). Stool examination is also helpful to 
differentiate IBD from infectious diarrhea. Ge-
netic testing of specific mutations could also 
have a role in the diagnostic algorithm (1).

The non-invasive management of the disease 
encompasses a wide range of pharmaceuticals 
(5-ASA, steroids, immunosuppressants and di-
etary supplements specifically developed for 
IBD), in addition to specific antibodies (anti-TNF, 
etc). Treatment with biologic factors has brought 
a reduction of relapses and a measurable in-
crease in patients’ quality of life. Nonetheless, 
surgery is still unavoidable in certain cases (2, 9).

Unveiling a correlation between certain clini-
cal as well as laboratory parameters and the in-
creased number and severity of relapses would 
greatly assist with treatment decisions. This was 
the aim of our study.

MATERIALS AND METHODS

The study was conducted according to the 
guidelines laid down in the Declaration of 

Helsinki and all procedures involving research 
study participants were approved by the hospi-
tal’s research committee. Written informed con-
sent was obtained from all patients. In the cases 
of underage patients, consent from legal guar-
dians was obtained.

We retrospectively reviewed the medical re-
cords of all patients who were diagnosed with 
IBD under the age of 18 years in the gastroente-
rology divisions of two university pediatric cli-
nics. Data from the records of an internal medi-
cine clinic have been also included, children 

inflaMMatory Bowel disease in Children and adolesCents

Conclusion: It is the first time that clinical data regarding IBD pediatric patients in Greece were 
reviewed. Some clinical and imaging factors were associated with more aggressive disease, an increased 
need for biological treatment and frequent hospitalizations for IBD flares. Moreover, it was observed that 
the clinical features of IBD in Greek children were similar to those in other countries.

Keywords: inflammatory bowel disease, prognostic factors, Crohn’s disease, ulcerative colitis, 
pediatric, adolescents. 
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from the age of 14 onwards needing referral to 
an adult gastroenterologist in Greece. The medi-
cal records mainly contained data about patient 
hospitalizations and biologic drug injection visits, 
and were dated from 2004 through 2017.

Telephone inquiries were additionally made 
to children’s parents to acquire data that were 
missing from the medical records, with a focus 
on retrieving data that they could corroborate 
from their own written records, thus not subject 
to memory biases.

The diagnosis of UC, CD or IBD-U were 
made by experienced pediatric gastroenterolo-
gists based on patients’ clinical picture, colonos-
copy, imaging, and histopathological findings. 
The latter three have been also used to deter-
mine which anatomic parts of the colon were af-
fected by the disease.

Through the medical records and phone con-
versations, we sought to record patient informa-
tion, age at onset as well as time to diagnosis. 
Symptoms at onset were also recorded, as were 
the results of any imaging or endoscopic proce-
dure, to map the involvement of different parts 
of the colon and the terminal ileum to the di-
sease. If present, the existence of strictures 
and/or fistulas has been also noted. The thera-
peutic regimen used to induce remission was re-
corded too, in addition to all additional flares for 
which patients were hospitalized.

Differences in the means of ordinal and scale 
variables were investigated for statistical signifi-
cance with the t-test in case they were normally 
distributed, whereas the Mann-Whitney U test 
was used when they were not. Examining the 
difference in frequency between groups, the chi-

square test was conducted. Finally, when trying 
to detect a correlation between scale and/or or-
dinal variables, Spearman’s rho was utilized.

RESULTS

Demographic data-Follow-up time

In total, 52 patients with IBD were recorded, 
48% of whom were males. Table 1 contains the 
demographic data of CD, UC and IBD-U pa-
tients; CD patients experienced 99.76 flares per 
100 person-years (SD= 105.31), whereas UC 
patients 58.35 flares per 100 person-years 
(SD= 56.62). This difference was not found to 
be statistically significant (U=140, P=.352). The 
number of flares significantly correlated with the 
duration of follow-up in both CD (rs=.598, 
P=.019) and UC patients (rs=.605, P=.019) 
(Figure 1).

Clinical presentation at diagnosis

A detailed report of the frequency of each symp-
tom at disease presentation can be found in Ta-
ble 2. Investigating any potential correlation be-
tween the clinical presentation of IBD and the 
time to final diagnosis, no specific symptom (or 
lack) was found to significantly delay the diagno-
sis of CD. The absence of hematochezia at UC 
onset seems to delay the diagnosis, but no de-
finitive statements can be made because of the 
small sample size.

Regarding gender and differences in disease 
symptomatology, female UC patients were sig-
nificantly more likely than males to present with 
the perianal disease (χ²=5.000, P=.025).

inflaMMatory Bowel disease in Children and adolesCents

TABLE 1. 
Demographic and 
follow-up data of 
ulcerative colitis and 
Crohn’s disease 
patients



149Maedica
  

A Journal of Clinical Medicine, Volume 15, No. 2, 2020

CD patients who presented with abdominal 
pain suffered more flares on average 
(mean=2.789, SD=2.22) than those who did not 
(mean=1, SD= 1.53), but the difference was 
not detected as statistically significant (U=16.0, 
P=.09). No other symptom was found to predict 
an increased number of flares at a statistically sig-
nificant level for neither UC nor CD.

Patients that remained in the IBD-U group 
throughout follow-up were more likely to pre sent 
with skin manifestations (χ²=12.66, P<.001). 
They also experienced fewer flares (mean=0.80, 
SD=1.03) than patients with a UC or CD 
diagnosis, (mean=2.2, SD=2.41) but the 
difference didn’t prove statistically significant in 
our sample population (U=132.5, P=.077) 
(Figure 2).

Diagnostic procedures

Although in all cases IBD was diagnosed with 
colonoscopy, the complete procedure reports 
were procured for the colonoscopies of only 31 
out of the 52 patients, performed close to the 
time of diagnosis (12 UC, 12 CD, and seven 
IBD-U cases). Of them, only two revealed com-
pletely normal intestinal lumen, both microsco-
pically and macroscopically.

Colonoscopies performed on patients ulti-
mately diagnosed with CD revealed colitis in 
100% of cases (n=12) and ileitis in 41.2% (n=7). 
CD patients who presented with ileum involve-
ment were older at disease onset (mean 
age=13.94 years, SD=34.13) than those with-
out (mean age=9.56 years, SD=33.01). This dif-
ference was detected as statistically significant 

inflaMMatory Bowel disease in Children and adolesCents

FIGURE 1. 
Graph  
displaying the 
correlation 
between the 
duration of 
follow-up and 
the number 
of relapses 
in CD and 
UC patients. 
CD=Crohn’s 
disease, 
UC=ulcerative 
colitis

TABLE 2. 
Frequency of 
symptoms and 
comorbidities of 
inflammatory 
bowel disease 
patients at 
diagnosis
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(U=2.00, P=.033). CD patients with ileitis were 
also significantly less likely to present with hema-
tochezia (χ²=7.22 P=.007). Granulomas were 
detected in biopsy specimens in 33% of CD ca-
ses (n=4).

Regarding UC cases, 50% (n=6) of colonos-
copies performed at diagnosis revealed pancoli-
tis, and one patient suffered from backwash ile-
itis. No patient-related parameters seemed to 
predict the existence of pancolitis at disease on-
set. A rectal-sparing phenotype was observed in 
16.7% (n=2) of colonoscopies performed on UC 
patients.

Laboratory findings

Utilizing reference ranges of <5 mg/dL for CRP, 
<18 mm/h for ESR and <350×109/L for plate-
let count, the frequency of abnormal laboratory 
values at the time of diagnosis was calculated 
(Table 3).

CRP and ESR levels correlated significantly in 
UC patients (rs=.850, P=.007) but not in CD 
patients (rs=.286, P=.535). The existence of fe-
ver in UC patients positively correlated with in-

creased CRP levels (U=1.0 P=.01) and platelet 
counts (U=0, P=.021).

Therapy

The medications that were part of the initial 
treatment of the disease can be found in Table 4, 
and those used throughout the disease are pre-
sented in Table 5.

Clinical presentation and initial treatment

Investigating potential correlations between the 
patients’ clinical picture at diagnosis and the 
pharmacological therapy used to induce remis-
sion, CD patients presenting with rectum in-
volvement were significantly more likely to re-
quire corticosteroids to induce remission 
(χ²=4.41, P=.036). Semi-elemental diet (Mo-
dulen IBD ®) was significantly more likely to be 
included in the therapeutic plan of CD patients 
who presented with fever (χ²=5, P=.025) and 
those with Crohn’s ileitis (χ²=4.44, P=.035), 
whereas it was less likely to be prescribed in CD 
patients with diarrhoea (χ²=11.25, P=.001).

There was a tendency for UC patients with 
elevated CRP levels to require corticosteroids to 

FIGURE 2.  
Boxplot chart displaying the 
number of flares of UC and 
CD patients. CD=Crohn’s 
disease, UC=ulcerative colitis, 
IBD=inflammatory bowel disease, 
IBD-U= undifferentiated IBD.

TABLE 3. Frequency of 
abnormal laboratory values 
in inflammatory bowel 
disease patients at the time 
of diagnosis, n (%)
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induce remission at diagnosis, but the difference 
was not detected as statistically significant 
(U=34.50, P=.086). 5ASA enemas were signifi-
cantly more likely to be administered to UC pa-
tients with perianal disease at diagnosis (χ²=4.11, 
P=.043).

Clinical and laboratory parameters predicting 
disease course

To discover clinical and laboratory parameters at 
disease onset that can predict disease course and 
severity, the following results are reported.

Regarding CD cases, neither gender nor age 
at disease onset predicted the necessity of bio-
logic therapy to induce remission. Perianal man-
ifestations at disease onset positively correlated 
with the need to prescribe per os iron supple-
ments for follow-up in CD patients (χ²=4.75, 
P=.03). Abdominal pain at diagnosis positively 
correlated with the inclusion of biologic therapy 

for the disease in CD patients (Figure 3). This 
correlation was detected as statistically signifi-
cant (χ²=8.90, P=.003). CD patients who pre-
sented with diarrhoea were significantly less 
likely to need biologics for the disease (χ²=5.66, 
P=.017).

CRP and ESR levels at disease onset appeared 
to predict biologic use over the disease’s course 
in UC, but statistical significance was not detec-
ted (U=5.5, P=.082 for CRP; U=1, P=.051 for 
ESR). Age, gender, the existence of pancolitis, 
laboratory, and endoscopic parameters were 
tested and none predicted the need of resorting 
to biologic or immunosuppressive therapy to in-
duce and maintain remission in UC patients.

Predictably, biologic use throughout the di-
sease course significantly correlated with the 
number of relapses both in CD (U=14, P=.03) 
and UC patients (U=13.5 P=.002). An increased 
amount of relapses also significantly correlated 

TABLE 5. Frequency  
of symptoms and 
comorbidities of 
inflammatory bowel 
disease patients at 
diagnosis

TABLE 4. Frequency of 
medication prescribed at 
diagnosis
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with the necessity of per os iron supplements in 
CD cases (U=6.5, P=.011).

DISCUSSION

Crohn’s disease

CD patients comprised 33% of all IBD patients. 
The most frequent complaint that brought 

patients and their parents to the physician was 
diarrhea (68.8%), closely followed by abdominal 
pain (56.3%). Only two of the 16 total patients 
(12.5%) presented with extra-intestinal mani fes-
tation, arthritis, and skin manifestations, respec-
tively. These observations are con sis tent with 
those made in other studies (10, 11).

Virtually all colonoscopies performed on CD 
patients at the time of diagnosis revealed colitis, 
whereas ileal involvement was observed in 
41.2% which is equivalent to studies performed 
on the Mediterranean population (10).

Granulomas were detected in four out of the 
12 CD cases for whom biopsy data were avai-
lable. Regarding initial therapy, a little more than 
half of the CD patients required corticosteroids 
to induce remission. Throughout the disease, 
52.9% of patients required therapy with biolo-
gics.

Looking at the data collected for patients suf-
fering from CD, neither age at onset nor gender 
predicts the need for biologic therapy during the 
disease. Abdominal pain (P=.003) and the lack 
of diarrhea (P=.017) appear to predict the need 
for biologic therapy in CD, hinting at a more ag-

gressive disease phenotype. Unfortunately, none 
of the other demographic, clinical, endoscopic 
or laboratory parameters available at diagnosis 
seem to have similar predictive value.

Likewise, no information that is available to 
the physician at diagnosis proved capable of de-
tecting patients that are at risk for an increased 
amount of relapses. Finally, no parameters were 
found to correlate with the development of a 
perianal disease.

Ulcerative colitis

Forty-six percent (46%) of patients have been 
eventually diagnosed with UC, which, as previ-
ously discussed, was consistent with findings of 
other studies that underline the increase of UC 
in the pediatric population (5, 10, 12). On the 
other hand, our finding that UC patients were on 
ave rage significantly younger than CD patients at 
disease onset was not in total agreement with 
other studies (6). A study including Mediterra-
nean patients found the opposite (5).

By far, the most common complaints by UC 
patients at disease onset were diarrhea (90%) 
and blood in the stool (80%). IBD patients who 
presented with hematochezia were significantly 
more likely to be diagnosed with UC in our study 
sample (P=.001) (Figure 4), so our results rein-
forced the established observation that bloody 
diarrhea is highly indicative of UC. Whereas 
both genders were equally represented in the 
sample of UC patients, female UC patients were 

FIGURE 3.  
Bar chart of abdominal pain at  
diagnosis related to the use of 
biologic therapy in CD patients. 
CD=Crohn’s disease
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significantly more likely to present with a peri-
anal disease (P=.025).

Interestingly, 50% of colonoscopies per-
formed on UC patients at diagnosis revealed 
pancolitis, a finding concordant with other stu-
dies, which point out the more aggressive di-
sease phenotype of pediatric-onset UC in com-
parison to the adult one (6, 7, 10, 13).

A rectal sparing phenotype was detected in 
two patients, but the very small sample size 
precludes from any conclusions. It can only be 
confidently stated that its incidence in our 
sample is roughly consistent with that in other 
studies (14).

Among UC patients, 57.9% required cortico-
steroids to induce remission at diagnosis, whereas 
56.5% needed immunosuppressants for the di-
sease. Exactly half of UC patients eventually re-
quired biologic therapy to maintain remission. 
Unfortunately, no parameter available at diagno-
sis was found to predict either the necessitation 
of biologic therapy, immunosuppressants, or the 
number of relapses in UC patients.

There was a tendency for laboratory values at 
diagnosis (CRP, ESR, platelet count) to correlate 
with the need for corticosteroids to induce re-
mission at diagnosis and for biologic therapy for 
the disease, both indications of more aggressive 
disease. Neither was detected as statistically sig-
nificant. Even then, the actual clinical relevance 

would have remained doubtful, as this was not a 
randomized trial and the final choice of treat-
ment could have been actually influenced by the 
laboratory values, and not vice versa. Finally, UC 
patients presenting with a perianal disease were 
significantly more likely to receive 5ASA in ene-
mas form (P=.043), indicating that topical treat-
ment was thought to be more effective in such 
cases.

Particular care was given during this study to 
confounding factors that could delay the diagno-
sis of IBD, as well as whether such a delay is 
linked to worse outcomes. The time from symp-
tom onset to diagnosis observed in the patients 
of this study is relatively low compared to the 
results of an Italian study (10), which could be 
attributed to the high degree of suspicion for IBD 
exhibited in our clinics. In the end, no clinical, 
imaging or laboratory patient parameters could 
be associated with a delayed diagnosis. An in-
creased delay between disease onset and dia-
gnosis also did not seem to correlate with an in-
creased number of relapses or the need for more 
aggressive therapy for the disease. This could in-
dicate that, although a delayed diagnosis usually 
translates to increased disease severity at clinical 
presentation, the actual response of each patient 
to treatment and the therapeutic agents required 
to induce and maintain remission rely on other 
factors.

FIGURE 4.  
Bar chart of final diagnosis by 
hematochezia at disease onset
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CONCLUSIONS

In conclusion, our results paint a clear picture of 
IBD phenotype and therapy in Greek pediatric 

patients. Except for abdominal pain and lack of 
diarrhea correlating with early biologic use in CD 
patients, no other clinical or laboratory parame-
ter was found to significantly predict disease 
course in pediatric IBD patients. Nonetheless, 
some trends could be observed, such as the ten-

dency of patients with higher CRP and ESR va-
lues requiring biologic therapy to maintain re-
mission. Because of this, our research team 
believes that further multi-center studies with 
larger sample sizes are required to accurately in-
vestigate and confirm these findings. q
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ABSTRACT
Background: Non-melanoma skin cancer (NMSC) represents the most frequently diagnosed cancer in 

humans. Occupational solar UV radiation exposure is associated with a higher-risk of developing NMSC, 
but still Romania does not acknowledge this affliction as an occupational disease.

The study aims to determine if occupationally-induced NMSC is associated with more aggressive clinical 
and histopathological features compared to sporadic NMSC.

Material and methods: A retrospective, analytical, comparative study was conducted during 
2017-2019 in a University Department of Dermato-venereology in Bucharest, Romania, with focus on 
patients presenting with NMSC who underwent surgical excision of lesions followed by histopathological 
examination, classified as outdoor or indoor workers. High-risk clinical and histopathological characteristics 
were analysed and correlated with outdoor UV exposure. 

2020; 15(2): 155-161
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INTRODUCTION

Non-melanoma skin cancer (NMSC), 
also called keratinocyte cancer, 
represents the most frequently di-
agnosed cancer in humans (1) and 
includes actinic keratoses (AK) as 

intraepidermal cancerous lesions and basal cell 
carcinoma (BCC) and squamous cell carcinoma 
(SCC) as malignant neoplasms (2).

In 2018, The World Health Organisation 
(WHO), through the International Agency for 
Research on Cancer (IARC), reported over one 
million new cases of NMSC, of which almost 
40 000 new cases occurred in Central and 
Eastern Europe (3). 

In Romania, epidemiological data of skin 
cancer are lacking. In 2018, the Romanian Na-
tional Institute of Public Health reported 83 000 
new cases of cancer, without identifying the 
exact number of NMSC (4). These aspects are 
related to the inexistence of a National Cancer 
Registry, which includes NMSC, as well as to the 
lack of an up-to-date coding system in the State 
Health Care electronic system. In 2020, the 10th 

International Statistical Classification of Diseases 
and Related Health Problems (ICD) is in use, 

which classifies all NMSC as C44 – Other and 
unspecified malignant neoplasm of skin (5).

Solar ultraviolet (UV) radiation represents the 
most relevant risk factor of developing NMSC, 
being included as a group I carcinogen (carcino-
gen to humans) by the IARC since 2012, along 
with ionizing radiation, asbestos, plutonium, etc 
(6). Recent studies suggest a relationship be-
tween cumulative, long-term exposure to UV 
radiation and development of AK and SCC, 
while intermittent high-intensity UV exposure, 
especially at young ages, correlates with BCC 
and melanomas (7), even though prolonged UV 
exposure seems to be related to BCC as well (8). 
Other risk factors of developing NMSC include 
genetic predisposition, immunosuppression, 
HPV infection, etc (9-11).

Occupational natural UV radiation exposure 
is associated with a higher-risk of developing 
NMSC (12), providing a two-fold increased risk 
for BCC and SCC in the highly UV exposed 
workers (13, 14). Even though a strict relation-
ship between occupational exposure and deve-
lopment of skin cancer is established, only a few 
case studies in literature aim to identify if occu-
pationally UV-induced NMSC is associated with 
more aggressive tumour characteristics than spo-
radic NMSC.

Outcomes: The study included 51 consecutive patients diagnosed with NMSC, of which 25 outdoor 
workers (OW) and 26 controls as indoor workers with no occupational UV exposure background. OW 
presented with 21 BCC and four SCC, while controls with 22 BCC and four SCC. Males were predominant 
in both groups and most patients came from urban environment. The mean age value was lower for the 
OW group compared to controls. OW had a 4.66 times higher risk of developing NMSC with aggressive 
location and size χ2 (1, N=51) = 6.246, p=0.013, OR=4.66 (95% CI: 1.34, 16.23) and a 24-fold risk of 
developing NMSC with clinically poorly defined margins χ2 (1, N=51) = 21.697, p<0.001, OR=24.44 (95% 
CI: 5.38,110.92). The risk of developing a high-risk histopathological subtype was 15 times greater for OW 
χ2 (1, N=51) = 13.814, p<0.001, OR=15.27 (95% CI: 2.94,79.08). Moderate to severe desmoplastic reaction 
was 8.57 more frequent in controls χ2 (1, N=51) = 12.244, p=0.001, OR=8.57 (95% CI: 2.42, 30.30). Grades 
2 and 3 of actinic elastosis were significantly associated with outdoor work (χ2 (1, N=51) = 33.382, p<0.001, 
OR=131.25 (95% CI: 13.60, 1266.37). The presence of ulceration and pigment association of tumors on the 
histopathological report were not significantly associated with outdoor working. 

Conclusions: 1. Occupational NMSC in Romania is associated with high-risk clinical features; 2. Poorly 
defined borders is a significant clinical high-risk factor associated with occupational UV exposure in NMSC; 
3. High-risk histopathological subtypes are more frequently encountered in outdoor workers diagnosed with 
NMSC compared to indoor workers with no occupational UV exposure background; 4. Occupational NMSC 
is associated with significantly higher grades of desmoplastic reaction and of actinic elastosis compared to 
indoor workers.

Keywords: solar UV radiation, occupational skin cancer, skin cancer characteristics.
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Current Guidelines of care for the manage-
ment of BCC and SCC provided by the American 
Academy of Dermatology indicate the necessity 
of differentiating high-risk and low-risk NMSC, 
features which are essential nowadays for esta-
blishing the course of treatment, as well as for 
evaluating prognosis factors (15, 16).

Study aim 

The study aims to determine if occupationally-
induced NMSC are associated with more aggres-
sive clinical and histopathological features when 
compared to sporadic NMSC.

MATERIALS AND METHODS

Study design

A retrospective, analytical, comparative study 
was conducted during 2017-2019 in a University 
Department of Dermato-venereology in Bucha-
rest, Romania, consecutively including patients 
presenting with NMSC which underwent surgical 
excision of lesions followed by histopathological 
examination.

Outdoor workers are mentioned as OW and 
indoor workers (no occupational UV exposure 
back ground) as controls (C).

Inclusion and exclusion criteria

Inclusion criteria for subjects and controls were 
as follows: (1) clinical diagnosis of NMSC; (2) his-
topathological confirmation of BCC or SCC; and 
(3) identified profession by personal history ta-
king at the time of admission or followed by tele-
phone conversations.

Exclusion criteria were represented by pa-
tients under 25 years of age with known predis-
position of genodermatoses associated with skin 

cancer or any other additional significant risk fac-
tor such as immunosuppression and radiation 
therapy at site of tumor development. 

Analysed features

High-risk characteristics were classified accord-
ing to National Comprehensive Cancer Centre 
(NCCN) including clinical features (such as loca-
tion and size of lesions – area L>20 mm, 
M>10 mm, area H, aspect of borders, primary 
or recurrent lesions and histopathological criteria 
such as subtype (mixed infiltrative, basosqua-
mous BCCs, adenoid SCC) and perineural in-
volvement (17, 18). Other analysed histopatho-
logical criteria included ulceration, pigment 
association, desmoplastic reaction and grades of 
associated actinic elastosis. 

According to NCCN, area L represents the 
trunk and extremities, area M includes the 
cheeks, forehead, scalp, neck, and pretibial re-
gion, and area H consists of the central face, eye-
lids, eyebrows, periorbital skin, nose, lips, chin, 
mandible, preauricular and postauricular skin/
sulci, temple, ear, genitalia, hands, and 
feet (17, 18).

Desmoplastic reaction was classified as ab-
sent-reduced or moderate-extensive and actinic 
elastosis was classified as absent/grade 1 or 
grade 2/3.

Clinical criteria were based on personal exa-
minations and histopathological criteria were 
analysed through each patient’s personal report.

Data analysis

Data was analysed using the software SPSS for 
Windows version 20 (SPSS, Chicago, IL, USA). 
Mean values and standard deviations (SD) were 
calculated for numerical data, odds ratio (OR) 

TABLE 1.  
Socio-demographic 
and general 
characteristics of 
groups
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and 95% confidence intervals (95% CI) were as-
sessed and statistical significance was tested by 
Chi-square analysis (χ2). P<0.05 was considered 
to indicate statistical significance.

Outcomes 

The study included 51 consecutive patients dia-
gnosed with NMSC, 25 OW and 26 controls.  
OW presented with 21 BCC and four SCC, con-
trols with 22 BCC and four SC, respectively. 
General characteristics of the studied population 
are detailed in Table 1. Males were predominant 
in both groups, with 18 males as OW and 
16 males as controls. Most patients came from 
urban environments. The mean age value was 
lower for the OW group [68.92 (SD ±12.09)] 
compared to controls [70.00 (SD ±10.42)]. 

The number of lesions per patient was associ-
ated with higher mean values of 1.60 (SD±1.25) 
in the OWs compared to controls [1.27 
(SD ±0.45)]. OW presented with higher mean 
diameters of lesions [15.00 mm (SD ±6.70)] 

compared to controls [12.19 (SD ±8.55)].  Mean 
values of tumour thickness on the histopatho-
logical report were similar in both groups 
(2.35 mm and 2.30 mm, respectively). 

Statistical analysis of clinical and histopatho-
logical high-risk criteria, which was detailed Ta-
ble 2, identified significant differences in terms 
of high-risk location and size as well as for clini-
cally poorly defined margins. Subjects associated 
a 4.66 times higher risk of developing NMSC 
with aggressive location and size 
χ2 (1, N=51) = 6.246, p=0.013, OR=4.66 
(95% CI: 1.34, 16.23) and a 24-fold risk of de-
veloping NMSC with clinically poorly defined 
margins χ2 (1, N=51) = 21.697, p<0.001, 
OR=24.44 (95% CI: 5.38, 110.92). Most fre-
quent high-risk subtype for subjects was an 
area M greater than 10 mm (Figure 1). No meta-
stasis was found in any of the studied subjects.

Significant statistical differences were also ob-
served in terms of high-risk histopathological 
subtypes, grades of desmoplastic reaction and of 
actinic elastosis. Risk of developing a high-risk 

TABLE 2. Comparison of clinical and histopathological high-risk criteria between subjects and controls
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histopathological subtype was 15 times greater 
for OW χ2 (1, N=51) = 13.814, p<0.001, 
OR=15.27 (95% CI: 2.94, 79.08).

Most frequent histopathological subtype was 
mixed infiltrative BCC and undifferentiated SCC 
(Figure 2). Moderate to severe desmoplastic re-
action was 8.57 more frequent in controls 
χ2 (1, N=51) = 12.244, p=0.001, OR=8.57 
(95% CI: 2.42, 30.30).

Grades 2 and 3 of actinic elastosis were sig-
nificantly associated with outdoor work 
(χ2 (1, N=51) = 33.382, p<0.001, OR=131.25 
(95% CI: 13.60, 1266.37).

The presence of ulceration and pigment as-
sociation of tumours on the histopathological re-
port were not significantly associated with wor-
king outdoors. 

A binary logistic regression analysis was per-
formed in order to predict high-risk histopatho-
logical subtypes using as covariates professional 
exposure to UV radiation, gender, age, tumor 
diameter and clinical high-risk subtypes accor-
ding to NCCN. The probability of the chi-square 
model (25.37), P<0.01, supports a relationship 
between dependent and independent variables. 
The Wald criterion highlighted the most predic-
tive factors as the presence of occupational UV 
exposure (Wald=7.992, p=0.005) and presence 
of a clinically aggressive location and size 
(Wald=3.993, p=0.046).

Discussion 

In 2018, the National Institute of Statistics re-
ported 19 million inhabitants in Romania, of 
which 10 millions were living in urban areas and 
nine millions in rural environments. In 2017, the 
average number of employees was approxi-
mately five millions, of which 120 000 were 
a griculture workers and 370 000 construction 
workers, making at least a half of million workers 
in Romania exposed to solar UV radiation con-
stantly at their workplace (19). Recent dosimetry 
studies performed in a few European countries, 
including Romania, found that the level of expo-
sure to solar UV radiation in outdoor workers 
significantly exceed the level of non-occupatio-
nal exposure, including leisure (20, 21). In spite 
of epidemiological data on an increasing inci-
dence of NMSC in the last decades and the 
well-es ta blished role of UV radiation in its patho-
genesis, Romania does not recognize occupatio-
nally solar UV-induced NMSC as an occupatio-
nal di sease (22), thus no reporting or compensation 
system is reachable for this pathology.

From the author’s knowledge, this is one of 
the few studies which compares high-risk clinical 
and histopathological criteria of NMSC in indoor 
and outdoor workers.

The study confirms the known hypothesis 
that BCC is the most common skin cancer, with 
almost five times more cases than SCC (23) and 
that NMSC is more frequently encountered in 
male subjects [24]. 

Mean age values are insignificantly lower for 
the outdoor workers’ group, suggesting either 
that outdoor workers in Romania decide to visit 
a Dermatology Unit earlier, or constitutional 
darker skin photo type, that is of II/III for the ma-

FIGURE 1. Distribution of high-risk clinical criteria

FIGURE 2. Distribution of histopathological subtypes
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jority of Romanians, provide a protective effect 
until higher age groups.

Outdoor workers diagnosed with BCC and 
SCC presented a higher mean value of multiple 
lesions compared to the control group; although 
multiple NMSC are not uncommon, and can be 
sometimes associated with genodermatoses such 
as Gorlin-Goltz syndrome (25), such cases would 
have been excluded from the study. Also, the 
mean lesion diameters were higher for the out-
door workers’ group, suggesting a more rapid 
evolution of lesions in these cases, taking into 
consideration the fact that patients reported to 
the Dermatology Clinic after a similar period of 
time.

Statistical significance was observed for 
high-risk location and size and for poorly defined 
borders of lesions, being an important high-risk 
feature, correlated with possible risks associated 
with positive margins on the histopathological re-
port (17, 18). Clinical topography identified 
high-risk criteria for outdoor workers in case of 
BCC and of SCC. Most frequently identified 
areas included an area M higher than 10 mm, 
being defined in past studies as “mask area” lo-
cated on area H. These findings are similar to 
those reported in previously published studies, in 
which outdoor workers developed most lesions 
on the “mask area” of the face (26).

High-risk histopathological subtypes were 
identified as significantly more numerous in out-
door workers, with mixed infiltrative type as the 
most frequent form for BCC and undifferentiated 
adenoid type as the most frequent for SCC. Si-
milar studies identified similar high-risk histo-
pathological subtypes, mixed with an aggressive 
component as the most frequent histopathologi-
cal subtype (26, 27).

Presence of ulceration, independent of any 
additional high-risk criteria, is considered a risk 
factor for an aggressive form of NMSC (28). 
Nonetheless, this statistical analysis did not iden-
tify a significant difference in terms of ulceration 
between groups.

Pigment association was not increased in out-
door workers compared to controls even though 
UV radiation is involved in stimulation of mela-

nogenesis and acts as an additional risk factor 
(29, 30).

Desmoplastic reaction represents an atypical 
factor of analysed lesions (31) and was identified 
frequently in both cases of NMSC. Actinic elasto-
sis is the most predictive factor of (cumulative) 
UV-induced skin damage (32) and was identified 
in higher proportion for both groups.

Strengths of our study include identifying ca-
ses of occupational NMSC which associate a 
strong occupational component, as well as histo-
pathological interpretation of their characteri-
stics. Limitations include the relatively small sam-
ple size, missing data and potentially lower 
generalizability, as cases were consulted by a 
single dermatologist in a state health care system 
(referral bias). For ethical, medical, administra-
tive and preventive issues, all patients with a 
strong evidence for an occupational disease were 
referred to an occupational physician.

Our finding emphasises the importance of 
appropriate dermatological screening for all out-
door workers exposed to solar UV radiation, as 
well as the importance of notifying all the occu-
pational skin diseases, including cancer, espe-
cially in Eastern European countries, where this 
issue is deeply neglected (33). 

CONCLUSIONS

1. Occupational NMSC in Romania is asso-
ciated with high-risk clinical features.
2. Poorly defined borders is a significant clini-

cal high-risk factor associated with occupational 
UV exposure in NMSC.

3. High-risk histopathological subtypes are 
more frequently encountered in outdoor workers 
diagnosed with NMSC compared to indoor 
workers with no occupational UV exposure 
background.

4. Occupational NMSC is associated with si-
gnificantly higher grades of desmoplastic reac-
tion and of actinic elastosis compared to indoor 
workers. q 
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ABSTRACT
Background: Objectives: Hepatitis C virus requires and induces changes in liver lipidome for its life 

cycle. In addition, alterations in plasma and erythrocyte lipidome are observed during a range of chronic 
liver diseases.

Methods: A total of six subjects (three males and three females) were included in our study. All subjects 
were HCV positive according to virus RNA detection. Erythrocyte ghosts were prepared from blood and 
collected upon diagnosis and also at the end of the treatment with Direct Antiviral Agents (DAA). Lipids 
were extracted from the erythrocyte ghosts, and cholesterol and phospholipids were analyzed by thin layer 
chromatography. A semi-quantitative estimation of cholesterol (CHOL), phosphatidylethanolamine (PE), 
phosphatidylinositol (PI), phosphatidylserine (PS), phosphatidylcholine (PC) and sphingomyelin (SM) was 
performed by densitometric analysis of the chromatographs.

2020; 15(2): 162-168
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INTRODUCTION

Hepatitis C is an infection of the li-
ver caused by the hepatitis C virus. 
According to the World Health 
Organization (WHO), 3% of the 
world population has been infec-

ted by HCV. Hepatitis C can be either acute or 
chronic. Chronic hepatitis C may progress to cir-
rhosis and subsequently to hepatocellular carci-
noma (1). 

In chronic liver diseases there are many meta-
bolic alterations affecting patients’ nutritional 
status (2), including changes in liver lipid meta-
bolism and lipidome. In hepatitis C, these chan-
ges accommodate the viral life cycle (3, 4). Al-
terations in hepatic lipid metabolism trigger 
changes in plasma lipidome and the latter may 
relate to liver histopathology (5, 6).  

Red blood cell lipid pattern is also affected in 
chronic liver diseases (7–9). It has been observed 
to correlate with liver steatosis and steatohepati-
tis (10). In addition, Tanaka et al found that riba-
virin and interferon treatment increased PE, SM 
and CHOL/PE ratios and decreased PC and 
PC/SM ratios in the erythrocyte membrane of 
patients with hepatitis C (11). However, these al-
terations might be attributed to the entrapment 
of ribavirin in erythrocytes (12, 13).

Both inflammation and oxidative stress mo-
dify the lipid composition of erythrocyte mem-
brane (14–16). In patients with hepatitis C, viral 
clearance seems to attenuate fibrosis (17), in-
flammation (18) and oxidative stress (19). 
Whether this effect reflects upon erythrocyte 
membrane lipid composition is an issue that cer-
tainly merits investigation.

We speculate that if hepatitis C infection and 
subsequent fibrosis modify the pattern of the 
erythrocyte membrane cholesterol and phos-

pholipids, this event may indicate liver tissue 
damage and resolution before and after treat-
ment of the disease, respectively. 

The aim of this study has been to investigate 
the erythrocyte membrane cholesterol and phos-
pholipid pattern in patients with hepatitis C virus 
and severe fibrosis, before and after treatment. A 
potential application as a novel reliable biomar-
ker shall also be considered.

MATERIALS AND METHODS

Patients

Three men and three women aged 61.5±8.64 
years were included in our study. All subjects 

were HCV positive according to virus RNA de-
tection. Blood was collected at the beginning 
and end of treatment. Every patient had fibrosis 
≥F3, as defined through FIBROSCAN, and was 
treated with DAAs (Table 1). HCV infection was 
defined through polymerase chain reaction 
(PCR) of viral serum RNA detection. The proto-
col was approved by the appropriate Scientific 
Committee.

Isolation of erythrocyte membrane “ghosts”

Three milliliters of blood containing EDTA was 
centrifuged at 200 g for 10 minutes at 4oC. Plas-
ma and buffy coat were removed. Then, the 
erythrocyte pellet was washed with cold saline 
solution and centrifuged at 200 g for 10 minutes 
at 4°C.

TABLE 1. Basic characteristics of patients participated in 
this study

Results: After the antiviral treatment, PE percentage decreased, whereas the PC/PE and CHOL/PE 
ratio increased significantly. There were also other weaker differences for CHOL, PI, PS, PC and SM. 
Before DAA there was a very weak correlation between ALT and PC/PE ratio. In contrast, there was a steep 
negative correlation between these two parameters after DAA. 

Conclusions: Red blood cell lipid composition and especially the PC/PE ratio could be a candidate real 
time biological marker for inflammation resolution during hepatitis C treatment.

Keywords: erythrocyte, membrane, lipids, inflammation, hepatitis C.
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Erythrocytes were diluted 1:10 (v/v) with cold 
hemolysis solution (Tris 1 mM–NaCl 10 mM – 
EDTA 1 mM pH 7.2) and, after incubation for 
30 minutes at 4°C with continuous shaking, they 
were centrifuged at 15000 rpm in HERMLE 323 K 
centrifuge, 220.80 VO2 rotor, at 4°C for 16 mi-
nutes.

The pellet was collected, and the last step 
was repeated for as many times as needed, until 
the final pellet was milky-white, signifying hemo-
globin removal. Samples were kept at -80°C until 
analysis. Total erythrocyte membrane protein 
was estimated with the Bradford assay using bo-
vine serum albumin as standard (20).

  
Lipid isolation

An aliquot of the sample (300-500 μL) was mixed 
with an equal volume of ice-cold trichlorome-
thane/methanol (2/1 v/v). The two phases were 
separated by centrifugation (2000 rpm for 10 mi-
nutes at 4°C, in Sorvall® Dupont MC12V centri-
fuge, in rotor F-12/M.18) and the organic phase 
was collected (20) and kept at 4°C. The proce-
dure was repeated once more, and the resulting 
two organic phases were pooled and washed 
with an equal volume of ice-cold deio nized wa-
ter. The final organic phase was collec ted, and 
the solvent was evaporated at 37°C in an Eppen-
dorf® thermomixer.

The remaining lipid was suspended in 100 μL 
of solvent (trichlomethane/methanol 2/1 v/v) at 
4°C and analyzed by thin layer chromatography 
(TLC).

Thin layer chromatography 

Thin layer chromatographic analysis of erythro-
cyte membrane lipids was done on a 10X10- cm 
chromatographic plate (TLC Silica gel 60 F254 
(Merck KGaA 64071 Darmstadt, Germany) using 
a mixture of chloroform/methanol/acetic acid/
water (60/50/1/4) (v/v/v/v). Before loading the 
samples, the plate was desiccated at 150° C for 
10 minutes and pre-run with the developing sol-
vent mixture as above.

After sample separation, the plate was dried 
with hot air and then placed in a closed con-
tainer of vaporized iodine. Lipids appeared as 
dark yellow bands against a lighter background.

Lipids were identified by comparison with 
lipid standards, namely cholesterol, phosphati-
dyl-ethanolamine, phosphatidyl-inositol, phos-

phatidyl-serine, phosphatidyl-choline and sphin-
gomyelin all purchased from Sigma-Aldrich.

Digital pictures of the chromatographs were 
taken, the areas of individual spots were estima-
ted using Gel Analyser® software and expressed 
as “percentage of total lipid quantified” in the 
sample. Ratios of lipids were also calculated. 
Every sample was analyzed in triplicate.

Statistical analysis

Statistical analysis was done with the R program-
ming language v. 3.6 (21). Bayesian  analysis was 
performed using JAGS 4.3.0 (22).

Testing for difference between means was 
performed by the Bayes Factor package, using a 
Jeffreys prior on the variance and a Cauchy prior 
with scale=1 on the effect size. Bayesian linear 
regression was done using JAGS assuming a wide 
normal prior for the slope and intercept and a 
lognormal distribution for the error.

RESULTS

Since the sample size was small, we used a 
Bayesian approach for statistical analysis, 

which is much more suited to provide meaning-
ful results for small datasets. Bayesian analysis 
does not assume large sample sizes and smaller 
datasets can be analyzed while retaining statisti-
cal power and precision (23, 24). 

In Table 2, the mean and median before and 
after DAA are shown. Also, the lower and upper 
95% posterior intervals for the effect size (diffe-
rence between means) is given, along with the 
probability that the means difference is not zero. 

FIGURE 1. Boxplot and posterior density for ALT
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TABLE 2. Mean and median values before and after direct antiviral treatment, lower and upper edges of the 95% posterior 
density and probability that the difference between the means before and after treatment differs from zero

FIGURE 2. Boxplot and posterior density for AST
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This probability can be considered significant if it 
is far from 0.50. The most significant differences 
between means before and after treatment, are 
for the liver function markers ALT (Pmean diff≠0=0.96) 
and AST (Pmean diff≠0 =0.95), shown in 
Figures 1 and 2, respectively. For hematological 
markers, very significant mean differences ap-
pear for hemoglobin (Pmean diff≠0=0.97), MCH 
(Pmean diff≠0=0.96) and MCHC (Pmean diff≠0=0.99). 
The highest pro bability of mean difference for 
the lipids is for PE (Pmean diff≠0 =0.94) shown in 
Figure 3. For lipid ratios, the highest difference is 
for the PC/PE ratio (Pmean diff≠0=0.99) and also for 
the CHOL/PE ratio (Pmean diff≠0=0.88), as depicted 
in Figures 4 and 5, respectively. In the aforemen-
tioned Figures 1-5, the boxplot and posterior dis-
tributions of the difference between means are 
shown for AST, ALT, PE, PC/PE and CHOL/PE ra-
tio. The boxplots and posterior densities for all 
remaining measured parameters are also shown 
in the supplementary material.

When Bayesian linear regression of the PC/PE 
ratio versus ALT was performed for all patients 
before and after DAA, there was a significant 
shift in the pattern of regression (Figure 6). Be-
fore treatment, there is very little correlation be-
tween these two parameters, and change in ALT 
is correlated with very little change in the PC/PE 
ratio. Things are radically different after treat-
ment, where an increase in ALT causes a steep 
decrease in this ratio. 

CONCLUSION

Hepatitis C virus infection dramatically affects 
the kinetics of lipid trafficking and distribu-

tion via blood circulation among tissues within 
the human organism. The liver is the major organ 
displaying lipid infiltration and subsequent fibro-
sis as part of the progress of the disease. On the 
other hand, the erythrocyte is the most abundant 
cell in the blood, ubiquitous and available to in-
teract with all organs. Under this perspective, the 
lipidome of the erythrocyte membrane may also 
be affected by the irregular systemic lipid profile 
that is evident in the course of the disease. In the 
present study, we sought to determine the phos-
pholipid and cholesterol patterns in a group of 
patients with hepatitis C in terms with other cli-
nical parameters at two endpoints of the disease 
(upon diagnosis and after treatment with DAAs). 

FIGURE 3. Boxplot and posterior density for PE

FIGURE 4. Boxplot and posterior density for PC/PE ratio

FIGURE 5. Boxplot and posterior density for CHOL/PE ratio
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After antiviral treatment there was a decrease 
in AST and ALT levels (Figures 1 and 2, respec-
tively), as expected from the resulting improved 
liver function. The PE levels decreased (Figure 3), 
while PC/PE and CHOL/PE ratios increased (Fi-
gures 4 and 5, respectively). We speculate that 
the observed increase of PC/PE in our patients 
may correlate with an improvement in liver his-
topathology, since the increase in this ratio was 
accompanied by a decrease in AST and ALT le-
vels. The PC/PE ratio was strongly negatively cor-
related with ALT levels after treatment. Before 
treatment, this correlation was very weak, as 
shown in Figure 6. Arendt et al found that the 
PC/PE ratio in erythrocyte membrane was lower 
in NAFLD and NASH patients than healthy sub-
jects, and this decrease followed a similar de-
crease in the PC/PE ratio of the liver (9). Further-
more, mice lacking phosphatidylethanolamine 
N-methylotransferase (PEMT) and fed a low-PC 
diet, display a low PC/PE ratio in the liver subse-
quently developing steatohepatitis (25). In other 
animal models of steatohepatitis, low PC/PE ratio 
was observed in liver endoplasmic reticulum 
(26) as well as in mitochondria (27). Finally, 
Dinkla et al reported that systemic inflammation 
can reduce PC, but not PE, content in the ery-
throcyte membrane, through secretory phospho-
lipase IIA – independent hydrolysis to lysophos-
phatidylcholine (LPC) (16). This finding may 
indicate that the increase of PC/PE ratio in ery-
throcyte observed after antiviral treatment may 
possibly correlate to a remission of liver infla-
mmation. Another explanation may be a PC ex-

change between plasma lipoproteins and the 
erythrocyte (28). However, molecular mecha-
nisms explaining the absence of correlation of 
the PC/PE ratio to ALT levels before treatment, 
require further examination. It is possible that 
liver damage repair depends on PC/PE ratio to a 
higher extent than liver damage formation does. 
Alternatively, liver PC/PE ratio is not reflected 
upon erythrocyte to the same extent during the 
different stages of liver damage.

Regarding the increase of CHOL/PE ratio in 
patients with hepatitis C after successful treat-
ment, we hypothesize that it is an adaptation of 
erythrocytes to the new metabolic environment, 
formed either by liver damage regression or 
eradication of hepatitis C virus. Dawaliby et al 
showed that eukaryotic cells preserve a mecha-
nism for maintaining a dynamic balance be-
tween cholesterol and phosphatidylethano-
lamine content (29). However, since human 
mature erythrocytes do not contain organelles 
for de novo synthesis of lipids, we speculate that 
the alteration of CHOL/PE ratio possibly indi-
cates changes in plasma lipidome and/or chan-
ges in intercellular lipid transport.

Other lipid ratios were examined as potential 
markers of phospholipid peroxidation (13), as 
shown in Table 2. However, no significant diffe-
rences in these ratios before and after antiviral 
treatment were found. 

No other quantitative differences in the levels 
of cholesterol and phospholipids were observed 
in the present study. Although hematological pa-
rameters changed after treatment, no significant 
correlation with lipid composition was observed.

In conclusion, antiviral treatment increased 
the PC/PE ratio in patients with hepatitis C and 
severe fibrosis. Therefore, red blood cell lipid 
composition could be a candidate real time bio-
logical marker for hepatitis C treatment. Although 
the sample size is small, Bayesian analysis is well 
suited to the analysis of such samples. This study 
was undertaken as an initial proof-of concept. 
This study will be expanded to a greater number 
of hepatitis C patients and other paradigms of liver 
disease, both in vivo and in vitro. q

Conflicts of interests: none declared.
Financial support: none declared.

FIGURE 6. Linear regression of PC/PE ratio versus ALT
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ABSTRACT
Background: Type 2 diabetes mellitus is known to be associated with other endocrine dysfunctions and 

thyroid is one of them. In the current study we tried to evaluate the frequency of thyroid dysfunctions in 
patients with type 2 diabetes mellitus and compare them with a normal control population. 

Methods: This cross-sectional study was carried out in the Department of Physiology and Department of 
General Medicine, Kakatiya Medical College, and MGM Hospital, Warangal, India. A total of  50 consecutive 
patients with diabetes mellitus type 2 were selected as cases, and an equal number of age- and sex-matched 
individuals with normoglycemia as controls. Laboratory investigations included measurements of fasting 
blood sugar [FBS] and HbA1c values after overnight fasting for eight hours, serum triglycerides, along with 
serum TSH, FT3, and FT4, which were measured by chemiluminescence immunoassay. 

Results: Among all cases of type 2 diabetes mellitus, eight (16%) presented thyroid disorders, with 10% 
in male patients and 6% in female patients. The overall frequency of thyroid disorders was found in four 
(8%) cases, of which two (4%) in males and two in females. The values of TSH µIU/ml and FBS mg/dl in 
type 2 diabetes mellitus cases were plotted and a Pearson correlation coefficient of +0.70 was calculated, 
indicating a positive correlation between the TSH and FBS. Along with TSH levels, the values of HbA1c 
were plotted in patients with type 2 diabetes mellitus and a Pearson correlation coefficient of +0.76 was 
calculated. 

Conclusion: Within the limitations of the present study, it can be concluded that the prevalence of 
thyroid dysfunctions is more common in patients with type 2 diabetes mellitus. Also, a continuous positive 
correlation of TSH with FBS and HbA1c was found. Hence, a periodic screening for their coexistence in 
thyroid dysfunctions among diabetic patients is advisable. 

Keywords: thyroid dysfunctions, type 2 diabetes mellitus.

2020; 15(2): 169-173
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INTRODUCTION

Thyroid dysfunctions and diabetes mel-
litus (DM) are the two most commonly 
prevalent endocrine disorders encoun-
tered in clinical practice. The link be-
tween thyroid dysfunction and DM has 

been a topic of interest in different clinical trials 
across the world. Diabetes mellitus is known to 
affect thyroid functions at various levels and thy-
roid hormones have to influence carbohydrate 
metabolism and pancreatic functions. It is be-
lieved that thyroid functions are significantly al-
tered in patients with DM due to variations in 
thyrotropin-releasing hormone (TRH), which is 
released from the hypothalamus for the conver-
sion of T4 (1). Several studies have pointed out 
biochemical, genetic, and hormonal malfunc-
tions mirroring this pathophysiological associa-
tion (2, 3). The 5’Adenosine monophosphate-
ac tivated protein kinase (APMK) is a central 
target for modulation of insulin sensitivity and 
feedback regulation of thyroid hormone associ-
ated with appetite and energy expenditure (3). A 
meta-analysis aimed to investigate the associa-
tion between DM and thyroid dysfunctions has 
reported 11% thyroid dysfunctions in patients 
with DM (4). Autoimmunity has been also found 
to be an important cause of thyroid dysfunctions 
associated with DM (5-7). Hypothyroidism is as-
sociated with reduced glucose absorption from 
GIT and it is accompanied by prolonged peri-
pheral glucose accumulation, diminished hepa-
tic glucose output and reduced utilization of glu-
cose, which were considered as hallmarks of hy-
pothyroidism (8). In subclinical hypothyroidism, 
diminished rate of insulin-stimulated glucose 
transport rate is caused by disturbed expression 
of glucose transporter type 2 gene (GLUT 2) 
translocation, possibly leading to insulin resis-
tance; also, given the reduced clearance of insu-
lin in hypothyroid conditions, physiological re-
quirements of insulin are diminished (9). In cases 
of hyperthyroidism, an increased glucose output 
from the liver is the central reason for the induc-
tion of hyperinsulinemia and glucose tolerance 
for the development of insulin resistance (10). 
Among all discussed facts, insulin resistance is 
the most important area connecting thyroid dys-
function and type 2 diabetes mellitus (T2DM) 
and insulin resistance is found both in hypo- and 
hyperthyroidism (11). 

The main objective of the present study was 
to evaluate the association between thyroid dys-
function and diabetes mellitus in cases of known 
DM through comparison with normal age- and 
sex-matched controls. q 

MATERIAL AND METHODS

This cross-sectional study was carried out in 
the Department of Physiology and Depart-

ment of General Medicine, Kakatiya Medical 
College, and MGM Hospital, Warangal. Institu-
tional Ethical Committee permission was ob-
tained for the study. Written consent was given 
by all participants to the study. The inclusion cri-
teria were new and old cases of T2DM recorded 
to the General Medicine OPD among both male 
and female patients. Exclusion criteria were his-
tory of malignancy, pregnancy, liver diseases, and 
renal failure, MI, on drugs such as OCP, amioda-
rone, and beta-blockers. A total of 50 consecu-
tive patients with T2DM were selected from 
those visiting the Department of General Medi-
cine, and an equal number of age and 
sex-matched individuals with normoglycemia 
were selected as controls. A detailed patient his-
tory, including the family history, T2DM, hyper-
tension and thyroid dysfunctions, habits of smo-
king, medical history of microvascular and 
macrovascular complications in T2DM and 
medications were recorded. Anthropometric 
and physical examinations were performed by 
the same examiner. The BMI was calculated as 
weight in Kg divided by squared height in me-
ters. Blood pressure was recorded as per stan-
dard protocol from the right arm, in sitting posi-
tion, after 10 minutes of rest. The mean value of 
two successive SBP and DBP measurements was 
recorded. Hypertension was defined as 
SBP ≥140 mm Hg or DBP ≥90 mm Hg [in hy-
pertension cases 19 of dmso]. Laboratory investi-
gations were done for all patients. Blood samples 
were collected in a vacutainer under aseptic 
conditions. Fasting blood sugar (FBS) and HbA1c 
values were determined after overnight fasting 
for eight hours; serum triglycerides, serum 
HDL-C, LDL-C were estimated along with serum 
TSH, FT3, FT4, which were measured by chemi-
luminescence immunoassay. The reference va-
lues were TSH >5.5 mlU/ml, free T4 <0.8 ng/dl 
or free T3 <1.4 pg/ml for overt hypothyroidism; 
TSH <0.5 ml U/ml, free T4 >1.5 ng/dl or 

thyroid dysfunCtions in type 2 diaBetes
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free T3 >4.2 pg/ml for overt hyperthyroidism; 
TSH >5.5 mlU/ml with normal free T3 and free 
T4 for subclinical hypothyroidism; and 
TSH <0.5 mlU/ml with normal free T3 and free 
T4 for subclinical hyperthyroidism. Normoglyce-
mia was defined as a fasting serum glucose of 
110 mg/dl, prediabetes as a fasting serum glu-
cose of 111 to 125 mg/dl, and type 2 diabetes 
mellitus as a fasting serum glucose ≥ 126 mg/dl 
and a HbA1c value of 6.5% [in newly diagnosed 
T2DM cases [18 of dmso]. All data were recor-
ded in a T2DM MS Excel spreadsheet and ana-
lyzed by SPSS version 19 on Windows format. q

RESULTS AND DISCUSSION

A total of 50 T2DM cases were included in the 
study, of which 36 were males and 14 fe-

males, with a male to female ratio 18:7. The fre-
quency of thyroid disorders in all cases of T2DM 
was eight (16%), out of which 10% were male 
patients and 6% female patients. Among all ca-
ses, 42 (84%) were euthyroid, four (8%) had sub-
clinical hypothyroidism, three (6%) overt hypo-
thyroidism and one (2%) hyperthyroidism 
(Table 1). Jalal MJ et al (12) reported that the 
prevalence of thyroid dysfunctions was 16% in 
their subjects, which is in accordance with the 
results of the present study. In our study, four 
(8%) cases of subclinical hypothyroidism, three 

(6%) cases of overt hypothyroidism and one case 
(2%) of hyperthyroidism were found in the se-
lected diabetic patients. In a study of Akbar et al 
(13), thyroid dysfunctions had an overall preva-
lence of 16% and latent autoimmune diabetes in 
adults a prevalence of 42%. Co-occurrence of 
hypothyroidism and diabetes mellitus is also fre-
quent.

In the control group (50 subjects), thyroid dis-
orders were found in four (8%) cases, of which 
two (4%) in males and two in females. Subclini-
cal hypothyroidism was found in two (4%) cases, 
overt hypothyroidism in one (2%) case and hy-
perthyroidism in one (2%) case (see Table 2 for 
details). The prevalence of thyroid dysfunctions 
in the normal population was 8%, which was 
slightly higher than the percentage of 6.6% re-
ported by Tunbridge et al (14), maybe owing to 
variations in the sample size, differences in the 
method of estimation, and other autoimmune 
factors in the studied population. The mean age 
of male patients was 49.5 years old in the study 
group and 46.3 years old in the control group, 
with p-values being not significant; also, the 
mean age difference of female subjects between 
the study and control groups was not significant. 
The mean weight of male patients in the study 
group was significantly higher than the control 
group. Similarly, the mean waist girth in centime-
ters was significantly greater in both males and 

thyroid dysfunCtions in type 2 diaBetes

TABLE 2. The demographic profile of the control group about thyroid disorders

TABLE 1. The demographic profile of cases of type diabetes mellitus with thyroid disorders
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females with T2DM than matched controls, indi-
cating the presence of abdominal obesity in pa-
tients with T2DM.

In Figure 1, values of TSH μIU/ml and FBS mg/dl 
in T2DM cases were plotted and a Pearson cor-
relation coefficient of +0.70 was calculated, 
which indicated a positive correlation between 
TSH and FBS. Consequently, the rise in TSH va-
lues correspondingly raised the FBS level in this 
group of patients. A common etiology of autoim-
mune destruction may explain myxedema with 
T2DM and few cases of autoimmune positive 
T2DM. The two diseases occur together more 
often than their frequencies. The sequel of Grave’s 
diseases as hypothyroidism and pancreatic da-
mage resulting from hyperthyroidism may de-
velop some cases of diabetes. Drug-induced hy-
pothyroidism, particularly from chlorpropamide, 
may lead to the simultaneous presence of both 
di seases. A high degree of thyroidal antibody is 

noted in type 1 DM (15). Diabetes mellitus with 
congenital cretinism has been also reported (16). 
Untreated or undetected hypothyroidism may 
reduce the severity of diabetes and drug dosage, 
but does not suppress the occurrence of severe 
uncontrolled diabetes or ketoacidosis. Of course, 
thyroid replacement may enhance the dosage of 
antidiabetic agents. The problem arises in diffe-
rentiating myxedema and diabetic nephropathy 
with similar physical findings of facial puffiness, 
anemia, and edema.

The values of HbA1c have been plotted along 
with the TSH levels in patients with T2DM and a 
Pearson correlation coefficient of +0.76 was cal-
culated, as shown in Figure 2. Renal function al-
teration in chronic diabetes mellitus also distorts 
the thyroid function test due to urinary loss of 
TBG (thyroxine-binding globulin). Estimation of 
TSH and free FT4 solves the confusion rather 
than conventional T4 values. Given that both 
disorders require lifelong therapy early recogni-
tion, diagnosis will help in the prevention and 
postponement of chronic complications, thereby 
reducing related morbidity and mortality. The 
majority of male patients in the study group had 
overweight and obesity, and p values were found 
to be significant when compared to the control 
group. Similarly, the mean SBP and DBP values 
were found to be significantly higher in the study 
group than the control group. However, there 
were no significant differences in pulse rates and 
respiratory rates between males in the study and 
control groups. In female subjects with T2DM, 
only SBP values were significantly higher than 
those measured in matched controls.

The mean values of TSH in males with T2DM 
were found to be significantly higher than 
matched controls, which was similar for female 
subjects. In males, the values of FT3 were signifi-
cantly lower in the study group as compared to 
controls (Table 3). Increased levels of TSH in 
type 1 DM, both under basal condition and TRH 
stimulation, were reported by Raptis et al (17). 
However, other studies could not prove any ef-
fect of TSH on the diabetic process until now (18). 
Joslin et al (19) detected clinical diabetes in 2.5% 
of cases with primary hyperthyroidism and 4.3% 
of cases with adenomatous goiter with hyperthy-
roidism. Kreines et al (20) found that glucose in-
tolerance was consistent with diabetes in 57% of 
cases before antithyroid treatment and 30% of 
cases after antithyroid treatment. Diabetes is 

thyroid dysfunCtions in type 2 diaBetes

FIGURE 1. Correlation of TSH μlU/ml and FBS mg/dl in the  
diabetes mellitus type II cases

FIGURE 2. Correlation of TSH μIU/ml and HbAlc% in the  
diabetes mellitus type II cases
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more common in older patients with toxic nodu-
lar goiter than young persons with Grave’s di-
sease. Regarding the overall prevalence found in 
our study, thyroid dysfunctions were seen in 
eight (16%) cases of patients with T2DM. q

CONCLUSION

Within the limitations of the present study, 
the prevalence of thyroid dysfunctions 

was found to be more common in patients with 
T2DM and a continuous positive correlation of 

TSH with FBS and HbA1c was also detected. 
Hence, periodic screening for their coexistence 
in thyroid dysfunctions among diabetic patients 
is advisable. q
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ABSTRACT
Introduction: Recurrent patellofemoral dislocation (RPD) is a disabling condition with a variety of 

anatomical risk factors. Its management remains difficult and controversial. Patients with RPD are known 
to have increased femoral anteversion (FA) and tibial tubercle trochlear groove (TT-TG) distance, but their 
effect on the patellar tilt angle (PTA) is less studied. 

Aims: The aims of this study are to compare PTA, TT-TG distance and FA between RPD patients and 
healthy controls and to establish a relation between these parameters and the type of surgery indicated for 
this pathology.

Materials and methods: A total of 63 knees (57.1% females, 28.1±6.2 years), of which 33 from subjects 
with RPD and 30 from healthy controls, were assessed by computed tomography (CT) scan under supine 
position, with the measurement of TT-TG distance, FA and PTA. 

Results: The values of PTA, FA and TT-TG distance were significantly higher in the RPD group 
compared to the control group (CI 95% 9.52-11.64, CI 95% 5.87-11.8, CI 95% 6.44-9.72, respectively, with 
p value <0.0001 in all cases). In the RPD group, PTA significantly correlated to the FA (r=.53, p=0.001) 
and TT-TG (r=.39, p=0.02), while TT-TG correlated to FA (r=.53, p=0.001) too. Further analysis in the 
RPD group showed a significant correlation of PTA, FA and TT-TG (r=.96, r=.89, respectively, p=0.0001) 
when FA >25 degrees, but no significant correlation between TT-TG and FA or PTA when FA<25 degrees. 

2020; 15(2): 174-180
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INTRODUCTION

Recurrent patellofemoral dislocation 
(RPD) is a disabling condition related to 
a variety of anatomical dysfunctions 
such us trochlear dysplasia, patella alta, 
increased tibial tubercle trochlear 

groove (TT-TG) distance greater than 20 mm (1) as 
well as soft tissue abnormalities that include liga-
mentous laxity or an insufficient function of the 
medial patellofemoral ligament (2). Secondary 
factors that alter the stability of the patellofemoral 
joint include exceeding femoral anteversion, tibial 
external rotational deformity, and genu valgum 
knee and genu recurvatum knee (3). Studies show 
that patellar instability is an important factor that 
affects athletic ability at a young age, 69% of dis-
locations being found between the ages of 10 to 
19 years (4). Although the etiology, diagnosis and 
surgical treatment of RPD made great progression 
in the past years, there is still uncertainty regarding 
the anatomical risk factors that influence the treat-
ment for RPD (4). In the past decade, more than 
100 procedures have been described in the litera-
ture for the management of this condition, but 
generally no single procedure was suitable in all 
cases due to the combination of static and dy-
namic stabilizers of the knee joint. Therefore, it is 
difficult to find a single treatment protocol to be 
used for all patients (5). 

Femoral version is defined as the angular dif-
ference between the axis of the femoral neck and 
the transcondylar axis of the knee (6, 7). The 
mean value of the physiological femoral torsion 
varies from 7 to 24 degrees of internal torsion, 
depending on the technique used by practicians 
(2). More and more, the influence of femoral tor-
sion on patellofemoral pressures have been stu-
died and it is known that excessive femoral tor-
sion, also known as increased femoral anteversion 

(FA), can lead to different clinical presentations, 
which include anterior knee pain, patellofemoral 
instability or an internally rotated gait. Recent 
studies have also proved that increased FA is a risk 
factor for patellofemoral instability and can result 
in pathological patellofemoral contact pressure, 
and some authors have proposed performing de-
rotational osteotomy in patients with internal fe-
moral torsion more than 25 degrees and recurrent 
patellar dislocation (2, 6, 8). In other studies, a 
combined procedure of correction of FA and re-
construction of the MPFL was proposed in pa-
tients with rotational abnormalities as a primary 
stabilization procedure (9). However, there are 
few studies that focused on the effect of FA on the 
patellar tilt and the results until now are contro-
versial (10, 11). There are a few parameters used 
to quantify patellar rotation and mediolateral dis-
placement of the patella relative to the femur, and 
the patellar tilt angle is one of these parameters (12). 
It has been proved that excessive stress on the la-
te ral retinaculum can lead to increased late ral pa-
tellar tilt, abnormal contact of the lateral surface of 
patella against trochlea and pathological patellar 
tracking (10). Patellar tracking is defined as the 
movement of the patella relative to the femoral 
groove during the knee flexion and extension. Its 
mechanism is multifactorial and involves anatomi-
cal and morphological abnormalities of the femo-
ral trochlea and parapatellar soft tissue (14). It has 
been suggested a value more than 20 degrees for 
lateral patellar tilt as a threshold established on CT 
images with the knee in extension without qua-
driceps contraction. After this value, a lateral reti-
nacular release may be indicated to correct the 
lateral inclination (10, 13, 15). Computed tomo-
graphy scan can provide a three dimensional view 
of the patellofemoral joint, at different degrees of 
knee flexion or in dynamic examination and it is 
proved that CT scan has more accuracy and sen-

risk faCtor evaluation in reCurrent patellar disloCation

Moreover, higher values of PTA and FA positively correlated with TT-TG distance (r=.44, r=.74, r=.20, 
p=0.03) when TT-TG was >20 mm, but no correlations were found between TT-TG and FA on less than 
20 mm. 

Conclusions: In patients with RPD, FA, TT-TG and PTA have significantly higher values than controls. 
Higher PTA, TT-TG and FA are associated with an anteversion angle greater than 25 degrees and a TT-TG 
distance more than 20 mm, which might indicate a derotational femoral osteotomy to these patients in order 
to correct this pathology. 

Keywords: femoral anteversion, patellar tilt angle, patellar dislocation, osteotomy.
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sibility in detecting abnormal tracking, tilt or sub-
luxation by measuring FA, lateralization of the ti bi-
al tubercle or the lower limb alignment (1, 16, 17).

In the same time, recent studies  have shown 
that increased lateral patellar tilt was rather a con-
sequence of an increased TT-TG distance, patella 
alta, trochlear dysplasia, insufficient MPFL and 
various flexion angles of the femorotibial com-
partments than an independent risk factor of 
patellofemoral instability (13, 18, 19). However, it 
is less clear whether there is a relationship be-
tween femoral anteversion, patellar tilt and TT-TG 
distance in patients with RPD. 

The aims of our study are to compare the pa-
tellar tilt angle, tibial tubercle trochlear groove dis-
tance and FA between patients with RPD and 
healthy controls and to establish a relation be-
tween these parameters and the type of surgery 
indicated for this pathology. q 

MATERIALS AND METHODS

We prospectively identified 33 patients 
(34 knees; 24 left and 10 right-group 1) 

with RPD, from January 2015 to December 2018, 
in the Department of Orthopedics and Traumato-
logy, Emergency University Hospital of Bucharest, 
Romania. The mean age at surgery for group 1 
was 27.06 years (+/- 5.7 years), with 63.6% of 
patients being females. The control group 
(group 2) consisted of 30 knees from 30 patients 
with meniscal injury but healthy contralateral limb 
scanned with CT, with an average age of 
29.4 years (+/- 6.7 years). 

The inclusion criteria for patients in group 1 
were a history of at least two episodes of patellar 
dislocation, one or more typical symptoms, and at 
least one physical sign (dislocation of patella, in-
jury of the medial stabilizers, fracture of medial 
patellar or lateral femoral condyle). The exclusion 
criteria were patients who underwent previous 
surgeries on the same knee, those with other pre-
vious injuries of the knee, patients who under-
went proximal realignment, direct traumatic dis-
location, and age younger than 18 years. All 
patients signed the informed consent. 

All subjects underwent a CT scan under supine 
position, using a standard imaging technique, 
with knee in full or almost full extension, position 
maintained using straps fixed at the middle thigh 
and middle leg. The axial images were taken at 
the levels of femoral neck, patella and femoral 

condyles in the supine position and TT-TG dis-
tance, patellar tilt angle and FA were assessed. In 
order to determine the interobserver and intra-
observer reliability of measurements, two inde-
pendent orthopedic surgeons reviewed all data. 
Measurements were repeated three times by each 
observer and a mean value was used in the end. 

Femoral anteversion was measured as the an-
gle between an imaginary transverse line passing 
medially to laterally through the knee joint and an 
imaginary transverse line through the center of the 
femoral head and neck. Positive degrees indica-
ted FA, while negative values meant femoral re-
trotorsion. The patellar tilt angle (PTA) was mea-
sured as the angle between the patella and the 
posterior femoral condyles (Figure 1A). Larger va-
lues indicated increased external rotation of the 
patella relative to the femur. Tibial tubercle troch-
lear groove (TT-TG) distance was measured on the 
axial image of the distal femur from the most an-
terior point of the tibial tuberosity and the deepest 
point of trochlear groove (Figure 1B). 

Comparative statistical analysis was performed 
using IBM SPSS Statistics v20, using independent 
t-test, one-way Anova test, Pearson correlation. 
Statistical significance was defined as a p value of 
≤ 0.05. q

RESULTS 

Demographic assessment

The demographic data showed no statistically 
significant differences between the control 

and the RPD group regarding sex, age at surgery 
and body mass index, as shown in Table 1. In the 
RPD group, 63% of patients had a first episode of 

risk faCtor evaluation in reCurrent patellar disloCation

FIGURE 1. A) Measurement of the patellar tilt angle (PTA);  
B) Measurement of the tibial tubercle trochlear groove (TT-TG) distance
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dislocation between 19 and 20 years old, while 
37% of patients between 18 and 19 years old.

Tomographic findings

On tomographic evaluation, PTA, FA and TTTG 
distance were significantly higher in the RPD 
group than the control group (CI 95% 9.52-11.64, 
CI 95% 5.87-11.8, CI 95% 6.44-9.72, respecti-
vely, with p value <0.0001 in all cases. 

In a further analysis, considering cut off values 
of 25 degrees for FA and 20 mm for TTTG, reco-
mmended for femoral osteotomy in the literature, 
we found that 19 cases with FA >25 degrees and 
23 cases with TTTG >20 mm in the RPD group, 
and 10 cases with FA>25 degrees and only 
two patients with TTTG >20 mm in the control 
group. 

Regarding the subgroup analysis, the mean 
values for PTA, FA and TTTG were significantly 
higher in the RDG group than the control group, 
in both FA >25 or <25 degrees subgroups, as 
shown in Figures 2-4 and Table 2. No significant 
difference was found in cases with TTTG >20 mm 
regarding the mean value of TTTG in RPD vs con-
trols. 

Correlations analysis

In the RPD group, we found a significant positive 
correlation between PTA and FA (r=.53, 
p=0.001), PTA and TTTG (r=.39, p=0.02), as 
well as TTTG distance and FA (r=.53, p=0.001), 
while in the control group no significant correla-
tion was noted (Figures 5-6). Furthermore, in the 
subgroup analysis with FA>25 degrees, PTA posi-
tively correlated with FA and TTTG distance 
(r=.96, r=.89, respectively, p=0.0001), and 
TTTG correlated also with FA (r=.91, p=0.0001). 
When FA was less than 25 degrees, PTA signifi-
cantly correlated with FA (r=.88, p=0.0001), but 
no significant correlation was found between 
TT-TG and FA or PTA, in the RPD group. More-
over, we analyzed the relationship between the 

risk faCtor evaluation in reCurrent patellar disloCation

FIGURE 2. Mean values of patellar tilt angle (PTA), femoral 
anteversion (FA) and tibial tubercle trochlear groove (TTTG) in all cases. 
RPD=recurrent patellar dislocation

FIGURE 3. Mean values of patellar tilt angle (PTA), femoral 
anteversion (FA) and tibial tubercle trochlear groove (TTTG) in cases 
with FA>25 degrees. RPD=recurrent patellar dislocation

FIGURE 4. Mean values of patellar tilt angle (PTA), femoral 
anteversion (FA) and tibial tubercle trochlear groove (TTTG) in cases 
with FA<25 degrees. RPD=recurrent patellar dislocation

TABLE 1. Demographic characteristics in the RPD and control groups 
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TABLE 2. Computed 
tomography measurements of 
PTA, FA and TTTG distance 
and subgroup analysis for 
cases with FA more or less than 
25 degrees and TTTG more or 
less than 20 mm, respectively

FIGURES 5 
and 6. Scatter 
plots show the 
correlations 
between patellar 
tilt angle 
(PTA), femoral 
anteversion 
(FA) and 
tibial tubercle 
trochlear groove 
(TTTG) distance 
in the RPD 
group
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three parameters in cases of TTTG >20 mm, and 
we found that higher values of PTA and FA posi-
tively correlated with TTTG distance (r=.44, 
r=.74, r=.20, p=0.03) in the RPD group. In cases 
of TTTG <20 mm, PTA correlated with TTTG dis-
tance (r=-.76, p=0.009), but no linear correla-
tions were found between the other parameters. 
No significant correlations were found in the con-
trol group (Figures 7-8). q

DISCUSSIONS

Some published studies reported increased 
femoral anteversion angle in patients with fe-

muropatellar instability. Thus, Dejour et al found a 
value of 15.6 ±9.0 degrees for the RPD group 
compared to 10.8±8.7 degrees in the control 
group, or Takai et al reported a value of 30.1±13.9 
degrees in the RPD group compared to 21.7±11.6 
degrees in the control group (10, 21, 22); also, a 
cut off of 25 degrees for the indication for femoral 
osteotomy has been established (20, 23). How-
ever, the treatment for non-traumatic patellar dis-
location remains a challenge for surgeons, due to 
its multifactorial character as well as to the diffi-
culty of determining the anatomically anomaly 
that is responsible for the malfunctioning of the 
patellofemoral kinematics (5, 24). 

Our study also showed an increased PTA in 
patients with RPD compared to controls and a 
positive statistically significant correlation be-
tween the PTA and FA in all subjects as well as in 
patients with FA more than 25 degrees. Another 
important finding was that a higher TT-TG dis-

tance was found in patients with RPD, this para-
me ter significantly correlating with both FA and 
PTA in all patients and also in patients with TT-TG 
distance more than 20 mm and RPD. When either 
FA was less than 25 degrees or TT-TG distance less 
than 20 mm, no significant correlations were 
found between the FA and TT-TG distance. Bio-
mechanical results in the literature showed that 
the medial patellofemoral ligament reconstruc-
tion as an isolated therapy might be useful only for 
10 degrees increased internal torsion, while be-
yond this value a lateralizing force vector re-
mained that needed an additional femoral dero-
tational osteotomy (10, 25). Therefore, the 
decision of performing derotational femoral oste-
otomy in patients with RPD should be taking into 
consideration not only the value of femoral ante-
version angle but also other factors such as seve-
rity of patellar maltracking or other anatomical 
deformities. 

An adequate treatment algorithm can be ela-
bo rated only by fully understanding all of the 
above described parameters. In case of a high pa-
tellar tilt, usually there is an abnormality in the 
quadriceps mechanism and consequently, the 
flexion of the knee cannot be fully restored de-
spite of centering the patella over the trochlea. 
Therefore, the solution could be represented by 
the quadricepsplasty. Moreover, the TT-TG dis-
tance with a higher value indicates a distal proce-
dure, represented by osteotomy of the tibial tu-
berosity with its medialization, while femoral 
anteversion requires a rotational osteotomy. 

risk faCtor evaluation in reCurrent patellar disloCation

FIGURES 7 
and 8. Scatter 
plots show the 
correlations 
between femoral 
anteversion 
(FA) and 
tibial tubercle 
trochlear groove 
(TTTG) distance 
in the RPD 
group with FA 
>25 degrees (left) 
and patellar tilt 
angle (PTA) and 
TTTG in the 
control group
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risk faCtor evaluation in reCurrent patellar disloCation

The present study has several limitations. One 
of them is the relatively small number of partici-
pants. Another would be that the patellar motion 
was measured only by patellar tilt, and it is com-
monly evaluated by patellar shift also, and finally 
there are other factors that can contribute to the 
recurrent dislocation of the patella that were not 
evaluated in the study such us soft tissue abnor-
malities or recurved or valgus knee. q 

CONCLUSIONS 

The present study showed that in patients with 
RPD, significantly higher FA, PTA and TT-TG 

distance were found compared to normal sub-
jects.

Our study demonstrates the relationship be-
tween PTA, FA and TT-TG distance in patients 
with RPD and therefore, it emphasizes the fact 
that medial patellofemoral ligament reconstruc-
tion is a primary surgical option to correct patellar 
tilt when the FA and TT-TG are less than 25 de-
grees, so an additional femoral osteotomy might 
be indicated when FA and TT-TG  are more  than 
25 degrees for the patellofemoral instability. q 
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ABSTRACT
Cardiovascular diseases are one of the most important causes of death globally. Results of recent studies 

have indicated that cytokine dysregulation was associated with premature coronary artery disease (P-CAD). 
The majority of cytokine gene polymorphisms influence the level of cytokine production and secretion. This 
study aimed to analyse IL-17 gene expression in patients with P-CAD and healty individuals in an Iranian 
population. This case-control study, conducted in Urmia University of Medical Sciences, compared patients 
with P-CAD hospitalised for risk of coronary artery stenosis, those admitted for medical cares and healthy 
normal controls. Thirty patients with P-CAD and 30 healthy individuals entered the study. The tested 
individulas were selected according to strict criteria such as clinical, echocardiogram, electrocardiogram 
and coronary angiography findings. Individuals with diabetes type 1 or 2 were excluded from the study. 
Reducing the diameter of at least one of the coronary arteries with more than 50% obstruction was selected 
as P-CAD. The qRT-PCR technique was used to determine the level of IL-17 gene expression in the studied 
groups. IL-17 gene expression was compared between the tested groups using t-test or Mann-Whitney 
U-test. Subjects’ mean age (±SE) was 45(±5) and 44 (±4) among tested cases and related controls, 
respectively. The relative mRNA expression was 4.04±2.4 in patients with P-CAD and 2.75±1.3 in controls 
for IL-17. IL-17 gene expression was not significantly different in the tested groups (P> 0.05). IL-17 is not 
associated with risk of P-CAD in Iranian Turks.

Keywords: gene expression, interleukin-17, premature coronary artery disease. 
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il-17 is not assoCiated with risk of pCad 

INTRODUCTION

Cardiovascular disease is one of the 
most important causes of death in 
the United States and Iran (1). Pre-
mature coronary artery disease 
(P-CAD) accounts for about one 

third of all deaths in people over 35 in Western 
countries. Approximately 15.5 million people in 
the US have P-CAD. Cardiovascular disease-re-
lated mortality has been increased in the USA 
with a lifetime risk of 37.5% for males and 18.3% 
for females (2). Coronary artery disease (CAD) 
accounts for almost 50 percent of all deaths in 
Iran each year, leading to disability, mortality and 
morbidity. The risk factors of CAD include dia-
betic mellitus, smoking, and family histories of 
cardiovascular disease. Given that Iranian popu-
lation is exposed to a high level of CAD risk fac-
tors, managing these risk factors is necessary to 
reduce the risk of CAD. Solving this problem will 
lead to improving health care services for people 
who are at risk of CAD (3). The disease has se-
veral traditional risk factors, including lipid disor-
ders, smoking, diabetes, high cholesterol level, 
obesity, lack of physical activity, unhealthy diet 
and life style, and stress (4). In 30–50% of pa-
tients with heart failure, sudden death or acute 
asymptomatic heart failure occurs (5). Athero-
sclerosis is the main cause of CAD (6). Several 
risk factors have been identified for coronary ar-
tery disease in young people. The role of infla-
mmation in the pathogenesis of P-CAD is well 
accepted. Inflammation has an important role in 
atherogenesis regarding the accumulation of 
foam cells and plaque formation. Cardiovascular 
risk factors have a tendency to make chronic in-
flammation through impaired nitric oxide pro-
duction (7). Interleukin 17 (IL-17) as a pro-in-
flammatory cytokine is secreted from TH17 cells 
and it mainly affects the production and secre-
tion of other cytokines. Theses inflammatory me-
diators play an important role in absorbing and 
invoking lymphocytes and endothelial trafficking 
molecules (8). CAD is defined as an inflamma-
tory disease (9). The clinical role of cytokines re-
mains incompletely explored and more studies 
are further needed to explore details. As to our 
knowledge there are no similar study in the 
popu lation aged under 50, the present study was 
designed to analyse IL-17 gene expression in pa-

tients with P-CAD and healty individuals in an 
Iranian population. q

MATERIALS AND METHODS

The Ethics Committee of Urmia University of 
Medical Sciences has approved  the study 

(Ir.umsu.rec.1394.138). Totally, 60 subjects were 
studied in two groups. The case group included 
30 subjects with P-CAD and the control group 
30 healthy individuals. P-CAD was recognized 
within the age of CAD onset under 55 years for 
men and under 65 for women (10). CAD is 
known in patients with acute myocardial infarc-
tion and registered in coronary angiography. 

Subjects were selected based on strict criteria 
such as clinical, echocardiogram, electrocardio-
gram and coronary angiography findings. Redu-
cing the diameter of at least one of the coronary 
arteries with more than 50% obstruction was se-
lected as CAD (11-14). All participants were eva-
luated by an expert cardiologist and individuals 
with high blood pressure, diabetes, and smoking 
were excluded from the study. Subjects who 
signed the written informed consent were en-
rolled in the study. 

Two milliliters of whole blood were obteined 
from participants and saved in 3 mL vacutainer 
tubes with EDTA. All samples were stored at  
-80°C prior to RNA extraction. RNX Plus Solution 
Kit (SinaClon) (Catalog Number: RN7713C) was 
used for RNA isolation. Amplified RNA samples 
(5 μL from each) were converted to cDNA using a 
cDNA synthesis kit (Thermo Scientific RevertAid 
Reverse Transcriptase (RT). The qRT-PCR tech-
nique was used to determine the level of mRNA 
expression regarding IL-17 (124 bp) (TCT GGG 
GGG CAA AGT GCC GC and GGG CAG TGT 
GGA GGC TCC CT) and beta-actin (210 bp) (GGC 
GGC ACC ACC ACC ATG TAC CC and GAC GAT 
GGA GGG GCC CGA CT) genes (15). Thermo sci-
entific SYBER Green/ROX qPCR Master Mix (2X) 
and 2 μL template cDNA were used for Real Time 
PCR. The PCR program included 95°C for 10 mi-
nutes; 40 cycles 95°C for 20 s and 60°C for 30 s. 
All analyses were carried out in duplicate reac-
tions. The results of Real time PCR were analyzed 
using the 2-ΔΔCt method.

Statistical analysis

Statistical analysis was carriedout using SPSS 16 
software. The Kolomogorov-Smirnov test was 
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used to investigate the normal data distribution. In 
the case of normal data distribution, t-test, 2-inde-
pendent-samples were performed to compare 
the mean of data between the two groups. In the 
case of non-normally distributed data, 
Mann-Whitney U-test was used for non-parame-
tric test to compare the mean of data between 
two groups. The P-value < 0.05 was considered 
significant. The data were reported based on 
mean±SE. q

RESULTS

In this study, 30 patients with an average age of 
45 years and 30 healthy subjects with an ave rage 

age of 44 years were evaluated. The mean age 
(±SE) was 45 (±5) and 44 (±4) in tested cases 
and controls, respectively. The fold of relative 
mRNA expression was 4.04±2.4 in cases and 
2.75±1.3 in controls for IL-17. Analysis of findings 
obtained in this study showed that there was no 
significant difference between the case and con-

trol groups regarding the level of IL-17 gene ex-
pression (P value 0.5). Figure 1 shows the analysis 
of amplified fragments on 2% agarose gel. q

DISCUSSION

P-CAD as a complex disease has several ge-
netic and environmental risk factors. The role 

of some risk factors such as gender, age, educa-
tional status, hypertension, high cholesterol, 
obesity and diabetes has been studied (4). In-
flammation and atherosclerosis play a central 
role in the development of P-CAD (16). The role 
of cytokines and cytokine gene polymorphisms 
could be highlighted. Cytokines are low molecu-
lar weight proteins that regulate immune re-
sponses. The results of recent studies have pro-
ven that the level of cytokine expression in 
various diseases has undergone significant 
changes (17-19). 

In this study, the level of IL-17 gene expression 
has been analyzed in patients with P-CAD and 

FIGURE 1. Data analysis in this study: a) melting point analysis curve for IL-17 gene; b) RT-PCR for β-actin 
(210 bp) and IL-17 (124 bp); c) linear amplification curves for IL-17 gene; and d) logarithmic amplification curves 
for IL-17 gene 

il-17 is not assoCiated with risk of pCad 
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healthy subjects among Iranian Turks. Our fin-
dings showed that IL-17 was not associated with 
the risk of P-CAD in the tested population, which 
had been also reported by Khojasteh-Fard et al in 
2012 (20). Khojasteh-Fard et al (2012) studied the 
expression profiles of IL-17, IL-23 and TGF-b1 in 
individuals with and without CAD using Real-time 
PCR. In their study, CAD+ subjects had a mean 
age of 60 years and IL-17 and TGF-b1 gene ex-
pressions were similar in cases and controls. But a 
significant decrease was found in patients with 
CAD regarding IL-23 gene expression. It has been 
demonstrated that IL-17F rs763780 polymor-
phism was associated with myocardial infarction 
(21). Shuang et al (2015) suggested that the carri-
ers of AA and GA+AA genotypes had an increased 
risk of CAD regarding of rs2275913 polymor-
phism. In our study, we failed to find any positive 

association between IL-17 and P-CAD risk among 
Iranian Turks. A study with more details about ge-
netic polymorphism and mRNA level may be in-
formative for identifying which individuals are 
exposed to a high risk of P-CAD. q

CONCLUSIONS

It can be concluded that the IL-17 was not associ-
ated with P-CAD risk. Further detailed studies 

are necessary to reveal disease-causing mecha-
nisms in the pathogenesis of P-CAD. q
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ABSTRACT
Objectives: To investigate the differences in distribution of intracapsular and extracapsular hip fractures 

among genders and age groups treated surgically.  
Materials and methods: This is a nine-year retrospective cohort study. The type of hip fractures, age, 

and sex-related as well as overall incidence among 2 430 patients aged over 65, surgically treated at the 
“Venizeleio” General Hospital of Heraklion, Crete, Greece, were explored and evaluated. 

Outcomes: Women suffered hip fractures 2.9 times more often than men. The majority of patients 
hospitalized with hip fracture were above 75 years of age (62.3% in females and 59.3% in males). The 
proportion of extracapsular and intracapsular fractures were 59.6% and 40.4% in men and 62.7% and 37.2% 
in women, respectively. Extracapsular-intertrochanteric fractures were found to increase dramatically with 
age in women (from 52.3% in patients younger than 75 to 58.8% in those older than 75; p-value=0.007), 
while in men they slightly increased with age (57.7% in patients older than 75, compared to 55.7% in those 
less than 75; p-value=0.62).

Conclusions: The pattern of hip fractures was found to differ between genders and age groups in the 
present patients’ population. Most likely, these findings reflect differences in the nature and rate of bone 
loss, and frequency of falling events between males and females. It has become evident that the two main 
hip fracture types (extracapsular and intracapsular) are distinct clinical entities. Hence, they should be 
addressed independently in terms of underlying causes and prevention strategies.

Keywords: hip fractures, gender differences, Southern Europe, Crete, Greece.
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INTRODUCTION

Hip fractures are considered a 
principal cause of morbidity and 
mortality among patients over the 
age of 65 years. The main cause of 
this injury is low energy ground 

level falls (1). They represent a major cause of 
hospitalization among the elderly, and a major 
public health issue with significant personal, 
social and financial impact in the Western 
societies (2, 3).

Many studies have grouped hip fractures as a 
homogeneous condition, though there are two 
major anatomical types: those defined as 
intracapsular and those defined as extracapsular. 
Intracapsular fractures occur in the region from 
just above the intertrochanteric region to just 
below the articular surface of the femoral neck. 
The group of extracapsular fractures consists of 
intertrochanteric and subtrochanteric. The 
intertrochanteric region runs between the greater 
and lesser trochanter, whereas the subtrochanteric 
region is typically defined as the area extending 
from the lesser trochanter to a point 5 cm distally. 
Bone structure differs between these anatomical 
areas and intertrochanteric fractures are typically 
associated with osteoporosis. Recently published 
data indicate that there are substantial differences 
between patients suffering extracapsular-inter-
tro chanteric and intracapsular hip fractures (4, 5). 
Hence, studies have shown that advanced age 
and osteoporosis is more strongly associated with 
the risk of extracapsular-intertrochanteric than 
intracapsular fractures (6). Sex, referring both to 
biological and social aspect, is a major decisive 
factor in many circumstances, but little is known 
about how sex affects falls and subsequent hip 
fractures in the elderly.  The situation in Greece 
regarding age and gender specific incidence 
rates of intracapsular and extracapsular fractures, 
and the subsequent morbidity and mortality, as 
well as the size of the problem in general, 
remains unclear due to shortcomings in studies, 
information, and health system procedures. 

The purpose of this study was to evaluate the 
characteristics of patients with hip fractures, 
surgically treated during a nine- year period at 
the Orthopaedic Department of the “Venizeleio” 
General Hospital of Heraklion, Crete, Greece. 
The study also aimed to further investigate the 
incidence of extracapsular and intracapsular 

fractures and how the proportion changes 
between genders with aging. q

MATERIALS AND METHODS

The records of all patients, surgically treated 
for a hip fracture at the Orthopaedic 

Department of the “Venizeleio” General Hospital 
of Heraklion, Crete, Greece, from January 2010 
to December 2018, were retrospectively re-
viewed. 

The Venizeleio” General Hospital of 
Heraklion, Crete is a 500-bed, secondary and 
tertiary hospital on the island of Crete, Greece. 
The population of the island (approximately 
650,000) is mixed rural, urban and suburban. 
The present patient sample can be considered 
representative of the Cretan population. 

All patients over the age of 65, diagnosed 
with hip fracture and surgically treated, were 
included in the study. Patients younger than 65, 
those suffering a fracture due to malignancy 
(pathological fracture), and multiple trauma 
patients were excluded. 

Selected patients were divided into two age 
groups: “younger” (65-74 years old) and “older” 
(over 75) elderly. Fractures were also divided 
into two types: intracapsular and extracapsular. 
The latter were further divided into two subtypes: 
intertrochanteric and subtrochanteric fractures. 
The correlation of type and subtype of fractures 
with gender and age has been examined. 

Two-tailed hypothesis tests for two population 
proportions were carried out in order to further 
calculate the p-values, where distinct male/fe-
male groups were met. Additionally, two-tailed 
tests were used for calculating the p-values, 
where the mean ages of male/female groups 
were examined. Data are presented as numbers 
(%) for categorical variables and mean value 
± standard deviation (SD) for continuous 
variables. Statistical analysis was performed with 
Epiinfo version 7.1.2.0 (Center for Diseases 
Control and Prevention, Atlanta, GA, USA). q

OUTCOMES

A total of 2 430 patients diagnosed with a hip 
fracture and surgically treated, who met the 

inclusion criteria, were identified during the 
study period. Both intracapsular and extra-
capsular fractures were much more frequent 

hip fraCtures in older patients
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among women [2.9 times more than men 
(622 males or 25.6% with mean age 77.07 years; 
standard deviation (SD)=10.2 and 1 808 females 
or 74.4% with mean age 81.25; SD=16.3)]. 

There were 1 490 (61.3%) extracapsular and 
940 (38.7%) intracapsular fractures. Among 
extracapsular fractures, 1 373 (92%) were 
intertrochanteric and 117 (8%) subtrochanteric.  

Among women, the mean age for extra-
capsular-intertrochanteric fractures was higher 
[82.15 years; standard deviation (SD)=9.4] 
compared to those with intracapsular fractures 
[80.14 years (SD=10.9); p<0.0001]. On the 
other hand, among men, the mean age for 
extracapsular-intertrochanteric fractures was 
lower [76.6 years; SD=17.7] than mean with 
intracapsular fractures [78.9 years (SD=12.9); 
p=0.088].

Among 622 men, 390 (62.7%) suffered an 
extracapsular hip fracture. Extracapsular-inter-
trochanteric fractures were observed in 354 
(90.7%) male subjects and extracapsular-sub-
trochanteric in 36 (9.3%). The remaining 232 
(37.3%) had an intracapsular fracture. 

In females, extracapsular fracture was also 
the commonest, accounting for 1 100 (60.8%) of 
cases; 1 019 women suffered an extracap - 
sular-in ter trochanteric fracture (92.6%) and 81 
(7.4%) an extracapsular-subtrochanteric fracture. 

Both females and males suffered significantly 
more often extracapsular-intertrochanteric than 
intracapsular fractures [59% (1 019) compared 
to 41% (708) in females and 60.4% (354) 
compared to 39.6% (232) in males, respectively; 
p<0.0001].  

The incidence of hip fractures was higher in 
patients over 75 (62.3% in females and 59.3% in 
males). Among patients older than 75 years, 
intracapsular hip fractures were more frequent 
among men (37.9%) compared to women 
(36.5%; p=0.62), while extracapsular-inter-
trochanteric fractures were more frequent 
among women (61.0%) compared to men 
(54.2%) (p=0.72). Among patients younger than 
75 years, extracapsular-intertrochanteric frac-
tures were more frequent among men (55.7%) 
than women (52.3%) (p=0.36). 

The ratio of intertrochanteric/subcapital hip 
fractures in females was increased from 1.2 in 
the “younger” elderly to 1.6 in the “older” 
elderly, while this ratio was increased from 1.4 to 
1.5 in males. 

In male patients, the incidence of 
extracapsular-intertrochanteric fractures in the 
“older” group was slightly but non-significantly 
higher (57.7% compared to 55.7% in “younger” 
elderly; p=0.62). Furthermore, a slightly but 
non-significantly lower incidence of extra-
capsular-subtrochanteric fractures was observed 
in the “older” (4.3%) compared to the “younger” 
male group (7.5%) (p=0.09). In female patients, 
the incidence of extracapsular-intertrochanteric 
fractures was found to increase with age (58.80% 
in the “older” group compared to 52.3% in the 
“younger” group; p=0.007), while that of 
intracapsular fractures was decreased (36.5% in 
the “older” group compared to 43.7% in the 
“younger” group; p=0.002). 

Furthermore, from 2010 to 2018 there was 
an increase of 36.29% in total hip fractures, 
59.32% in intertrochanteric fractures, 9.91% in 
subcapital fractures and 38.46% in subtro-
chanteric fractures (Figure 1). q

CONCLUSIONS

The main findings of the present study are that 
females and individuals older than 75 years 

of age were more likely to suffer a hip fracture. 
The incidence of the two types of fractures 
(intracapsular and extracapsular) was not equal, 
with a considerable predominance for the latter. 
Both females and males suffered more often 
extracapsular-intertrochanteric than intracapsular 
fractures. However, the distribution of fracture 
type was different between genders across age 
groups. Among women there is a sharp increase 

hip fraCtures in older patients
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in the ratio of intertrochanteric/subcapital hip 
fractures with advanced age, while o slight 
increase is observed in males. 

These findings confirmed that the incidence 
of hip fractures was higher in the “older” elderly 
than the “younger” ones. Older people suffer 
more severe osteoporosis and have a more 
frequent falling record (7). Bone mass gradually 
declines with age and consequently, the 
incidence of osteoporosis increases (8), the 
prevalence of hip fracture increasing with age. 
Studies have shown a two-fold increase of 
fracture rate in each decade of life after the age 
of 50, and by the age of 90, 32% of women and 
17% of men would have suffered a hip fracture 
in the US (9). The 10-year risk of hip fracture for 
women in UK raises from 0.3% at the age of 50, 
to 8.7% at the age of 80 (6).

The overall female-to-male incidence ratio of 
hip fracture in the present study was 2.9, which 
is consistent with the published literature (10). 
Epidemiological studies have shown that the 
number of extracapsular-intertrochanteric frac-
tures progressively increased with age, mainly in 
women after menopause as compared to 
intracapsular fractures (11, 12).

A significant increase in the frequency of 
extracapsular-intertrochanteric fractures among 
female subjects of the present study occurred 
with increasing age. The proportion of 
extracapsular-intertrochanteric fractures in the 
present women climbed from 52.3% in 
“younger” to 58.8% in “older” group. Our 
findings regarding the escalation of incidence of 
extracapsular-intertrochanteric fractures with 
increasing age among women were comparable 
to those of previous studies in North American 
and Norwegian populations (5, 13, 14). One in 
three women and one in eight men aged above 
50 were reported to have osteoporosis. This fact, 
in combination with the longer life expectancy 
for women, may explain their increased risk for 
hip fractures (15)

Lower bone mass density, due to the 
remarkable increase of the Western populations’ 
life expectancy, is the predominant reason for 
the growing incidence of extracapsular-inter-
trochanteric fractures. In patients with hip 
fractures, trabecular weakening substantially 
contributes to further bone loss upon pre-existing 
age-related osteoporosis (16). When hip axis 
length and bone mineral density were measured 

in specific regions of the lower and upper part of 
the femoral neck to determine whether these 
parameters were significant predictors of the 
type of hip fracture, it came up that intracapsular 
and extracapsular-intertrochanteric fractures 
could be predicted based on different mor-
phometric and densitometric features of the 
femoral neck (17). It has been found that hip 
fractures were uncommon among women with 
femoral neck bone density greater than or equal 
to 1.0 g/cm2. The prevalence of intracapsular hip 
fracture was 8.3 per 1,000 person-years among 
women with femoral neck bone density less than 
0.6 g/cm2, while the estimated incidence of 
extracapsular-intertrochanteric fractures was 
double among those with intertrochanteric bone 
density less than 0.6 g/cm2 (18). There is evidence 
that loss of trabecular and cortical bone with age 
may differ between men and women (19). Most 
Caucasian women under the age of 50 have 
normal bone density, whereas by the age of 80 
nearly 70% of them are osteoporotic and 30% 
osteopenic (8).

The present study has found that, unlike 
females, among males there has been a slight 
increase in the proportion of intracapsular 
fractures with age. Consequently, the incidence 
of extracapsular-intertrochanteric fractures shows 
a trivial rise in the “older” male group, assuming 
that, among men, osteoporosis might not be 
strongly associated with hip fractures. This may 
also reflect a higher frequency of high energy 
injuries due to more intense physical activity. 
There is evidence that younger and stronger 
elderly males may possibly take more risks, or be 
more active beyond their abilities (20, 21).

Hip fractures in elderly may not always be 
associated with osteoporosis. Previous studies 
have raised the question that, in certain 
populations, falling and not osteoporosis was the 
main cause of hip fracture (19, 22). The type of 
fracture (intracapsular or extracapsular) also 
depends on the angle impact of the greater 
trochanter at the moment of contact with the 
floor (23).

The characteristics of the fall event may 
define the type of fracture, whereas bone mineral 
density and other factors that increase or 
decrease the effect of the fall determine whether 
a fracture will occur when a faller lands on a 
particular bone (24). It is possible that the fall 
characteristics of the elderly may have changed 
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during the last decades, resulting in an  
increase of extracapsular-intertrochanteric hip 
fractures.

For reasons that are not entirely agreed upon, 
hip fractures, osteoarthritis, and the most 
predominant musculoskeletal disorders, inclu-
ding osteoporosis and excessive bone mass loss 
in elderly, are found more often in females. This 
appears to be related to hormonal transitions at 
the time of menopause, but other explanations 
might also exist (25, 26). The overrepresentation 
of women in our study could be due to localized 
differences in bone density at specific sites of the 
proximal femur among females and the greater 
frequency of falling. Female gender is an 
independent risk factor for falls, since a higher 
incidence of fallers among all age groups are 
women in several studies (23). Reduced postural 
control of women under stressing balance may 
explain the higher incidence of falling (27). 
Female muscles waste faster than the male ones, 
especially after menopause. Additionally, women 
usually experience more sedentary lifestyle and 
poorer nutrition than men affecting the bone 
density and fragility of their skeleton (25).

The influence of physical activity in middle 
age women in association with the subsequent 
risk of suffering a hip fracture has been extensively 
studied. Researchers have concluded that an 
active life style in middle age reduced the risk of 
fracture, probably due to improved muscle 
strength, coordination and balance reducing the 
risk of falling (28).

However, other issues may also be important. 
Socioeconomic factors have significant con se-
quences on the health of older women (25, 26). 
Compared to men, elderly women are recorded 
more often to suffer mental illness such as 
depression, and have a greater tendency to use 
multiple medications, which is a well-known risk 
factor for falls (29).

It is also of note that a total increase of 36.29% 
was observed in hip fractures during the 
nine-year study period. This could also be 
attributed to the effects of the financial crisis in 
Greece during these years. The majority of 
patients during the crisis are seeking medical and 
surgical care in public institutions (30). 
Furthermore, intertrochanteric fractures showed 
a vast increase of 59.32%, while subcapital 
fractures just a slight increase of 9.91%. A 
possible explanation may be untreated osteo-

porosis, which is associated more with inter-
trochanteric fractures than subcapital ones. 
Awareness and treatment of osteoporosis may 
have been affected during the Greek crisis, while 
no data exist regarding this matter.

The present research is the first study 
evaluating characteristics and epidemiology of 
hip fractures in patients undergoing surgical 
treatment in the Cretan population and one of 
the few such studies from South-Eastern Europe. 
The present findings have shown that the pattern 
of hip fractures among Cretan elderly is not 
different from other Western societies, despite 
some particular “Mediterranean characteristics” 
of the study population. The geographical area is 
important for the epidemiology and incidence of 
hip fractures, since they are affected by life 
expectancy, social habits and local cultures that 
differ substantially between different regions.

The present study has some limitations. It is a 
retrospective cohort study. Although our sample 
is considered representative of the Cretan 
population, it did not include geographically the 
whole island. Also, patients with non-surgically 
treated hip fracture were excluded (in such 
cases, surgery either was not needed or could 
not be performed). Therefore, our findings may 
not be able to address the absolute risk of hip 
fracture and the incidence of this injury in elderly 
Cretans might be underestimated. 

All factors leading to these findings are not 
totally clear, since the described differences 
across various age groups seem to be multi fac-
torial. Although substantial research of para-
meters, risk factors and interventions to reduce 
hip fractures among elderly has been performed, 
there are still some unclear areas in this field 
requiring further investigation, especially in 
Eastern and Southern European elderly popu-
lation. 

The present study sketched the epidemiology 
of hip fractures treated surgically in the 
“Venizeleio” General Hospital of Crete, Greece, 
from 2010 to 2018. The study’s findings describe 
hip fractures in this area of Europe, including the 
different fracture type in males and females, the 
higher prevalence of intertrochanteric fracture in 
females than males, and the dramatic increase of 
incidence in patients older than 75 years in both 
genders. These findings advocate the hetero-
geneity of these injuries and are suggesting that a 
complete understanding of the etiology and 
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ABSTRACT
Background: In Romania there is a discrepancy between cancer incidence (last place in Europe) and 

mortality rate (over the medium rate in Europe), possibly due to a higher number of late diagnosis. This 
study aims to determine associations between delayed cancer diagnosis and psychosocial characteristics 
(depression, coping style, social support).

Methods: Cancer patients were administered a battery of tests for depression, anxiety, coping mechanism, 
social support, social status, medical and family history, and time between first symptoms and diagnosis. 

Results: Delayed presentation was positively correlated with female gender (p=0.031), rural area 
(p=0.033) and law stress levels (p=0.045), depression (p=0.02). positive reassessment (p=0.002) and low 
positive refocusing (p=0.006). 

Conclusions: Coping styles, depression and gender influence delayed diagnosis of cancer, this potentially 
contributing to a bad prognosis of oncology patients. Further longitudinal studies and screening procedures 
could contribute to a better understanding of individual contribution of these factors to delayed diagnosis.

Keywords: cancer, delayed presentation, depression, anxiety, coping mechanism.

2020; 15(2): 191-195

BACKGROUND

In the last decades there has been a conti-
nuous rise in oncologic disease incidence 
and mortality, with an estimated incidence of 
18.08 million worldwide and 4.2 million in 
Europe, and a mortality 9.5 million worldwide 

and 1.9 million in Europe in 2018 (1-3). In Roma-
nia, cancer was estimated to have an incidence of 
83 000 cases (the last place in Europe, 24.7% 
lower than the medium incidence rates) and a 
mortality of 50 900 cases (1) (the 15th place in the 
mortality ranking, with 1.12% over the medium 
mortality rates) (4). The most frequent type of can-
cer was represented by lung cancer, with 13.6% of 

all cases, followed by colorectal, breast and pro-
state cancer (1). 

This significant difference between reported 
cancer incidence and mortality rates could be ex-
plained by a number of factors concerning the 
primary medical system (deficiency of screening 
and prevention programs), secondary medical sys-
tem (limited access to modern diagnostic tools, 
long waiting time for specialized examination), 
patient characteristics (fear of diagnosis, low abili-
ty to recognise signs and symptoms, failure to re-
cognise the risk of disease, lack of time for medi-
cal consultation, low capacity of communicating 
with the medical personnel) (5-10).
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The present study aims to find associations be-
tween delayed cancer diagnosis and a series of 
patients’ psychological (depression, coping style, 
social support), social (marital status, children, 
education) and medical characteristics (personal 
and family history). q

METHOD

Between September 2018 and May 2019, a 
battery of tests was administered to 500 onco-

logy patients from several hospitals in Bucharest, 
Romania. The battery included marital status, 
medical and family history, therapy, initial and 
current symptoms, time between first symptoms 
and medical consultation. For psychological cha-
racteristics, Rosenberg’s Self-Esteem Scale, DUKE 
Social Support questionnaire, DASS 21-R, Strate-
gic Approach Scale for Coping, Cognitive-Emo-
tional Coping questionnaire were used.

Rosenberg’s Self-Esteem Scale is a 
10 item-ques tionnaire regarding positive and ne-
gative feelings about self, with a higher score being 
associated with a higher self-esteem (11).

DUKE Social Support questionnaire is a 
10 item-questionnaire regarding help and empa-
thy from other people, a higher score being asso-
ciated with higher perceived social support (12).

DASS 21-R (for psychiatric comorbidity) is a 
21 item-questionnaire that evaluates levels of de-
pression, anxiety and stress (seven items each). It 
is a short version of DASS, which has 42 items (13). 

Cognitive-Emotional Coping questionnaire 
(CERQ) has 36 items and includes nine types of 
coping used in negative settings: self-blame, ac-
ceptance, rumination, positive refocusing, refo-
cusing on planning, putting into perspective, cata-
strophizing, blaming others (14).

Strategic Approach Scale for Coping (SACS) is 
a 52-item questionnaire that includes nine types 
of coping strategies in a certain social context: as-
sertive action, social relations, seeking social sup-
port, prudent action, instinctive action, avoi-
dance, indirect action, antisocial action, aggressive 
action. This questionnaire was administered only 
to patients aged under 41, because it was not 
standardized for older persons (15).

Inclusion criteria: age over 18, pathologic di-
agnose of cancer, at least one type of cancer treat-
ment (surgery, chemotherapy, radiotherapy, im-
munotherapy, hormonal) received by individual 
patients. 

Exclusion criteria: patients with tumors who 
had not been biopsied yet, spatial temporal dis-
orientation, decompensated psychiatric comor-
bidity, ECOG 3-4, highly symptomatic patients. q

RESULTS 

Out of 500 questionnaires that have been 
equally distributed to male/female subjects, 

202 were returned (69.8% females), the response 
rate being 40.4% (56.4% for women, 24.4% for 
men). Age distribution was 20 to 96 years old, 
with an average of 55.15 and a median of 55.5, 
standard deviation (SD) 13.328. Division into age 
groups was unequal: 27.7% in the 51-60 years 
old group, followed by 25.2% in the 61-70 years 
old group, 20.3% in the 41-50 years old group, 
and under 12% in the remaining age groups. Most 
patients lived in urban areas (75.71%), were mar-
ried (78.71%) and had either one child (41.1%) or 
at least two children (40.1%).

The distribution regarding primary tumor was 
also unequal: 37.62% had breast cancer, 17.33% 
colorectal and less than 10% urological, gyneco-
logical, endocrine and others.

Time from first signs and symptoms to medical 
consultation was reported between one week 
and 96 months, median 8.37 months, SD 14.325, 
with an extreme left deviation of the distribution 
curve, reason for which we used age group inter-
vals for statistical analyses. Most patients came to 
medical consultations in less than a month (27.2%), 
followed by 1-3 months (24.8%), 6-12 months 
(18.8%), 3-6 months (16.3%) and over one year 
12.8% (Figure 1, Table 1). Regarding the stage at 
diagnosis, 45% were stage 2, 25.2% stage 3, 21.8% 
stage 4, and only 7.9% stage 1. 

TABLE 1. Time to first medical consultation
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The psychological tests results showed that 
86.3% of patients reported medium self-esteem, 
76.7% high level of perceived social support, 51.5% 
normal levels for depression and only 17.3% severe 
levels. Regarding anxiety, 42.6% reported severe 
levels and 19.8% severe stress perceived.  

Early presentation was associated with male 
gender, 63% were consulted by a physician in the 
first three months vs 47.5% female (p=0.031, 
Cramer V=0.21). A similar difference was be-
tween patients from urban vs rural areas (60% vs 
40%, p=0.033, Cramer V=0.201), and between 
patients with one or no child vs at least two chil-
dren (50% vs 39%, p=0.05), with no statistical dif-
ference regarding children’s age.

There is a statistically significant correlation be-
tween early medical consultation and loss of ap-
petite compared to other symptoms (31.3% vs 
19.7%, p=0.051, Cramer V=0.186). Presence of 
tumor nodules or asthenia determine a rise in 
time to medical consult (CI: 3.5-24.3, p=0.012; 
CI: 2.63-21.2, p=0.013).

In order to evaluate the correlation between 
psychological characteristics and time to medical 
consultation, we used multinominal regression for 
time category and considered three months as cut 
off point for early medical consult (Table 2). With 
this model, depression and stress show the highest 
coefficient, low stress levels being a negative pre-
dictive factor for the time to medical consultation 
(beta=-0.22, t=-2.019, p=0.045), low depres-
sion is a positive predictive factor (beta=0.18, 
t=2.2, p=0.02), also stress has a powerful posi-
tive correlation with depression (z=0,64). The rise 
of stress levels with one point determines a seven 
fold decrease of time to medical consultation 
(CI: -13.95-0.87, p=0.027).

Regarding the coping mechanisms, a long time 
to medical consultation is associated with a high 
level of self-blame (p=0.05) (Table 3). An elevated 
level of positive reassessment determines an 
11 fold increase of time to medical consultation 
(CI: 4.39-18.37, p=0.002), while rising levels of 
positive refocusing and putting into perspective 
leads to an eight -fold and six -fold decrease, re-
spectively, of time to medical consultation 
(CT: -13.39-3.37, p=0.003; CI: -10.43-1, 
p=0.006) (Table 4, Figure 2). q

DISCUSSIONS 

The response rate in the female group was more 
than double compared to the male group. This 

difference is sustained by the literature, women 
tending to be more prone to answer question-

FIGURE 1. Time to first medical consultation

TABLE 2. Multinominal regression for time category 
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TABLE 3. Association between self blame and time to medical consultation  

TABLE 4. Association between positive reassessment, positive refocusing and putting into 
perspective and time to medical consultation   

FIGURE 1. Association between positive reassessment, positive refocusing and putting into perspective and time to 
medical consultation 
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naires in both traditional and web surveys (16, 17), 
which could be explained by a higher level of 
conformity than men (18). 

The association between early medical consul-
tation and male gender is different from the litera-
ture data. Most studies show that there is a gender 
difference regarding health care seeking behavior, 
women being more likely to visit a primary care 
physician (19, 20), but with no difference for se-
condary medical care and hospitalization (20). In 
the present study, male subjects tended to come 
to the medical consultation earlier, probably be-
cause they were influenced by their partner, 
which is in accordance with the literature, men 
being more likely to be influenced to seek health 
care by the opposite sex (21). 

Regarding the association between depres-
sion, stress and different coping mechanisms, our 
findings are similar with those reported in the li-
terature. High anxiety determines preventing 
health behavior and health care seeking (22). De-

pression and stress could increase symptom per-
ception, induce negative coping styles (e. g., sub-
stance abuse) (22) and associate with an elevated 
risk of death in cancer patients (23). There are not 
many data in the literature regarding the associa-
tion between coping styles and delayed diagnosis 
in cancer patients. Active coping, optimism and 
seeking support are associated with early diagno-
sis (24). q

CONCLUSIONS

This study shows that there are several charac-
teristics that make patients more prone to pro-

long time to medical consultation for cancer signs 
and symptoms. For a better characterization of 
these patients, more studies should be performed 
in order to identify and diagnose them in early 
stages of the disease. q 
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ABSTRACT
Aim: This study investigated the effects of e-waste occupational exposure on lipid profile and atherogenic 

indices in Waste Electrical and Electronic Workers in South-South Nigeria. 
Matrials and methods: Whole blood levels of lead and cadmium were analyzed using ICPMS 

(Inductively Coupled Plasma Mass Spectrometry). Total serum cholesterol (TC), high density lipoprotein 
(HDL) cholesterol and triglycerides (TG) were determined using spectrophotometric method. Low density 
lipoprotein (LDL) cholesterol value was calculated by the Friedewald equation using analyzed values 
of TC, HDL cholesterol and TG. Atherogenic index of plasma (AIP) was calculated as log TG/HDLc, 
atherogenic coefficient (AC) as [(TC-HDLc)/HDLc], Castelli risk index (CRI-1) as (TC/HDLc) and CRI-II 
as (LDLc/HDLc). 

Results: Total cholesterol, LDL cholesterol, AC, CRI-1 and CRI-11 significantly increased in the e-waste 
exposed participants compared to the unexposed group. Significant positive correlations between lead and 
cadmium, cadmium and total cholesterol as well as between cadmium and LDL-cholesterol were observed. 

2020; 15(2): 196-205
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INTRODUCTION

Electronic waste (e-waste) has emerged 
as a critical global environmental health 
issue because of its massive production 
volume and insufficient management 
policy in many countries (1). Africa is 

reportedly a destination for several tonnes of un-
controlled e-waste (1, 24). E-waste products 
contain intricate blends of plastics and chemi-
cals, which when not properly handled can be 
harmful to humans and pose environmental ha-
zard (2). E-waste contains more than 1 000 dif-
ferent chemical substances, including toxic ele-
ments like lead, arsenic, cadmium, mercury, 
selenium and hexavalent chromium and flame 
retardants. The presence of toxic substances in 
e-waste classifies them as hazardous waste (3). 
Occupational exposure to heavy metals predis-
poses workers to metal toxicity. Human expo-
sure to heavy metals has risen dramatically in the 
past 50 years as a result of an exponential in-
crease in the use of heavy metals in industrial 
processes and products. The level of metals in 
blood depends on the bioaccessiblity rate (4) 
and is considered as an index of biologically ac-
tive metals in the body reflecting the environ-
mental exposure of a population. 

Because of the long-term and widespread use 
of lead, it is one of the most ubiquitous of the 
toxic metals. The main targets of lead toxicity are 
the hematopoietic system and the nervous sys-
tem. Several of the enzymes involved in the syn-
thesis of haem are sensitive to inhibition by lead, 
the two most susceptible enzymes being ALA 
(5-aminolaevulinic acid) synthase and haem syn-
thetase (HS). Lead also causes damage to the ar-
terioles and capillaries, resulting in cerebral ede-
ma and neuronal degeneration. Another system 
affected by lead is the reproductive system. Lead 
exposure can cause male and female reproduc-
tive toxicity, miscarriages, and degenerate off-

spring (5). Another heavy metal that is of serious 
concern is cadmium. Cadmium is an extremely 
toxic substance and the major hazard is from in-
halation of cadmium metal or cadmium oxide. 
Although it is present in food, significant oral in-
gestion is rare and absorption from the gut is 
poor (5–8%). However, various dietary and other 
factors may enhance absorption from the gastro-
intestinal tract (6). Cadmium toxicity can occur 
in industrial workers exposed to cadmium fumes 
(7). Cadmium may act on blood pressure (BP) 
through mechanisms related to oxidative stress 
(8), endothelial dysfunction, and partial agonism 
of calcium channels, increased vasoconstriction, 
and activation of the sympathetic nervous sys-
tem (9). 

Lipids are a group of fats and fat-like sub-
stances that are important constituents of cells 
and sources of energy when metabolized. Diffe-
rent plasma lipids vary greatly in various popu-
lations due to differences in geographical, cul-
tural, dietary habits and genetic make-up (10, 11). 
Both experimental and epidemiological studies 
indicate that exposure to cadmium (Cd) may al-
ter lipid metabolism and contribute to the deve-
lopment of cardiovascular diseases (CVD), in-
cluding atherosclerosis, hypertension, stroke and 
cardiac arrest (12-14). Prabu et al (15) found out 
that the levels of total cholesterol (TC), triglyce-
rides (TG), phospholipidis (PL), free fatty acids 
(FFA), low density lipoprotein (LDL) cholesterol 
and very low density lipoprotein (VLDL) choleste-
rol were significantly increased, while the level 
of HDL cholesterol was significantly decreased in 
the serum of Cd-treated rats. Studies have also 
shown that lead mediates the elevation of serum 
lipids and lipid peroxide through the mechanism 
of enzyme inhibition resulting in their accumula-
tion in blood vessel walls (16-18). Heavy metal 
induced hyperlipidemia is a risk factor for the 
development of various cardiovascular related 
diseases and the impairment of liver function. 
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Conclusion: Occupational exposure to e-waste borne chemicals may cause changes in lipid levels and 
increase risk of cardiovascular disease in the Nigerian e-waste workers included in the present study. The 
level of artisanal involvement in crude e-waste reprocessing should be considered critical in cardiovascular 
health risk assessment.
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Ubani et al (19) observed that serum levels of 
LDL-cholesterol was elevated in individuals ex-
posed to gas flaring containing heavy metals, and 
was suggested to be due to heavy metal media-
ted impairment of receptor-mediated endocyto-
sis in the liver which prevents the binding of LDL 
to specific receptors that could lead to its degra-
dation and release of cholesterol. LDL chole-
sterol transports cholesterol and phospholipids 
from the liver to the peripheral tissues and or-
gans like the heart. It is responsible for the depo-
sition of cholesterol on the walls of arteries cau-
sing atherosclerosis (18).

Furthermore, in the absence of an abnormal 
lipid profile the possibility of coronary artery 
di sease (CAD) cannot be ruled out. It has been 
suggested that the different combinations of 
these lipid profile parameters can be used to 
identify such high risk individuals. Atherogenic 
index of plasma (AIP), atherogenic coefficient 
(AC) and Castelli risk index (CRI) are atherogenic 
indices which have been used in predicting the 
risk of CAD. These are the calculated fractions 
which can be used in the clinical setting for as-
sessing the risk of cardiovascular disease beyond 
the routinely done lipid profile. AIP is based on 
two important parameters, TG and HDL chole-
sterol, both of which are independent risk factors 
for CAD (20), and it can be calculated as log 
TG/HDLc. Atherogenic coefficient is yet another 
ratio relying on the significance of HDL chole-
sterol in predicting the risk of CAD and it can be 
calculated as [(TC- HDLc)/HDLc]. Castelli risk 
index, calculated as (TC/HDLc) and (CRI-II) as 
(LDLc/HDLc), is another fraction which involves 
independent risk factors for CAD (21-23). 

Thus, the present study aimed to investigate 
the effects of e-waste occupational exposure on 
lipid profiles and atherogenic indices in Nigerian 
workers in Benin City. q

MATERIAL AND METHODS

Study population

The population of this study was centred on 
occupationally exposed e-waste workers in 

Benin City with at least five years duration of ex-
posure and control subjects were recruited from 
apparently healthy non-exposed subjects resi-
ding in Ugbowo community, Benin City, Nigeria. 
Subjects’ mean age was 31 in the exposed group 

(n=63) and 49 in the unexposed group (n=41). 
All study participants were males, based on the 
fact that the e-waste reprocessing vocation is 
male dominated. The unequal number of par-
ticipants in the two study groups was as a result 
of the number of participants who gave consent 
and satisfied the inclusion and exclusion criteria 
within the time frame of the study.

Selection criteria

Inclusion criteria: The exposed subjects com-
prised of electronic technicians carrying out in-
formal (primitive) e-waste recycling, processing 
and dismantling/repair of electronic and electri-
cal equipment. Subjects who were occupatio-
nally exposed to e-waste for a period of five years 
and above at the time of sample collection were 
selected for the study. The five years duration of 
exposure used in this study was based on the 
E-waste Risk Assessment Report (24). Control 
subjects were healthy male individuals with mi-
nimal or no occupational exposure to e-waste 
toxic metals and  no hobby involving e-waste ex-
posure or other toxic substances. The non-ex-
posed participants had no previous demographic 
and medical history of hypertension (24).

Exclusion criteria: e-waste workers with less 
than five years exposure to e-waste toxic metals 
at the time of sample collection were excluded 
from the study. Subjects with history of hyperten-
sion, tobacco smoking and alcohol ingestion 
have been also excluded. A history of previous 
cardiovascular disease (myocardial in-
farction/ angina/ cerebrovascular accident) was 
an exclusion criterion. Tobacco smoking and al-
cohol consumption have also served as a basis of 
exclusion for recruiting the apparently healthy 
control subjects (24).

Data and sample collection

A pretested structured questionnaire containing 
both open and closed ended questions was ad-
ministered to all subjects to obtain socio-demo-
graphic information and information about ex-
posure burden. Blood pressure measurement 
was taken manually with a sphygmomanometer 
and then documented. Approximately 10 millili-
tres of venous blood was collected from test sub-
jects (e-waste workers and control subjects) u sing 
standard phlebotomy technique. Blood samples 
obtained were dispensed into EDTA anticoagu-
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lant specimen bottles (5 millilitres). Another 
five millilitres was dispensed into anticoagulant 
free specimen bottles to obtain serum. All sam-
ples were appropriately preserved till time of 
analysis (25). Height and weight were measured 
using a measuring tape and spring balance re-
spectively and the body mass index (BMI) was 
calculated from both using the formula (26): 
BMI = mass (kg)/[(height(m)]2.

Reagent and sample preparation for 
cadmium analysis

Whole blood dilution was made (1 in 7 dilutions) 
with 0.2% HNO3 and 0.1% Triton X-100. Cad-
mium standard working solution (1 μg/L) was 
made by dilution with distilled water. Matrix 
modifier solution was prepared by mixing 50 μL 
of 0.3 g/L of Mg(NO3)2 and 1 mL of 0.33 g/L of 
Pd(NO3)2 and 2 mL of 0.2% v/v nitric acid  50 μL 
of 0.1% Triton X-100.

Procedure for cadmium analysis

Cadmium was analyzed using electrothermal 
atomic absorption spectrometer, ETAAS (Perkin 
Elmer analyst 800, Norwalk, U.S.A) method (27). 
The light source (hollow cathode lamp) specific 
for cadmium was inserted into the ETAAS. The 
wavelength was adjusted to 228.8 nm. The in-
strument was standardized with the standard 
blank (1% HNO3) and cadmium standard. Ali-
quot of 20 μL of whole blood was injected di-
rectly into the graphite furnace. Equal volume of 
matrix modifier was injected into the graphite 
furnace. The concentration of cadmium was dis-
played (in μg/L) on the screen after the run time 
(four minutes).

Reagent and sample preparations for lead 
analysis

Lead standard working solution was diluted with 
distilled water and 1 in 13 dilution of whole 
blood was made with 0.2% HNO3 and 0.1% Tri-
ton X-100. Matrix modifier solution 50 μL of 
10 g/L of NH4H2PO4, was mixed with 2 mL of 
0.2% v/v Nitric acid and 0.1% Triton X-100.

Procedure for lead analysis 

Lead was analyzed using electrothermal atomic 
absorption spectrometer (Perkin Elmer analyst 
800, Norwalk, U.S.A) method (27). The hollow 

cathode lamp specific for lead was inserted and 
the wavelength was adjusted to 283.3 nm. The 
instrument was standardized and calibrated with 
standard blank and lead standard. An aliquot of 
20 μL of whole blood was injected directly into 
the graphite furnace. Equal volume of matrix 
modifier solution was also injected into the 
graphite furnace. The concentration lead in the 
sample was displayed on the screen after the run 
time (three minutes).

Estimation of total cholesterol

Total serum cholesterol was measured enzymati-
cally (28) in the serum sample. The principle is 
based on series of coupled reactions that hydro-
lyse cholesteryl esters and oxidize 3-OH group 
of cholesterol. One of the reaction by-products, 
hydrogen peroxide (H2O2), is measured quanti-
tatively in a peroxidase catalyzed reaction that 
produces a colour (pink). Absorbance is read at 
500 nm. Colour intensity is proportional to cho-
lesterol concentration. The cholesterol reagent 
(Agappe Diagnostic, Switzerland) comprised of 
pipes buffer (50 mmol/L, pH 6.9), phenol 
(24 mmol/L), sodium cholate (0.5 mmol/L), cho-
lesterol esterase (≥200 U/L), cholesterol oxidase 
(≥250 U/L), peroxidase (≥1 000U/L) and 4-ami-
noantipyrine (0.5 mmol/L). Concentration of 
standard solution was 5.13 mmol/L.

Procedure for total cholesterol

One thousand μL of cholesterol reagent was dis-
pensed into two clean test tubes respectively. 
Ten μL of serum sample and 10 μL of cholesterol 
standard were then added into the tests respec-
tively. The set up was mixed gently and incuba-
ted at room temperature for 10 minutes. Absor-
bance was read at 500 nm against reagent blank 
using a spectrophotometer. The concentration of 
cholesterol (mmol/L) in the sample was calcula-
ted using this formula: 

Absorbance of test 
Absorbance of standard

Estimation of HDL cholesterol

HDL cholesterol was estimated by direct method 
(29). The principle is based on the fact that lipo-
proteins present in the specimen (LDL, VLDL 
and chylomicrons) are precipitated quantitative-
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ly by the addition of phoshotungstic acid in the 
presence of magnesium ions.  This renders them 
non-reactive and effectively excluded from the 
assay. Thus, after centrifugation, only HDL cho-
lesterol was detected. HDL cholesterol reagent 
(Agappe Diagnostic, Switzerland) comprised of 
phosphotungstate (14 mmol/L) and magnesium 
chloride (1 mmol/L). HDL cholesterol standard 
concentration is 0.28 mmol/L.

Procedure for HDL cholesterol

Equal volumes of serum sample and HDL cho-
lesterol reagent (300 μL each) were mixed in a 
test tube and allowed to for 10 minutes at room 
temperature. The tube content was mixed again 
and centrifuged for 10 minutes at 4 000 revolu-
tion per minute. After centrifugation, the clear 
supernatant was separated from the precipitate 
and the HDL cholesterol concentration was de-
termined using the above described cholesterol 
reagent (29).

The concentration of HDL (mmol/L) in the 
sample is calculated using this formula:

Absorbance of test 
Absorbance of standard  

Triglyceride (TG) estimation

TG concentration was estimated by Gpo-pap 
method (30). The principle is based on enzyma-
tic technique of measuring TG in serum using a 
series of coupled reactions in which TG are hy-
drolysed to produce glycerol. Glycerol is then 
oxidized using glycerol oxidase and hydrogen 
peroxide (H2O2), one of the reaction products, is 
measured as described for cholesterol. Absor-
bance is measured at 500 nm. TG reagent (Ran-
dox, UK) is comprised of reagent A and reagent B. 
Reagent A is made up of pipes buffer (40 mmol/L, 
pH 7.60), 4-chloro-phenol (5.5 mmol/L) and 
magnesium ions (17.5 mmol/L), while reagent B 
is comprised of 4-aminophenazone (0.5 mmol/L), 
adenosine triphosphate (1.0 mmol/L), lipases 
with activity of ≥1.5 U/mL glycerol-kinase 
(≥0.4 U/mL), glycerol-3-phosphate oxidase 
(≥1.5 U/mL) and peroxidase ( ≥0.5 U/mL).

Procedure for TG

Equal volumes of reagent A and B (1 000 μL) was 
mixed and dispensed into two clean pre-labelled 
test tubes. 10μl of serum sample and 10μl of TG 

standard was added respectively. The set up was 
mixed gently and incubated at room tempera-
ture for 10 minutes. Absorbance was read at 
500 nm against reagent blank using a spectro-
photometer.

Low density lipoprotein 

Low density lipoprotein (LDL) cholesterol value 
was calculated using the Friedewald equation 
(31). This was calculated based on the measured 
values of total cholesterol, triglycerides and 
HDL-cholesterol according to the following rela-
tionship: LDL-cholesterol = TC – HDL – [TG]/ 5

Atherogenic (lipid) indices

Atherogenic ratios were calculated from the lipid 
profile parameters.

Atherogenic index of plasma (AIP) = 
log TG/HDLc (20)
Atherogenic coefficient (AC) = 
(TC– HDLc)/HDLc (23)
Castelli’s risk index (CRI-I) = TC/HDLc (21)
Castelli’s risk index (CRI-II) = 
LDLc/HDLc (21)

Statistical analysis 

Results were analyzed using Student’s t-test and 
Pearson’s correlation coefficient with SPSS soft-
ware, Version 16. A p value < 0.05 was consi-
dered as significant. q

RESULTS

Basic health indices of participants

Basic health indices were compiled for both 
workers exposed to e-waste and non-ex-

posed participants (Table 1). The mean blood 
pressure and mean pulse rate were higher in ex-
posed subjects compared to the non-exposed. A 
higher level of BMI of exposed group was also 
observed compared to the non-exposed group.

Participants’ blood lead and cadmium  
levels 

Blood lead and cadmium levels of e-waste ex-
posed workers and non-exposed participants are 
shown in Table 2. Blood lead and cadmium le-
vels were significantly higher in subjects who 
were occupationally exposed to e-waste com-
pared to non-exposed ones.
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Lipid profile and atherogenic ratios of 
participants

The lipid profile results showed a significant in-
crease in total cholesterol and LDL cholesterol in 

exposed subjects compared to the non-exposed 
group. There was no significant difference in tri-
glyceride and HDL cholesterol concentrations in 
both exposed and non-exposed groups. No sig-
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TABLE 1. Basic health 
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TABLE 2. Blood lead and cadmium 
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TABLE 3. Lipid profile and 
atherogenic indices of e-waste 
exposed and unexposed 
participants
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nificant increase of AIP was observed in the ex-
posed group compared to the non-exposed one.  
AC, CRI-1 and CRI-11 were significantly in-
creased in exposed subjects compared to the 
non-exposed ones (Table 3).

Correlation of lead with lipid profile and 
atherogenic indices

Table 4 shows Pearson correlation of lead levels 
with lipid profile and atherogenic indices. There 
was a significant positive correlation between 
lead and cadmium. Other correlation results 
were not significant. 

Correlation of cadmium with lipid profile and 
atherogenic indices

Correlations between cadmium and lipid profile 
as well as atherogenic indices are shown in 
Table 5. There was a significant positive 
correlation between cadmium and total 
cholesterol as well as between cadmium and 
LDL cholesterol. Other correlation results were 
not significant. q

DISCUSSION

The effects of heavy metals toxicity on occupa-
tionally exposed subjects have been well 

documented (8, 32). These metals cause oxida-
tive stress through the generation of reactive oxy-
gen species (ROS) and damage to lipids, proteins 
and DNA (33). This study was designed to deter-
mine the effects of lead and cadmium on serum 
lipid profile and atherogenic ratios of workers 
occupationally exposed to e-waste in the assess-
ment of risk for cardiovascular disease. 

From the health indices of the present study, 
the mean blood pressure in exposed subjects 
(systolic 125.23±2.15 and diastolic 75.53+1.77) 
was higher compared to the non-exposed 
subjects (systolic 119.84±1.90 and diastolic 
70.34±1.67). The mean pause rate was also 
higher in the exposed group (79.86±1.65) 
compared to the unexposed group (73.98±1.6). 
A higher level of BMI of the exposed group 
(24.24) has been also observed compared to the 
non-exposed group (21.72). Other researchers 
have demonstrated that increasing atherogenic 
index associated with an elevation in BMI was an 
independent predictor of cardiovascular 
diseases (34).

Blood lead and cadmium levels were signifi-
cantly higher in subjects occupationally exposed 
to e-waste than non-exposed ones. These in-
creased levels may be attributed to prolonged 
exposure to these metals (at least five years). 
Lead and cadmium do not have any known be-
neficial biological roles; rather their detrimental 
effects on physiological, biochemical, and be-
havioural dysfunctions have been documented 
in both animals and humans by several resear-
chers (35, 36).

In the mechanism of metal-induced oxidative 
stress, metals are classified into redox-active and 
redox-inactive metals. Redox active metals in-
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clude iron, copper, chromium, manganese, and 
other transition metals, while redox inactive 
metals include lead, cadmium, mercury, and ar-
senic. Both groups deplete major cellular anti-
oxidants by different mechanisms. Redox-active 
metals are able to undergo fenton-like reaction 
to exaggerated oxidative stress, while re-
dox-inactive metals deplete antioxidants espe-
cially thiol-containing antioxidants and en-
zymes (32)

Cadmium has been known to stimulate the 
formation of metallothioneins and reactive oxy-
gen species (ROS), thus causing oxidative dam-
age to erythrocytes and various tissues resulting 
in loss of membrane functions (37). Lead induces 
oxidative stress as a result of an imbalance be-
tween generation and removal of ROS in tissues 
and cellular components, causing damage to 
membranes, DNA and proteins (1989).

Reactive intermediates produced under  
conditions of oxidative stress cause the oxidation 
of polyunsaturated fatty acids (PUFAs) in  
membrane lipid bilayers, eventually leading to 
the formation of aldehydes (39). Among these, 
the most abundant aldehydes are 
4-hydroxy-2-nonenal (HNE) and malondialde-
hyde (MDA), while acrolein is the most reactive 
one. MDA, acrolein and HNE are a, b-unsatura-
ted electrophilic compounds, which preferen-
tially form 1,4-Michael type adducts with nu-
cleophiles, such as proteins and DNA (39). The 
formation of aldehyde adducts with apolipopro-
tein B (Apo B) in LDL converted the latter to an 
atherogenic form that was taken up by macro-
phages, leading to the formation of foam cells 
(40, 41). In this way, lipid peroxidation products 
formed from oxidative stress caused by toxic 
metals can reduce blood vessel diameter, in-
crease pulse rate and blood pressure.

The lipid profile results showed a significant 
increase in total cholesterol and LDL cholesterol 
in exposed subjects compared to the non-ex-
posed group. There was no significant difference 
in triglycerides and HDL cholesterol concentra-
tions in both exposed and non-exposed groups 
(0.40±0.04 and 0.41±0.05; 2.09±0.12 and 
2.13±0.14, respectively). The elevated level of 
total cholesterol and the insignificant level of TG 
agreed with that reported in occupational 
workers exposed to lead reported by 
Kristal-Boneh et al (42). However, there was in-
consistency in the levels of LDL cholesterol and 

HDL cholesterol (42). A significant increase in 
TG has been also reported by Afolabi et al (6) in 
rats exposed to cadmium. According to Lariegle 
et al (14) exposure to cadmium caused increase 
in both TG and LDL. Extensive evidence of an 
association between serum lipid and lipoprotein 
levels and coronary artery disease (CAD) has 
been well documented (43-45). The elevated 
level of total cholesterol may be due to an in-
creased synthesis of cholesterol through stimula-
tion of the rate limiting enzyme, 
3-hydroxyl-3-methyl-glutaryl coenzyme A (HMG 
COA) reductase by cadmium or lead (46). The 
significant increase in LDL may be attributed to 
increased synthesis, reduced activity of lipopro-
tein lipase or loss of LDL receptor function, thus 
leading to reduced catabolism and elevated 
LDL (46). LDL cholesterol has been shown to 
play an important role in the development of 
atherosclerosis, which is a risk factor for cardio-
vascular (CVS) diseases (47). LDL cholesterol 
athe rogenic property is of clinical relevance be-
cause studies have also shown its major role in 
foam cell formation as a result of its oxidative 
modification (48). The HDL cholesterol level of 
e-waste exposed group was not significantly dif-
ferent from that of the non-exposed group. 
HDL cholesterol has been shown to have protec-
tive property against CAD (49).

In the present study, after the evaluation of 
the atherogenic indices, no significant increase 
in AIP was observed in the exposed group com-
pared to the non-exposed one. AC, CRI-1 and 
CRI-11 were significantly increased in exposed 
subjects compared to non-exposed ones. Athe-
rogenic indices have been found to be useful in 
predicting risk of developing CAD even in the 
absence of abnormalities in the lipid profile (50). 
For instance, studies have shown that AIP ratio is 
a strong predictor of myocardial infarction (51). 
However, in the current study, AIP was not sig-
nificantly different between the exposed and 
non-exposed groups, and the obtained value 
(-0.74±0.06) was below the reference range 
used in assessing the risk of developing cardio-
vascular disease. A range of -0.3 -0.1 is classified 
as low risk, 0.1-0.24 is regarded as medium risk 
and above 0.24 is classified as high risk (50). 
Athe rogenic coefficient (AC) was significantly 
higher in the exposed group compared to the 
non-exposed one. AC index has been shown to 
reflect the atherogenic potential of entire spec-
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trum of lipoprotein fractions and is useful for 
therapy management (50). In the present study, 
CRI-1 and CRI-11 have also shown a significant 
increase in the exposed group compared to the 
non-exposed one. Previous studies have shown 
that CRI-1 and CRI-11 was associated with the 
formation of coronary plaques (52). However, 
lipid indices obtained for CRI-1 and CRI-11 were 
below the reference ranges (>4 and >3, respec-
tively). This does not rule out the fact that these 
exposed subjects have the tendency of develo-
ping CAD, as the effect may become paramount 
in the future following longer period of exposure 
to these heavy metals, since they are chronically 
and persistently exposed.

Pearson correlation findings reveal a signifi-
cant positive correlation between lead and cad-
mium as well as between cadmium and total 
cholesterol, and between cadmium and 
LDL cholesterol. Also, our findings suggested that 
continuous exposure to cadmium would cause a 
corresponding increase in total cholesterol and 
LDL cholesterol concentrations. It could be in-
ferred that this may lead to oxidative stress 
through generation of bioactive aldehydes (such 
as 4 hydroxyalkenals, malondialdehyde, MDA 
and acrolein), which are toxic messengers and 

are capable of propagating and amplifying oxi-
dative injury in these participants (50, 53). q

CONCLUSION

Occupational exposure to e-waste borne 
chemicals may cause changes in lipid levels 

and an increased risk of cardiovascular disease in 
Nigerian e-waste workers. The potential clinical 
implication and benefit of this study is that the 
level of artisanal involvement in crude e-waste 
reprocessing should be considered critical in car-
diovascular health risk assessment. q
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ABSTRACT
The aim of this study was to find the most effective surface preparation methods to enhance the bond 

strength between the composite resin and surface remaining from ceramic fracture. In this systematic 
review and meta-analysis, 39 studies were examined. The information related to the studies was extracted 
and categorized based on the type of the substrate material and applying or not applying thermal cycles 
(p<0.05). In the meta-analysis of substrate metal-ceramic samples without aging, application of air abrasion 
resulted in a significant increase of the bond strength to composite resin when using chemical compounds 
of the group without the mentioned functional monomers. Application of mechanical and chemical surface 
preparation methods can result in enhanced bond strength of the composite to the substrate material, which 
depends on the type of substrate material. 

Keywords: dental alloy, metal-ceramic restoration, bond strength, composite resin.



207Maedica
  

A Journal of Clinical Medicine, Volume 15, No. 2, 2020

INTRODUCTION

Ceramic-metal restorations are com-
mon in dentistry because of their 
aesthetics and desirable mechanical 
properties (1-3). In spite of their sui-
table durability and clinical func-

tion, the ceramic of crowns have the potential 
for fracture, with a reported rate of 2.3-8% (4-6). 
Although the fracture of ceramic does not neces-
sarily mean failure of restoration, it is challenging 
for both the patient and dentist in terms of beau-
ty and function. In addition, the lines of cracks 
and fractures are a suitable site for aggregation of 
microorganisms, formation of dental plaques, 
and discoloration of the restoration (7).

Ceramic-metal restorations are made of a 
casted metal substrate on which the ceramic is 
cured. In these systems, there are several re-
quirements for both the alloy and ceramic, in-
cluding a higher melting range of the alloy com-
pared to the ceramic curing temperature, 
desirable rigidity and strength of metal substrate, 
proper bond of ceramic to metal surface oxides, 
and compatibility of the thermal expansion coe-
fficient between metal and ceramic (8). Blum 
et al categorized ceramic fracture in ceramic-
metal crowns into simple and complex types (9). 
Simple cracks occur only in the ceramic and are 
a result of its structural defects, impact, and para-
functional habits (3, 7, 9). Complex cracks result 
in appearance of the substrate metal, which is a 
result of metal-ceramic interface defects, im-
proper design, lack of adequate support of the 
ceramic by the metal, metal fatigue, or mismatch 
of linear thermal expansion coefficient between 
the metal and ceramic (9). Generally, it can be 
stated that fracture factors in these crowns are 
related to the technician, dentist, patient, envi-
ronment, restoration design, and intrinsic defects 
of the ceramic (10). An ideal treatment in case of 
ceramic fracture is replacement of the crown; 
however, intraoral repair is sometimes a less ex-
pensive and time-consuming option (11).

Various methods have been proposed for re-
pairing ceramic-metal crowns. In the direct 
method, composite resins are used, while indi-
rect methods are performed through dentistry 
laboratories (12-15). Among the advantages of 
direct method are less cost and time as well as 
easier usage. Disadvantages include less abrasive 
and aesthetic properties compared to ceramics 

(16-18). Meanwhile, the downsides of the indi-
rect method include requiring various clinical 
and laboratory stages (4).

The clinical success of ceramic repair and di-
rect method is dependent on the bond between 
the fractured surface and composite resin (7, 19). 
To develop the maximum bond between these 
two surfaces, various methods of providing me-
chanical and chemical fixation can be used. Me-
chanical methods such as air abrasion with alu-
minum oxide particles result in clearing 
superficial contaminations, increasing the wetta-
bility potential of the surface by resins, enhan-
cing the surface roughness, and strengthening 
the bond between the composite and surface 
(7, 20, 21).  Etching the surface with acids such 
as hydrofluoric acid causes dissolution of glass 
matrix of ceramics and development of a porous 
surface for better bond of the composite resin in 
them (7, 22). Nevertheless, acid etching of the 
surface of alloys, based on different studies, 
cannot develop a sufficiently fixed surface alone 
for bond of the composite resin  (23-25). Dia-
mond burs can cause increased abrasion of the 
alloy surface and development of fixed points for 
increasing the surface roughness (26, 27) and 
use of laser either alone or in combination with 
other methods (28, 30). In air abrasion by alumi-
num oxide particles coated with silica, pressure 
is exerted to the surface. In this method, in addi-
tion to surface roughness, the remaining silica on 
that metal surface results in improved silane 
function in the composite resin bonding (31, 32). 
Tin plating noble Silane is able to establish a 
chemical bond between organic and inorganic 
components, and its usage in combination with 
other methods such as Cojet method causes aug-
mented strength of the bond of composite resin 
especially to the ceramic surface (7, 32, 33). Tin 
plating noble metals allow an enhanced me-
chanical fixation and development of an oxide 
layer for facilitating establishment of chemical 
bonds (34). The functional monomers present in 
connector systems affecting bond of composite 
resins to metals (35-38), include: 1) 4-MET mo-
lecule (powder form without water: 4-meta) 
containing two carboxylic groups attached to 
aromatic group, causing development of acidic 
properties and improved wettability and better 
bond to metals such as amalgam and gold (39, 40); 
2) 10-MDP monomer essentially considered an 
etching molecule due to its dihydrogen phos-
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phate group and ability of forming ionic bonds 
(41, 42); 3) other monomers containing a phos-
phate group; 4) monomers containing sulfur 
groups such as thiophenol, thiouracil, and disul-
fide absorbed by noble metals whereby chemi-
cal reactions occur (43, 44).

For better bond of composite resins to metal 
alloys used in ceramic-metal crowns, various 
mechanical and chemical surface preparation 
methods are used. Therefore, different com-
pounds of various connector systems, composite 
resins, and methods for preparing surfaces have 
been proposed for repairing the surface of the 
fractured ceramics using composite resins. 

Due to the absence of a specific protocol for 
repairing metal-ceramic crowns as well as the di-
versity of the proposed materials and systems, 
we intended to evaluate the benefit of surface 
preparation methods used in the method of di-
rect repairing the surface of ceramic-metal resto-
rations using a systematic investigation by exami-
ning the strength of bond between the composite 
and the prepared fractured surface. This allows 
for increasing the time of clinical servicing of res-
toration inside the patient’s mouth through a 

conservative method, while saving time and 
costs. q

MATERIALS AND METHODS

Selection of studies and search strategy

In order to find the papers required for perfor-
ming this systematic review and meta-analysis 

study, using keywords chosen based on PICO 
model, experimental studies until December 
2017 were searched from databases including 
EBSCO and PubMed along with English and Per-
sian papers from the databases of magiran, iran-
doc, and SID (Table 1). The keywords were 
searched using OR in each part, after which the 
results were combined by AND, whereby the fi-
nal results were extracted (Table 2). Once the 
papers obtained, similar papers were removed 
and the remaining ones were investigated based 
on inclusion and exclusion criteria by two re-
searcher of this study. These two individuals 
started examining the title and abstract as well as 
text of papers separately. Once the papers were 
chosen based on the title and abstract, they were 
studied in detail, whereby the final usable stu-
dies to be incorporated into research were iden-
tified. After searching in databases, manual 

effeCt of MeChaniCal and CheMiCal surfaCe preparation Methods on the Bond strength in repairing the surfaCe of Metal-CeraMiC Crowns 
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search process was performed by examining the 
list of references of studies as well as the refe-
renced textbooks of restorative dentistry by 
choosing proper papers and extracting their 
data. Further, relevant theses and gray references 
in ProQuest have been also investigated.

Eligibility criteria

Inclusion criteria: Experimental studies, bond of 
composite resins to the metal surface of the sam-
ple should have been investigated, the effect of 
mechanical and chemical preparation methods 
for remaining surfaces of the crown before using 
the composite resins should have been exa-
mined, the test for measuring the experimental 
bond strength should have been of shear or ten-
sile type.

Exclusion criteria: Non-experimental studies 
such as clinical studies and review studies, in 
which the use of composite resins was not the 
same as the conditions of their clinical usage in 
direct method for repairing the metal-ceramic 
crowns, for examples include studies in which 
bond of braces has been investigated.

Data collection 

In order to enter data obtained from the selected 
papers, Microsoft Office Excel 2010 (Microsoft, 
Redmond Corporation, WA, USA) was used. 
Data included title of the study, authors’ name, 
year of publication, name of substrate material 
and number of samples, the mechanical and 
chemical preparation performed on the sub-
strate, the utilized bonding and composite resin, 
the conditions and time of maintaining the sam-
ples before doing the bond strength test, the 
manner of applying thermal cycle to the samples 
if it was performed, the type of bond strength 
test, the rate of force exertion (min/mm), the 
mean reported bond strength number (MPa), 
and standard deviation. 

Mechanical etchings (ME) of surfaces were in-
troduced into the data collection software with 
the following abbreviations: B: roughening with 
bur, E: acid etching (E1: etching with phosphoric 
acid, E2: etching with hydrofluoric acid), SB: air 
abrasion with aluminum oxide particles, L: laser, 
no treatment (polishing but not performing me-
chanical etching).

Chemical preparation (CHE) was performed 
in primer/connector systems based on the type 
of the effective operating molecule: P (systems 
containing phosphate monomers such as the sys-
tems including MDP, PENTA, and acrylate/phos-
phate metacrylate), MET (systems containing 
4-META and 4-MET), Q (compounds containing 
sulfur group such as thio-octanes and typical 
compounds), and R (systems lacking the above-
mentioned functional groups). Further, usage of 
silane, tin plating, and Cojet was represented by 
Si, T, and C, respectively.

In case of maintaining the samples for three 
months or more in water or applying more than 
1000 thermal cycles, they were placed in the 
aged group; otherwise, the samples were cate-
gorized in the non-aged group. Analysis of the 
statistical results was performed by free compre-
hensive software for meta-analysis. P<0.05 was 
considered significant. q

RESULTS

Study selection

Generally, in searching the keywords in the 
databases in Table 1, 312 studies were ob-

tained from EBSCO database and 1 834 from 
PubMed. By removing 1 126 repeated papers 
using EndNote X7 (Thompson Reuters Philadel-
phia, PA, USA), 1 120 papers remained for the 
preliminary study. By searching Persian and En-
glish keywords in databases including Magiran, 
Irandoc, and SID, 136 studies were obtained, 
where 20 were repeated, and hence, 116 stu-
dies remained. In searching the database at this 
stage, studies were first separated by title and 
then abstract. The full text of the remaining 
114 studies from EBSCO and PubMed databases 
and 10 remaining studies from the three Iranian 
databases were examined for final selection. 
Eventually, 31 studies eligible for inclusion crite-
ria and devoid of exclusion criteria were identi-
fied. After selecting the relevant papers, the 
manual search process was performed by inves-
tigating the list of references. Then, after remo-
ving repeated references and investigating the 
title, abstract, and full text, seven other studies 
were added to the final results. In searching for 
the gray references, 30 studies were obtained, 
and after investigating the title and abstract, 
six studies remained for full text investigation. 
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Eventually, one study was chosen. Across all 
mentioned stages, disagreements between the 
two researchers for choosing studies were re-
solved through discussion and opinion exchange.

The preparation methods used in the studies 
were categorized based on their abbreviated 
name and classified into four groups based on 
the type of substrate material as well as the con-
ditions of maintaining the samples: base metal 
alloys which had undergone aging, base metal 
alloys on which aging had not been applied, ce-
ramic-base metal alloys which had undergone 
aging, ceramic-base metal alloys on which aging 
had not been performed.

Descriptive and analytical statistics related to 
the group of base metal alloy without aging 

Out of the 39 studies obtained, the data extrac-
ted from 13 studies were placed in the base me-
tal alloy group which had not undergone aging 
(23, 32, 45-55). The mean and standard devia-
tion of the strength of composite bond to the 
samples present in each study which had the 
same mechanical and chemical preparation 
methods were calculated and assumed as one 
single group (Table 3). The major surface prepa-
ration method used in the studies of this group 
was usage of air abrasion with aluminum oxide 
particles and compounds based on phosphate 
monomers, utilized in nine studies (23, 45, 47, 
49-53, 55), indicating bond strength range of 
7.73-20.57 MPa. The other highly utilized me-
thods included use of air abrasion and chemical 
compounds of group R in eight studies with the 
bond strength of 1.76-3.9 MPa, as well as con-
current use of air abrasion mechanical methods 
and the compounds containing MET-4 group in 
seven studies with the bond strength of 
4.77-34.55 MPa (23, 45, 46, 49, 50, 52, 53).

The maximum extent of bond strength among 
the 13 studies in the base metal group without 
applying aging, given the difference in the condi-
tions of studies, had been achieved by applying 
the air abrasion method with aluminum oxide 
particles and use of the compounds of MET 
group (34.55 MPa) (50). On the other hand, the 
minimum strength had been obtained by ap-
plying hydrofluoric acid etcher and use of com-
pounds of MET group (1.84 MPa) (46).

As at least two surface preparation methods 
had been repeated in eight studies (25, 52, 56-61), 

performing meta-analysis is feasible. A total of 
11 dual combinations were obtained from the 
repeated preparation methods.

The comparisons performed between the re-
peated dual combinations in the studies are as 
follows:

1. Comparing the two preparation me-
thods of ME-SB+CHE-R and ME-SE+CHE-P 
(Figure 1-A), the mean bond strength of the 
composite resin using the air abrasion and 
phosphate monomers was 5.31±2.08 MPa 
higher than that of the other method, where 
this difference was significant (P<0.05).
2. Comparing the two preparation me thods 
of ME-SB+CHE-P and ME-SB+CHE-MET 
(Figure 1-B), application of air abrasion me-
thod and phosphate monomers deve loped 
2.7±0.7 less bond strength compared to the 
other method, but this difference was not si g-
nificant (P>0.05).
3. Comparing the two preparation methods of 
ME-SB+CHE-P and ME-SB+(CHE-P+CHE-Q) 
(Figure 1-C), the air abrasion method and use 
of phosphate and sulfur monomers deve-
loped 0.6±0.21 MPa greater bond strength, 
but this difference was not significant 
(P>0.05).
4. Comparing the two preparation me thods 
ME-SB+CHE-P and ME-SB+(CHE-P+CHE-MET) 
(Figure 1-D), the air abrasion method and 
phosphate monomers developed 8.61 MPa 
greater bond strength on average, and the 
difference was significant (P<0.05).
5. Comparing the two preparation me-
thods of ME-SB+CHE-MET and 
ME-SB+CHE-R (Figure 1-E), concurrent use 
of air abrasion mechanical methods and the 
compounds containing 4-META monomers 
developed 6.03±3.4 MPa greater bond strength, 
where the difference was significant (p<0.05).
6. Comparing the two preparation me-
thods of ME-no treatment + CHE-R and 
ME-SB+CHE-R (Figure 1-F), usage of air 
abrasion method and the compounds con-
taining R monomers developed greater bond 
strength by 12.3 MPa on average, but this dif-
ference was not significant (P>0.05).
7. Comparing the two preparation me-
thods of ME-SB+CHE-R and ME-SB 
+(CHE-P+CHE-Q) (Figure 1-G), the combi-
nation of air abrasion method as well as phos-
phate and sulfur monomers compared to the 
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other method developed greater bond 
strength of 7.10±2.2 MPa, and this diffe-
rence was significant (P<0.05).
8. Comparing the two preparation methods 
of ME-SB+CHE-R and 
ME-SB+(CHE-P+CHE-MET) (Figure 1-H), the 
air abrasion method and the chemical com-
pounds containing phosphate monomers and 
4-MET developed greater bond strength, but 
this difference was not significant (P>0.05).
9. Comparing the two preparation methods 
of ME-SB+CHE-MET and 
ME-SB+(CHE-P+CHE-Q) (Figure 1-I), usage 
of air abrasion alongside compounds contai-

ning phosphate and sulfur monomers created 
greater bond strength of 11.4 MPa compared 
to the other method, and this difference was 
significant (P<0.05).
10. Comparing the two preparation me thods of 
ME-SB+CHE-MET and ME-SB+(CHE-P+CHE-MET) 
(Figure 1-J), utilization of air abrasion method 
as well as 4-META and phosphate monomers 
yielded greater bond strength compared to the 
other method, and the difference was signifi-
cant (P<0.05).
11. Comparing the two preparation methods 
of ME-SB+(CHE-MET+CHE-P) and 
ME-SB+(CHE-P+CHE-Q) (Figure 1-K), ap-

effeCt of MeChaniCal and CheMiCal surfaCe preparation Methods on the Bond strength in repairing the surfaCe of Metal-CeraMiC Crowns 

FIGURE 1. Results for the analysis of the mean bond strength of composite resins to base metal alloys 
without aging. A. Surface treatment by using air abrasion + phosphate monomers (ME-SB+CHE-P) versus air 
abrasion + R- monomers (ME-SB+CHE-R). B.  Surface treatment by using air abrasion + phosphate monomers 
(ME-SB+CHE-P) versus air abrasion + 4-MET monomers (ME-SB+CHE-MET). C. Surface treatment by using 
air abrasion + phosphate monomers (ME-SB+CHE-P) versus air abrasion+ phosphate and sulfur monomers 
(ME-SB+CHE-P+ CHE-Q). D. Surface treatment by using air abrasion + phosphate monomers (ME-SB+CHE-P) 
versus air abrasion + phosphate and 4-MET monomers (ME-SB+CHE-P+CHE-MET). E. Surface treatment by 
using air abrasion + R - monomers (ME-SB+CHE-R) versus air abrasion + 4- MET monomers  
(ME-SB+CHE-MET). F. Surface treatment by using air abrasion+ R- monomers (ME-SB+CHE-R) versus using 
R-  monomers (ME-no treatment + CHE-R). G. Surface treatment by using air abrasion+ R- monomers  
(ME-SB+CHE-R) versus air abrasion + phosphate and sulfur- monomers (ME-SB+ CHE-P+ CHE-Q).  
H. Surface treatment by using air abrasion + R - monomers (ME-SB+CHE-R) versus air abrasion + phosphate 
and 4-MET monomers (ME-SB+CHE-P+CHE-MET). I. Surface treatment by using air abrasion + 4-MET 
monomers (ME-SB+CHE-MET) versus air abrasion + phosphate and sulfur monomers  
(ME-SB+CHE-P+CHE-Q) J. Surface treatment by using air abrasion + 4-MET monomers (ME-SB+CHE-MET) 
versus air abrasion + phosphate and 4-MET monomers (ME-SB+CHE-P+CHE-MET). K. Surface treatment by 
using air abrasion + phosphate and 4-MET monomers (ME-SB+CHE-P+CHE-MET) versus  
air abrasion+ phosphate and sulfur monomers (ME-SB+ CHE-P+CHE-Q).
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plying air abrasion method and the com-
pounds containing phosphate and sulfur 
monomers developed greater bond strength 
on average by 12.24 MPa compared to the 
other method, and this difference was signifi-
cant (P<0.05).

Descriptive and analytical statistics related to 
the base metal alloy group with aging

Out of the 39 obtained studies, data extracted 
from 17 studies were placed in the base metal 
group undergoing aging (6, 32, 46, 52, 53, 
57-59, 62-69) (Table 4). The major surface pre-
paration method used in this group was usage of 
air abrasion with aluminum oxide particles and 
application of chemical compounds of R group, 
which had been used by eight studies, and 
showed a strength range of 5-14.32 MPa. It was 
followed by usage of air abrasion with aluminum 
oxide particles and compounds with phosphate 
monomers in seven studies with bond strengths 
of 15.43-21.37 MPa. The third rank belonged to 
combination of air abrasion method with alumi-
num oxide particles and the particles coated 
with silica and usage of silane with an bond 
strength range of 18.5-25.24 MPa in four studies, 
followed by application of air abrasion method 
with aluminum oxide particles and chemical 
compounds containing 4-MET in three studies 
with the bond strengths of 1.98-15.4 MPa, air 
abrasion method with aluminum oxide particles 
and use of silane in three studies with bond 
strengths of 5.8-26.25 MPa, and use of air abra-
sion method and concurrent use of compounds 

containing sulfate and phosphate monomers 
with the bond strengths of 7.52-18.99 MPa. 
Other methods presented in the table were used 
less than three times.

The maximum composite bond strength 
across the 17 studies had been obtained by ap-
plying the air abrasion method with aluminum 
oxide particles and use of compounds contai-
ning phosphate monomers, monomers contai-
ning 4-MET, and silane (29.7 MPa) (65). On the 
other hand, the minimum bond strength had 
been achieved by applying air abrasion method 
with aluminum oxide particles and usage of 
compounds containing 4-MET monomer (46).

As at least two surface preparation methods 
were repeated in eight studies, meta-analysis 
could be performed. Six dual combinations were 
obtained from repeated preparation methods. 
Comparisons made between the repeated dual 
compounds are as follows:

1. Comparing the two preparation methods 
of ME-SB+CHE-P and ME-SB+CHE-MET 
(Figure 2-A), usage of air abrasion method 
and phosphate monomers developed greater 
bond strength by 0.1 MPa on average com-
pared to the other method, but this diffe-
rence was not significant (P>0.05).
2. Comparing the two preparation methods 
of ME-SB+CHE-P and ME-SB+CHE-R 
(Figure 2-B), usage of air abrasion method 
and phosphate monomers created greater 
bond strength with the difference being si g-
nificant (P<0.05).
3. Comparing the two preparation meth-
ods of ME-SB+CHE-P and ME-SB+ 
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(CHE-MET+CHE-P) (Figure 2-C), usage of air 

abrasion method and phosphate monomers 

yielded greater bond strength and this diffe-

rence was significant (P<0.05).

4. Comparing the two preparation methods 
of ME-SB+CHE-MET and ME-SB+CHE-R 
(Figure 2-D), usage of 4-META compound 
created less bond strength, but this difference 
was not significant (P>0.05).
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5. Comparing the two preparation methods 

of ME-SB+CHE-R and ME-SB+(CHE-P+CHE-Q) 

(Figure 2-E), usage of chemical compounds 

con taining phosphate in sulfur monomers a 

created greater bond strength on average 

compared to the other method, but this dif-
ference was not significant (P>0.05).
6. Comparing the two preparation methods 
of ME-no treatment + (CHE-C+CHE-Si) and 
ME-SB+CHE-SI (Figure 2-F), usage of Cojet 
method and silane created greater bond 

effeCt of MeChaniCal and CheMiCal surfaCe preparation Methods on the Bond strength in repairing the surfaCe of Metal-CeraMiC Crowns 

FIGURE 2. Results for the analysis of the mean bond strength of composite resins to base metal alloys with 
aging. A. Surface treatment by using air abrasion+ phosphate monomers (ME-SB+CHE-P) versus air  
abrasion + 4-MET monomers (ME-SB+ CHE-MET). B. Surface treatment by using air abrasion+ phosphate 
monomers (ME-SB+CHE-P) versus air abrasion + R - monomers (ME-SB+CHE-R). C. Surface treatment by 
using air abrasion + phosphate monomers (ME-SB+CHE-P) versus air abrasion+ Phosphate and 4-MET 
monomers (ME-SB+CHE-P+CHE-MET). D. Surface treatment by using air abrasion + 4-MET monomers 
(ME-SB+CHE-MET) versus air abrasion + R- monomers (ME-SB+CHE-R). E. Surface treatment by using air 
abrasion + R - monomers (ME-SB+CHE-P) versus air abrasion + phosphate and sulfur monomers  
(ME-SB+CHE-P+CHE-Q). F. Surface treatment by using air abrasion + silane application (ME-SB+CHE-Si) 
versus using cojet technique and silane application (ME-SB+CHE-C+CHE-Si).

TABLE 5. Demographic data of included studies in aged porcelain + base metal group
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strength in comparison to air abrasion with 
aluminum oxide particles and use of silane 
on average, and this difference was si g nificant 
(P<0.05).

Descriptive statistics related to the  
ceramic-base metal alloy group  
plus aging

In a study (27) which had examined the strength 
of the shear bond of the composite to 
ceramic-base metal alloy samples prepared un-
der aging conditions (Table 5), application of air 
abrasion and surface etching with hydrofluoric 
acid plus usage of phosphate monomer com-
pounds and silane yielded the maximum ave-
rage magnitude of the composite bond strength 
to the surface (18.16 MPa).

Descriptive and analytical statistics related  
to the ceramic-base metal alloy group 
without aging

Among four other studies (18, 76, 49, 50) the 
strength of the shear bond of the composite resin 
to the ceramic-base metal alloy samples without 
applying thermal cycles (Table 6) was maximum 
in the group in which air abrasion, surface et-
ching with hydrofluoric acid, and phosphate 
compounds had been used. Further, in the group 
where only R chemical compound had been 
employed, the minimum bond strength 
(4.43 MPa) was obtained (49). As at least two 
surface preparation methods had been repeated 
in two studies, meta-analysis could be per-
formed. A dual combination was obtained from 
the repeated preparation methods. The compa-

effeCt of MeChaniCal and CheMiCal surfaCe preparation Methods on the Bond strength in repairing the surfaCe of Metal-CeraMiC Crowns 
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rison made between the dual repeated com-
pounds in the studies is as follows:

Comparing the two preparation methods of 
ME-SB+CHE-R and ME-no treatment +CHE-R 
(Figure 3), usage of air abrasion method deve-
loped greater bond strength compared to the 
other group, and this difference was significant 
(P<0.05). q

DISCUSSION

The aim of this systematic review and meta-
analysis was to organize information about 

the effect of different chemical and physical sur-
face preparation methods for ceramic-metal 
crowns on the bond strength in repairing frac-
tured ceramic with composite resins. A syste-
matic review should be performed based on a 
clear research question as well as specific inclu-
sion and exclusion criteria.

This systematic review and meta-analysis in-
cluded 39 studies. The data extracted from them 
indicated a great diversity in their approach to 
applying mechanical and chemical methods for 
preparing the surface of substrates, which made 
it difficult to directly compare the results.

Various physical and mechanical surface 
methods have been proposed for this purpose, 
including air abrasion with aluminum oxide par-
ticles (7, 22, 23), etching surface with ac-
ids (25-27), roughening the surface with burs 
(28, 29), use of laser (30-32), air abrasion with 
silica-coated aluminum oxide particles (7, 34, 35), 
tin plating noble metals (36), and use of chemi-
cal compounds containing functional monomers 
(37-40). In addition, alloys used for ceramic-
-metal restorations are composed of different 
ele ments which influence their surface prepara-
tion (70).

The bond strength of the composite resin to 
substrates was examined in two groups of aging 
and without aging. Most studies have suggested 
that applying thermal cycling leads to dimi-
nished bond strength of the composite 
resin (32, 46, 71, 72). However, some other 
studies did not confirm this (45, 52). For this rea-
son, in this study, applying and not applying 
a ging has been considered. There are also con-
troversies over the proper number and manner 
of applying thermal cycling (7, 73, 74). Since teeth 
in the mouth environment are subjected to ex-
treme limits of thermal stresses 10 times per day 
on average (46, 64) at least 1 000 thermal cycles 
were considered as aging. This number of cycles 
is equivalent to three months of exposure to the 
mouth environment. Therefore, studies in which 
the samples had been kept at least three months 
in water or at least 1 000 thermal cycles had 
been applied before performing the test of bond 
strength on them were placed in the aging group.

In the base metal alloy group which had not 
undergone aging, usage of compounds contai-
ning phosphate and 4-META monomers as well 
as concurrent use of compounds containing sul-
fur and phosphate monomers resulted in a sig-
nificant increase in the bond of the composite 
resin compared to usage of monomers without 
the above-mentioned functional groups on the 
air abraded surface. Increased composite resin 
strength to the air abraded surface following use 
of compounds containing 4-METAmonomers 
and concurrent usage of compounds containing 
sulfur and phosphate monomers was observed 
in comparison to applying phosphate monomer 
compounds (25, 52, 56-61). Usage of com-
pounds containing phosphate monomers or 
4-META monomer alone as well as concurrent 
use of compounds containing sulfur and phos-

effeCt of MeChaniCal and CheMiCal surfaCe preparation Methods on the Bond strength in repairing the surfaCe of Metal-CeraMiC Crowns 

FIGURE 2. Results for the analysis of the mean bond strength of composite resins to porcelain fused to base 
metal alloys without aging when surfaces were treated by using air abrasion + R-monomers versus using 
R-monomers
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phate monomers resulted in a significant in-
crease in the bond strength of the composite 
resin to the air abraded surface as compared to 
simultaneous usage of phosphate and 4-META 
monomers. Air abrasion with aluminum oxide 
particles leads to clearance of superficial con-
taminations, increased wettability of the surface 
by resins, enhanced surface roughness, and 
stronger bond of the composite resin to the sur-
face (7, 20, 21). 4-MET molecule is essentially 
known as an bond promoting and deminerali-
zing molecule (35, 76). The two carboxylic 
groups attached to the aromatic group in it cause 
improved wettability (39). The thiol group pre-
sent in sulfate compounds chemically reacts with 
metals and bonds with metacrylate-based resins 
(52). The minimum bond strength among the 
studies, given the differences across the studies, 
was related to the group of etching with hydro-
fluoric acid and 4-MET group (46). This can be 
attributed to inadequate fixation resulting from 
dissolution of inter-dendrite structures in 
nickel-chromium-beryllium alloys (24,  25, 76, 77).

In the base metal alloys group not subjected 
to aging, shear test had been used across all stu-
dies, except for Cheng et al.’s study who had 
employed tensile bond strength test (45). Among 
the advantages of the shear bond strength test 
are easy usage and the force being perpendicu-
lar to the attached region. The disadvantages, 
however, include unbalanced distribution of 
stresses and the chance of incidence of failure in 
the composite structure and development of er-
ror in interpreting the results. In the tensile 
strength test, the forces are exerted to the sample 
vertically and there is little chance of developing 
internal defects in the composite resin. Howe-
ver, preparation of samples in this test requires 
high accuracy to prevent development of inter-
nal defects. Indeed, drawing a conclusion is dif-
ficult given the differences in the methodologies 
of the above studies.

In the group of base metal alloys undergoing 
aging, the maximum composite bond strength, 
given the differences between study methodolo-
gies, was obtained by applying the air abrasion 
method with aluminum oxide particles and us-
age of compounds containing phosphate mono-
mers, 4-MET monomers, and silane (65). Air 
abrasion with silica-coated aluminum oxide par-
ticles developed greater bond strength com-
pared to usage of air abrasion with aluminum 

oxide particles before using silane (P>0.05). Ap-
plication of compounds containing phosphate 
monomers resulted in enhanced bond strength 
of the composite resin to the air abraded surface 
compared to application of 4-META monomers 
(P>0.05). In another group of the same study, 
combination of air abrasion with aluminum 
o xide particles plus phosphate monomers and 
silane yielded a relatively similar bond strength. 
Phosphate monomers such as 10-MDP bond 
with the cations of the oxide layer of base me-
tals. Further, the attaching groups of silane mole-
cule are degraded in acidic environments and 
can cause development of active silanol groups. 
With establishment of hydrogen bonds between 
these active components, oligomers are formed, 
while with loss of water when applying thermal 
cycling, covalent bonds are developed (65). Ex-
cept for one study (45), tensile bond strength test 
had been used in other studies of this group.

Silane is able to establish a chemical bond be-
tween organic and inorganic components, and 
its application alongside the silica layer remai-
ning on the surface in response to the Cojet 
method in the studies by Ozcan et al (7), Gug-
genberger et al. (31), and Proano et al. (32) re-
sulted in increased bond strength of the compo-
site especially to the ceramic surface. The results 
of tests measuring bond strength are dependent 
on many variables, and thus there is a need for a 
single standard for performing experimental tests 
that examine the bond strength. q

CONCLUSION

Application of mechanical and chemical sur-
face preparation methods can result in en-

hanced composite bond strength to the sub-
strate, which varies given the type of substrate. 
Considering the findings and limitations of the 
investigated studies, the following are reco-
mmended when preparing the surface of cera-
mic-metal crowns: concurrent use of mechanical 
and chemical methods for preparing the surface 
of ceramic-metal samples and usage of chemical 
methods containing functional monomers. q
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ABSTRACT
Statement of the problem: The presence of a metal object such as dental implants in the scan field may 

cause artifacts on the cone-beam computed tomography (CBCT) images, which can reduce the diagnostic 
quality and accuracy of images.

Purpose: The aim of this in vitro study was to compare the severity of implant-induced metal artifacts 
on CBCT images.

Materials and method: To this end, a dry human mandible and a maxilla were selected, then two 
Roxolid and two Zirconium fixtures with different diameters were placed in the central incisor and first 
molar sockets and fixed with dental wax. The mandible and maxilla were placed in the simulated phantom 
for soft tissue, and the occlusal plane was adjusted parallel to the horizon. Images were taken at standard 
and high resolutions using two CBCT units. The CBCT gray values were measured in three longitudinal 
sections of the fixture (cervical, middle and apical) and the contrast noise ratio (CNR) was calculated. The 
CNR values of images were analyzed based on the fixture material, resolution, jaw, unit parameters and 
fixture size by using the paired t-test and different fixture sections by one-way ANOVA.

Results: Depending on the CBCT unit, the CNR values in Roxolid and Zirconium fixtures are completely 
different. Under higher exposure parameters, the CNR values of the Roxolid and Zirconium fixtures were 

2020; 15(2): 224-229
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INTRODUCTION

Dental implants are a suitable 
choice for edentulous regions in 
the jaw with high success rate and 
desired outcomes. The applica-
tion of CBCT in the treatment plan 

increases the chance of long-term dental implant 
success (1). CBCT is also used in other dental 
branches for the diagnosis, treatment plan, and 
follow-up (2-4). 

As compared to CT, the lower cost, fast acqui-
sition, and lower radiation dose have made 
CBCT increasingly popular in dentistry. The 
CBCT advantages include high accuracy and high 
resolution, and removal of burning and overlap 
of adjacent teeth (5, 6). The presence of a metal 
object in the scan field may cause artifacts in 
CBCT images which, in turn, reduces image 
quality and sometimes makes it unclear (6). The 
presence of a fixture in the CBCT scan field 
weakens the x-ray beam, inhibiting the proper 
scan of structures adjacent to the implant site (7). 
The conical nature of the X-ray beam causes ar-
tifacts in all areas around the implant site (6, 8). 
The artifact severity depends on the shape, posi-
tion, direction, and number of implants in the 
image, and also on the sequence of related pa-
rameters. Many variables are involved with the 
incidence of artifacts, such as exposure condi-
tions, pixel size, and field of view (FOV) (9-10).

There are some studies into the use of artifact 
reduction algorithm (11, 12). Although these al-
gorithms can partially reduce the incidence of 
artifacts, the details around the metal-tissue in-
terface, as the main region of interest (ROI), may 
still remain unobservable to the clinicians (13). 
Therefore, the effects of factors capable of re-
ducing metal-related artifacts in CBCT imaging 
should be assessed. 

The most common artifacts are black or white 
strip and streak lines, as well as dark area around 
a hard and metal object depending on the extent 

to which the ray is weakened or absorbed by a 
high-density substance (14-16).

This study was conducted to determine the 
severity of implant-related artifacts in different 
maxillary and mandibular areas based on the 
size, site, and implant material, using the CBCT 
units set at standard and high resolutions. q

MATERIALS AND METHOD

After ethical approval was given by Babol Uni-
versity of Medical Sciences (IR.MUBABOL.

HRI.REC.1397.187), this study used intact dry 
human mandible and maxilla with empty so-
ckets at central incisor and first molar sites. 

Four Straumann fixtures (ITI, Basel, Switzer-
land)

Including two Zirconium fixtures: 
(PURE Ceramic, Monotype, Cylandrical: 

4.1×10 mm) 
(PURE Ceramic, Monotype, Cylandrical: 

3.3×10 mm)
And two Roxolid fixtures:
(Roxolid*, Standard Plus, Cylandrical: 

4.1×10 mm)
(Roxolid*, Standard Plus, Cylandrical: 

3.3×10 mm) 
*Roxolid: 85% Titanium and 15% Zirconium
Two plastic cylinders with the least severity of 

artifact were used to fix the jaws during the scan. 
In addition, water was used for simulating the 
soft tissue (17).

Scans were taken using two CBCT units X 
MIND (ACTEON, Olgiate olona, Italy) and 5G 
(Newtom, Verrona, Italy) at two different resolu-
tions (high,standard) in the presence and ab-
sence of fixtures (as the case and control groups, 
respectively). The X MIND scan parameters were 
set as follows: 90 kVp, current of 8 mA, FOV of 
11×8 cm and pixel size of 150 μ at standard 
resolution and 100 μ at high resolution.

The 5G scan parameters were set as follows: 
110 kVp, current of 10 mA, FOV of 12×8 cm 

significantly higher in the maxilla than mandible. However, the fixture size and longitudinal section type 
did not have a significant effect on the CNR values.

Conclusion: In contrast to the fixture material, scanning parameters and jaw type, differences in the size 
and longitudinal section of the fixtures had no impact on artifact severity.

Keywords: dental implants, artifact, cone-beam computed tomography.
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and the pixel size of 150 μ at standard resolution 
and 75 μ at high resolution.

The XMIND images were analyzed with 
OnDemand 3D Dental, and 5G images were 
analyzed with NNT software. First, the mandible 
with empty sockets in the central incisor and first 
molar sites was placed in the plastic phantom 
filled with water (if needed, thermal adhesive 
was used at the condyles to attach it to the 
cylinder and position the occlusal plane parallel 
to the horizon). Then, CBCT images were taken 
at standard and high resolution, using XMIND 
and 5G units (control group). Next, the Roxolid 
fixture (diameter 3.3 mm) was placed in the 
central incisor socket, that the total 10 mm 
height of the fixture was in the bone (crestal) and 
fixed upright by wax. The same procedures were 
applied to the central incisor socket using the 
Zirconium fixture (diameter 3.3 mm). Then, the 
anterior fixture was removed from the socket 
and the Roxolid fixture (diameter 4.1 mm) was 
placed in the first molar socket and scanned 
using the same units at standard and high 
resolutions. The same procedures were 
conducted with the Zirconium fixture (diameter 
4.1 mm). In total, 40 CBCT scans were performed 
(32 scans in the case group and eight scans in the 
control).

To standardize ROI positions and include the 
artifact areas, the 10 mm fixture heights in the 
images were divided into the cervical, middle, 
and apical sections (2 mm, 5 mm, and 8 mm, 
respectively). In the axial view of each section, a 
line was drawn from the fixture center along the 
longitudinal axis of the jaw, then, a perpendicu-
lar line and three lines spaced 25° from each 
other was drawn (two anterior lines at angles of 
115° and 140°, and one anterior line at an angle 
of 65°). To examine the fixtures at the anterior 
area, only the lines at the angles of 65°, 90°, and 
115° were drawn. Moreover, three semicircles 
(1.5 cm, 2 cm and 2.5 cm in diameter) were 
drawn from the fixture center, resulting in a total 
of 12 squares (25×25 pixels), as ROI, at the in-
tersection of semicircle and lines (Figure 1). The 
number of squares for the anterior fixtures was 
nine. The gray values in these areas were calcu-
lated and placed in following formula to obtain 
the CNR values. (17)

dental iMplants in CoMputed toMography iMages

FIGURE 1. CNR calculation method in the maxillary anterior region 
for control group (A), Roxolid (B), and Zirconium (C).

A

B
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The mean, standard deviation, and standard 
error of CNR values of CBCT images were calcu-
lated and reported by fixture material (Roxolid-
Zirconium), jaw (mandible-maxilla) resolution 

(high-standard), size (anterior-posterior) and sec-
tion of the images (cervical-middle-apical). The 
statistical comparison of CNR values by dual-
mode variables (fixture material, lower or upper 
jaw, posterior or anterior, resolution) was done 
using the paired t-test. In addition, the statistical 
comparison of CNR values by the triple-mode 
variable (cervical, middle, apical) was done using 
the one-way ANOVA (one-sided analysis of vari-
ance). q

RESULTS 

In contrast to 5G, the mean CNR values of Ro-
xolid fixture in XMIND was higher than Zirco-

nium fixture. Moreover, the CNR values in Ro-
xolid and zirconium fixtures were significantly 
higher in the maxillary region than the mandibu-
lar region (Table 1, Figure 2). 

Nevertheless, there was no significant diffe-
rence between the fixture diameters in terms of 
the CNR values (Table 1).

Moreover, there was no significant difference 
between the longitudinal sections of Roxolid and 
5G fixtures (cervical, middle, and apical) in terms 
of CNR values (Table 2). 

In XMIND, there was not any significant dif-
ference between standard(voxel size: 150 μ) and 
high (voxel size: 100 μ )resolutions of CBCT im-
ages of Roxolid and Zirconium fixtures in term of 
the CNR values; whereas, in 5G, the CNR value 

dental iMplants in CoMputed toMography iMages

TABLE 1. Measures of 
central dispersion of CNR 
values for Roxolid and 
Zirconium fixtures by 
unit, jaw, and region 
(fixture diameter)

FIGURE 2. Mean CNR values of CBCT images by X MIND and 5G, 
maxilla and mandible, two resolutions in Roxolid and Zirconium fixtures
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of CBCT images was significantly higher at high 
resolution (voxel size: 75 μ) than standard reso-
lution( voxel size: 150 μ) (Table 3, Figure 2). q 

DISCUSSION

The gray values in CBCT depend on characte-
ristics of the object, such as diameter, shape, 

density, and atomic number in particular 
(6, 18, 19). Since metals have high density and 
their atomic number is higher than soft tissue 
and bone compositions (20), they cause X-ray 
beam hardening artifacts while imaging (9, 10). 
In this study, XMIND and 5G produced different 
CNR values for the Roxolid and Zirconium fix-
tures. In XMIND, the CNR of Roxolid fixture was 
significantly higher than that of Zirconium (1.24 
versus 1.17) whereas, in 5G, the CNR of Roxolid 

fixture was significantly lower than that of Zirco-
nium (2.74 versus 3.28). According to the incon-
sistency of different CBCT results given the se-
verity of artifacts caused by titanium and 
Zirconium, it can be concluded that in addition 
to the fixture material, the exposure parameters 
and CBCT Units are also influential (16, 17, 21, 22).

Based on different results reported by San-
cho-Puchades’s study into titanium and zirconi-
um fixtures placed in gypsum casts (21), it seems 
that the difference in anatomic structures, den-
sity, and atomic number of tissues adjacent to 
the fixture site can affect the severity of fixture-re-
lated artifacts. Moreover, the CNR values of Zir-
conium and Roxolid fixtures in the maxilla was 
significantly higher than those in the mandible, 
indicating lower incidence of artifacts in the 
maxilla which is consistent with Machado’s study 
(16). This difference can be attributed to the dif-
ference in the density and thickness of maxillary 
and mandibular bones. 

In this study, the CNR values of different fix-
ture sections (cervical, middle, and apical) were 
not different, which is inconsistent with Macha-
do’s study. It can be attributed to the presence of 
crown on the fixtures under examination in 
Machado’s study, in which the incidence of arti-
facts was higher in cervical sections (16). q

CONCLUSION 

It seems that in addition to the fixture materials, 
different exposure parameters and CBCT units 

play a role in the severity of artifacts caused by 
different fixture alloys. However, such factors as 

TABLE 3. Measures of 
central dispersion of CNR 
values for Roxolid and 
Zirconium fixtures by 
resolution  

TABLE 2. Measures of central dispersion of CNR values for Roxolid 
and Zirconium fixtures by cervical, middle and apical sections of 
fixtures
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ABSTRACT
Introduction: Nosocomial (hospital-acquired) infections are one of the most important issues in patients’ 

health and safety. They result in prolonged stay and emerging disabilities among patients, increased antibiotic 
resistance, increased mortality, and elevated health care costs for both individual patients and healthcare 
system. Given that the transmission of pathogens in the hospital environment is usually done through 
contaminated hands of health care employees, hand hygiene observation is effective in preventing nosocomial 
infections. Research performed in various countries has shown a variety of reasons for non-compliance with 
hand hygiene such as poor knowledge about this issue and lack of positive attitude towards it. For this 
purpose, a study designed by us in 2018-2019 aimed to determine the hand hygiene related knowledge, 
attitude and perception of nurses working in intensive care units of treatment educational centers of Iran 
University of Medical Sciences.

Methodology: The present research was a descriptive cross-sectional study conducted on a sample 
composed of 600 nurses, assistant nurses and assistant paramedics working in intensive care units of 
seven medical educational centers of Iran University of Medical Sciences. The census method was used and 
366 (60%) persons have freely participated in the study. Data collection tools, including one questionnary 
on demographic and occupational characteristics, two World Health Organization questionnaries on hand 
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INTRODUCTION

One of the very important issues in 
the topic of patients’ health and 
safety is hospital acquired infec-
tions (HAIs) or nosocomial infec-
tions. Monitoring and preventing 

such infections should be among the top priori-
ties of each hospital in particular and all health 
care systems in general to provide higher safety 
for patients (1). Nosocomial infections result in 
patients’ prolonged stay and emerging disabili-
ties, increased antibiotic resistance, increased 
mortality, and elevated treatment costs for the 
individual and the health care system (1-3).

Studies have shown that nosocomial infec-
tions in intensive care units (ICUs) are more 
common than other hospital environments (4). 
The focus on ICUs is due to the specific epidemi-
ology and high risk characteristics of patients ad-
mitted in such care units (5). People hospitalized 
in ICU have a weakened immune system due to 
trauma, corticosteroid therapy, or use of various 
aggressive medical equipments and devices; 
they are also at high risk for nosocomial infec-
tions owing to the necessity of using broad-spec-
trum antibiotics to control microorganisms that 
have acquired drug resistance. Patients in such a 
high-risk setting should be well supported by 
health care employees, so that their exposure to 
nosocomial infections could be minimized (6).

The transmission of pathogens in hospital en-
vironment is usually via infected hands of health 
care employees (7), so compliance with hand 
hygiene has been effective in preventing nosoco-
mial infections (1 and 8) and it has become in-
creasingly important with the emergence of mul-
tidrug-resistant microorganisms (9).

Despite the well-known role of hand hygiene 
in reducing nosocomial infections, previous 
studies indicated its poor status among health 
care employees in various regions of the world; 
therefore, an average worldwide compliance 
rate of only 38.7% has been reported (1). Re-
search conducted in various countries showed a 
variety of reasons for non-compliance with hand 
hygiene such as poor knowledge of this issue and 
lack of positive attitude towards it (10, 11). Con-
sidering the diversity of reasons for non-compliance 
with hand hygiene, multifaceted programs need 
to be used to promote hand hygiene to achieve 
desirable results (12). Continuous and regular 
training is one of the necessary interventions to 
promote hand hygiene in hospitals (13, 14).

Research showed that these multifaceted 
programs would have more efficiency if consi-
dered and implemented under a national health 
program framework in developing countries (1). 
National Nosocomial Infections Surveillance Sys-
tem (NNIS) has been implemented in Iran since 
2006 and all public and private hospitals have 
been obliged to implement this national plan. 
One of the programs included in this national 

knowledge, attitude, perCeption of hand hygiene in nursing staff

hygiene knowledge and perception, and the second part of KAP questionnaire regarding hand hygiene 
attitude, were all provided to nursing employees by referring to the intensive care units, so that they could 
complete them and deliver the results. Data analysis was performed using SPSS, version 20, software. 
Using descriptive statistics, frequency distribution tables for qualitative variables and numerical indices of 
minimum, maximum, mean and standard deviation for the research quantitative variables and analytical 
statistics (Pearson coefficient, ANOVA and independent T tests), tables related to the comparisons and 
correlations were provided.

Results: Of all nursing employees who participated in the study, 56.6% had good knowledge of hand 
hygiene, 71.3% an impartial or neutral attitude towards this practice and 64.5% a high perception of it. A 
statistically significant relationship was obtained between knowledge and education (P=0.029), perception 
and age range (P=0.002), work experience (P=0.029), and ward of workplace (P=0.014).

Conclusion: Structured, regular and continuous educational programs with various and effective methods 
to maintain, promote and remove nursing employees’ deficit of knowledge should continue more seriously. 
It is also necessary to identify the factors affecting the promotion of positive perception and attitude among 
nursing employees about hand hygiene.

Keywords: knowledge, attitude, perception, hand hygiene, nursing.
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plan was designed for planning regular and con-
tinuous training courses regarding various me-
thods of preventing and controlling nosocomial 
infections, especially hand hygiene, for health 
care employees (15). Also, since 2013, all hospi-
tals have been evaluated and validated using the 
Joint Commission on the Accreditation of Health-
care Organizations (JCAHO) model, with one of 
the existing training programs considering the 
topic of nosocomial infections and hand hygiene 
as a subset of patient safety (16). If these training 
programs are at the forefront of hospital work, 
health care employees can be expected to have 
a high knowledge and perception about hand 
hygiene as well as a positive attitude towards this 
practice (18, 19). For this purpose, in 2018-
2019, a study was designed to determine the 
knowledge, attitude and perception regarding 
hand hygiene among nurses working in ICUs of 
treatment educational centers of Iran University 
of Medical Sciences.

METHODOLOGY

The present research was a cross-sectional 
descriptive-analytical study. The research 

sample included 600 subjects (450 nurses and 
154 assistant nurses and assistant paramedics 
and paramedics) working in ICUs of seven treat-
ment educational centers of Iran University of 
Medical Sciences – Hazrate Rasool (PBUH), 
Firoozgar, Haftom Tir, Firoozabadi, Shafaya-
hyaian, Hashemi Nejad, Ali Asghar (PBUH). The 
census method was used and a total of 366 peo-
ple (60%) participated in the study freely.

Data were collected via four questionnaires 
that were provided to all nurses and assistant 
paramedics and assistant nurses. The question-
naire completion time was 10 minute for nurses 
and 15-20 minutes for assistants.

The first questionnaire was about demo-
graphic and occupational characteristics: age, 
occupational rank, gender, work experience, 
working shift, ward of workplace, type of mate-
rial for hand hygiene, how to dry the hands after 
washing them, attending formal or informal hand 
hygiene training classes, and need for retraining.

The second questionnaire was about hand 
hygiene knowledge according to the World 
Health Organization baseline questionnaire on 
the perception of hand hygiene and health care 
associated infection for health care workers (20). 

The knowledge needed to answer questions of 
the hand hygiene knowledge questionnaire has 
been provided in the educational and in-service 
curricula of nursing employees. This question-
naire comprises eight questions and 25 state-
ments. The minimum score is 0 and the maxi-
mum score 25. Questions 1, 2 and 6 have four 
options each, one of which is the correct answer, 
and there are 12 statements in total. Questions 
3, 4 and 8 have four statements each and there 
are 12 statements in total. The answer of each 
statement is “Yes” or “No”. Question 5 has four 
statements and the answer of each statement is 
“correct” or “incorrect”. Question 7 contains 
six statements and the answer of each statements 
is “washing hands with soap”, “hand rubbing 
with alcohol products”, and “none of them”. The 
number of correct answers was counted. Each 
correct answer received one point and incorrect 
answers no point. Thus, a score was obtained for 
each participant, which was then converted to a 
percentage: a score higher than 75% was consi-
dered “good knowledge”, 50-75% “medium and 
lower knowledge”, and lower than 50% “poor 
knowledge”. This questionnaire has been previ-
ously normalized and confirmed in terms of va-
lidity and reliability in the study of Zakeri et al, in 
2017, and it has been used in the same study 
(21).

The third tool was the World Health Organi-
zation’s Hand Hygiene Perception questionnaire 
(22), consisting of 11 questions and 18 state-
ments. The answers to questions 1, 5, and 11 are 
‘I know, I don’t know’. If one chooses “I know”, 
according to his/her comment, he/she should 
write down the individual percentage. The 
answers to the remaining questions are based on 
Likert’s scale scored from 1 to 5. The answering 
spectrum is in the range ‘very low to very high’ 
for questions 2 and 3, ‘low priority to high prio-
rity’ for question 4, ‘ineffective to very effective’ 
for question 6 with eight statements, ‘unimpor-
tant to very important’ for questions 7, 8, and 9, 
and ‘without effort to high effort’ for question 
10. To measure perception, the mean score of 
perception of these eight questions is calculated: 
a score less than 3 indicates low perception, 
3-4 me dium perception, and more than 4 high 
perception. Questions 1, 5 and 11 (that are 
about personal and colleagues’ hand hygiene 
performance) were not used in this study, so only 
eight questions and 15 statements remained. 
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Scoring is performed according to Likert’s scale 
ranging from 1 to 5. The minimum score is 15 
and the maximum score 75. This questionnaire 
has been previously normalized and confirmed 
in the study of Khachian et al in 2017 (23).

The fourth questionnaire was about hand hy-
giene attitude, in which the second part of KAP 
questionnaire for assessing health care students’ 
hand hygiene knowledge, attitudes, and prac-
tices was used. This questionnaire consists of 
12 statements and is scored based on Likert’s 
scale from 1 to 5. The minimum score is 12 and 
the maximum score 60. To measure attitude, the 
mean score of attitude is calculated: a score less 
than 3 indicates a negative attitude, 3-4 ‘no 
idea’, and more than 4 is considered a positive 
attitude. This questionnaire has previously been 
normalized and confirmed in the study of Najafi 
Ghezeljeh et al, in 2015, in terms of validity and 
reliability (24) and has been used in another 
study (25).

Questionnaires used in the present study 
were given to the three faculty members of the 
Faculty of Nursing and Midwifery of Iran, who 
were also active in patient safety issues, in order 
to check validity and reliability, and their correc-
tive comments were applied to all question-
naires. Then the questionnaires were provided 
to 20 nurses and assistant nurses and assistant 
paramedics working in wards other than inten-
sive care units, in two hospitals of Hazrate Ra-
soul (PBUH) and Firoozgar, two times, with one 
week interval. Cronbach’s alpha was 0.914 and 
0.720  for the hand hygiene perception and at-
titude questionnaires, respectively, and Kuder 
Richardson was 0.75 for the hand hygiene 
knowledge questionnaire.

Data analysis was performed using SPSS, ver-
sion 20, software. Frequency distribution tables 
for categorized variables, and numerical indices 
of minimum, maximum, mean and standard de-
viation (SD) for research quantitative variables 
were provided by means of descriptive statistics, 
and tables related to comparisons and correla-
tions were done using analytical statistics (Pear-
son coefficient, ANOVA and independent 
T tests).

Ethical considerations

After receiving the code of ethics from the 
Research Unit of Iran University of Medical Sci-

ences and receiving permission from authorities 
and managers of seven treatment educational 
centers to start the current study, intensive care 
units were attended, and research aims and na-
ture were explained to all participants who en-
tered the study after obtaining verbal informed 
consent from each individual subject. q

RESULTS

Demographic and occupational characteris-
tics of nursing employees participating in the 

study have been presented in Table 1. Most of 
them were women and bachelor doing shift 
work, with over 10 years of work experience, 
who attended informal hand hygiene training 
classes and have stated that they did not need 
formal education in the field of hand hygiene.

Investigating nursing employees’ levels of 
hand hygiene knowledge showed that almost 
half of those participating in the study (56.6%) 
had good knowledge of hand hygiene (Table 2). 
Questions about “The most common source of 
microbe responsible for nosocomial infections” 
and “Does hand hygiene prevent the transfer of 
microbe to the employees of hygiene team be-
fore doing a sterile procedure?” had the lowest 
percentage of correct answers (1.4% and 10.4%, 
respectively).

Importantly, findings of investigations regar-
ding the relationship between demographic fac-
tors and knowledge highlighted a statistically sig-
nificant relationship between knowledge and 
education (P=0.029), but no statistically signifi-
cant relationships between knowledge and age 
range (P=0.207), gender (P=0.281), ward of 
work place (P=0.072), work experience 
(P=0.134), working shift (P=0.122), as well as 
attending in the hand hygiene training class in 
the last two years (P=0.352). 

The majority of nursing employees participa-
ting in the study (64.5%) had a high perception 
of hand hygiene (Table 2). Most of them were 
aware that nosocomial infections would lead to 
undesirable consequences for the patient 
(84.2%) and hand hygiene could reduce its inci-
dence (95.9%). Hand hygiene as an important 
issue related to patient safety was given a high 
priority (89.1%) in the hospital where they used 
to work. Also, the majority of nursing employees 
realized that all programs considered to promote 
hand hygiene performance in hospital were im-

knowledge, attitude, perCeption of hand hygiene in nursing staff



234 Maedica
  

A Journal of Clinical Medicine, Volume 15, No. 2, 2020

portant – e.g., hospital chiefs’ support for hand 
hygiene (82.5%), hand wash alcoholic solution 
provided in any part of the hospital (89.6%), in-
stalling hand hygiene posters in various parts of 
the hospital (85.5%), receiving training about 
hand hygiene (91.5%), existence of a simple and 
transparent guidance about hand hygiene 
(94.8%), receiving the result of employees’ ob-
serving hand hygiene by hospital managers 
(89%), the role of good model for colleagues 

(85%), and patients reminding employees about 
hand hygiene compliance (69.6%). Most nursing 
employees have stated that the authorities and 
managers (86%) as well as colleagues (77.8%) 
and patients (79.5%) considered hand hygiene 
compliance very important.

Results provided by investigations regarding 
the relationship between demographic factors 
and perception revealed a statistically significant 
relationship between perception and age 

knowledge, attitude, perCeption of hand hygiene in nursing staff

TABLE 1. Frequency distribution 
of demographic and occupational 
variables of nursing employees 
participating in the study,  
2018-2019
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(P=0.002), work experience (P=0.029), and 
ward of workplace (P=0.014). Also, the correla-
tion between perception and age was of positive 
type (P <0.001), meaning that the perception of 
hand hygiene increased with age, and the mean 
score of perception in the age range over 40 was 
higher than the age range under 40 (P=0.003). 
There was no statistically significant relationship 
between perception and education (P=0.334), 
gender (P=0.281), working shift (P=0.199), and 
attending in a hand hygiene training class during 
the last two years (P=0.296).

Investigating nursing employees’ hand hy-
giene attitude showed that most of those who 
were participating in the study (71.3%) had an 
impartial or neutral attitude towards hand hy-
giene (Table 2). Less than half of subjects (42.9%) 
did not feel upset notifying other professional 
employees to wash their hands and (43.1%) be-
lieved that during the busy time of the ward, 
completing the duties is more important than 
doing hand hygiene.

Investigations regarding the relationship be-
tween demographic factors and attitude showed 

that there was no statistically significant relation-
ship between attitude and age range (P=0.051), 
education (P=0.818), ward of workplace 
(P=0.144), gender (P=0.853), work experience 
(P=0.326), working shift (P=0.070), and atten-
ding in a hand hygiene training class during the 
last two years (0.067).

A statistically significant and positive correla-
tion (p < 0.001) between perception and atti-
tude (r=0.519) has been also obtained 
(Table 3). q

DISCUSSION

The purpose of this study was to investigate 
hand hygiene knowledge, attitude and per-

ception of nursing employees working in inten-
sive care units (ICUs) of treatment educational 
centers of Iran University of Medical Sciences. 
Findings showed that about half of the nursing 
employees participating in the study had good 
knowledge about hand hygiene, despite some 
weaknesses in some questions. While all nursing 
employees had attended training classes in the 
last two years, 29.5% stated that they needed 
more training. Study results showed the need to 
provide more learning opportunities for nursing 
employees and the importance of implementing 
regular and continuous trainings, which could 
yield better individual knowledge. In this study 
there was no significant relationships between 
attending in hand hygiene training class in the 
last two years and the level of knowledge. Nu-
merous factors, including individual, educatio-
nal, and organizational factors, may affect the 
learning process that has not been investigated in 
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TABLE 2. Frequency 
distribution of levels 
of knowledge, 
perception, and 
attitude regarding 
hand hygiene of 
nursing employees 
participating in the 
study, 2018-2019

TABLE 3. Correlation between knowledge, 
perception, and attitude regarding hand hygiene of 
nursing employees participating in the study, 
2018-2019
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this study. The use of new and varied approa-
ches, tailored to pedagogy that can enhance 
lear ning motivations, can lead to learning pro-
motion.  

Hand hygiene knowledge of most nurses par-
ticipating in various studies was found to have a 
good level (10, 26, 27), a medium level (21, 28-30) 
but also a poor level (25, 31-33). In the study of 
Oh (34), the mean level of hand hygiene know-
ledge of nurses in infection control was reported 
to be 19.5±2.3, which was somewhat consistent 
with that of the present study (18.54±2.48). The 
difference in knowledge-related results was due 
to the influence of numerous individual, educa-
tional and organizational factors on the learning 
process – e.g., differences between tools for 
measuring knowledge as well as assigning and 
rating scores (educational factors) or between 
nurses and assistants, with the former having a 
higher knowledge level than the latter.

The majority of nursing employees participa-
ting in the study acquired a high perception 
score. In the study of Oh, the mean score of 
hand hygiene perception of nurses in infection 
control was reported 69.9±8.9, which was dif-
ferent from that of the present study 
(63.07±6.93). The variability of our findings is 
probably due to differences in age, cultural, edu-
cational, occupational, clinical experience and 
place of study. In the present study, it was speci-
fied that the perception of hand hygiene in-
creased with age and working years.

Findings related to attitude showed that 102 
(27.9%) subjects had a positive attitude, 261 
(71.3%) a neutral attitude and three (0.8%) a 
negative attitude. Among studies on nurses’ hand 
hygiene attitude, some have reported a positive 
attitude (10, 27), while others indicated a neutral 
(26) and negative attitude (25, 30, 32). The study 
of Oh revealed that nurses in infection control 
had a mean score of hand hygiene attitude of 

46.9±5.8 and a model-oriented score of 
39.2±6, which were somewhat consistent with 
our findings (45.98±4.39). Probably the diffe-
rence in the obtained results is due to differences 
in age, culture, clinical experience, study loca-
tion, occupational status, salaries, and policy 
making procedures.

The findings of the present research showed 
no statistically significant correlations between 
knowledge, perception and attitude of the se-
lected sample of nursing employees, but high-
lighted a statistically significant positive correla-
tion between subjects’ perception and attitude, 
which is consistent with Oh’s study. Therfore, it is 
very important to explore whether an increased 
perception can enhance the attitude and score 
of being a model. q

CONCLUSION

Structured, regular, and continuous training 
programs in various and effective methods 

should be further performed with increased ac-
curacy and supervision in order to maintain and 
promote hand hygiene knowledge of nursing 
employees as well as reduce and eliminate 
knowledge deficit. It is also necessary to identify 
the factors involved in promoting a positive per-
ception and attitude among nursing employees 
about hand hygiene. q
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ABSTRACT
Introduction: This study was aimed to evaluate the beneficial effects of containing glucose tolerance 

factor (GTF) from Brewer’s yeast in improving glycaemic control in diabetic rats and lowering some of the 
risk factors for cardiovascular disorders. 

Materials and methods: The study used Wistar rats of both sexes weighing 150-200 g. Animals were 
randomly (n=6) divided into eight groups as normal control, normal control receiving Brewer’s yeast, 
diabetic, Brewer’s yeast receiving diabetic, Metformin-treated diabetic, and Glimepiride-treated diabetic, 
and two diabetic groups treated with Brewer’s yeast and 50% of the Metformin and Glimepiride doses, 
respectively. To induce diabetes, Streptozotocin was administered intraperitoneally to all rats, except 
control group rats. Body weight (weekly), food intake (every day), blood glucose, and lipid profile (initially 
and at the end of the study) were assessed for four weeks in all groups. 

Results: Brewer’s yeast administration significantly decreased blood glucose levels and prevented 
reduction in body weight, increased food intake and alterations in the lipid profile compared to untreated 
groups, and were comparable to the groups treated with standard drugs. 

Conclusion: Results of this study showed that oral administration of Brewer’s yeast extract might be an 
excellent alternative antidiabetic agent which could be also useful in reducing the required dose of standard 
antidiabetic agents when combined.

Keywords: Brewer’s yeast, diabetes mellitus, glucose tolerance factor (GTF), Streptozotocin.
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INTRODUCTION

Diabetes mellitus is characterised by 
chronic hyperglycemia with carbo-
hydrate, fat, and protein metabo-
lism disorder arising from insulin 
secretion malfunction, its impact, 

or both (1).
Patients with diabetes mellitus can present 

both acute and chronic complications. Severe 
complications include ketoacidosis and ketoaci-
dotic coma. Generally, chronic complications are 
classified into macrovascular and microvascular 
complications. Congestive cardiac failure, myo-
cardial ischemia, and stroke represent over 70% 
of diabetic mortality, which belongs to macrovas-
cular diseases. Also, diabetes has an increased risk 
of stroke, a significant cause of morbidity and 
mortality in diabetic patients (2). Previously con-
ducted studies (3, 4) showed that the risk for 
stroke with high morbidity was significantly ele-
vated in patients with type 1 or 2 diabetes. In-
creased blood glucose levels are typical in early 
stages of stroke, and a glucose level of more than 
155 mg/dL within 48 hours after stroke onset is 
associated with a high mortality risk (5). Cardio-
vascular complications, including myocardial in-
farction, is one of the significant causes of death in 
diabetic patients. Diabetic cardiomyopathy is 
characterized by abnormal changes in morpholo-
gy and function of the myocardial and coronary 
vasculature (6).

Presently, insulin and oral antidiabetic medica-
tions are the cornerstones of therapy, but they 
have their drawbacks. Hypoglycemia is common-
ly associated with higher doses of sulfonylureas, 
weight gain (sulfonylureas and meglitinides), he-
patic dysfunction, increased heart failure risk as 
well as bone fractures (thiazolidinediones) and 
gastrointestinal disorders (acarbose) (7). Treatment 
for diabetes mellitus aims to allow patients to lead 
a normal life while maintaining a stable metabolic 
state to slow down or avoid long-term diabetes 
complications. There has been an ongoing search 
for new efficient, safer and cheaper drugs to 
achieve these goals. More attention has been gi-
ven in recent years to the beneficial role of triva-
lent chromium designated an essential mineral in 
controlling the action of insulin and its effect on 
carbohydrate, protein, and lipid metabolism (8).  

There is evidence that the marginal dietary 
intake of chromium in humans over decades can 

lead to a depletion of chromium content in the 
body. In the US, where the consumption of chro-
mium is generally low, many older people may 
be affected. In some cases of maturity-onset dia-
betes and atherosclerotic disease, such a chro-
mium deficiency was proposed as a contributing 
factor. Improved glucose tolerance and lower 
blood cholesterol occur in about 50 percent of 
the elderly subjects who are supplemented daily 
with inorganic chromium of 150-250 μg. There 
were also few experiments using Brewer’s yeast 
as a glucose tolerance factor (GTF) – a comple-
ment to chromium. To date, no human studies 
have included control or placebo groups, and 
only one has quantified the amount of chromi-
um being given.

Glucose tolerance factor is a dietary substance 
first obtained from Brewer’s yeast, a natural com-
pound that can correct diminished glucose tole-
rance in diabetic rats. It can be extracted from 
different sources, including liver, black pepper, 
and kidneys (9). Brewer’s yeast is made from Sac-
charomyces cerevisiae, a single-celled fungus that 
is used to produce beer. It has been developed 
and used for years as a nutritional supplement. 
Brewer’s yeast is a rich source of minerals, espe-
cially selenium, protein, B-complex vitamins, and 
chromium, a vital mineral trace that helps the 
body maintain normal levels of blood sugar (10). 

Fischer and his group (8) investigated the effect 
of GTF on glucose transport in isolated cardiomy-
ocytes, obtained via partial purification of yeast 
extract. In the absence of insulin, they found that 
GTF samples increased the rate of glucose trans-
port in isolated cells 2- to 2,5-fold. Hwang et al 
(11) demonstrated an increase in 14C-glucose 
oxidation to CO2 in rat adipocytes by adding se-
veral fractions derived from yeast.

The present hypothesis is that, in good re-
sponders, reduced glucose tolerance may be as-
sociated with insulin resistance associated with a 
deficiency in nutritional chromium. Given the 
growing interest in this subject, we investigated 
the effect of Brewer’s yeast on experimentally in-
duced diabetic rats.

For the present study, we selected Streptozoto-
cin-induced diabetes in rats, as animal models 
provide crucial insight into the human diabetic 
disease. The majority of available models are ro-
dent based because they are small, easy to han-
dle, and economically advantageous and have a 
short interval of generation. q

effeCt of gtf in stZ induCed diaBetiC rats
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MATERIALS AND METHODS

Study design: experimental animal-based 
study.
Study setting: Department of Pharmacology, 

BLDE (Deemed to be University), Sri B.M. Patil 
Medical College Hospital & Research Center, Vi-
jayapur, Karnataka, India.

Study drugs: 1) Brewer’s yeast 160 mg/kg  
bw/day orally, purchased from Blue Bird Foods 
(INDIA) PVT. LTD. Mumbai; 2) Streptozotocin (STZ) 
60 mg/kg bw intraperitoneally, purchased from 
Rajesh Chemicals, Mumbai [CAS (1883-66-4)];  
3) Glimepiride 4 mg/kg bw/day orally, supplied by 
INDOCO Remedies LTD, Navi Mumbai; and  
4) Metformin 180 mg/kg bw/day orally, supplied 
by USV Limited, Mumbai.

Study animals: Adult Wistar albino rats of ei-
ther sex weighing 150-200 g, collected from the 
Sri BM Patil Medical College Hospital & Research 
Center in the Central Animal House, Vijayapur, 
Karnataka, India. Animals were individually 
housed in a quarantine room, in polypropylene 
cages, for one week, for acclimation before the 
beginning of the study. Cages filled with paddy 
husk that was replaced regularly were kept under 
a standard condition of illumination with a 12 h 
light-dark cycle at room temperature of 25±1° C 
and 45-70% relative humidity. Animals received 
commercial rat pellet chow (produced by VRK 
Nutritional solutions, Sangli, Maharashtra) and 
were granted access to water ad libitum.

Ethical clearance: The study was reviewed by 
the Institutional Animal Ethics Committee (IAEC) 
and approved by its vide letter reference number; 
793/14, dated 04.12.2014, being conducted in 
compliance with the recommendations of the 
Committee for the Purpose of Control and Super-
vision of Experimentation on Animals (CPCSEA).

Grouping of animals: Animals were divided 
randomly into eight groups, with six individuals 
per group, as follows: group 1 (normal control) 
with gum acacia emulsion 0.5 mL per orally (PO) 
for four weeks; group 2 (normal control with 
Brewer’s yeast extract treatment) with Brewer’s 
Yeast emulsion 160 mg/kg bw/day PO for four 
weeks (12); group 3 [diabetic (STZ induced) 
control] with gum acacia emulsion 0.5 mL PO for 
four weeks (13); group 4 [diabetic rats (STZ in-
duced) with Brewer’s yeast extract] with  Brew-
er’s yeast 160 mg/kg bw/day PO for four weeks; 
group 5 [diabetic rats (STZ induced) with 

Glimepiride] with Glimepiride 2 mg/kg bw/day 
PO four weeks (14); group 6 [diabetic rats (STZ 
induced) + 50% of Glimepiride dose + 50% of 
Brewer’s yeast dose] with Glimepiride 1 mg/kg 
bw for four weeks and Brewer’s yeast 80 mg/kg 
bw/day PO four weeks; group 7 [Diabetic rats 
(STZ induced) with Metformin control] with 
Metformin (180 mg/kg bw/day) PO four weeks 
(15); and group 8 [diabetic rat (STZ induced) + 
50% of Metformin dose + 50% of Brewer’s 
yeast dose] with Metformin 90 mg/kg bw/day 
and Brewer’s yeast 80 mg/kg bw/day PO four 
weeks. At the end of the study, no animal was 
sacrificed.

Dose calculation: Rat dose per day was 
calculated using the average human  
dose/day and converted into the equivalent rat 
dose using the following formula (16):  
Rat dose/200 g = human dose x 0.18.

Streptozotocin-induced diabetes: Strepto-
zotocin was administered intraperitoneally in the 
dose of 60 mg/kg of the body weight. Streptozoto-
cin induces diabetes within 3 to 10 days by de-
stroying the beta cells (17). Rats were given STZ, 
while normal control rats were individually and 
separately kept in metabolic cages under feeding 
and metabolic control. Rats that showed an in-
crease in blood glucose levels after three weeks of 
STZ administration were included in the diabetic 
group. Food consumption was measured in grams 
on a daily basis.

Laboratory parameters included: 1) body 
weight (day 0, 7, 14, 21 and 28); 2) food con-
sumption (every day); 3) blood glucose levels, se-
rum insulin levels, and serum lipid profile com-
prising serum cholesterol, triglycerides, and 
high-density lipoprotein were estimated initially 
and at the end of the study.

Statistical analysis. All values were calculated 
as mean±SEM and evaluated through a paired 
Student t-test and a one-way variance analysis 
(ANOVA) to test differences between groups. The 
level of statistical significance was set to p<0.05. q 

RESULTS

Body weight was increased in all groups. How-
ever, diabetic rats (group 3) showed a signifi-

cant reduction in body weight after four weeks 
compared to those in the untreated control group. 
Rats in group 4 (diabetic rats), which were treated 
with Brewer’s yeast, prevented a decrease in body 

effeCt of gtf in stZ induCed diaBetiC rats
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weight significantly (p<0.05) and were compara-
ble to untreated control rats. Diabetic rats (groups 
5 and 7) treated with Glimiperide, and Metfor-
min, respectively, had increased body weights sig-
nificantly (p<0.05) and was comparable to the 

control group. Similarly, gain in body weight was 
also found significantly (p<0.05) in groups 6 and 
8 compared to group 3. Treatment with half the 
dose of Glimiperide + Brewer’s yeast and half 
dose of Metformin + Brewer’s yeast, respectively 
prevented a decrease in body weight and were 
comparable to groups 5 and 7.

Food intake was monitored in all animals daily 
from day one to the end of the study (Figure 1). 
There was a significant (p<0.001) increase in 
food intake in untreated diabetic rats (group 3) 
compared to control animals. Administration of 
Brewer’s yeast prevented this increase and was 
comparable to untreated controls. Treatment with 
Glimperide and Metformin (groups 5 and 7, re-
spectively) and in combination with Brewer’s 
yeast resulted in a decrease in food intake similar 
to control group rats. However, there were no sig-
nificant differences.

Blood glucose was measured initially and at 
the end of the study, and also every week (days 7, 
14, and 21) by glucometer. Diabetic rats induced 
by STZ (Table 2) showed a significant (p<0.001) 
increase in blood glucose levels compared to nor-
mal control groups from the beginning of the 
study to the end. Treatment with Brewer’s yeast 
alone in group 4 (diabetic rats + Brewer’s yeast) 
showed a significant (p<0.05) reduction in blood 
glucose levels compared to untreated diabetic 
rats. However, blood glucose levels did not return 
to normal and were not comparable to normal 
control rats. Treatment with standard test drugs 

TABLE 1. Weekly body weight (g) in  
all groups (mean±SEM)

FIGURE 1. Daily food intake (gms) in all groups

TABLE 2. Blood glucose levels (mg/dL) in  
all groups (mean±SEM)

FIGURE 2. Daily food intake (gms) in all groups
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viz, Glimiperide and Metformin (groups 5 and 7, 

respectively) and half doses of these drugs with 

Brewer’s yeast (groups 6 and 8) showed a signifi-

cant reduction in blood glucose levels and re-

turned to normal range compared to untreated 
diabetic rats and were comparable with normal 
control rats.

Serum insulin levels were measured initially 
and at the end of the study. In group 3, insulin 
levels were significantly decreased (p<0.001) 
compared to normal controls throughout the 
study period. Treatment with Brewer’s yeast alone 
in group 4 showed a significant (p<0.05) increase 
in serum insulin levels compared to untreated dia-
betic rats. Similarly, standard drug treated rats 
(groups 5 and 7) and half dose of these drugs with 
Brewer’s yeast (groups 6 and 8) showed a signifi-
cant increase in serum insulin levels compared to 
untreated rats (group 3) and returned to normal 
range (Figure 2).

Over the study period, diabetic rats showed an 
alteration in serum total cholesterol (TC), LDL, tri-
glycerides, and VLDL levels compared to those in 
a normal control group. These alterations in lipid 
profile were reduced by Brewer’s yeast treatment 
(group 4) compared to untreated diabetic rats. 
Similarly, in rats treated with standard drugs and 
in combination with Brewer’s yeast, these values 
returned to the normal range compared to un-
treated diabetic rats and were comparable to nor-
mal controls (Figures 3-5, Table 3). q 

DISCUSSION

The present study results revealed that the body 
weights in all groups, except group 3 (diabetic 

control) were significantly higher than those in 
group 1 at the end of the study (after four weeks). 
The significantly highest increase in body weight 
among all treated groups at the end of 28 days 
was observed in groups 3 and 4 as compared to 
the untreated diabetic group. Among treated 
groups, groups 3 and 4 showed a decrease in 
body weight at the end of the 28th day compared 
to a healthy control group (Table 1). Diabetic rats’ 
drop in body weight was attributed to insulin de-
ficiency resulting in reduced peripheral glucose 
use and excessive tissue protein breakdown (11). 
The liver, adipose tissue, and muscle have an im-
proved catabolism response. The drop in body 
weight might be due to dehydration and catabo-
lism of fats and proteins in diabetic rats. Increased 
catabolic reactions that lead to muscle wasting 
could also be the cause of weight loss in diabetic 
rats. Treatment with Glimepiride and Brewer’s 
yeast (group 6) as well as treatment with Metfor-

effeCt of gtf in stZ induCed diaBetiC rats

FIGURE 3. Total cholesterol levels (mg/dL) in all groups

FIGURE 4. Serum triglyceride levels (mg/dL) in all groups

FIGURE 5. High-density lipoprotein levels (mg/dL) in all groups
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min and Brewer’s yeast (group 8) resulted in an 
improved body weight, probably due to increased 
insulin secretion and enhance insulin sensitivity as 
well.

The serum glucose levels in diabetic controls 
(group 3) have been significantly higher over the 
whole experiment compared to other groups. At 
the end of the study, all groups 4-8 treated showed 
a significant reduction in glucose concentration 
compared with group 3. Treatment with the stan-
dard drug and Brewer’s yeast combination groups 
6 and 8 showed the highest decrease in blood 
glucose concentration during the study period 
among all treated groups (Table 2). This was fur-
ther supported by an improvement in serum insu-
lin levels of diabetic rats. Serum insulin levels in 
group 3 showed a significant decrease throughout 
the study period compared to normal controls 
(Figure 2). Administration of standard drugs and in 
combination with Brewer’s yeast showed a sig-
nificant improvement in serum insulin levels com-
pared to diabetic controls.

Plasma levels of TC, TG, LDL increased, and 
HDL decreased in Streptozotocin-induced dia-
betic rats. These levels returned to normal in 
groups treated with Brewer’s yeast extract alone 
and in combination with standard test drugs 
(groups 4-8) (Figures 3-5 and Table 3). The high 
levels of TC, TG, LDL, and decreased levels of 
HDL facilitate atherosclerosis which, combined 
with oxidative stress caused by hyperglycemia, 
are the risk factors for cardiovascular disease. This 
rise is due to an increased lipid breakdown and 
free fatty acid mobilization from peripheral de-

pots. Because insulin inhibits the hormone-sensi-
tive lipase, the latter becomes active in diabetes 
mellitus. In the serum of diabetic rats, excess fatty 
acids are converted into phospholipids and liver 
cholesterols. These two substances are discharged 
into the blood, along with excess TG in the liver. 

These results showing an improvement of glu-
cose tolerance with supplementation of chromi-
um-rich yeast, are in accordance with several pre-
vious animal studies (18-21). In another study, 
tissue sensitivity to insulin diminished in experi-
mental chromium deficiency (22). In rats, Mertz 
et al (23) showed that chromium improved the 
flow of glucose into tissues and chromium defi-
ciency induced impaired glucose uptake and re-
sistance to insulin. These can be returned to nor-
mal by chromium repletion (24). Others noticed 
genetically diabetic mice plasma glucose increa-
ses after GTF supplementation (25).

Chromium tends to be an essential trace ele-
ment in controlling insulin action and its effects on 
carbohydrates, proteins, and lipid metabolism by 
increasing insulin sensitivity. Studies have shown 
that people with type 2 diabetes have low chro-
mium compared with normal subjects, and chro-
mium supplements boost insulin metabolic ac-
tions to increase glycaemic regulation. Insulin 
resistance with or without metabolic syndrome 
significantly raises the risk of cardiovascular dis-
eases. By improving the chromium insulin sensi-
tivity as a chromium picolinate decreases the risk 
of adverse cardiovascular events (26).

Chen WY et al (2009) studied the effect of 
chromium supplement in male KK/HIJ mice (ge-
netically obese and insulin resistance) and ana-
lyzed functionally characterized insulin resistance, 
changes in blood biochemicals, inflammatory mar-
kers, insulin signaling molecules in skeletal mus-
cle. The above-mentioned authors concluded 
that chromium supplementation could have a 
beneficial impact on diabetic subjects by enhan-
cing insulin signaling in the skeletal muscle (27).

Payam Hosseinzadh et al (2013) carried out a 
randomized controlled clinical trial to assess the 
beneficial effect of Brewer’s yeast supplement on 
glycemic indices in 84 adult type 2 diabetes mel-
litus patients, with supplement group receiving 
Brewer’s yeast six 300 mg tablets/day, totally 
1 800 mg, and placebo six 300 mg tablets/day for 
12 weeks. They found that fasting blood sugar 
(FBS), glycosylated hemoglobin changes, and in-
sulin sensitivity were significantly different be-

effeCt of gtf in stZ induCed diaBetiC rats

TABLE 3. Very low-density lipoprotein levels (mg/dL) in all groups 
(mean±SEM)
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tween the two groups during the study, indicating 
that dietary supplements with Brewer’s leaves 
might boost blood glucose variables in type 2 dia-
betes mellitus besides the regular diabetes treat-
ment (12).

Bahijiri SM et al (2000) investigated the impact 
of organic and inorganic chromium supplementa-
tion on glucose tolerance, serum lipids, and drug 
dosage in patients with type 2 diabetes in order to 
find a safer and more economical glycemic con-
trol method. Their study showed that chromium 
supplementation provided a better control of glu-
cose and lipid variables, while decreasing the do-
sage of the antidiabetic drugs, Glibenclamide in 
type 2 diabetes patients (28).

Grant AP et al (1982) performed a double-
blind cross-over study comparing placebo with 
the glucose tolerance factor (GTF) in the form of a 
brewer yeast supplement containing 1.28 ug 
chromium daily over a seven-week trial period. 
Treatment with Brewer’s yeast (GTF) improved 
diabetic control, as demonstrated by a fall in 
HBA1c% (P<0.001) and a rise in HDL (p<0.05) 
(29).

Lia MH et al (2006) explored the ability of 
chromium yeast supplementation to enhance car-
bohydrate and lipid metabolism in Streptozoto-
cin-induced diabetic rats. Their findings indicated 
that chromium yeast supplementation reduced 
fasting blood glucose and LDL-cholesterol levels 
in STZ-induced diabetic rats. This research in-
creases the possibility of using the supplementa-
tion of chromium yeast to boost carbohydrate and 
lipid metabolism in patients with type 2 diabetes 
mellitus (30).

In one of the large-scale trials, Anderson et al 
(1997) used a placebo, 200 mcg or 1 000 mcg of 
chromium per day to test 180 subjects with type 2 
diabetes mellitus. Two months later, HBA1c va lues 
were significantly increased in the group receiving 
1 000 mcg of chromium a day, but after four 
months they were lower in both chromium 
groups. Fasting and insulin levels of two hours in 
both groups receiving chromium supplement de-
creased significantly after two and four months. 
These data showed that chromium supplements 

had critical beneficial effects on carbohydrate me-
tabolism, as assessed in patients with type 2 dia-
betes mellitus with HBA1c, insulin, and glucose 
values (31).

Racek J et al (2006) investigated the effect of 
chromium-enriched yeast on blood glucose and 
insulin variables, blood lipids, and oxidative stress 
markers in individuals with type 2 diabetes melli-
tus. Chromium-enriched yeast supplementation 
was associated with a significant decrease in se-
rum glucose compared to placebo (p<0.01), fas-
ting serum insulin decreased further in the chro-
mium group. These results suggest that 
chromium-enriched yeast supplementation in 
well-controlled type 2 diabetes mellitus is healthy 
and can lead to improvements in blood glucose 
variables and oxidative stress (32). q

CONCLUSION

Our results show an increased glycemic con-
trol in diabetic rats and lipid metabolism, 

which decreases risk factors for coronary heart 
disease in diabetes mellitus. Chromium in Brew-
er’s yeast appears to be involved in controlling the 
action of insulin and has an effect on carbohy-
drates, proteins, and lipid metabolism through 
insulin sensitivity.

Insulin resistance with or without metabolic 
syndrome significantly raises the risk of cardiovas-
cular diseases. Through increasing the chromium 
insulin sensitivity as a chromium picolinate de-
creases the risk of adverse cardiovascular events. 
This research expands the possibility of using 
chromium-leaven supplements in patients with 
type 2 diabetes mellitus to boost carbohydrate 
and lipid metabolism. q
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BACKGROUND
At the end of 2019, a new viral pandemic evolution totaly surprised all services worldwide. This pandemic 

hit has a huge interference with three global crises:  governance, economics, and migration (1). It is a new 
coronavirus infection, “COVID-19” (which is the acronym of “coronavirus disease 2019”), first reported 
to the WHO Country Office in China on the 31st of December 2019 and detected in Wuhan, the largest 
metropolitan area in China’s Hubei province (2), COVID-19 outbreak situation on 6 April 2020 was with 
more than 1 175 000 confirmed cases, more than 65 000 deaths and already reported in 209 countries (3). 
This new coronavirus belongs to the Orthocoronavirinae subfamily of the Coronaviridae family (order 
Nidovirales) and it is a positive-stranded RNA virus with a crown-like appearance under an electron 
microscope, SARS-CoV-2 belonging to the beta CoVs human category. It is sensitive to ultraviolet rays and 
heat and is inactivated by lipid solvents including ether (75%), ethanol, chlorine-containing disinfectant, 
peroxyacetic acid and chloroform (except for chlorhexidine) (4) Genomic analyses suggest that SARS-CoV-2 
probably evolved from a strain found in bats. The mammalian host between bats and humans is not well 
known; also, it is not certain whether this intermediary really exists (5). The pathogenic mechanism inducing 
pneumonia is complex. The virus is capable of producing an excessive immune reaction in the host; for some 
patients, the disaster starts from a ‘cytokine storm’ with tissue damage (one of the protagonists is IL6) (6).  

Keywords: COVID-19, nutritional intervention, symptoms, prevention, treatment,  
healthy lifestyle, rehabilitation.  

2020; 15(2): 246-249

CONTENT

The  clinical expression of the COVID-19 
infections is based on a variety of symp-
toms. The most evident symptoms in 
terms of frequency are fever, malaise, 
dry cough, sore throat, shortness of 

breath and dyspnea (7). Other possible symp-
toms are diarrhea, nasal congestion, muscle pain, 
anosmia, pain in chest, hemoptysis, etc. The Chi-
nese authors found over 72 000 cases, of which 

16 186 (22%) suspected cases, 10 567 (15%) di-
agnosed cases, and 889 (1%) asymptomatic cases 
(8). They had 62% confirmation (viral nucleic 
acid test). Fatality rate (on confirmed cases) was 
2.3%; 49% of deaths where with comorbidities 
such as cardiovascular disease, diabetes, chronic 
respiratory disease, and oncological diseases, 
and 23% were aged over 70 years. They classi-
fied the disease as mild (81%) (non-pneumonia 
and mild pneumonia); severe (14%), with symp-
toms like dyspnoea, respiratory frequency 
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≥ 30/min, blood oxygen saturation (SpO2) ≤ 93%, 
PaO2/FiO2 ratio or P/F [the ratio between the 
blood pressure of oxygen (partial pressure of 
oxy gen, PaO2) and the percentage of supplied 
oxygen (fraction of inspired oxygen, FiO2)] < 300, 
and/or lung infiltrates > 50% within 24 to 
48 hours; and critical (5%), consisting in respira-
tory failure, septic shock, and/or multiple organ 
dysfunction (MOD) or failure (MOF) (9). Acute 
respiratory distress syndrome (ARDS) can be the 
final evolution of disease with mild expression 
(200 mm Hg < PaO2/FiO2 ≤ 300 mm Hg), mo-
derate (100 mm Hg < PaO2/FiO2 ≤ 200 mm Hg) 
or very severe (PaO2/FiO2 ≤ 100 mm Hg). Also, 
in some cases they have a septic shock. Treat-
ment is adaptive to disease severity. There are no 
specific antiviral treatments and still no current 
vaccines. Major cases are responding to symp-
tomatic treatment (paracetamol), oxygen thera-
py. Next step is short time of non-invasive venti-
lation, and severe cases are receiving mechanical 
ventilation (usually refractory cases to oxygen 
therapy) and finally extracorporeal membrane 
oxygenation ECMO (10).  

The list of other possible therapies is long. We 
have to identify the scientific fake news in this 
domain. The proposals are: lopinavir/ ritonavir 
(400/100 mg every 12 hours), chloroquine 
(500 mg every 12 hours), and hydroxychloro-
quine (200 mg every 12 hours) and alpha-inter-
feron (e.g., 5 million units by aerosol inhalation 
twice per day). Other proposals are redemsivir 
and tolicizumab. From one day to the next we 
know more and more about this disease. Risk 
factors  such as smoking and vaping are now be-
ing stu died. Even if obesity is not too often men-
tioned in-betweens the risk factors, it is clear that 
the impact on lung function added to other 
chronic respiratory or cardiovascular diseases 
and dia betes mellitus can change the prognostic 
of these cases and must be added to the impor-
tant already known comorbidities. We need 
more studied for this fatal combination with 
COVID-19.

Medical nutrition therapy in COVID-19 should 
consider the following aspects: caloric intake, 
macroutrients, pathway for feeding and healthy 
microbiome. Oral feeding is preffered, but in se-
vere cases it will be replaced by enteral nutrition. 
• Caloric intake & macronutrients Chinese 

handbook (11) elaborated by doctors who 
worked with this disease recommends that 

energy supply should be 25-30 kcal/kg body 
weight/day. The macro nutrients proportion is 
favourising proteins, with an intake of 
1-1.2 g/kg bw/day, carbohydrates remai ning 
at the usual 45-50%. This will be applied for 
mild and moderate cases. Severe cases will 
require enteral nutrition pathway.

• Oral feeding / Enteral nutrition pathway: 
Zhejiang experience is showing that for pa-
tients prognosis it will be important to evalu-
ate early nutrition risk, gastrointestinal func-
tion, and aspiration risk and to establish the 
moment when enteral nutrition support is 
required. For critically ill patients, important 
gastrointestinal dammage could be observed, 
accompanied by gastroparesis, abdominal 
distension and diarrhea. During tracheal intu-
bation, a post-pyloric feeding will be done. 
Predigested short peptide preparation will be 
recommended. If the intestinal function is still 
good, high caloric, whole protein products 
will be selected. Optimal glycaemic control 
should be monitored for diabetic patients. 
Temporarly, parenteral nutrition may be used 
for patients with abdominal distension or at 
high aspiration risk. Translation from paren-
teral nutrition to oral feeding will be realised 
step by step, according to condition improve-
ment. 

• Healthy microbiome importance. A healthy 
microbiome could be extreme important in 
the fight with the viral enemy, both in preven-
tion and in the disease development. Micro-
biota, the community of microorganisms that 
includes bacteria, fungi, parasites and viruses 
reside in human gastrointestinal tract and is 
unique to each person. This community com-
prises trillions of microbes, with a ratio 1:1 
human versus bacterial cells, specific for the 
low gastrointestinal tract. When an imba lance 
in the prevalence of diffe rent microbial spe-
cies can be described in the intestinal niche, 
we define a dysbiosis (12). Stress-induced 
dysbiosis (and the subsequent impaired intes-
tinal barrier and bacterial translocation) has 
been proposed as a key molecular mecha-
nism that stimulates innate immune activity 
and contributes to the association between 
chronic psychological stressors and systemic 
inflammation in humans, the relation with fu-
ture respiratory di sease predisposition is obvi-
ous (12).
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There are gut permeability changes induced 
by microbes, which could be the link between 
dysbiosis and systemic inflammation. When the 
gut barrier is impaired (leaky gut), the transloca-
tion of microbial metabolites is increased, and 
even the microbes from the gastrointestinal tract 
could migrate to adjacent tissues leading to en-
dotoxemia and increased inflammatory response 
at tissue level. But probiotics could restore this 
barrier integrity and metabolic function, too (13). 
At molecular level, bacterial components bin-
ding to receptors are triggering an antigen-speci-
fic response, that stimulates the adaptive im-
mune system (14). The clear mechanism is not 
yet defined, but the modulation role in immunity 
performed by microbiome is more and more in 
attention. A healthy microbiome is essential for 
an adequate response of the body to a viral in-
fection. For that reason, a healthy pattern, main-
ly the Mediterranean model, should be recom-
mended in prevention and also in mild or 
mo  derate cases of COVID-19. This will ensure 
opti mal fiber intake, with SCFA production, that 
can ensure a good proportion of healthy bacteria 
in the gut. Probiotics or antibiotics, individua-
lized by case, could be prescribed in order to 
preserve the intestinal flora and to reduce the 
chances of bacterial translocation at intestinal 
level and possible gut derived infection. Only in 
a few hospitals intestinal flora analysis could be 
performed and dysbiosis discovered earlier. But 
typical gastrointestinal symptoms such as diar-
rhea and abdominal pain, which have been ob-
served in COVID-19 patients, are in relation 
with the viral infection of the intestinal mucosa 
or even with antiviral and anti-infectious therapy 
(11). Reports coming from Chinese doctors in-
volved in the treatment show that these patients 
have a broken intestinal balance, with a signifi-
cant decrease in Lactobacillus and Bifidobacte-
rium (15). As it is well known, this microecologi-
cal imbalance, characterizing the so-called leaky 

gut, could lead to a secondary bacterial infec-
tion, suggesting the importance of a nutritional 
support that will ensure the optimal microeco-
logy modulation. Probiotics may support the cor-
rect nutritional intervention. As main preventive 
lifestyle measures, a healthy lifestyle, with caloric 
intake adapted to needs based on the Mediter-
ranean model and feasible physical exercises 
during isolation and social distance may be 
useful. 

After SARS-CoV-2 infection, during viral 
clearance and after, pulmonary rehabilitation 
measurements (16) based on 4S principles – 
safe, simple, save, satisfy – will guide patients to 
perform respiratory muscle training, efficient 
methods for cough, sneeze, expectoration, di-
gestive function rehabilitation, how to restart 
light physical exercises, including mindfulness 
(17) in psychological rehabilitation. 

COMMENTS

We know from one day to other more about 
this disease. The risk factors such as smo-

king and vaping are now studied. Even if obesity 
is not too often mentioned in-betweens the risk 
factors, it is clear that the impact on lung func-
tion added to other chronic respiratory or car-
diovascular diseases and diabetes mellitus can 
change the prognostic of this cases and must be 
added to the important already known comor-
bidities. We need more studies for this fatal com-
bination with COVID-19.

In conclusion, with a lot of hope that after the 
COVID-19 outbreak, more energy will be spent 
in prevention and in real practicing healthy 
lifestyle, as a tool to prevent, promote and enjoy 
healthiness, foreseeing doctors becoming more 
and more role models in their communities. q
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ABSTRACT
During the discovery of ColoRectal Cancer (CRC), 20% to 30% of patients have synchronous liver 

metastases. Ten to 30% of patients have non-evidence of Liver Metasteses (LM) following preoperative 
imaging such as Contrast-Enhanced Ultrasound (CE-US), multi-slice Contrast-Enhanced Computed 
Tomography (CE-CT), Contrast-Enhanced Magnetic Resonance Imaging (CE-MRI), and Positron Emission 
Tomography-Computed Tomography (PET-CT). Today, IntraOperative UltraSound (IOUS) in open surgery 
and Laparoscopic UltraSound (LUS) in laparoscopic or robotic surgery are considered the “gold standard” for 
detecting liver metastases. The object of this review is to demonstrate the higher sensitivity and specificity of 
IOUS and LUS in the detection rate of liver metastases.

Keywords: IntraOperative UltraSound (IOUS), Contrast-Enhanced IntraOperative UltraSound 
(CE-IOUS), Laparoscopic UltraSound (LUS), Contrast-Enhanced Laparoscopic UltraSound  

(CE-LUS), ColoRectal Cancer (CRC), Liver Metastases (LM), staging.

2020; 15(2): 250-252

INTRODUCTION

Colorectal cancer (CRC) represents one 
of the most common solid tumours. 
Studies demonstrated that, during the 
discovery and course of CRC, almost 
15% to 25% of patients have synchro-

nous liver metastases (SLM), other 50% will de-
velop them, while 10-30% will have unrecognized 
preoperative hepatic metastases despite the use of 
preoperative contrast-enhanced ultrasound (CE-US), 
multi-slice contrast-enhanced computed tomo-

graphy (CE-CT), contrast-enhanced magnetic res-
onance imaging (CE-MRI) and positron emission 
tomography-computed tomography (PET-CT). He-
patic resection offers by far the best opportunity 
for cure from CLM. Early detection improves the 
chances of life-prolonging treatment. Intrao-
perative ultrasound (IOUS) in open surgery and 
laparoscopic ultrasound (LUS) in laparoscopic or 
robotic surgery are considered the “gold standard” 
for detecting liver metastases at early stage. Their 
use seems to reduce the number of patients with 
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unrecognized preoperative hepatic metastases, 
expecially <1 cm liver metastases, giving the pos-
sibility of a major accuracy in staging the disease 
(1-3).

Aim

The aim of our study was to assess the ability of 
IOUS, CE-IOUS, LUS, CE-LUS to detect additio-
nal liver lesions/metastases at primary CRC sur-
gery usying PubMed review articles published be-
tween 2000 and 2020, in order to demonstrate 
the more accurate detection of unrecognized liver 
metastases in patients during surgery for primary 
colorectal cancer.

METHODS

A systematic electronic literature search was 
conducted through PubMed using the follo-

wing key words: intraoperative ultrasound (IOUS), 
laparoscopic ultrasound (LUS), contrast-enhanced 
intraoperative ultrasound (CE-IOUS), contrast-en-
hanced laparoscopic ultrasound (CE-LUS), colon 
cancer, rectum cancer, liver metastasis, staging. Of 
the 90 studies found by using the above-men-
tioned search terms and object of each study, only 
39 were included, the remaining 51 being exclu-
ded due to non-relevance to the topics.

The following inclusion criteria were used: 
English language articles, primary resection for CRC, 
preoperative use of CT-scan or MR or PET-CT, de-
tection of intraoperative liver metastases not seen 
during preoperative imaging and change in initial 
treatment strategy. A total of 90 publications were 
identified, but only 39 proved to be potentially 
relevant and were thus retrieved for detailed eva-
luation and assessment of their reference list ac-
cording to our inclusion criteria, while the rest of 
51 did not meet our inclusion criteria. Both au-
thors (DC and SL) have independently selected 
the studies.

Current status of knowledge

When compared to preoperative CE-CT scan and 
US, IOUS detected a higher number of additional 
patients with liver metastases from 5% up to 14%. 
The use of LUS found more than 13% additional 
metastases compared to preoperative CE-CT (2, 3). 
Ferrero et al noted intraoperative changes in 
26.4% of 140 patients (4-6). Hata et al saw that 
25.6% of subjects had new lesions on intraopera-

tive exploration and hepatectomy strategy was 
altered in 18.5% of patients (7-10). Ankur J. Shah 
performed a single-centre prospective pilot study 
on IOUS and CE-IOUS. They found that up to 
25% of patients had previously undetected he-
patic lesions when intraoperative ultrasound 
(IOUS) of the liver was used during CRC resec-
tion, and CE-IOUS altered the diagnosis of non-en-
hanced IOUS in 19% of patients. IOUS and LUS 
showed an increased detection rate in liver me-
tastases, including those <10 mm (11-13). 

Also, CE-IOUS and CE-LUS had a higher sensi-
tivity and specificity for detecting liver metastases 
compared to non-enhanced IOUS and LUS (1). 
Some studies have reported that IOUS had a 90-96% 
sensitivity for detecting liver lesions greater than 
10 mm (14-16). Several surgical series (5-9) have 
reported that the superiority of IOUS to stage he-
patic disease in CRLMs compared to various 
i maging modalities improvements over the years 
represented a challenge for the current role of 
IOUS. As expected, the rate of new CRLMs found 
by IOUS  remains noteworthy (ranging from 8% to 
21%). IOUS detects lesions not identified by pre-
opertive imaging in up to 40% of patients and al-
ters the surgical strategy in 25% to 50% of cases 
undergoing resection for CRLM (17, 18). In 38% 
of patients, IOUS differed from preoperative CT 
scan (20). Wiering et al analyzed the accuracy of 
CT and FDG-PET compared to IOUS. Both PET 
and CT were sensitive for detecting lesions of 2 cm 
in size. However, sensitivity declined rapidly 
when lesions were < 2 cm. Only 16% of lesions 
< 1 cm were detected preoperatively. They found 
that the sensitivity of PET/CT alone was 63% ver-
sus 93% when PET/CT was combined with IOUS. 
In 35% of cases, IOUS changed the surgical plan 
(6). CE-IOUS altered the diagnosis of non-en-
hanced IOUS in 19% of patients compared to 
preoperative  CT positron emission tomography 
(PET) and MRI (11, 20). In contrast to these stu-
dies, some authors concluded that, with adequate 
preoperative staging, finding additional lesions 
during surgery had a very low rate (8, 21). Wagnetz 
et al found a change in surgical management at-
tributable to IOUS in only 2.7% of cases (21). Bar-
tosz Rydzewsk et al used FDG-PET and noted that 
the positive predictive value for FDG PET was 
93% with a change of only 2% when using IOUS 
(21). Although the use of IOUS or CE-IOUS is safe 
and efficient, this procedure is uncommon during 
colorectal resection owing to the need for addi-
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tional operating time and specialist equipment as 
a result of non-availability of ultrasound training 
for colorectal surgeons (21). An accurate descrip-
tion of intraoperative findings by the colorectal 
surgeon is important for liver resection (LR) at the 
time of primary CRC resection and when consi-
dering cases for future LR (11).

CONCLUSIONS

Intraoperative US is a safe and inexpensive pro-
cedure, which allows for the detection and cha-

racterization of nodules, locates vascular and bi-
liary structures and makes the execution of 
anatomic or non-anatomic liver resection more 

precise (25). The routine use of intraoperative ul-
trasound (IOUS) of the liver during primary CRC 
surgery is effective for detecting additional lesions 
from 2% to 20% of cases as well as for liver resec-
tion at the time of primary CRC resection and 
when considering cases for future liver resection 
(11, 26). Althoug the importance in changing stra-
tegy of IOUS/CE-IOUS, LUS/CE-LUS, this proce-
dure continues to be uncommon during colo-
rectal resection because the need for additional 
operating time and specialist equipment, both of 
which being explained by a lack of ultrasound 
training for colorectal surgeons (27). q
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ABSTRACT
Cytomegalovirus (CMV) is the most common cause of perinatal viral infection, affecting 0.2-2.2% of all 

neonates, with variation among different study populations. It can cause serious long-term neurological 
sequelae, being the leading cause of non-genetic congenital hearing loss. The risk of congenital infection is 
highest after primary maternal infection, varying between 30-70% and depending on the gestational age at 
the time of infection. 

Although CMV can have serious neurodevelopmental consequences, in most developed countries current 
guidelines do not recommend routine screening for CMV in pregnancy, since current tests have a low 
predictive value for cases with serious adverse outcome and efficient therapeutic options are not standardized 
yet. In Romania there is a routine clinical practice to offer screening for most common causes of infections, 
including CMV, in the first trimester of pregnancy. 

In these settings, this review summarizes the current methods of diagnosis and management of CMV 
infection in pregnancy.  

Keywords: perinatal infection, ultrasound cerebral signs, invasive testing, seroconversion,  
congenital CMV, primary maternal CMV.

2020; 15(2): 253-257

INTRODUCTION

Cytomegalovirus (CMV) is the most 
common cause of perinatal viral in-
fection, affecting 0.2-2.2% of all ne-
onates, with variation among diffe-
rent study populations (1, 2).  It is the 

leading cause of non-genetic congenital hearing 
loss (3). Cytomegalovirus is a double-stranded 
DNA virus within the family of herpesvirus. The 
most common pathway of infection is through 
direct contact with a person excreting the virus in 

the saliva, urine or body fluids. For pregnant 
women, the main source is via small children in 
the family. Rarely, the virus can be transmitted via 
sexual exposure, transplanted organs or blood 
transfusion.  

With different rates of maternal-fetal transmis-
sion and different approaches (4), it is important 
to distinguish between a primary and non-primary 
infection during pregnancy, which comprises re-
activation of the latent CMV or reinfection with a 
different strain. 
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Primary infection is the first exposure to the 
virus and 1-4% of seronegative women will ac-
quire it during pregnancy (5). The clinical diagno-
sis is unreliable because 90% of infected women 
will be asymptomatic. When present, clinical 
symptoms such as fever, rhinitis, headaches, ar-
thralgia, myalgia are not specific (6). Serological 
diagnosis of primary infection during pregnancy 
can be difficult, especially when the serological 
status of pregnant women at the beginning of 
pregnancy or before conception is unknown. Di-
agnosis based on immunoglobulin (Ig)M is not re-
liable, as IgM can either persist even one year after 
the primary CMV infection or become positive 
after reinfection or reactivation. Seroconversion 
documented during pregnancy can establish the 
diagnosis of primary infection. The appearance of 
CMV-specific IgG in a previously seronegative 
woman for 3-4 weeks after an acute episode indi-
cates the diagnosis. CMV-specific IgG avidity may 
assist in timing the infection. High avidity (more 
than 60%) suggests past infection, more than 
3-6 months, while low avidity suggests a recent 
infection within the last three months (7). Positive 
IgG and IgM levels should always be accompa-
nied by IgG avidity determination and, if neces-
sary, by real time PCR for CMV in blood or urine, 
in order to establish the diagnosis of maternal pri-
mary infection.

Primary infection

The risk of congenital infection is highest following 
primary maternal infection and varies between 
30% in the first trimester and up to 70% in the late 
third trimester of pregnancy (6, 8, 9). Although 
vertical transmission from mother to fetus results 
in congenital infection, 80-90% of infected fetuses 
will be asymptomatic at birth (10). While the risk 
of maternal-fetal transmission increases with ges-
tation, the risk for symptomatic congenital infec-
tion decreases from 20-30% in the first trimester 
to 9% in the second trimester (6). It has been re-
ported that severe congenital infection with neu-
rological sequelae was encountered following ma-
ternal primary infection acquired in the first 
trimester. Neonates with symptomatic congenital 
infection can present at birth petechiae, jaundice, 
hepatosplenomegaly, microcephaly, ventriculo-
megaly, growth retardation, or chorioretinitis (10). 
Paraclinical tests can show increased transaminas-
es, conjugated bilirubinemia, and thrombocyto-

penia. Approximately 40% of neonates with 
symptomatic congenital infection will develop 
long term neurological sequelae such as sensori-
neural hearing disorder, mental retardation or 
psychomotor impairment (11). Also, asympto-
matic congenital infection is not completely be-
nign; so, about 8-15% of these children will de-
velop late complications during the first two years 
of life, with hearing disorder being the most com-
mon (12, 13). 

  
Non-primary infection

Although the greatest risk for congenital infection 
is seen following primary maternal infection, at 
populational level the absolute number of affec-
ted neonates results from mothers with secondary 
infection (reactivation of a latent virus or reinfec-
tion with a different strain) (14). 

In case of secondary infection, maternal-fetal 
transmission will occur in only 2%, comparing to 
40% after a primary infection (10). Less than 1% of 
neonates born from mothers with recurrent infec-
tion will be symptomatic at birth and 8% of in-
fected neonates will develop long term neurologi-
cal sequelae, mostly hearing loss (10, 15). 

Diagnosis of secondary infection can be diffi-
cult. An increase in IgG titre is not reliable and 
invasive testing is the only way to confirm the di-
agnosis.

Diagnosis of fetal CMV infection

Amniocentesis with PCR analysis is considered the 
gold standard test for maternal-fetal transmission. 
At a greater risk, cordocentesis has similar sensiti-
vity and specificity and allows additional paracli-
nical evaluation that could improve the prediction 
of neonatal outcome.

In order to achieve an accurate result, it is re-
commended to perform the invasive testing (that 
is, amniocentesis) at six weeks following primary 
infection and after 21 weeks’ gestation. While a 
positive result obtained before 20 weeks confirms 
the infection, a negative result has a high false 
negative rate and requires a second testing after 
21 weeks’ gestation (16). A negative PCR result at 
either 21 weeks or six weeks post-infection has a 
specificity between 97% to100% (16, 17).

Documentation of fetal infection by amnio-
centesis is not equivalent with symptomatic infec-
tion at birth, and prenatal prediction of prognosis 
for affected fetuses is challenging and generally 

CMv in pregnanCy 
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based on timing of maternal infection, presence 
of ultrasound markers of fetal infection and para-
clinical changes (18). 

Ultrasound imaging

Ultrasound changes alone are not a diagnostic test 
for congenital CMV infection and predict symp-
tomatic infection in only a third of cases (19). Ad-
ditionally, ultrasound findings are seen in less than 
50% of affected fetuses (19). This aspect might be 
an issue in the setting of current guidelines to in-
dicate the screening for CMV only for cases with 
clinical suspicion of CMV infection. Contrary, a 
fetus with confirmed CMV infection following an 
invasive test and associating ultrasound changes, 
especially cerebral signs, might be at increased 
risk of long- term neurological consequences. 

Although there are no pathognomonic signs of 
CMV infection, the common ultrasound findings 
which can rise the suspicion of fetal infection are 
classified into CNS signs and extracerebral signs. 
The proposed classification by Leruez-Ville et al. is 
presented in Table 1 (18). 

Sonographic signs are seen in Figures 1 and 2. 
The main sonographic prognostic indicator is 

fetal cerebral abnormalities (Figure 1), with ven-
triculomegaly being the most common one (19). 
Among extracerebral signs as consequence of the 
affinity of the virus to endothelial and epithelial 
cells, hyperechogenic bowel is reported to be the 
most common finding. Ultrasound changes at the 
time of diagnosis by amniocentesis are of great 
value in counselling and consecutive manage-
ment of pregnancy. In some cases, brain lesions 
are progressive and severe signs will become ap-

parent later in the third trimester. Around 7% of 
cases with a positive amniocentesis at 23 weeks 
and normal ultrasound examination or with 
non-severe findings might progress to a severe 
brain abnormality later during pregnancy, which is 
important in patient counselling when deciding to 
continue or terminate the pregnancy (18). 

In an attempt to improve the prediction of ad-
verse outcome following confirmed fetal infec-
tion, recent studies investigated the value of para-
clinical tests such as platelet concentration in 
combination with the viral load in fetal blood. 
Both in univariate and bivariate analysis, ultra-
sound signs, viral load in amniotic fluid and fetal 
platelet count were independent predictors of 
symptomatic infection at birth or at the time of 
termination of pregnancy (18). Paraclinical exami-
nation improved the predictive value achieved by 
ultrasound findings alone. In case of platelet count 
less than 114.000/mm3 or viral load in amniotic 
fluid above 4.93 log10 IU/mL, more than 50% of 
neonates will present symptomatic infection at 
birth (18). 

Fetal magnetic resonance imaging (MRI) may 
be considered at 32 weeks as a complementary 
evaluation in case of inconclusive ultrasound exa-
mination. If there are clear ultrasound abnormali-
ties, additional value of fetal MRI is limited. When 
both evaluations are normal, the neonatal pro-
gnosis is generally considered to be favourable (20). 

Prevention and treatment

Currently there are no efficient therapies available 
for the treatment of maternal or fetal CMV infec-
tion. Aiming to prevent maternal infection or 

TABLE 1. 
Ultrasound 
abnormalities 
related to CMV 
infection (18)
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transmission and reduce the severity of clinical 
implication in case of vertical transmission to fetus 
during pregnancy, promising medical alternatives 
are subject of current research studies. 

Hygienic measures remain the most efficient 
way to prevent a maternal CMV infection during 
pregnancy. A CMV vaccine for primary preven-
tion has been tested in a phase II trial, but has not 
been approved by FDA for clinical use due to its 
limited efficacy of only 50%, similarly with simple 
hygienic measures (21). 

The next level of prevention is concerning 
mother-fetal vertical transmission, once the pri-
mary maternal infection has been detected in the 
first trimester. Passive immunization with 
CMV-specific hyperimmune globulin (HIG) is cur-
rently under investigation as a potential means of 
preventing congenital CMV infection. Initial re-
sults of a non-randomised study showed a lower 

rate of congenital infection following HIG admi-
nistration (16% vs 40%) (22). These promising re-
sults have not been proved to be statistically sig-
nificant in the first randomised study by Ravelo 
et al, with 30% transmission rate in the treatment 
group and 40% in the control group (23). Later, 
the study has been criticized in terms of power 
calculation and interval of HIG administration and 
a two-week rhythm has been proposed. Recently, 
a prospective observational study on 40 pregnant 
women with primary CMV infection reported that 
the transmission rate following HIG administra-
tion every two weeks, starting from 14 weeks until 
20 weeks, has been reduced to 7% and none of 
the neonates were symptomatic at birth (24). 

Finally, once fetal transmission has occurred, 
several attempts have been made to reduce the 
risk of long-term sequelae and neurological im-
pairment. HIG may still be considered for preven-

FIGURE 2. Extracerebral findings. A) Hyperechogenic bowel (arrow); ascites; B) placentomegaly, 
oligohydramnios

A

FIGURE 1. A) Severe ventriculomegaly (arrow); B) brain calcification bilaterally (arrows)
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tion of a symptomatic infection at birth. Non-ran-
domised studies on a limited number of cases 
reported a reduction from 43% to 13% (25). Alter-
natively, although not standardized, antiviral the-
rapy may represent an option. A phase II open 
label trial reported that oral valaciclovir 8 g/day 
(16 pills/day) improved the outcome of mode-
rately symptomatic infected fetuses and increased 

the rate of asymptomatic infection at birth (82% 
with treatment versus 43% without treatment) 
(26). Antiviral therapy can be continued postpar-
tum, and intravenous ganciclovir administered for 
six weeks can improve cognitive development 
(27, 28). q
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ABSTRACT
Objectives: To review the main clinical, radiological and treatment aspects of patients with post-traumatic 

bifid mandibular condyles (BMC), to report a new case of BMC in a patient with history of trauma and to 
discuss the long term adaptive changes of the opposite condylar head. 

Methods: An electronic search in major medical databases was accomplished. Case series and case reports, 
prospective or retrospective cohort studies of patients with characteristics of traumatic BMC were included. 
Extracted data included demographic variables, clinical aspects, imagining examinations and treatment 
methods performed. 

Results: The systematic review included 60 patients with 72 post-traumatic BMC. The unilateral 
involvement (73.3%) and mediolateral condylar orientation (75%) were the most common types of 
post-traumatic BMC described. Most of the patients were symptomatic, with ankylosis (60%), limitation in 
mandibular movements (55%) and facial asymmetry (41.6%) being the most common clinical signs.

Conclusion: The presence of the post-traumatic BMC is accompanied by important clinical signs, a correct 
and an early evaluation being essential for an optimal treatment.

Keywords: post-traumatic, bifid mandibular condyle, CT, MRI.

2020; 15(2): 258-265

OBJECTIVES

The bifid mandibular condyle (BMC) is an 
unusual anomaly, which was described 
for the first time in 1941 (1). The review 
of previously published studies (2, 3) in-
dicates that the actual prevalence of 

BMC ranges from 0.31% to 1.82%.
The morphological shape of post-traumatic 

BMC is variable; it has been described as a slight 
notch on the condyle head or as a complete lobu-
lation of the condyles. Most authors considered as 
BMC only the cases with two separate heads, di-
vided by a shallow groove (4). 

Traumatic and developmental factors were 
most often incriminated in the etiology of BMC 
(5-7) even though the endocrinal, vascular and 
infectious have been also proposed (8, 9).

Congenital BMC is very frequently asympto-
matic and it could be an incidental finding on a 
radiological examination (2, 3). Post-traumatic 
BMCs are usually symptomatic, clinical signs con-
sisting in pain, facial asymmetry, limitation in 
mandibular movements and ankylosis (10).

The long-term functional effects of traumatic 
BMC on the contralateral condylar head are not 
very well known. It has been suggested that ar-
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thritic changes might be seen in some cases and 
also that osteoarthritis might develop in case of 
trauma (1). 

Computer tomography (CT) is considered the 
most useful radiological examination in diagno-
sing BMC, even though a great number of BMC 
were firstly described on panoramic radiography 
(13-15).

Although no treatment is needed for asymp-
tomatic BMC, an active monitoring is recom-
mended (16). A conservative treatment, consis-
ting in physiotherapy, occlusal splints and 
non-steroidal anti-inflammatory drugs, is recom-
mended for symptomatic cases (17). 

Surgical therapy could be necessary in 
post-traumatic BMC complicated with ankylosis 
(18, 19). Gap arthroplasty consists in the resection 
of the osseous mass between the glenoid cavity 
and the mandibular ramus, without interpositio-
nal material. This type of intervention creates a 
gap of 10-20 mm and may determine mouth de-
viation. Interpositional arthroplasty is characte-
rized by a surgical gap created by resecting the 
osseous mass, followed by interposition of a bio-
logic or non-biologic material (20). Joint recon-
struction implies osseous mass resection and joint 
reconstruction, using autogenous bone grafts, or 
total joint prosthesis (21).

The purpose of this study is to: 1) review the 
main clinical, radiological and treatment aspects 
of patients with post-traumatic BMC; 2) report a 
new case of unilateral BMC in a patient with his-
tory of trauma; and 3) discuss the long term adap-
tive changes of the opposite condylar head. q 

MATERIAL AND METHODS

Search strategy

An electronic search in medical databases in-
cluding PubMed, Scopus and The Cochrane 

Library was performed until April 2020, with no 
restriction on the publication period. The key 
words used for the electronic search were “trau-
matic bifid condyle”. The search was restricted to 
the clinical cases in English, including case series, 
case reports, prospective and retrospective cohort 
studies of patients. All studies performed on dry 
mandibles were excluded. 

A subsequent manual search of all selected 
studies, by reading the references included in the 
list, was performed. The selected studies were in-

cluded in an Excel document and the title and 
authors were screened for duplicates. The initial 
selection of the studies was based on reading the 
title and abstract, followed by a full text evalua-
tion. 

The extracted data from the studies included: 
author, title, year of publication, number of BMC 
cases. The primary outcomes of interest in the re-
ported cases were: patients’ age and sex, clinical 
signs, location and orientation of the BMC on the 
imaging examinations and the performed treat-
ment.

This systematic review was conducted in ac-
cordance with the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) 
statement (22). q

RESULTS

A total number of 326 articles have been ini-
tially selected from electronic databases. After 

excluding duplicated and irrelevant articles, a 
number of 53 full-text available articles remained. 
Finally, after excluding BMC with non-traumatic 
clinical history, the systematic review included 
only 20 articles (15 case reports and five case se-
ries). A flow chart of the selected articles and rea-
sons for excluding articles after full-text evaluation 

an overview of the post-trauMatiC MandiBular Bifid Condyle 

FIGURE 1. Flow chart of selected articles
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are presented in Figure 1. All selected articles had 
a level 3 of SORT criteria. In addition, one new 
case report was included by the authors.

Outcomes of the main interest parameters ex-
tracted from the selected articles were organized in 
Table 1. A number of 60 patients with 72 post-trau-
matic BMC were reported. The mean age of cases 
was 28.3 (±15.2) years, with a wide age variation 
between 5 and 70 years. Male and female BMC 
patients were equally reported (the ratio was 1:1). 

Unilateral involvement (73.3%) and mediola-
teral condylar orientation (75%) were the most 
common types of post-traumatic BMC, antero-
posterior bifidity orientation being reported in 
10 post-traumatic cases.

CT examination was the most used imaging 
method for the evaluation of post-traumatic BMC 

(98.3% of cases), followed by panoramic radio-
graphy (38.3%) and MRI examination (3.3%).

Clinical signs and treatment performed were 
summarised in Table 2, along with reporting of a 
new case of post-traumatic BMC. Most patients 
were symptomatic (93.3%) and they were re-
ferred to the clinics for ankylosis (60%), limitation 
in mandibular movements (55%) and facial asym-
metry (41.6%). 

No specific treatment besides active monito-
ring was applied to 10% of patients. Open tem-
poromandibular joint (TMJ) surgery was the most 
used treatment option (35%) and it was performed 
in all cases affected by ankylosis. Physiotherapy 
was the only treatment recommended in 10% of 
patients and the remaining studies did not men-
tion any treatment plan.

an overview of the post-trauMatiC MandiBular Bifid Condyle 

TABLE 1. Characteristics of cases included in the systematic review
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Case report

A 29-years old male patient with Class II maloc-
clusion presented with TMJ noises and facial 
asymmetry. Clinical examination of the TMJ was 
conducted using a standardized protocol based 
on Research Diagnostic Criteria for Temporoman-
dibular Disorders (23). 

The patient had suffered a right condylar neck 
fracture at the age of six. He reported joint locking 
without pain when opening his mouth to full am-
plitude, which subsided following several 
open-close movements of the jaws. 

Facial examination and the amplitude of the 
mandibular movements were measured using a 
millimeter ruler. At inspection, there was unequal 
vertical proportions and face asymmetry, with a 
right-side chin deviation. The height of the lower 
face (distance between the base of the nose and 
chin) was with 8 mm greater than the height of 
the mid-face (measured between the glabella to 
the base of the nose) and the upper face (distance 
between hairline and the glabella). By measuring 
the distance between the incisal edges of the up-

per and lower central incisors, the degree of maxi-
mum mandibular opening was determined, and 
after adding the amount of vertical incisor over-
lap, the recorded value was 51 mm. During ope-
ning, the mandible deviated toward the left side.

Lateral movements were measured with the 
patient holding the jaws in a relaxed position 
(physiological rest position), then moving the 
mandible as far as possible toward the right and 
left sides determining the distance from the incisal 
embrasure between the maxillary central incisors 
to the incisal embrasure of the lower incisors. The 
maximum lateral movement value recorded was 
of 9 mm on the right side, while the maximum left 
lateral movement value was 10 mm. 

A maximum protrusion measurement was per-
formed, requiring the movement of the mandible 
from the physiological rest position toward anteri-
or, without teeth contact, obtaining a 6 mm dis-
tance between the incisal edge of maxillary central 
incisor to the incisal edge of the mandibular ones.  

The extent of mandibular condylar move-
ment, masticatory muscles tenderness and the 
presence of TMJ noises, were assessed by palpa-
tion and auscultation. Condylar movement was 
easily felt, no tenderness being elicited. The mas-
ticatory muscles showed no tenderness or sus-
tained contraction, with the exception of the late-
ral pterygoid muscles. There was joint clicking 
during opening and closing. Research Diagnostic 
Criteria for Temporomandibular Disorders sug-
gested a unilateral disc displacement with reduc-
tion, with intermittent locking. 

an overview of the post-trauMatiC MandiBular Bifid Condyle 

TABLE 2. Clinical signs and treatment of post-traumatic BMC

FIGURE 2. CBCT in axial (A), sagittal (B) and 
coronal (C) views of the right TMJ
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CBCT examination was performed using a 
Planmeca ProMax® 3D Max unit. Coronal 
oblique reformatted images, on the long diameter 
of the right condyle, revealed two distinct heads, 
with lateral and medial orientation (Figure 2), the 
smaller, additional head being located medially. 
Osseous morphological alteration of the glenoid 
fossa and articular eminence were also noted. On 
the left side, TMJ arthritic changes were found 
(flattening and resorption of the condylar head, 
surface erosions and reduced joint space) (Figure 3). 

For evaluating the TMJ disc and soft tissue 
changes, an MRI examination (3T SIGNATM Pio-
neer, GE Healthcare) was performed using spe-

cific TMJ coil. The imaging protocol consisted of a 
T1-weighted axial spin echo image, which acted 
as the localizer. The scans included 3 mm sec-
tions, 15 cm field of view and a 256 x 224 matrix. 
The TMJs were imaged in the sagittal and coronal 
planes, the sagittal images being achieved along 
the long axis of condylar head. Bilateral anterior 
disc displacement, without reduction (ADDwoR), 
and a reduced mobility of the condyles were 

an overview of the post-trauMatiC MandiBular Bifid Condyle 

FIGURE 5. MRI in sagittal view of the left TMJ

FIGURE 3. CBCT in axial (A), sagittal (B) and 
coronal (C) views of the left TMJ

FIGURE 4. MRI in sagittal view of the right TMJ

FIGURE 6. MRI coronal view of the TMJs; the red 
arrow is confirming the right post-traumatic BMC
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found on sagittal images (Figures 4 and 5). Coro-
nal MRI images confirmed the right double-hea-
ded condyle and found a left medial disc dis-
placement too (Figure 6).

Only a conservative treatment, consisting in 
phy siotherapy and follow-up (at two and 
six months), was done. After two months, the cli-
nical exam showed increased amplitude of man-
dibular movements (2-3 mm) and an improve-
ment in TMJ function, with decreased frequency 
of joint clicking. q 

DISCUSSION

The definition of the BMC was first introduced 
in 1941, as a condylar split or groove of incon-

stant depth (1). Later, in 1998, it was suggested 
that the condylar split could range from a shallow 
groove to the formation of two condylar heads, 
mediolaterally or anteroposteriorly-oriented (24). 
Supernumerary heads, like trifid (11, 25, 26) and 
tetrafid (27) condyles have also been reported.

Post-traumatic BMC could be a result of acci-
dental condylar fractures, application of forceps 
during birth and surgical condylectomies 
(21, 28, 29). This theory is supported by the fact 
that, after a condylar neck fracture, an antero-me-
dial displacement of the condyle occurs due to 
the la teral pterygoid muscle activity. Then, a new 
condylar head develops by metaplasia, in a cor-
rect anatomical position, while the displaced head 
is partially resorbed (30). In such cases, only the 
posterior condylar head would be functional (28). 

It is important to highlight the role of the la teral 
pterygoid muscle in the formation of the BMC (6). 
If the muscle activity is acceptable and the remo-
deling capacity of the fractured condylar head is 
insufficient, the formation of a BMC is only a mat-
ter of time (31). Other factors to consider are the 
vector of the fractured condylar head and its rela-
tionship with the lateral pterygoid muscle force, 
which may influence the orientation of the 
post-traumatic BMC (30). 

Bilateral post-traumatic BMC are uncommon 
(32). This fact is in agreement with the results of 
the present review, the unilateral BMC being four 
times more frequent. This could be explained by 
the traumatic etiology and by the fact that almost 
60% of all subcondylar mandibular fractures are 
unilateral (33, 34). Although the male/female ratio 
is 1.25:1, no predilection for any age group has 
been observed for this disorder. 

An important fact to consider is the orientation 
of the BMC, which could indicate the possible 
etiological factors involved. Some researchers sug-
gested that mediolateral condyle orientation was 
associated to a non-traumatic etiology, while an-
teroposterior position could be related to 
trauma (6). Even so, mediolateral BMC with a his-
tory of trauma, have also been described 
(11, 12, 29). In the present research, a high preva-
lence of mediolateral condylar orientation was 
seen in traumatic BMC. Reddy et al found that 
55.5% of BMC cases with an anteroposterior 
orien tation, and 44.7% of those with a mediola-
teral position, had a history of trauma (33). How-
ever, a study published in 2011 (17) demonstra-
ted that the great majority of cases had a 
mediolateral position, independently from history 
or trauma or not. 

Morphological variations of post-traumatic 
BMC are also influenced by the extent of trauma. 
A shallow groove in the middle of a double-hea-
ded condyle is often observed in vertically frac-
tured condylar heads, while the Y-shaped condy-
lar heads are found in cases of severe degree of 
trauma (30). Another morphological issue to dis-
cuss is the symmetry of the BMC. This fact could 
also indicate the possible etiology involved, an 
asymmetric appearance of the double-headed 
condyle being more frequent associated with fa-
cial trauma.

In the case presented, the patient suffered man-
dibular trauma at age of six. Although facial trauma 
is common in childhood, condylar neck fracture 
plays an important role in the final outcome. The 
BMC symptomatology, appearance and orienta-
tion, together with the involved traumatic factor 
point to a traumatic etiology of the right BMC.

Panoramic radiography plays a limited role in 
diagnosing the BMC due to poor visualization of 
the TMJ anatomical structures and to its degree of 
magnification (7). However, some studies showed 
that the BMC with an anteroposterior orientation 
could be diagnosed using a panoramic radiogra-
phy, in contrast to the mediolateral orientation 
BMC, where the condylar heads overlapped (21).  

According to the current study results, 
CT/CBCT represents the modality of choice in di-
agnosing BMC, making optimal the evaluation of 
morphological aspects like the condyle shape and 
size, orientation of condylar angle, joint position, 
depth of glenoid fossa, and also helping in per-
forming the differential diagnosis with tumors and 
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degenerative bony lesions. Furthermore, as in all 
TMJ entities, it is useful to evaluate the position 
and condition of the articular disc, by using an 
MRI exam. The case presented in the current re-
search had underwent CBCT and MRI examina-
tion combined, for a complete TMJ assessment, in 
the idea that a combined use of these techniques 
significantly improves the BMC diagnosis and 
treatment planning.

As for traumatic BMC symptoms, the present 
review showed that most cases were symptoma-
tic. These results are confirmed by the recent 
study of Borrás-Ferreres et al, which is reporting a 
high percentage of symptomatic BMC cases 
(84.1%) (16). Symptoms seem to be influenced by 
the lesion type, extent of articular structures da-
mage, presence of hemarthrosis and age (6). TMJ 
ankylosis, referring to the formation of bony or fi-
brous adhesions in the joint, with consecutive de-
formation of the articular surfaces, restricts the 
joint movements. The association between anky-
losis and post-traumatic BMC was reported as fre-
quent, in 60% of cases, being the most prevalent 
clinical sign observed. The second most frequen-
tly reported sign of traumatic BMC, in over 45%, 
represented the limitation in mandibular move-
ments. This clinical sign can be determined by a 
variety of factors such as disc displacements 
without reduction, muscle disorders or TMJ os-
teoarthritis (35). Our case showed reduced maxi-
mum values of mouth opening, protrusion and 
lateral movements, which could be explained by 
the presence of a bilateral ADDwoR.

In the present case report, CBCT showed a left 
condyle with arthritic changes such as flattening 
and condylar head resorption, surface erosions 
and a reduced joint space. These important osse-
ous modifications in a young adult could repre-
sent the end point of a long standing TMJ dysfunc-
tion, an entity characterized by an abnormal 
relationship between the disc and the articular 
surfaces, in our case a bilateral ADDwoR. The 
possible etiology of the ADDwoR could represent 
the presence of the dentofacial deformity (36), ac-
companied by right-sided post-traumatic BMC. 
These arthritic modifications emphasize the im-
portance of traumatic BMC early detection, eva-
luation and treatment planning.

The optimal treatment of BMC depends on 
the clinical picture. In asymptomatic cases, only 
an active monitoring is required. For mildly symp-
tomatic cases, a conservative treatment is gene-

rally indicated, such as physiotherapy, occlusal 
splints and non-steroidal anti-inflammatory drugs. 
In more severe cases, where ankylosis develops, 
surgical intervention is demanded (37). 

The case presented here had multiple diagno-
sis, including right-sided BMC, TMJ dysfunction 
and severe Class II malocclusion. Given that BMC 
was asymptomatic, the treatment plan concerned 
the last two diagnoses. Consequently, the initial 
treatment plan consisted in occlusal splint, fol-
lowed by mandatory orthognathic surgery. The 
main goals of this protocol were to help in the 
reduction of TMJ dysfunction and to correct the 
Class II malocclusion as well as facial asymmetry. 
The patient refused surgery due to personal rea-
sons. Eventually, physiotherapy with an active 
follow-up was performed. Muscle relaxants were 
not necessary, the patient not complaining of 
muscular or articular pain. Monitoring at two and 
six months showed an improvement in joint func-
tion. The patient is still under monitoring, the next 
appointment being scheduled over another 
six months. q

CONCLUSION

Recognition of the traumatic etiological factor is 
essential, the presence of post-traumatic BMC 

being accompanied by important clinical signs 
such as ankylosis and limitation in mandibular 
movements, with a clear impact on the patient’s 
quality of life. The clinical picture, along with the 
evolution of BMC functionality, guides the opti-
mal approach of the therapeutic decision. In ad-
dition, CBCT/CT and MRI should be considered 
as a valuable diagnostic combined tool in 
post-traumatic BMC. q
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ABSTRACT
Pyrexia of unknown origin represents a diagnostic challenge in the daily practice. Clinical features are 

often subtle or inadequate to recognize the etiology of prolonged fever. Endocrine etiology of pyrexia of 
unknown origin is not common. Here we present a case of an elderly female seeking medical advice from her 
general practitioner due to a four-week history of moderate fever, malaise and loss of appetite. 

Initial outpatient diagnostic workup was negative. During repeated examination a slight enlargement of 
thyroid gland was noticed. Thyroid function tests revealed a very low level of thyroid stimulated hormone 
along with elevated free T4 suggesting subacute thyroiditis. Low dose administration of corticosteroids led 
to clinical improvement and fever remission.

Physicians involved must be aware about this unusual presentation of thyroiditis and include the 
condition in the differential diagnosis of prolonged unexplained fever. In the absence of clinical signs and 
symptoms, an abnormal thyroid function test may prevent from unnecessary investigations and inefficient 
hospital admission. 

Keywords: pyrexia of unknown origin, subacute thyroiditis, fever, diagnosis, hyperthyroidism.

INTRODUCTION

Subacute thyroiditis is an inflammatory 
process of the thyroid characterized by 
a progressive appearance of neck ten-
derness, enlargement of the thyroid 
gland and elevated erythrocyte sedi-

mentation rate (1, 2). Its onset is usually linked 
with a preceded viral infection (1, 2). General 
systemic symptoms such as fever, malaise and 

weight loss may occur in the acute phase (1, 2). 
In this paper, we present the case of a patient 
seeking medical advice from his general practi-
tioner due to a history of prolonged fever. q 

CASE REPORT

A 78-year-old Caucasian female was admitted 
to a primary health care setting due to mo-

derate-grade persistent fever for the last four 
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weeks. She has also complained of malaise and 
anorexia. Her past medical history was unre-
markable, except for hypertension and dyslipi-
daemia. She has also reported an upper respira-
tory tract infection six weeks before, which has 
remitted spontaneously with symptomatic care 
(analgesics). 

Her vital signs on admission were: tempera-
ture 38.5°C; blood pressure 140/95 mm Hg; 
pulse 105 beats per minute; oxygen saturation 
97% on ambient air. Physical and systemic (oph-
thalmological and neurological) examination 
was normal. Palpation of the temporal artery was 
negative for pain, thickening and reduced pulsa-
tion.

Initial laboratory investigations revealed an 
erythrocyte sedimentation rate (ESR) 89 mm af-
ter one hour (normal ≤ 20 mm/hr); C reactive 
protein (CRP) 48 mg/dL (normal range 0.3 to 
1.0 mg/dL); Routine hemogram, white blood 
counts 11x 109/L (range 4.00-11.0 x 109/L), he-
moglobin 11.8 g/dL (12-16 g/dL). Blood cultures 
(X2) urine analysis, renal and liver function tests, 
electrolytes were within normal limits. 

A tuberculin skin test (evaluated at 48 and 
72 hours) was also negative. Further laboratory 
tests included rheumatoid factor, antinuclear an-
tibodies, antibodies for cytomegalovirus, herpes 
simplex and Epstein-Barr virus and the results 
were also negative. Electrocardiogram showed 
sinus tachycardia, while chest x-ray did not dis-
close any pathological finding. Imaging investiga-
tions included thoracic and abdominal compu-
ted tomography (CT) which was normal. The 
patient denied referral to a secondary care cen-
tre due to the lack of social support. Routine pri-
mary care consultations were suggested on a 
daily basis. 

On repeated clinical examination after three 
days, a non-tender slight enlargement of the thy-
roid gland was noticed. Thyroid function tests 
were: thyroid-stimulating hormone (TSH) 
0.05 μU/mL (normal 0.5–5.0); free serum tri-io-
dothyronine (FT3) 11 pmol/mL (2.5–6.5 pmol/mL), 
free serum tetra-iodothyronine (FT4) 41 pmol/L 
(normal 11.6–21.9).

Thyroid scintigraphy with the radio-isotope 
Iodine-123 was consequently arranged in order 
to evaluate the etiology of the overactive thyroid 
gland. A significant low uptake of radioactive 
tracer recorded at 24 hours suggested the dia-
gnosis of subacute thyroiditis. 

Initial therapy consisted of a low dose of oral 
steroid (prednisone 10 mg daily) for 10 days. A 
significant clinical improvement was recorded 
with fever remission within three days. During 
follow up the patient’ course was uneventful and 
was found in good clinical health. Repeated thy-
roid function tests after four weeks showed gra-
dual improvement in TSH levels, while ESR and 
CRP levels became normal. A thyroid ultrasound 
performed four weeks later disclosed a patchy 
heterogeneous pattern suggestive for post-in-
flammatory status. q 

DISCUSSION

Pyrexia of unknown origin (PUO) refers to fe-
ver that is not resolved spontaneously, while 

its etiology cannot be determined despite exten-
sive diagnostic work up (3). The term of PUO 
was first introduced by Petersdorf and Beeson in 
1961 (4). It was defined as temperature higher 
than 38.3 °C (> 101 °F) on several occasions, du-
ration of illness of more than three weeks, and 
failure to establish a certain diagnosis after one 
week of investigations in the hospital setting (3, 4). 
Pyrexia of unknown origin is considered a sig-
nificant diagnostic challenge. In regards to the 
etiology, infectious diseases account for the ma-
jority of cases followed by neoplastic and auto-
immune conditions. Well recognized diseases 
with unusual clinical presentation trigger PUO 
more often (3). 

Initial diagnostic assessment requires a care-
ful history. Information about occupation, recent 
travels, animal exposure, familial diseases and 
previous illnesses is necessary (3). Failure to 
properly evaluate available test results and de-
lays in ordering the appropriate investigations 
are the main reasons of misdiagnosis (3). Pyrexia 
of unknown origin requires a demanding 
work-up in order to narrow the list of potential 
pathological conditions. A specific algorithm 
does not exist and is not useful (3). Repeated in-
terview and reexamination of the patient’s file 
may help recognise useful diagnostic clues (3). 

Subacute thyroiditis is an unusual, but well 
documented cause of PUO (3, 5). It is characte-
rized by an inflammatory process of the thyroid 
gland (1, 2). Viral etiology has been suggested (6). 
Mumps, adenoviruses and coxsackie virus are 
reported among the potential agents that trigger 
thyroid inflammation (6).
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A potential role of the cytokine interleukin-6 
in thyroid destruction has been reported (7). Se-
vere neck pain in a diffusely enlarged thyroid 
gland is the main symptom at onset (5, 8). Pain 
may be located to the lower jaw, ear or occiput 
(7, 9). However, classical features may be absent 
at onset and the patients may seek medical care 
for generalized symptoms such as prolonged fe-
ver, anorexia and weight loss (5, 7, 9). Diagnosis 
is performed on the basis of clinical and labora-
tory findings of hyperthyroidism, a high ESR 
(>50 mm/hour), elevated CRP and reduced ra-
dioiodine uptake in thyroid scan (5, 7). ESR and 
CRP may help to monitor therapeutic response 
(5). Leucocytosis, low hemoglobin levels may 
also be present along with elevation of hepatic 
enzymes in the initial hyper-thyroid state (5). 

Therapy if required consists of pain and in-
flammation relief (5, 7, 9). Non-steroidal-anti-
inflammatory drugs at the beginning and steroids 
in case of no improvement are suggested (5, 7). 
Symptoms of hyperthyroidism if present are con-
trolled with beta blocker administration (5). 

Thyroid disorders are rarely implicated in the 
etiology of PUO. In our patient, typical clinical 
manifestations of subacute thyroiditis were ab-
sent at onset. Initial clinical assessment and ne-

gative previous medical history were not sugges-
tive for thyroid disorder. q 

CONCLUSION

Physicians involved in the management of pa-
tients with PUO should include subacute thy-

roiditis in their differential diagnosis. When clas-
sical features of neck pain, tenderness on 
palpation and diffuse goiter are absent, they 
have to carefully re-assess patient’s history and 
revisit available clinical clues. Thyroid function 
tests in the context of PUO may prevent unne-
cessary, ineffective investigations and hospital 
admissions. q
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ABSTRACT
Job’s syndrome or hyperimmunoglobulin E syndrome (HIES) is a rare primary immunodeficiency. 

Characterized by recurrent pulmonary and skin infections with elevated IgE serum level, this syndrome has 
been considered a risk factor for lymphoma. Although the majority of cases were diagnosed in childhood, there 
are still a few cases that were diagnosed in adulthood. It is necessary to recognize these two conditions since the 
treatment for lymphoma patients with HIES should be adjusted and needs a thorough care. Here we present 
a case of diffuse large B cell lymphoma in a patient with symptoms of HIES diagnosed during chemotherapy. 

Keywords: hyperimmunoglobulin E syndrome, Job’s syndrome, non-Hodgkin’s lymphoma, DLBCL.

2020; 15(2): 269-271

INTRODUCTION

Job’s syndrome or hyperimmunoglobulin (Ig) 
E syndrome (HIES) is a rare primary immu-
nodeficiency characterized by immunodefi-
ciency and somatic features, such as ecze-
ma, Staphylococcus aureus-induced skin 

abscesses, recurrent pneumonia with pneumato-
celes, Candida infections, skeletal/connective tis-
sue defects, and elevated IgE serum levels 
(>2000 IU/mL) (1, 2). Skin abscesses lack inflam-
mation signs such as warmth, redness and 
tenderness, so they are called “cold” abscesses (2). 
The prevalence of HIES is lower than 1:1,000,000 
(1). HIES is usually inherited in an autosomal 
dominant form, and occasionally in the recessive 
form (2). 

Since 1987, this syndrome has been consi-
dered a risk factor for cancer, particularly lympho-
ma (3). There are many reports on Job’s syndrome 
cases developing lymphoma (2-5). 

Here we present a case of diffuse large B-cell 
lymphoma (DLBCL) with symptoms of HIES 
e mer ged during chemotherapy, and we review 
the relevant literature. q

CASE PRESENTATION

A 57-year-old woman came to our outpatient 
clinic with a chief complaint of having a swol-

len neck. She did not feel comfortable in her neck. 
Other lymph node enlargements were also found 
on her axilla and inguinal region. She had fever, 
night sweat, losing weight, and decreased appetite. 

She was examined by computed tomography 
(CT) scan, which revealed lymphadenopathy 
(Fi gure 1). Biopsy was performed and the result 
showed diffuse large B-cell lymphoma (DLBCL). 
Im munohistochemistry confirmed the diagnosis of 
DLBCL). 

The patient was given chemotherapy with a 
full dose of R-CHOP regimen (rituximab plus cy-
clophosphamide, doxorubicin, vincristine, pred-
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nisone) for six cycles per three weeks. After two 
cycles, the tumor showed good response against 
chemotherapy. 

After two cycles of chemotherapy, she com-
plained of having urticarial and nodular rashes in 
extremities, trunk, and even scalp. The patient 
had a history of recurrent skin infections in the 
past. She was evaluated by a dermatologist and an 
immunologist. A high level of IgE was found 
(9,000 IU/mL). Further evaluations showed no eo-
sinophilia or specific allergen, negative viral hepa-
titis infection (B and C), negative tuberculosis, and 
also negative HIV infection. After being assessed 

as hyperimmunoglobulin E syndrome, she was 
given topical symptomatic treatments (antibio-
tics). Complaints were alleviated.

She continued chemotherapy until six cycles, 
with tight monitoring, and prophylaxis against in-
fection. The final evaluation was conducted with 
Positron Emission Tomography-Computed Tomo-
graphy (PET-CT) scan. The result was a complete 
re  sponse. The IgE levels were lowered to 
1000 IU/mL. q 

DISCUSSIONS

We report the case of a patient with diffuse 
large B-cell lymphoma (DLBCL) who pre-

sented with signs of hyperimmunoglobulin E syn-
drome (HIES) during chemotherapy. Previous re-
ports of HIES patients with DLBCL are summarized 
in Table 1 (1, 2, 4, 6-8), all of them being dia-
gnosed as having DLBCL with HIES at ages ran-
ging from 17 to 48 years old. They were dia gnosed 
with HIES before presentation with DLBCL mani-
festations. In our case, the patient has not been 
diagnosed with HIES before DLBCL was esta-
blished and she was 57 years old at the time she 
received the diagnostic of BLBCL with HIES. 

The common immunological signs of HIES are 
chronic eczematoid eruption, recurrent cutane-
ous and pulmonary bacterial infections, and mu-
cocutaneous candidiasis. Bacterial infections are 
predominantly due to Staphylococcus aureus, and 
barely Streptococcus pneumonia and Haemophi-
lus sp. Other infectious manifestations, including 
sinusitis, otitis, gingivitis, dental abscess, septic ar-
thritis, and osteomyelitis, are also common (9). 
The classic immunologic triad of HIES, which are 

FIGURE 1. Neck 
CT scan showing 
lymphadenopathy 

FIGURE 2. Nodular rashes in patient’s arm (a) and leg (b) 

a b

TABLE 1. 
Summary of 
previous reports 
of HIES patients 
with DLBCL
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recurrent staphylococcal cutaneous abscesses, re-
current airway infections, and elevated serum 
level of IgE (4, 10), are generally found in 85% of 
patients over eight years old (10). In other case 
presentations, an IgE serum level that exceeds 
2,000 IU/mL (10 times the normal limit) was sug-
gested as an appropriate threshold in establishing 
a definitive diagnosis (10, 11). However, in 20% 
of cases, the IgE level may decrease with age, thus 
a normal IgE level should not exclude the pre-
sence of HIES in an adult person (10). In addition, 
patients with HIES are prone to develop autoim-
mune disease and malignancies (4, 9). It is esti-
mated that patients with HIES have 259-fold in-
creases in relative risk of lymphoma development 
compared to general population (4). The in-
creased risk of lymphoma in patients with HIES 
could be caused by immunodeficiency, immune 
surveillance impairment, or transformed function 
of mutant STAT3. Mutant STAT3 would stimulate 
cell proliferation and survival that would lead tu-
morigenesis. 

In our case, the patient had a history of recur-
rent cutaneous infections with an elevated IgE se-
rum level. Moreover, she was diagnosed as having 
DLBCL as well. These were enough reasons to 
establish the diagnosis of HIES.

Most of HIES patients are diagnosed in child-
hood as they get recurrent infections. Nevertheless, 
there is a case reported an undiagnosed HIES until 
adulthood when getting multiple systemic fungal 
infections (12). Our patient was evaluated for HIES 
after developing a generalized cutaneous lesion 
subsequently to two cycles of full dose chemothe-

rapy for DLBCL. The previous conditions of recur-
rent skin infection had not been considered part of 
a primary immunodeficiency. Skin infection was 
thought to be the infectious complication of lym-
phoma treatment. As reported by Belada et al (1), 
the critical issue in treatment of HIES patients with 
lymphoma is serious immunodeficiency as well as 
history of pulmonary and skin infections with colo-
nization of multi-resistant microbes. It is not recom-
mended to give dose-intensive treatment to these 
patients because of a high risk of severe infectious 
complications (1). Our patient had developed in-
fectious complication though she was only given a 
full dose of the treatment. Intensive supportive care 
was indeed needed concurrently with chemothe-
rapy. As the skin lesion was ameliorated, the next 
cycles were continued, certainly with maximal cau-
tion. Therefore, it is important to consider the pos-
sibility of HIES in lymphoma patients, since it is 
necessary to give them a tailored therapy and 
thorough supportive care. q

CONCLUSION

Job’s Syndrome or HIES is a rare primary immu-
nodeficiency prone to malignancy development, 

particularly a lymphoma. The symptoms of HIES 
may be similar to those of other immunodeficien-
cies, but they should be considered in lymphoma 
patients. The simultaneous presence of both condi-
tions affects the required treatment and caution 
should be considered. q 
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COMMENTARY

With interest we read the article 
by Ciudin et al about 
a 49-year-old female with ge-
netically confirmed myotonic 
dystrophy type (MD1). It was 

concluded that prophylactic pacemaker implanta-
tion should be generally considered in MD1 pa-
tients (1). We have the following comments and 
concerns.

We do not agree with the conclusion that MD1 
patient should receive prophylactic implantation 
of a paemkaer (1). MD1 patients may not only 
experience supra-ventricular but also ventricular 
arrhythmias (2). To detect arrhythmias in general 
in MD1 patients it is advisable to see these pa-
tients either at regular, close follow-up investiga-
tions and to perform long-term ECG recordings. 
Long-term ECG recordings can be most adequa-
tely carried out by implantation of a reveal recor-
der. Additionally, MD1 patients require recurrent 
echocardiographic investigations to see if they de-
velop systolic or diastolic dysfunction or left ven-
tricular hypertrabeculation, also known as non-
compaction (LVHT) (3). Detection of LVHT is 
crucial as this myocardial abnormality may carry 
an additional risk to develop ventricular arrhyth-
mias or sudden cardiac death (SCD) (4). As soon 
as long-term ECG recordings indicate the pre-
sence of paroxysmal or permanent ventricular 
a rrhythmias, implantation of an implantable car-
dioverter defibrillator (ICD) is indicated. Disad-
vantage of a pacemaker is that it is beneficial only 
in case of bradyarrhythmias or AV-block. Pace-
makers are ineffective in case of ventricular tachy-

cardia, Torsades des pointes, or ventricular fibrilla-
tion. 

A further shortcoming is that the length of the 
CTG repeat expansion was not provided. Kno-
wing the length of the expansion is crucial as it 
may strongly correlate with the degree of organ 
involvement and the degree of complications and 
thus the outcome of MD1 patients. In this respect, 
it would be desirable to know the CTG-repeat 
length in the parents and siblings of the index 
case. Was the disease inherited from the mother’s 
or father’s side, or did it occur sporadically? Kno-
wing the way of transmission is crucial as regres-
sion or expansion of the CTG-repeat expansion in 
successive generations has been reported (5). 

Missing in the report is the current cardiac and 
non-cardiac medication the index patient re-
ceived in addition to pacemaker implantation, if 
the applied medication was beneficial, and if the 
applied measures were well tolerated. To under-
stand the therapeutic measures taken it would be 
helpful to know which organs or tissues were truly 
affected in addition to the myocardium. Patients 
with a multisystem disease like MD1 cannot be 
assessed only from a single perspective but require 
a multifocal, multiprofessional, and multidisci-
plinary approach. In this respect we should be 
also informed about possible cerebral, ocular, oto-
logic, endocrine, gastrointestinal or renal involve-
ment. Provided should be also serum creatine-ki-
nase, troponin, and proBNP values since they 
may correlate with cardiac complications in these 
patients.

Overall, this interesting report could be more 
meaningful if more clinical and genetic data of the 
index case, her parents and siblings would have 
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been provided, if the index patient would have 
undergone regular clinical, ECG and echocardio-
graphic follow-up investigations, and if informa-
tion about treatment other than pacemaker im-
plantation would have been provided. Knowing 
these complementary data would allow a more 

precise assessment of the outcome of the index 
case. q

Keywords: myotonic dystrophy, cardiac in-
volvement, cardiomyopathy, ventricular arrhyth-
mias, myopathy, sudden cardiac death 
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COMMENTARY

We would like to thank Dr. J. Fin-
sterer, at Messerli Institute, Vien-
na, Austria, for his interest in our 
paper entitled “Fast progressing 
His-Purkinje Conduction Distur-

bances in a Myotonic Dystrophy Patient” (authored 
by RN Ciudin, NC Dragatoiu, S Sipos, DN Tesloia-
nu, AM Ursaru, R Brezeanu, IM Coman and pub-
lished in Maedica J Clin Med 2018;2:152-154) and 
taking the time to express his views regarding the 
addressed topic as well as for his valuable com-
ments, all the more so as we do know his expe-
rience and papers he wrote on the topic. 

The main issue in Dr. Finsterer‘s letter to the 
editor is related to primary prevention of sudden 
cardiac death in patients with myotonic dystro-
phy 1 (MD1): “We do not agree with the conclu-
sion that MD1 patient should receive prophylac-
tic implantation of a pacemaker (...) may not 
only experience supraventricular but also ven-
tricular arrhythmias”.

We fully agree that the issue of indicating an 
implantable cardiac defibrillator (ICD) in MD 1 
patients is not completely resolved yet. However, 
we do have few guidelines, papers and observa-
tions to use and select the best treatment for these 
patients. 

In chapter 12.2.2 (Neuromuscular disorders) 
of the 2015 ESC Guidelines for the management 
of patients with ventricular arrhythmias and the 
prevention of sudden cardiac death (1), the box 
entitled “Arrhythmic risk in patients with neuro-
muscular disorders“ includes a Class I recommen-
dation, level of evidence B for implanting a pace-
maker: “Permanent pacemaker implantation is 
re co mmended in patients with neuromuscular 
diseases and third-degree or advanced second-
degree AV block at any anatomical level”, as is our 
patient case. However, ICD implant is regarded as 
Class IIb, level of evidence B – “The use of an ICD 
may be considered in myotonic dystrophy type 1 
(Steinert disease) ... when there is an indication of 
ventricular arrhythmias.” – as a far more weak in-

AUTHORS’ REPLY:



274 Maedica
  

A Journal of Clinical Medicine, Volume 15, No. 2, 2020

outCoMe of MyotoniC dystrophy 1 depends on CoMprehensive diagnostiC and therapeutiC ManageMent

dication than implanting a pacemaker and only in 
patients with documented ventricular arrhyth-
mias, while our patient did not have any such 
ventricular arrhythmias and her left ventricle ejec-
tion fraction was normal.

Also, I would like to bring another reason pro-
vided by our colleague Dr. Finsterer et al in their 
own paper entitled “Sudden cardiac death in 
neuromuscular disorders” and published in Inter-
national Journal of Cardiology (2), where they 
wrote that “in case a propensity for ventricular ar-
rhythmias is documented, implantation of an ICD 
should be considered” related to MD1 patients. 
Propensity was correlated to the presence of risk 
factors for ventricular arrhythmias such as family 
history for sudden cardiac death, QT prolonga-
tion, increased QT-variability, early repolarization, 
T-wave alternans, ventricular tachycardia, myo-
cardial fibrosis and non-compactation in addition 
to conduction disturbances, but our patient did 
not have such a documented parameters to an-
swer Dr. Finsterer’s other questions regarding the 
patient history. Our patient did not have heart fai-

lure, so proBNP was normal and no other organ 
involvement was noticed.

In another paper published in the above men-
tioned journal, a meta-analysis of 18 studies with 
a total 1828 MD1 patients analyzing cardiac ma-
nifestations of myotonic dystrophy type 1 ex-
plored over the period 1980–2010, Petri et al (3) 
found only 4.1% non-sustained ventricular tachy-
cardia, left-ventricular dysfunction in 7.2% of pa-
tients, and a prevalence of pacemaker implant 
and ICD implant of 4.1% and 1.1%, respectively. 
The issue of primary prevention in MD1 patients 
with normal left ventricular ejection fraction and 
no documented ventricular arrhythmia was not 
mentioned.

To conclude, primary prevention of sudden 
death in patients with MD1 could be an issue in 
selected cases having a high risk of ventricular ar-
rhythmias, but it is not the usual indication in those 
to the one we presented in the above article.

Also, we did not take into account potential 
short- and long-term complications of ICD im-
plants, including inappropriate shocks. q
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Instructions for authors

GENERAL DIRECTIONS

The manuscripts sent to Maedica – a 
Journal of Clinical Medicine (Maedica J 
Clin Med), once submitted for publica-
tion in this journal, become its pro-
perty. They should not have been pre-

viously published elsewhere and the reported 
information should have been reviewed by all 
authors who agreed upon the final version of 
their manuscript. Copyright is assigned to the 
journal, no reproduction being allowed without 
the prior written consent of the journal. Authors 
are fully responsible for the content of their ar-
ticles. The editorial board of Maedica J Clin Med 
will not account for the content of the published 
papers. 

The procedures used  across the editorial 
process are in accordance with the Uniform Re-
quirements for Manuscripts Submitted to Bio-
medical Journals: Writing and Editing for Bio-
medical Publication, updated in February  2006,  
published  by  the  International Committee of 

Medical Journal Editors and available at 
www.icmje.org.

 All materials must be emailed to 
editor@maedica.ro and contact data (email and 
phone number) of the corresponding author 
should be provided. The cover letter sent to-
gether with a submitted article must clearly 
show the significance and uniqueness of the 
chosen subject from the authors’ perspective.

Any submitted article has to be accompanied 
by statements regarding conflicts of interest, fi-
nancial support and, if applicable, acknow-
ledgements (for details, please check the offi-
cial journal’s protocols on www.maedica.ro), 
which should be filled and signed by the  
corresponding author on behalf of all authors 
and sent to editor@maedica.ro together with 
the cover letter, the text, figure(s) and table(s)  
of the article. All statements will be disclosed  
at the end of the article, before the Reference 
list.

THE GENERAL STRUCTURE OF THE ARTICLES

The submitted articles, written entirely in 
English, must contain:
(1) the title page – it should include the title 
of the manuscript as well as the full name of 
all authors, together with their current affilia-
tions; the corresponding author should be 
clearly identified, with appropriate contact 
data: telephone number, email, mailing 
address;
(2) the full text of the article (in Word for-
mat), preceded by the short title (running ti-
tle) of the manuscript (maximum six words) 

and an Abstract shortly describing Objec-
tives, Materials and methods, Results and 
Conclusions, which should be detailed in  
the same order in the full text of the manu-
script;
(3) statements on conflicts of interest, 
finan cial support and, if applicable, acknow-
ledgements;
(4) references – they should comply with 
the Anglo-Saxon model of the medical litera-
ture, being identified in the text by Arabic 
numbers and numbered based on when they 
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appear in the manuscript, which should cor-
respond to the citations mentioned in the 
reference list at the end of the manuscript;
(5) figure and/or table captions (each one 
must have a descriptive title, and if applica-
ble, explain symbols and abbreviations);
(6) figures and tables – each should be an 
individual high resolution (ideally, 300 dpi) 

JPEG, TIFF or PNG file, sent separately from 
the manuscript file; they should add clarity 
to the text, and not reiterate information re-
ported in the text or tables. In case images 
have peculiar features, it is recommended 
that the authors indicate the original source; 
specialized processing becoming the respon-
sability of the editors.

STRUCTURE OF THE JOURNAL

1. ORIGINAL PAPERS: CLINICAL OR  
BASIC RESEARCH

 � This section includes original articles that 
comply with the editing rules described in In-
structions for authors.

 � Content: fundamental or clinical research (di-
agnosis or treatment)

 � Dimensions: 6 10 pages, 4 5 explanatory ma-
terials (tables, graphs, figures)

 � Format: introduction (present status of the 
problem, premises and objective of the re-
search), material and methods, outcomes, 
conclusions 

 � References in the text.

2. BRIEF REPORTS

 � Authors are encouraged to bring to public at-
tention shortly described original studies, 
which represent promising outcomes of a 
personal initiative and pave the way for pub-
lishing results in extenso in the near future. 
Briefly described studies, that comply with 
the general format presented in Instructions 
for authors, may also be included.

 � Content: extraordinary clinical observations, 
ending with a confirmation (morphological, 
therapeutic, etc)

 � Dimensions: maximum six pages, 1 2 original 
pictures (clinical, imagistic, morphological)

 � References within the text (at comments).

3. CASE REPORTS

 � Authors who wish to present peculiar cases 
that are worthy of public attention must ex-
plain what made them choose a particular 
case and provide a description of clinical and 
paraclinical presentation, positive diagnosis, 
differential diagnosis, treatment, comments, 
and conclusion. It is widely known that this 
type of article is a starting point in editing 
medical papers and its strong point is not nece- 
ssarily its uniqueness but its educational value. 
Most case reports deal with unexpected as-

sociation between a disease and certain symp-
toms, or discoveries which shed new light on the 
pathogeny of a disease/side effect, or either 
unique or rare characteristics of a disease, or 
novel therapeutic approaches.

Case reports may also bring back into atten-
tion an issue already tackled in the past.

4. IMAGES IN MEDICINE

 � This section includes the presentation of one 
of the current types of imagery used in medi-
cine (ultrasound, CT, IRM, scintigraphy, etc.) 
and should have the following structure: clini-
cal information, imagistic diagnosis, imagery 
differential diagnosis, final clinical comments.

The section types described hereunder fall into two large categories:
A  – articles using the standard format of medical articles (1-8) 
B  – non-standardized articles that typically express authors’ own opinions/comments (9-17)



InstructIons for Authors

277Maedica
  

A Journal of Clinical Medicine, Volume 15, No. 2, 2020

5. STATE-OF-THE-ART
 � Articles published in this format inform about 
recent diagnostic and therapeutic progresses 
in a domain of medicine (controversial or 
not), which require the prompt attention of 
specialists.

6. REVIEWS

• Articles included in this section aim to cre-
ate a summary or overview of the current 
knowledge on a particular topic.

• Content: general information focusing on 
theoretical and/or practical issues (review 
of the literature)

• Dimensions: maximum 12 pages (the ar-
ticle can be published in two subsequent 
issues).

• Format: full text, with or without sections.
• References: recent (75% titles dating from 

the past five years), prioritizing articles 
published in extenso, quoting few ab-
stracts, textbook chapters or entire books, 
introduced in the text.

7. EDITORIALS

 � Editorials represent the scientific synthesis of 
a medical issue and should have the follo-
wing structure: background, content, com-
ments, conclusion. They may be authored by 
a member of the Editorial Board or a perso-
nality of the medical world who does not be-
long to the journal’s council. The same rules 
apply to State-of-the-art articles.

8. COMMENTS ON CLINICAL TRIALS

 � This section hosts comments on the relevance 
of recently published clinical trials.

9. EDITORIAL COMMENTS

 � This section presents comments authored by 
the editorial board or another famous per-
sonality on a relevant article published in the 
current issue of the journal.

10. REPORTS ON MAJOR CONGRESSES

 � This section is meant to keep specialists in-
formed on recent elite events of the medical 
world.

11. JOURNAL CLUB

 � This section presents comments on major ar-
ticles published in famous national and inter-
national journals of clinical medicine.

12. TRANSLATIONAL MEDICINE

 � Clinical implications of recently published 
major preclinical studies are commented and 
explained.

13. QUIZ

 � This section voices questions that clinicians 
constantly ask themselves and offers a syn-
thesis of answers provided by the current li-
terature.

14. VIGNETTES

 � These are comments on contemporary issues 
of the medical profession and any other com-
ment which may be of interest for physicians.

15. LETTERS

 � This section presents readers’ perspective on 
articles published in the journal, and grants 
authors’ right to opinion. 

 � The sender (any physician who wants to 
share his/her opinion on a certain article pu-
blished in this journal) must mention his/her 
full name and current affiliation and add a 
letter of intent (no more than one page) with 
a title, in order to provide convincing reasons 
for his/her letter to be published.

 � Only letters received no more than six months 
after the publication date of the discussed ar-
ticle are considered. 

16. BOOK REVIEWS

 � Synthetic reviews of most recent medical 
books.

17. UPDATES IN CLINICAL MEDICINE

 � This section presents a summary of the most 
important scientific events for each specialty 
published in major medical journals during 
the last few months.
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Manuscript submission

Authors are kindly asked to comply with the 
following recommendations.

For editing the manuscript text, Word pro-
cessing package should be used: Arial or Times 
New Roman, 12 font size, 1.5 line spacing, nor-
mal margins. 

Manuscripts must be submitted as attached 
files in Word format to editor@maedica.ro. Pro-
fessional image processing, scanning, graph pro-
cessing, if needed, are the responsibility of the 
editing team.

Referencing

Authors are encouraged to cite articles that 
have previously been published in Maedica J 
Clin Med, but these should not exceed 20% of all 
citations.

Citation examples mentioned below must be 
strictly followed.

Entire books: Authors/editors, name and 
initial(s) of surname (no full stop). Title, Edition (if 
suitable). Place of publication: Publishing House, 
Year.

Example: Carrel A, Cutler EC, Gross RE, 
Debakey ME. The Closing of Holes, Replacing of 
Valves and Inserting of Pipes, or How Cardiovas-
cular Surgeons Deal with Knives, Knaves and 
Knots. New York: York University Press, 1984.

Chapters from books and volumes written 
by different authors: Author of the chapter, 
name and initial(s) of surname (no full stop). Title 
of the chapter. Particle „In:” followed by authors/
editors of the volume. Title in Italic, Edition (if 
suitable). Place of publication: Publishing House, 
Year, followed by colon and pages where the 
chapter is to be  found.

Example: Nichols WW, O’Rourke MF. 
Aging, High Blood Pressure and Disease in Hu-
mans. In: Arnold E, ed. McDonald’s Blood Flow 
in Arteries: Theoretical, Experimental and Clinical 
Principles. 3rd ed. London/Melbourne/Auckland: 
Lea and Febiger; 1990:398 420.

Articles: Authors, name and initial(s) of sur-
name, no full stop, only the first three, followed 
by etc, in case there are more than four. Title of 
the article. Title of the Journal in international 
abbreviation, Italic. Year, followed by semicolon. 
Volume, followed by colons. Pages where the ar-
ticle may be found.

– Note: If the article quoted is published in 
abstract (e.g., journal, volume with abstracts of 
scientific events), the source will be indicated 
preceded by „Abstr. in:“

Example: Lems WF, Ader HJ, Lodder MC  
et al. Reproductibility of bone mineral density 
measurements in daily practice. Ann Rheum Dis 
2004;63:285 289

Every manuscript is immediately registered, and the registration number is communicated to 
authors by email, at the earliest convenience.
Any correspondence for the journal should be sent to: editor@maedica.ro.

 � Manuscript receipt is promptly confirmed to 
the corresponding author by an email, which 
is also mentioning the registration number, 
the date the manuscript was received and the 
fact that the manuscript was handed out to a 
specialised member of the Editorial Board 
(subject editor) by the Editor in chief/Deputy 
editors.

 � The initial responsibilities of a subject editor 
consist of checking whether the manuscript 
complies with the editing criteria:
• if it does not comply with these criteria, 

the subject editor will send a brief email 
to the corresponding author, with the re-
quest to re-write the manuscript accor-
ding to the editorial criteria.
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• if there are serious errors of content 
and/or editing, the manuscript will be re-
jected ab initio by the Editor in chief.

• if the manuscript complies with the 
editing requirements from the very 
beginning, the subject editor selects two 
peer-reviewers (either from those already 
accredited by the journal or from a bulk 
of new proposals), and it is compulsory 
that one of them belongs to an academic 
setting other than the authors of the 
manuscript.

Note: In this respect, the data base with 
potential peer reviewer plus new proposals 
will be used.

 � Possible objections formulated by authors 
against reviewers are to be seriously taken 
into consideration by the journal’s editors.

 � The subject editor (or the editorial board on 
subject editor’s request) invites the peer re-
viewer by email to evaluate the manuscript 
(attached ias a Word Document) within 
two weeks.

 � The reviewers’ decision (approval without re-
vision, approval with major/minor revision, 
rejection) is promptly emailed to the corre-
sponding author (in CC to editor@maedica.
ro) by the subject editor.

 � If the manuscript gets approval with revi-
sion, the anonymous comments of reviewers 
will be conveyed together with the reviewers’ 
decision and a statement of the subject edi-
tor, which will be the synthesis of the review-
ers’ opinions.

 �  Within four weeks, the corresponding author 
should send the revised version (complying 
with the initial submittal requests, mentio-
ning the initial registration number of the 

manuscript followed by „.R1“), together with 
an attached letter/Word document to an 
email (to the subject editor and CC to 
editor@maedica.ro) which clearly explains 
how the manuscript was modified according 
to each of the reviewers’ comments/sug-
gestions.

 � The subject editor will convey the corre-
sponding author’s answer to the peer review-
ers. If the corresponding author’s answer is 
satisfactory, they will inform the subject edi-
tor about their decision of approving the re-
vised version of the manuscript („.R1“) for 
publication.

 � If the peer reviewers consider the corre-
sponding author’s answer is only partially sa-
tisfactory, they will request an additional eval-
uation of the manuscript through new item 
by item comments (in which case the manu-
script will receive the extension „.R2“), the 
editing process following the same route as in 
the case of the first revision.

 � If the peer reviewers consider the revision re-
quests were poorly met/not met on both revi-
sions, they will inform to the subject editor 
that the manuscript is not accepted for publi-
cation.

 � Once a manuscript is accepted for publica-
tion, the reviewers’ decision will be commu-
nicated in an editorial meeting (by an email 
to to all@maedica.ro, which immediately 
gets to all members of the editorial board). 
During this meeting, the degree of priority 
for the manuscript is established, depen-
ding on the following criteria:
• reviewers’ opinions;
• none of the authors has two articles (as 

first author) in the same issue of the jour-
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• the degree of coverage for the different 
sections of the journal.
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1. Do myocytes divide?
    a. Yes
    b. No
    c. Partially
    d. When prepared by genetic engineering
    e. Under mechanical support

2. The main problems with myocardial cell 
insemination are as follows:
    a. The source of implanted cells
    b. The type of implanted cells
    c. The way to transform implanted cells into 

functional myocytes
    d. The way to imply telocytes
    e. The way to develop angiogenesis

3. Ventricular assist devices
    a. May have their rotating pump kept in place 

by magnetic levitation
    b. Could be charged in special rooms in a 

Wi-Fi manner using resonators
    c. Can be used as bridge therapy to transplant
    d. Can be used as destination therapy
    e. Are explanted in cases when myocardial 

contractility is recovered

4. Inflammatory bowel diseases
    a. Include Crohn’s disease
    b. Include ulcerative colitis
    c. Include unclassified inflammatory bowel 

disease
    d. Are present in children in half of cases
    e. Have not a genetic component

5. Inflammatory bowel diseases
    a. Produce rectal bleeding when affecting the 

distal colon
    b. May produce fever and weight loss when 

affecting the jejunum
    c. May produce erythema nodosum and 

arthritis
    d. May be differentiated from infectious 

diarrhoea by stool examination
    e. May be treated by specific antibodies such 

as anti TNF

6. Non-melanoma skin cancer
    a. Is also called keratinocyte cancer
    b. Includes basal cell carcinoma
    c. Includes squamous cell carcinoma
    d. May be a consequence of ultraviolet 

radiation prolonged exposure
    e. May be a consequence of dermal  

infections

7. Electronic waste
    a. Includes lead
    b. Includes arsenic
    c. Includes iron
    d. May produce anaemia trough the action of 

lead
    e. May produce dyslipidaemia through the 

action of cadmium

8. Ceramic of crowns
    a. Have the potential to fracture in a quarter 

of cases
    b. May fracture due to ceramic fatigue
    c. May favour dental plaques when fracturing
    d. Must have a similar thermal coefficient as 

metal alloy
    e. May be repaired by composite resins

9. Cone-beam computed tomography in dentistry
    a. Is cheaper than standard computed 

tomography
    b. Has a good accuracy when having a metal 

object in the scan field
    c. May give black and white strips as artefacts
    d. May be optimized by artefact reduction 

algorithm
    e. May be replaced by magnetic resonance 

imaging in dentistry

10. The list of possible therapies in covid-19 
infection includes
    a. Hydroxychloroquine
    b. Redemsivir
    c. Alpha-interferon
    d. Alirocumab
    e. Non-invasive ventilation
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