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Potential role of empagliflozin in prevention of
nephropathy in streptozotocin-nicotinamideinduced type 2 diabetes: an ultrastructural study
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Abstract
Objectives: Diabetic nephropathy is a serious factor in end-stage renal disease worldwide. Sodium-glucose cotransporter 2
inhibitors, the most novel glucose-lowering drug, may have a nephroprotective effect by modulating blood glucose, blood
pressure and autophagy. The present work aimed to study the possible protective effect of empagliflozin in Type 2 diabetic
nephropathy with special considerations to oxidative stress, fibrosis and ultrastructural modulation including autophagy.
Methods: Thirty-six adult male Sprague-Dawley rats were divided into 3 groups; control, diabetic, and treatment. Type 2 diabetes was induced by pretreatment with nicotinamide followed by single low-dose of streptozotocin (40 mg/kg, i.p). The treatment group received empagliflozin (10 mg/kg/day, intragastric) for 4 weeks. At the end of 4 weeks, parameters of renal function and oxidative stress were analyzed. Kidney samples were collected for histological and ultrastructural studies.
Results: Empagliflozin significantly reduced hyperglycemia, blood urea nitrogen, serum creatinine and oxidative stress which
were elevated in the diabetic group. It also decreased renal tissue injury and fibrosis; however, did not lower the increased kidney index and glomerular size. Beside the amelioration of ultrastructure changes, empagliflozin enhanced the autophagy in renal
tubular cells, indicated by increased number of autophagic vacuoles.
Conclusion: Empagliflozin provided an efficient, but not complete protection against diabetic nephropathy in streptozotocin-nicotinamide-induced type 2 diabetic rat model. This effect could be related to reduction of hyperglycemia and
improvement of cellular defense mechanisms, and reduction of glucose-induced oxidative stress and autophagy.
Keywords: autophagy; diabetes; nephropathy; empagliflozin
Anatomy 2019;13(3):137–148 ©2019 Turkish Society of Anatomy and Clinical Anatomy (TSACA)

Introduction
Diabetic nephropathy (DN) is a major complication of
diabetes mellitus, and a serious factor in end stage renal
disease (ESRD) worldwide.[1] Novel management of DN
includes control of high blood pressure and blood glucose
levels and suppression of the renin angiotensin system to
eliminate proteinuria.[2] However, some patients suffer
from deterioration in renal function causing ESRD. So,
new effective line of therapy is a must for the control of
ESRD.[3]
The pathogenesis of DN includes different stages;
reversible glomerular hyperfiltration, normal glomerular
filtration with normo-albuminuria, decreased glomerular
filtration with microalbuminuria, decreased glomerular fil-

tration with macroalbuminuria, and finally proteinuria
with ESRD.[4] The mechanism of DN includes hemodynamic factors like oxidative stress and inflammation and
metabolic factors. The inflammatory and fibrotic mediators result in loss of podocytes, hypertrophy of GBM,
atrophy of tubules, interstitial and tubular inflammation,
and fibrosis.[5]
Autophagy plays an essential role in the stressresponse mechanism, the disturbance of which is included
in the pathogenesis of diabetes-related complications.[6,7]
Autophagy is responsible for the degradation of damaged
proteins and organelles in the cell to preserve homeostasis
and cell integrity in both normal and diseased conditions.[3] Autophagy was suggested to play a major role in
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nephroprotection in some animal models, including aging
and acute renal injury models.[8,9]
One of the most novel oral glucose lowering drugs in
type 2 DM is sodium-glucose cotransporter 2 (SGLTI)
inhibitors.[10] There are three available drugs of this family;
empagliflozin, dapagliflozin and canagliflozin.[11] SGLT2
inhibitors were reported to disturb diabetic complications
and their progression.[12] SGLT2 inhibitors might have
nephroprotective effect by not only controlling the blood
glucose level, but also glucose-independent actions such as
lowering of the blood pressure.[13]
Normally, the filtered glucose by healthy kidneys is
reabsorbed to circulation and the renal reabsorption of
glucose occurs through SGLT2. In type 2 DM, enhanced
activity of SGLT2 results in more glucose reabsorption
and persistent high blood glucose levels. On the other
hand, inhibition of SGLT2 reduced renal reabsorption of
glucose up to 50 %.[14]
SGLT2 inhibitors also causes diuresis with reduction
of blood pressure. These drugs cause an initial reduction
in the glomerular filtration rate (GFR), followed by stabilization of the GFR.[15]
The present work aimed to study the possible protective effect of empagliflozin in type 2 DN with special considerations to oxidative stress, fibrosis and ultrastructural
changes including autophagy modulation.

Materials and Methods
Thirty-six adult male Sprague Dawley rats, aging 10–12
weeks and weighting 200–250 g were used in this study,
purchased from AL-Nile Experimental Animal Center,
Mansoura, Egypt. The rats were housed in separate cages
at a constant temperature of 20°C and 45% humidity. Rats
had a free access to normal rodent chow and drinking
water. All experiments were carried out after approval of
the Institutional Research Board in Faculty of Medicine,
Mansoura University. Streptozotocin (STZ, CAS no:
18883-66-4, Sigma-Aldrich, St Louis, MO, USA) was dissolved in 0.1mM citrate buffer (pH 4.4). Nicotinamide
(NA, CAS no: 98-92-0, Sigma-Aldrich, St Louis, MO,
USA) was dissolved in normal saline. Empagliflozin
(Boehringer Ingelheim Charmaceutical Company, Biberach, Germany) was purchased from local pharmacy.
After acclimatization for one week, the rats were separated randomly into three groups 12 rats each: control
group of non-diabetic rats (were given vehicle only); diabetic group of diabetic untreated rats; and empagliflozin
treated diabetic rats that received a single daily dose of
empagliflozin (10 mg/kg, intragastric) for four weeks.[16]
Anatomy • Volume 13 / Issue 3 / December 2019

Induction of type 2 diabetes was performed by intraperitoneal (i.p.) injection of freshly prepared NA solution (120
mg/kg), after 15 min, the rats were given single STZ
injection (40 mg/kg, i.p).[17] The fasting blood glucose levels were measured seven days after the diabetic induction.
The rats with fasting blood glucose more than 126 mg/dL
were selected as diabetic.[18]
The rats were weighed and sacrificed at the end of 4th
week under general anesthesia. Blood and kidney samples
were collected immediately. The blood samples were centrifuged at 3000 rpm for 15 min. The serum was stored at
-20°C till assessment for biochemical parameters. The kidney weights were measured and the kidney index [kidney
weight ×100 / body weight] was calculated.[19] The right
kidneys were fixed in 10% formaldehyde for histopathological examination. The left kidneys were used for electron microscopic examination.
Blood glucose monitoring in experimental rats was
performed by obtaining a drop of blood from the tail vein
before STZ injection, one week after STZ injection to
confirm diabetic glucose level and then on the 4th week
after STZ injection. Glucose level was evaluated with the
ACCU-CHEK glucose meter (Roche Diagnostic Co.,
Mannheim, Germany). The serum levels of creatinine and
blood urea nitrogen (BUN) were evaluated using a spectrophotometric enzymatic kit (Thermo Trace-BECGMAN, Germany). Oxidative marker superoxide dismutase
(SOD) and lipid peroxidation marker malondialdehyde
(MDA) were measured (absorbance 450 nm and 532 nm,
respectively) using a kit (Biovision, cat. No. K335-100 and
K739-100, San Francisco, CA, USA).
The formalin-fixed right kidneys were processed for
paraffin block preparation. Serial sections were cut at 5 μm
andn stained with haematoxylin and eosin (H&E) to detect
histopathological changes.[20] Masson’s trichrome staining[21] was used to demonstrate the accumulation of connective tissue in the nephrons. Also, 1 μm semi-thin sections were prepared from left kidneys and stained with
toluidine blue to examine under the light microscope.
Small pieces (1×2 mm) from cortexes of the left kidneys
were cut and fixed in a solution containing glutaraldehyde
(3%) and paraformaldehyde (2%) dissolved in 0.1 mol/L
phosphate buffer. Specimens were washed in phosphate
buffer, post-fixed in osmium tetroxide (1%), and embedded in epon. 1 μm semithin toluidine blue sections were
prepared. Ultrathin sections of 50–70 nm were prepared
and stained with uranyl acetate and lead citrate.[22] Those
sections were examined with JEOL-100SX transmission
electron microscope (TEM; Jeol Inc., Peabpdy, MA, USA)
in Mansoura University.
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Morphometric studies were done using NIH Image J
program (National Institutes of Health, Bethesda, MD,
USA), according to the instructions. The average
glomerular diameter [(maximum perpendicular diameter+maximum transverse diameter)/2] was measured in
H&E stained sections in randomly chosen 10 glomeruli
per animal.[23] The mean width of glomerular (Bowman’s
capsule) space in H&E stained sections were measured in
10 non-overlapping fields for each group.[24] The percentage of blue stained area was measured in Masson’s
trichrome-stained sections in 10 non-overlapping random
fields.[25] The thickness of GBM was measured and the
mean value was calculated in 20 randomly selected ultrathin fields of cortex from each rat. The number of
autophagic vacuoles in podocytes was calculated (×40.000)
in 15 randomly selected fields.[26]
The data were expressed as mean±standard deviation
(SD). Analysis of variance (ANOVA) followed by post-hoc
Tukey test were used to compare the significance between
different groups; p<0.05 was considered statistically significant. All statistics were carried out using IBM SPSS
Statistics for Windows (Version 22, Chicago, IL, USA).

Results
The body weight was assessed at the beginning and by the
end of the study, the kidney weights were measured and
kidney indexes were calculated (Table 1). The diabetic
group showed significant body weight loss compared to
the control group. Treatment with empagliflozin significantly prevented diabetic induced weight loss (p=0.07).
The kidney index was increased in both diabetic and treated groups compared to the control group (p=0.771).
Before the induction of DM, the fasting blood glucose
level was nearly equal between the experimental groups.
One week after diabetes induction, there was a significant
increase in blood glucose of both diabetic and treated
groups as compared to the control group. At the end of the
study, the blood glucose of both diabetic and treated
groups was significantly higher than the control group
(p=0.009); however, the blood glucose in the treated group
was significantly lower than the diabetic group (p=0.001)
(Table 2).
To assess the effect of empagliflozin on the kidney
function, the serum creatinine and BUN were measured in
each group (Table 3). The diabetic group demonstrated a
significant increase in serum creatinine and BUN compared to the control group, indicating a reasonable kidney
tissue injury. Administration of empagliflozin achieved a
renal protective effect evidenced by a significant decline in
the serum creatinine and BUN in the treated group compared to the diabetic group (p=0.0771).
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To investigate the protective effect of empagliflozin
on diabetes-induced oxidative stress, the levels of antioxidant enzyme SOD and MDA (lipid peroxidation biomarker) were assessed in the renal tissues of each group
(Table 4). The diabetic group showed a significant
decrease in SOD and and increase in MDA levels compared to the control group. The level of SOD was
decreased in the treated group compared to the control
and diabetic groups. Interestingly, the treated group

Table 1
Comparison of the body weight and kidney index measurements
(mean±SD; n=12).
Control

Diabetic

Treated

Body weight (g) (beginning of experiment)

310±8

290±65

296±37

Body weight (g) (end of experiment)

320±7

200±25*

287±50†

Kidney index (kidney wt×100/body weight)

.279±.9

.422±.15* .962±.30*,†

*p<0.05 compared to the control group; †p<0.05 compared to the diabetic group.

Table 2
Comparison of fasting blood glucose levels (mean±SD; n=12).
Control

Diabetic

Treated

Before induction of DM

105.3±31

108.1±39

107.4±42

1 w after induction of DM

109.2±26

500.1±134.7*

495.3±126.9*

106.6±39.5

441.9±128.4*

216.2±91.2†

Day of sacrification

*p<0.05 compared with the control group; †p<0.05 compared with the diabetic group.

Table 3
Comparison of the results of renal function tests (mean±SD; n=12).
Control

Diabetic

Treated

Serum creatinine

1.8±.32

3.7±.46*

1.3±.21*

BUN

18.4±.9

65.2±1.15*

40.3±1.46†

*p<0.05 compared to the control group; †p<0.05 compared to the diabetic group.

Table 4
Comparison of the levels of oxidative stress markers (mean±SD; n=12).
Control

Diabetic

Treated

SOD %

85.7%±23.8

74.3%±31.7*

65.7%±28.3*,†

SOD concentration (μ/g)

918.2±167.4

796.1±148.3*

703.9±192.6*,†

36.7±18.4

85.8±31.8*

48.5±20.1†

MDA (nmol/g)

*p<0.05 compared to the control group; †p<0.05 compared to the diabetic group.
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Figure 1. Photomicrographs of the renal cortex. (a) The control group shows renal corpuscle, glomerulus and Bowman’s space (arrow), proximal
convoluted tubules with cuboidal cells, vesicular nuclei and deeply stained eosinophilic cytoplasm. The distal convoluted tubules have a wide lumen,
with cubical cells and pale eosinophilic cytoplasm; (b) The diabetic groups shows degenerated cells in the tubules (arrows) with cytoplasmic vacuoles;
(c) The kidney tissues of treated rats shows renal tubules with normal cells and vesicular nuclei; proximal and distal convoluted tubules. D: distal convoluted tubules; G: glomerulus; P: proximal convoluted tubules; v: cytoplasmic vacuoles (H&E stain; ×100). [Color figure can be viewed in the online
issue, which is available at www.anatomy.org.tr]

showed significant decrease in the level of MDA compared to the diabetic group.
H&E stained sections of the renal cortex in the control
group showed the normal renal corpuscles with glomeruli
and glomerular spaces. While the proximal convoluted
tubules were lined by tall cuboidal cells with deeply stained
eosinophilic cytoplasm, the distal convoluted tubules had a
wide lumen and lined by flat cubical cells with pale
eosinophilic cytoplasm (Figure 1a). Degenerated tubular
cells with cytoplasmic vacuoles and deeply stained nuclei
were also detected in the diabetic group (Figure 1b). The
diabetic groups showed a significant increase in the
glomerular diameter (72.6±8 μm, p<0.05; Figure 2) and
glomerular space (18.2±3.9 μm, p<0.05; Figure 3) compared to the control group (glomerular diameter:
54.7±10.1 μm, glomerular space: 7.6±2.7 μm). Kidneys of
the treated rats showed normal renal corpuscles with a significant decrease in the glomerular diameter (83±16.2 μm,
p<0.05; Figure 2) and glomerular space (10.4±2.1 μm,
p<0.05; Figure 3) compared to the diabetic group, a large
amount of apparent normal renal tubules and vesicular
nuclei (Figure 1c).
Masson-trichrome stained sections of the control kidney showed minimal fibrosis with normal collagen distribution within the renal corpuscle and between the tubules
(Figure 4a). In the diabetic kidneys, there were massive
collagen depositions between the tubules and within the
Anatomy • Volume 13 / Issue 3 / December 2019

Figure 2. The mean glomerular diameter in control, diabetic and treated groups (mean±SD; n=12). *p<0.05 compared to the control group;
†p<0.05 compared to the diabetic group.

Figure 3. The mean glomerular space in control, diabetic and treated
groups (mean±SD; n=12). *p<0.05 compared to the control group;
†p<0.05 compared to the diabetic group.
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Figure 4. Photomicrographs of the renal cortex. (a) The control group shows minimal fibrosis within the normal area of collagen distribution within
the renal corpuscle and among the tubules (arrows); (b) The diabetic kidney shows massive collagen deposition between the tubules and within the
glomerulus (arrows); (c) The treatment kidney shows minimal fibrosis within the renal corpuscle and surrounding the tubules (arrows) (Masson's
trichrome stain; ×100). [Color figure can be viewed in the online issue, which is available at www.anatomy.org.tr]

glomerulus (Figure 4b) with a significant increased area
percentage compared to the control group (p<0.05; Figure
5). The treated kidneys showed minimal fibrosis within the
renal corpuscle and surrounding the tubules (Figure 4c)
with a significant decrease in the area percentage as compared to the diabetic group (p<0.05; Figure 5).
Toluidine blue stained semithin sections in the control
group showed normal renal corpuscles and glomeruli with
mesangial cells and podocytes, capillaries and intact basement membrane. The renal tubule cells showed basal striations, vesicular nuclei, and apparent brush borders
(Figure 6a). The diabetic kidneys showed glomeruli with
podocytes, mesangial cells, renal tubules with absent of
basal striation, lost brush border and areas of cytoplasmic
vacuolation (Figure 6b). The treated kidneys showed the
glomeruli with intact mesangial cells and podocytes. The
renal tubule cells restored the basal striations and the
apparent brush borders (Figure 6c).
TEM examination was performed to detect the ultrastructural changes of the renal tissues. For the glomeruli,
ultrathin sections of the control group showed regular
basement membrane, fenestrated endothelial cells and
apparent podocytes of the foot processes (Figure 7a). The
diabetic group showed significantly thickened basement
membrane, a fusion of the foot processes and degenerated
podocytes (Figure 7b and 7c) compared to the control
group. The treated group displayed regular basement
membrane and apparent podocytes of the foot processes
with a significant decrease in the basement membrane

thickness compared to the diabetic group (1.6 μm, p<0.05)
(Figure 7d, Table 5).
For proximal convoluted tubules, ultrathin sections of
the control group showed proximal tubular cells with a regular basement membrane, apical microvilli, oval euchromatic nucleus, mitochondria, and apparent autophagic vacuoles (Figure 8a). The diabetic group showed thickened
basement membrane, distorted apical microvilli, pyknotic
nucleus. The cytoplasm showed vacuoles and swollen
mitochondria (Figure 8b). The treated group showed
normal nucleus, mitochondria, apparent microvilli, and
autophagic vacuoles (Figures 8c and 8d). The number of
autophagic vacuoles was significantly less in the diabetic

Figure 5. The mean fibrosis area in control, diabetic and treated
groups (mean±SD; n=12). *p<0.05 compared to the control group;
†p<0.05 compared to the diabetic group.

Anatomy • Volume 13 / Issue 3 / December 2019

142

Abd El-kader M, Hashish HA
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Figure 6. Photomicrographs of semithin sections of the renal cortex. (a) The control group shows normal renal corpuscle containing a glomerulus, with
mesangial cells (arrow), podocytes (arrowhead), capillaries and intact basement membrane. The tubules’ shows cells basal striations, apparent brush
borders (*) and large vesicular nuclei (crossed arrow); (b) The diabetic kidney shows glomerulus with podocyte, mesangial cells, renal tubules with
absent basal striation (arrow), lost brush border (*), areas of cytoplasmic vacuolation. (c) The treated kidney shows the glomerulus, with mesangial cells
and podocytes. The tubuless cells shows restored basal striations, restored apparent brush borders (*). C: capillaries; m: mesangial cells; P: podocytes;
S: basal striations; V: cytoplasmic vacuoles (Toludine blue stain, ×1000). [Color figure can be viewed in the online issue, which is available at www.
anatomy.org.tr]

group as compared to both control and treated groups
(p<0.05; Table 5).

Discussion
The present study provided evidence that empagliflozin
induces an efficient, but not complete protection against
DN. This conclusion is supported by our results which
demonstrated that empagliflozin prevented kidney
injuries occurred after 4 weeks in streptozotocin-nicotinamide-induced type 2 diabetic rat model. Empagliflozin
significantly lowered the increased blood glucose, BUN,
serum creatinine, and oxidative stress biomarkers that are
known to be elevated in DN. Furthermore, it reduced
renal tissue degeneration, fibrosis, and glomerular space;
however, it did not reduce the increased kidney index and
glomerular size. Beside the amelioration of ultrastructure

Table 5
Comparison of the glomerular basement membrane thickness, and the
number of autophagy vacuoles in the proximal renal tubules
(mean±SD; n=12).

Thickness (μm)
Number of autophagy vacuoles

Control

Diabetic

Treated

1.47

2.83*

1.6†

.7/100 μm2

.4/100 μm2*

.6/100 μm2†

*p<0.05 compared to the the control group; †p<0.05 compared to the diabetic group.
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changes occurred in the renal cortex, we reported for the
first time that empagliflozin enhanced tautophagy in renal
tubular cells which was indicated by increased number of
autophagic vacuoles.
Approximately half of cases with type 2 diabetes and
one third of cases with type 1 diabetes develop DN.[27]
Recent reports ensure that ten years mortality rates of
cases with DN equal mortality rates of all cancers.[28,29]
Therefore, there is an urgent motivation to develop
effective medication to slow the progression of DN.
Early intensive glycemic control is a critical strategy
for prevention and delay of DN progression. However,
the currently used hypoglycemic drugs fail to achieve
optimum blood glucose levels and are associated with
hypoglycemia and weight gain.[30] Therefore, there is a
need for new drugs that control the blood glucose level
and have protective pathways. The SGLT2 inhibitors
have recently being used widely.[31] Based on their
insulin-independent action and effect in losing weight,
SGLT2 inhibitors would be expected to be more beneficial than the current therapies of DM. Empagliflozin,
one of selective SGLT2 inhibitors, attenuates DN[32] and
cardiovascular diseases in patients with type 2 DM.[33]
A series of experimental studies have shown that
empagliflozin exerts renoprotective benefits (Table 6). It
was reported to decrease blood glucose and albuminuria
and ameliorate glomerular hypertrophy, mesangial expan-
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Figure 7. Photomicrographs of ultrathin section of the glomerulus. (a) The control group shows normal fenestrated endothelial cell (arrowhead); (b,
c) Regular basement membrane, podocytes, foot processes of podocytes. The diabetic group shows areas of fusion of the foot processes (arrowheads) with thickened basement membrane (arrows) and degenerated podocytes. (d) The treated group shows regular basement membrane, foot
processes of normal podocytes, intact endothelial lining (arrow). BM: basement membrane; F: foot processes of podocytes; P: podocytes.

sion, renal fibrosis, inflammatory and oxidative stress
markers in different diabetic animal models.[16,25,30,34,35]
However, none of these previous studies have demonstrated the protective effect of empagliflozin at the ultrastructural level. A summary of the effects of empagliflozin
on experimental DN is shown in Table 7.

In agreement with the previous studies, the present
work demonstrated maintainance of body weight, significant reduction in blood glucose, and improvement in the
kidney function after 4 weeks empagliflozin treatment.
The only exception is the study of Lee et al.[30] who demonstrated significant reduction in body weight after 24 weeks
Anatomy • Volume 13 / Issue 3 / December 2019
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Figure 8. Photomicrographs of ultrathin sections of the proximal convoluted tubules. (a) The control group shows normal proximal tubular cells,
regular basement membrane, apical microvilli, the nucleus appeared rounded and euchromatic, numerous mitochondria and autophagy vacuoles; (b) The diabetic group shows thickened basement membrane, distorted apical microvilli, pyknotic nucleus, the cytoplasm with vacuoles
and swollen mitochondri; (c, d) The treated group shows thin basement membrane, normal nucleus, mitochondria, apparent microvilli and
autophagic vacuoles. A: autophagy vacuoles; BM: basement membrane; m: mitochondria; mv: microvilli; N: nucleus.

empagliflozin treatment compared to the diabetic group.
This may be related to longer duration of their study.
The present study also demonstrated improvement in
renal histology indicated by decreased renal tubular
degeneration and glomerular space in the empagliflozin
Anatomy • Volume 13 / Issue 3 / December 2019

treated group. However, in contrast with the previous
studies,[34–36] we couldn’t demonstrate a reduction in the
increased glomerular size or kidney index after 4 weeks
of empagliflozin treatment which indicated partial protection. This may be explained by shorter duration or
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Table 6
Literature review of the effects of empagliflozin on experimental DN.
Experimental model

Dose of empagliflozin

BTBR ob/ob mice

Diet with 300 ppm of empagliflozin

Duration of study
12 weeks

Main effects

Study reference

= Body weight

[34]

↓ Blood glucose
↓ Albuminuria
↓ Glomerular hypertrophy
↓ Inflammation
↓ Mesangial matrix expansion
STZ-diabetic rats

10 mg/kg

4 weeks

↓ Blood glucose

[16]

↓ Oxidative stress
↓ Inflammation
↓ Fibrotic gene markers
↓ Tubular injury
Akita mice

300 mg/kg

15 weeks

↓ Glomerular hyperfiltration

[35]

↓ Albuminuria
↓ Kidney Weight
↓ Inflammation
db/db mice

10 mg/kg

10 weeks

= Body weight

[36]

↓ Kidney weight
↓ Blood glucose
= Albuminuria
↓ Profibrotic gene markers
↓ Collagen IV
↓ TGF-β
STZ-diabetic rats

3 mg/kg

24 weeks

= Blood glucose

[30]

↓ Body weight
↓ Albuminuria
= Glomerulosclerosis
= Mesangial matrix expansion
10 mg/kg

24 weeks

↓ Blood glucose

[30]

↓ Body weight
↓ Albuminuria
↓ Glomerulosclerosis
↓ Mesangial matrix expansion

smaller dose in our study, as well as the different animal
model.
Another mechanism that may explain the nephroprotective effect of SGLT-2 inhibitor is the improvement of
renal hypoxia in diabetic kidneys.[37] It was reported that
hyperglycaemia-induced changes in intracellular metabolism, like glycation end products accumlation, and free
radical are main factors in the development of DN.[31]
In agreement with Ojima et al.[16] the present study
demonstrated significant reduction in oxidative stress
marker MDA in empagliflozin treated group compared
to the diabetic group. This could be explained by
increased glucose uptake in the kidney in diabetes which
leads to increase intracellular glucose levels and in turn

stimulates reactive oxygen species (ROS) production.[38,39]
Also, proximal convoluted tubule is the site of reabsorption of organic solutes and electrolytes, which are oxygen
dependent processes that cause a reduction of oxygen
tension in the kidney tissue. SGLT-2 inhibitors decrease
the reabsorption of sodium and glucose and therefore
reduce tubular work load and improve renal oxygenation, resulting in improvement of tubular structure and
function.[40]
Inflammation, fibrosis and oxidative stress are
involved in the initiation and progression of kidney disease.[41,42] The present work demonstrated significant
reduction in surface area of Masson’s stained collagen
fibers in the empagliflozin treated group. This finding
Anatomy • Volume 13 / Issue 3 / December 2019
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was in agreement with Gallo et al.[36] and other studies
which linked SGLT-2 inhibitors with reduction in antioxidant and antifibrotic markers.[43]
Another cellular insult from hyperglycaemia is
altered autophagic response due to cellular stress which
is supposed to have a fundamental role in initiation and
progression of DN.[44] Autophagy is a highly regulated
lysosomal pathway involved in the removal of damaged
organelles and protein aggregates to keep cell integrity.[45] It acts as an important role in maintenance of
glomerular and tubular hemostasis. Therefore, insufficient autophagy against stresses such as hyperglycaemia
may cause renal cells injuries.[31] Recent studies highlighted the role of autophagy in the pathogenesis of
DN.[46–48] Reduction of autophagy results in podocyte
degeneration, glomerular endothelial changes and
increased collagen deposition.[49]
Until the current study, whether empagliflozin exerted
any ameliorating effect in the autophagy of diabetic kidney
was unknown. To address this question, we used TEM to
monitor the appearance of autophagosomes and check
changes in renal tubular and glomerular structures.
In agreement with the previous studies,[26,50] ultrastructural examination of diabetic kidney revealed degenerated
renal tubular cells with occasional autophagic vacuoles,
pronounced podocyte foot process fusion and GBM thickening. On the other hand, the tubular and podocyte
injuries were greatly improved, thickness of the GBM was
markedly reduced, and a significant higher number of
autophagic vacuoles were detected in the proximal tubular
cells in the empagliflozin treated group. Similarly, administration of another SGLT2 inhibitor, dapagliflozin, to
db/db mice resulted in reduction podocyte foot process
diameter by 44.9% and GBM thickness by 37.7%.[22] It is
worth mentioning that Vallon et al.[51] demonstrated that a
lack of SGLT2 gene resulted in reduced renal accumulation of p62 which is an indicator of active autophagy in
SGLT2-deficient diabetic mice.
In hyperglycaemia, there is increased mTORC1
expression in podocytes and decreased autophagic activity with renal injury and fibrosis. So, activation of
autophagy in the tubular cells could maintain the cellular homeostasis, stress resistance, prevents tubulointerstitial fibrosis. Therefore, the autophagy improvement
may be a novel therapy for the suppression of DN.[31]
In the light of our results, it seems that empagliflozin
might be protective against DN through the restoration
of autophagy activity in diabetic kidneys. This will stimulate further studies in the future to declare this cellular
pathway as a new pathway where SGLT2 inhibitor
empagliflozin is involved in renal protection.
Anatomy • Volume 13 / Issue 3 / December 2019

Conclusion
The use of new anti-diabetic SGLT2 inhibitors creates a
new era of DM treatment and reduction of its complications. Our experimental model revealed that treatment
with empagliflozin significantly improved renal function
and ameliorated the tubular and glomerular changes
induced by diabetes in NA-STZ-treated rats. We hypothesize that its protective effect is related to reduction of
hyperglycemia and improvement of cellular defense mechanisms by other effects of high glucose such as oxidative
stress and autophagy induction.

References
1. Molitch ME, DeFronzo RA, Franz MJ, Keane WF, Mogensen CE,
Parving HH, Steffes MW. Nephropathy in diabetes. Diabetes Care
2004;27:79–83.
2.

Ruggenenti P, Cravedi P, Remuzzi G. The RAAS in the pathogenesis and treatment of diabetic nephropathy. Nat Rev Nephrol
2010;6:319–30.

3.

Liu WJ, Huang WF, Ye L, Chen RH, Yang C, Wu HL, Pan QJ, Liu
HF. The activity and role of autophagy in the pathogenesis of diabetic nephropathy. Eur Rev Med Pharmaco 2018;22:3182–9.

4.

Kawanami D, Matoba K, Takeda Y, Nagai Y, Akamine T, Yokota T,
Sango K, Utsunomiya K. SGLT2 inhibitors as a therapeutic option
for diabetic nephropathy. Int J Mol Sci 2017;18. pii: E1083.

5.

Shen Z, Fang Y, Xing T, Wang F. Diabetic nephropathy: from
pathophysiology to treatment. J Diabetes Res 2017;2379432.

6.

Rubinsztein DC, Marino G, Kroemer G. Autophagy and aging. Cell
2011;146:682–95.

7.

Gonzalez CD, Lee MS, Marchetti P, Pietropaolo M, Towns R,
Vaccaro MI, Watada H, Wiley JW. The emerging role of autophagy
in the pathophysiology of diabetes mellitus. Autophagy 2011;7:2–11.

8.

Yang C, Kaushal V, Shah SV, Kaushal GP. Autophagy is associated
with apoptosis in cisplatin injury to renal tubular epithelial cells. Am
J Physiol Renal Physiol 2008;294:F777–87.

9.

Hartleben B, Godel M, Meyer-Schwesinger C, Liu S, Ulrich T,
Kobler S, Wiech T, Grahammer F, Arnold SJ, Lindenmeyer MT,
Cohen CD, Pavenstadt H, Kerjaschki D, Mizushima N, Shaw AS,
Walz G, Huber TB. Autophagy influences glomerular disease susceptibility and maintains podocyte homeostasis in aging mice. J Clin
Invest 2010;120:1084–96.

10. Jung CH, Jang JE, Park JY. A novel therapeutic agent for type 2 diabetes mellitus: SGLT2 inhibitor. Diabetes Metab J 2014;38:261–73.
11. Syed SH, Gosavi S, Shami W, Bustamante M, Farah Z, Teleb M,
Abbas A, Said S, Mukherjee D. A review of sodium glucose co-transporter inhibitors canagliflozin, dapagliflozin and empagliflozin.
Cardiovasc Hematol Agents Med Chem 2015;13:105–12.
12. Takakura S, Toyoshi T, Hayashizaki Y, Takasu T. Effect of
ipragliflozin, an SGLT2 inhibitor, on progression of diabetic
microvascular complications in spontaneously diabetic Torii fatty
rats. Life Sci 2016;147:125–31.
13. Fioretto P, Zambon A, Rossato M, Busetto L, Vettor R. SGLT2
inhibitors and the diabetic kidney. Diabetes Care 2016;39:165–71.
14. Miller EM. Elements for success in managing Type 2 diabetes with
SGLT-2 inhibitors: role of the kidney in glucose homeostasis: implications for SGLT-2 inhibition in the treatment of type 2 diabetes
mellitus. J Fam Pract 2017;66:S3–S5.

Empagliflozin in prevention in Type 2 diabetes nephropathy

15. Baker W, Smyth L, Riche D, Bourret E, Chamberlin K, White WB.
Effects of sodium-glucose co-transporter 2 inhibitors on blood pressure: a systematic review and meta-analysis. J Am Soc Hypertens 2014;
8:262–75.
16. Ojima A, Matsui T, Nishino Y, Nakamura N, Yamagishi S.
Empagliflozin, an inhibitor of sodium-glucose cotransporter 2 exerts
anti-inflammatory and antifibrotic effects on experimental diabetic
nephropathy partly by suppressing AGEs-receptor axis. Horm
Metab Res 2015;47:686–92.
17. Shirwaikar A, Rajendran K, Barik R. Effect of aqueous bark extract
of Garuga pinnata Roxb in streptozotocin-nicotinamide induced typeII diabetes mellitus. J Ethnopharmacol 2006;107:285–90.
18. Mokhtare B, Cetin M, Ozakar RS, Bayrakceken H. In vitro and in
vivo evaluation of alginate and alginatechitosan beads containing
metformin hydrochloride. Trop J Pharm Res 2017;16:287–96.
19. Ma ZN, Li YZ, Li W, Yan XT, Yang G, Zhang J, Zhao LC, Yang
LM. Nephroprotective effects of saponins from leaves of Panax quinquefolius against cisplatin-induced acute kidney injury. Int J Mol Sci
2017;18:1407.
20. Bancroft JD, Gamble M. Theory and practice of the histological
techniques. 5th ed. London: Churchill Livingstone; 2002. p.125–39.
21. Chen Y, Yu Q, Cang-Bao X. A convenient method for quantifying
collagen fibers in atherosclerotic lesions by Image software.
International Journal of Clinical Experimental Medicine 2017;10:
14904–10.
22. Han E, Shin E, Kim G, Lee JY, Lee YH, Lee BW, Kang ES, Cha
BS. Combining SGLT2 Inhibition with a thiazolidinedione additively attenuate the very early phase of diabetic nephropathy progression in type 2 diabetes mellitus. Front Endocrinol (Lausanne)
2018;9:412.
23. Johora F, Nurunnabi ASM, Shahriah S, Ahmed R, Ara S.
Histomorphometric study of the glomeruli of the kidney in
Bangladeshi population. Journal of Bangladesh Society of Physiologist
2014;9:11–16.
24. Dallak M, Bin-Jaliah I, Al-Hashem F, Kamar SS, Abdel Kader DH,
Amin SH, Haidara MA, Al-Ani B. Metformin pretreatment ameliorates diabetic nephropathy induced by a combination of high fat diet
and streptozotocin in rats. International Journal of Morphology
2018;36:969–74.
25. Abdel-Dayem MM, Hatem MM, Elgendy MS. Histological and
immunohistochemical study on nitric oxide synthase and effects of
angiotensin receptor blockade in early phase of diabetes in rat kidney. British Journal of Medicine & Medical Research 2014;4:3317–
38.
26. Geng Y, Chen G, Mao X, Wei X, Li X, Fan K, Lu Y, Liu C. Lowprotein calorie-restricted diet attenuates renal injury and facilitates
podocyte autophagy in type 2 diabetic rats. International Journal of
Clinical and Experimental Medicine 2018;11:9343–52.
27. Reutens AT. Epidemiology of diabetic kidney disease. Med Clin
North Am 2013;97:1–18.
28. Afkarian M, Sachs MC, Kestenbaum B, Hirsch IB, Tuttle KR,
Himmelfarb J, de Boer IH. Kidney disease and increased mortality
risk in type 2 diabetes. J Am Soc Nephrol 2013;24:302–308.
29. Quaresma M, Coleman MP, Rachet B. 40-year trends in an index of
survival for all cancers combined and survival adjusted for age and sex
for each cancer in England and Wales, 1971–2011: a populationbased study. Lancet 2015;385:1206–18.
30. Lee KA, Jin HY, Lee NY, Kim YJ, Park TS. Effect of empagliflozin,
a selective sodium glucose cotransporter 2 inhibitor, on kidney and

147

peripheral nerves in streptozotocin induced diabetic rats. Diabetes
Metab 2018;42:338–42.
31. Rola N, Elias K, Farid N, Inbal D, Farber E, Anam H, Nakhoul N.
Sodium-glucose transporter inhibitors and diabetic nephropathy in
humans and animal model. J Clin Exp Nephrol 2018;3:2–10.
32. Wanner C, Inzucchi SE, Lachin JM, Fitchett D, von Eynatten M,
Mattheus M, Johansen OE, Woerle HJ, Broedl UC, Zinman B.
Empagliflozin and progression of kidney disease in type 2 diabetes.
N Engl J Med 2016;375:323–34.
33. Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S,
Mattheus M, Devins T, Johansen OE, Woerle HJ, Broedl UC,
Inzucchi SE. Empagliflozin, cardiovascular outcomes, and mortality
in type 2 diabetes. N Engl J Med 2015;373:2117–28.
34. Gembardt F, Bartaun C, Jarzebska N, Mayoux E, Todorov VT,
Hohenstein B, Hugo C. The SGLT2 inhibitor empagliflozin ameliorates early features of diabetic nephropathy in BTBR ob/ob type 2
diabetic mice with and without hypertension. Am J Physiol Ren
Physiol 2014;307:F317–25.
35. Gallo LA, Ward MS, Fotheringham AK, Zhuang A, Borg DJ,
Flemming NB, Harvie BM, Kinneally TL, Yeh SM, McCarthy DA,
Koepsell H, Vallon V, Pollock C, Panchapakesan U, Forbes JM.
Once daily administration of the SGLT2 inhibitor, empagliflozin,
attenuates markers of renal fibrosis without improving albuminuria
in diabetic db/db mice. Sci Rep 2016;6:26428.
36. Vallon V. The mechanisms and therapeutic potential of SGLT2
inhibitors in diabetes mellitus. Annu Rev Med 2015;66:255–70.
37. Sano M, Takei M, Shiraishi Y, Suzuki Y. Increased hematocrit during sodium-glucose cotransporter 2 inhibitor therapy indicates
recovery of tubulointerstitial function in diabetic kidneys. J Clin Med
Res 2016;8:844–47.
38. Garg MC, Ojha S, Bansal DD. Antioxidant status of streptozotocin
diabetic rats. Indian J Exp Biol 1996;34:264–66.
39. Ha H, Lee HB. Reactive oxygen species amplify glucose signalling in
renal cells cultured under high glucose and in diabetic kidney.
Nephrology (Carlton) 2005;10:S7–10.
40. Dekkers CCJ, Gansevoort RT, Heerspink HJL. New diabetes therapies and diabetic kidney disease progression: the role of SGLT-2
inhibitors. Curr Diab Rep 2018;18:27.
41. Wolkow PP, Niewczas MA, Perkins B, Ficociello LH, Lipinski B,
Warram JH, Krolewski AS. Association of urinary inflammatory
markers and renal decline in microalbuminuric type 1 diabetics. J Am
Soc Nephrol 2008;19:789–97.
42. Sangoi MB, de Carvalho JA, Tatsch E, Hausen BS, Bollick YS,
Londero SW, Duarte T, Scolari R, Duarte MMMF, Premaor MO,
Comim FV, Moretto MB, Moresco RN. Urinary inflammatory
cytokines as indicators of kidney damage in type 2 diabetic patients.
Clin Chim Acta 2016;460:178–83.
43. Salim HM, Fukuda D, Yagi S, Soeki T, Shimabukuro M, Sata M.
Glycemic control with ipragliflozin, a novel selective SGLT2
inhibitor, ameliorated endothelial dysfunction in streptozotocininduced diabetic mouse. Front Cardiovasc Med 2016;3:43.
44. Kimura T, Takabatake Y, Takahashi A, Kaimori JY, Matsui I,
Namba T, Kitamura H, Niimura F, Matsusaka T, Soga T, Rakugi
H, Isaka Y. Autophagy protects the proximal tubule from degeneration and acute ischemic injury. J Am Soc Nephrol 2011;22:902–13.
45. Klionsky DJ, Emr SD. Autophagy as a regulated pathway of cellular
degradation. Science 2000;290:1717–21.
46. Yasuda-Yamahara M, Kume S, Tagawa A, Maegawa H, Uzu T.
Emerging role of podocyte autophagy in the progression of diabetic
nephropathy. Autophagy 2015;11:2385–6.
Anatomy • Volume 13 / Issue 3 / December 2019

148

Abd El-kader M, Hashish HA

47. Tagawa A, Yasuda M, Kume S, Yamahara K, Nakazawa J, ChinKanasaki M, Araki H, Araki SI, Koya D, Asanuma K, Kim EH,
Haneda M, Kajiwara N, Hayashi K, Ohashi H, Ugi S, Maegawa H,
Uzu T. Impaired podocyte autophagy exacerbates proteinuria in diabetic nephropathy. Diabetes 2016;65:755–67.
48. Yang D, Livingston MJ, Liu Z, Dong G, Zhang M, Chen JK, Dong
Z. Autophagy in diabetic kidney disease: regulation, pathological role
and therapeutic potential. Cell Mol Life Sci 2018;75:669–88.
49. Fang L, Zhou Y, Cao H, Wen P, Jiang L, He W, Dai C, Yang J.
Autophagy attenuates diabetic glomerular damage through protec-

ORCID ID:
M. Abd El-kader 0000-0002-3975-8586;
H. A. Hashish 0000-0003-4245-7650

tion of hyperglycemia-induced podocyte injury. PLoS One 2013;8:
e60546.
50. Miko M, Jakubovsky J, Vrabcova M, Varga. Ultrastructural
changes of kidney in diabetic rats. Bratisl Lek Listy 2016;117:161–
5.
51. Vallon V, Rose M, Gerasimova M, Satriano J, Platt KA, Koepsell H,
Cunard R, Sharma K, Thomson SC, Rieg T. Knockout of Na-glucose transporter SGLT2 attenuates hyperglycemia and glomerular
hyperfiltration but not kidney growth or injury in diabetes mellitus.
Am J Physiol Ren Physiol 2013;304:F156–67.

Correspondence to: Hagar A. Hashish, MD
Department of Anatomy and Embryology, School of Medicine,
Mansoura University, 35516, Mansoura, Egypt
Phone: +201006392728
e-mail: dr.hagar1979@gmail.com
Conflict of interest statement: No conflicts declared.

This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported (CC BY-NC-ND3.0)
Licence (http://creativecommons.org/licenses/by-nc-nd/3.0/) which permits unrestricted noncommercial use, distribution, and reproduction in any medium,
provided the original work is properly cited. Please cite this article as: Abd El-kader M, Hashish HA. Potential role of empagliflozin in prevention of
nephropathy in streptozotocin-nicotinamide-induced type 2 diabetes: an ultrastructural study. Anatomy 2019;13(3):137–148.

Anatomy • Volume 13 / Issue 3 / December 2019

Original Article
www.anatomy.org.tr
Received: August 18, 2019; Accepted: November 20, 2019
doi:10.2399/ana.19.080

Comparison of macerations with dermestid
larvae, potassium hydroxide and sodium
hypochlorite in Wistar rat crania
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Abstract
Objectives: The aim of this study was to determine the most effective maceration method to remove soft tissue without
altering bone tissue conformation.
Methods: A comparison was made between maceration with insects and chemical maceration performed on heads of Wistar
rats. The sample consisted of 18 biomodels, six of which were macerated by dermestid larvae and the remaining 12 divided into
two groups for chemical maceration, one with potassium hydroxide and the other with sodium hypochlorite. In chemical maceration, 1%, 5% and 10% concentrations were used with varying exposure times and temperature.
Results: The ideal method for soft tissue maceration, preserving all bone components, was shown to be maceration with insects.
Potassium hydroxide was effective in the removal of soft tissue. However, being a highly corrosive chemical agent, it altered the
integrity of the bone tissue. Sodium hypochlorite did not meet the maceration objective.
Conclusion: This research is relevant in its contribution to discussions on appropriate maceration techniques for small bone
structures.
Keywords: bone; bone tissue integrity; chemical maceration; dermestid; maceration; osteology; skull; soft tissue maceration;
tissue dissolution
Anatomy 2019;13(3):149–154 ©2019 Turkish Society of Anatomy and Clinical Anatomy (TSACA)

Introduction
Maceration provides bone pieces on which morphological
and morphometric studies can be carried out. In the fields
of anatomy and morphology, it has proved to be a powerful tool to produce analysis on morphometry of bone
structures, which is not only qualitative but also quantitative. For this reason, maceration is an important technique
for visualizing the bone component.
Various maceration techniques provide removal of the
soft tissue adhered to bone structures. The most common
maceraton techniques are use of inorganic chemical
agents and insects. The length of time required to carry
out the different techniques vary according to the size of
the specimen, the ambient temperature and the technique
itself.[1] In this study, three types of maceration on Wistar
rat skulls were compared with the objective of establishing
the most effective method to remove soft tissue, while

keeping the hard connective tissues in optimal condition:
maceration using potassium hydroxide (KOH), sodium
hypochlorite (NaClO) and dermestid larvae.

Materials and Methods
This research was part of a project entitled “Evaluation of
the effect of obesity on craniofacial morphology in Wistar
rats in the neonatal (p21), preadolescent (p38) and young
adult (p77) stages”, approved by the Human and Animal
Ethics Committee of the Faculty of Health in the
Universidad del Valle, Cali, Colombia (Internal code:
013–017). The biomodels were used in accordance with
the international principle of the 3Rs, (Replacement,
Reduction and Refinement), once the aforementioned
research had ended.
Maceration was carried out on 18 adult rats (Rattus
norvegicus) of the Wistar strain from the Intermediate
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a

b

Figure 1. Wistar rat biomodel: (a) removal of the skin; (b) head removed. [Color figure can be viewed in the online issue, which is available at
www.anatomy.org.tr]

Laboratory of Preclinical and Animal Testing Research
(LABBIO) of the Universidad del Valle in Cali, Colombia.
Six of the biomodels were subjected to maceration by dermestid larvae while the remaining 12 to maceration with
chemicals. The latter were euthanized with pentobarbital
(390 mg/ml) and diphenylhydantoin sodium (50 mg/ml)
applied intramuscularly (IM).
Subsequently, modifying the sampling protocol of
Gage et al.,[2] all biomodels were cross-sectioned at the fifth
cervical vertebra to obtain the head and the skin removed
ventrally and dorsally towards the nose (Figure 1). During
maceration with chemicals, written and photographic

records were made during the first three days and on days
9 and 27. The heads were assigned randomly to the various maceration types. Each head was weighed on a calibrated electronic scale, Radwag brand, model WLC 2 / A2
(Table 1).
Maceration by Dermestid Larvae
For this study, one group of maceration was performed
using dermestid larvae, which feed on dry animal material,
primarily during the larval stage. The colony belonged to
the Zoology Department of the Faculty of Biology at the
Universidad del Valle. The beetle colony was maintained
at an average temperature of 25°C with indirect natural

Table 1
Masseration type, biomodel number used (n), average weight (gr) and temperature.
Groups

Maceration

Biomodel (n)

Weight (gr)

Temperature

Group 1

Dermestid larvae

13 to 18

13.16

Room temperature

Group 2

KOH at 1%
KOH at 1%
KOH at 5%
KOH at 5%
KOH at 10%
KOH at 10%

3
8
4
9
10
11

15.40
13.93
12.81
16.14
13.96
14.30

Oven
Room temperature
Oven
Room temperature
Room temperature
Oven

Group 3

NaClO at 1%
NaClO at 1%
NaClO at 5%
NaClO at 5%
NaClO at 10%
NaClO at 10%

7
12
1
6
2
5

14.16
13.41
11.00
14.01
11.07
12.80

Room temperature
Oven
Oven
Room temperature
Oven
Room temperature
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c
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Figure 2. Maceration by dermestid larvae: (a) external base of cranium as viewed from above; (b) external base of skull as viewed from below;
(c) jaw. [Color figure can be viewed in the online issue, which is available at www.anatomy.org.tr]

light. For this maceration, the biomodel was euthanized
with inhaled isoflurane; the technique used on the other 12
biomodels could not be performed in this case as exposure
to chemicals intramuscularly in the specimen results in
rejection of the tissue by the dermestid colony. Once the
heads were obtained and the skin removed as detailed in
the chemical macerations, the tongue, eyes and brain were
removed to facilitate handling in the colony. The heads
were put in an oven (Thermo Fisher Scientific Inc,
Waltham, MA, USA; model 6528) for drying the soft tissue at a temperature of 56°C for 12 hours before being
taken to the colony where it remained for eight days.
Maceration with KOH
Six KOH solutions were prepared in glass containers, two
for each concentration. The solutions were 1% (1 g of
KOH/100 ml of distilled water), 5% (5 g of KOH/100 ml
of distilled water) and 10% (10 g of KOH/100 ml of distilled water). Six heads were selected at random and divided into two equal groups: Group A: Heads were subjected
to heat in an oven (Precision Scientific Co, Tamil Nadu,
India, model 16), at a temperature that ranged between
37°C and 45.5°C; Group B: Heads were kept at room temperature which ranged between 21.5°C and 25.4°C. The

distribution of concentrations for each group is shown in
Table 1.
Maceration with NaClO
Six NaClO solutions were prepared in plastic containers,
two for each concentration. The solutions were 1% (7.7 ml
of NaClO/92.3 ml of distilled water), 5% (38.4 ml of
NaClO/61.6 ml of distilled water) and 10% (76.9 ml of
NaClO/23.1 ml of distilled water). Six heads were selected
at random and divided into two equal groups: Group A:
Heads were subjected to heat in an oven (Precision
Scientific Co, Tamil Nadu, India, model 16), at a temperature that ranged between 37°C and 45.5°C; Group B:
Heads were kept at room temperature which ranged
between 21.5°C and 25.4°C. The distribution of concentrations for each group is shown in Table 1.

Results
Soft tissue maceration was achieved in two of the three
methods evaluated. The dermestid larvae completely macerated the soft tissue, while preserving the bone tissue
intact (Figure 2). KOH eliminated the majority of soft tissue. However, it disarticulated some bones and caused
Anatomy • Volume 13 / Issue 3 / December 2019
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Figure 3. Results of maceration with (a) 1% KOH at room temperature; (b) 5% KOH at room temperature; (c) 10% KOH at room temperature;
(d) 1% KOH at oven temperature; (e) 5% KOH at oven temperature; (f) 10% KOH at oven temperature. [Color figure can be viewed in the online
issue, which is available at www.anatomy.org.tr]

some bone loss in others (Figure 3). NaClO did not meet
the objective of macerating the soft tissue (Figure 4).

Discussion
The experiments showed that maceration by dermestid
larvae was the most effective method as the hard tissue
did not present any type of alteration and the soft tissue

was removed in its entirety, preserving the bone piece in
excellent condition. However, it is essential that the biomodel has not been exposed to any chemical agent or
substance that emanates odor, so that it can be processed
by these larvae. Taking into account the weight of the
biomodel, the time required to obtain the desired final
result was eight days.

a

b

c

d

e

f

Figure 4. Results of maceration with NaClO: (a) 1% at room temperature; (b) 5% at room temperature; (c) 10% at room temperature; (d) 1%
at oven temperature; (e) 5% at oven temperature; (f) 10% at oven temperature. [Color figure can be viewed in the online issue, which is available at www.anatomy.org.tr]
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Authors such as Ajayi et al.,[3] reported that dermestid
larvae are useful as a technique to clean bones, especially for parts that are difficult to dissect. Ator et al.,[4] indicated that the dermestid beetles in larval stage (those
used in this experiment) have high appetite and achieve
excellent maceration of small pieces.
Yet Couse et al.[5] and King et al.[6] stated that in order to
implement maceration by dermestids, the laboratory
requires a colony, something that in itself involves significant maintenance. Given that forensic science is not typically profitable, the additional costs associated with maintaining a colony could be a limiting factor for employing
this type of maceration. This disadvantage is minor, however, when compared to the risk of escape for such beetles,
due to the potentially destructive capacity of the species. In
addition, the overexposure of a piece can also be harmful,
since the beetles can begin to feed on the mineralized tissue,
making daily monitoring necessary. King et al.[6] showed
that the duration of the procedure ranged from weeks to
months. This period of time can be further extended due to
the beetles’ preference for dry tissues over fresh.
The maceration by 1% KOH and 5% KOH at room
temperature completely eliminated the soft tissue and
required a time of 27 days and 45 hours, respectively.
However, 1% KOH caused the loss of the right and left
zygomatic bone. A whiter coloration was observed when
compared to the rest, indicating a possible lower bone
density and, therefore, greater fragility of the bone tissue. The skull submerged in 5% KOH showed disarticulation of the nasal bones, incisors and the scaly portion
of the left temporal bone. In addition, the loss of the
right and left zygomatic bone was observed.
Miller and Tarpley[7] obtained effective macerations
with 3% KOH concentrations at room temperature with
continuous agitation during the cycle, unlike this study
in which the samples were not stirred. The same authors
reported that increasing the concentration of KOH led
to the loss of samples, while eliminating the agitation or
decreasing the concentration of KOH produced an
incomplete maceration.
The maceration by 10% KOH at room temperature
in a period of 18 hours failed to completely remove the
soft tissue. Remnants were observed in the inner part of
the mandibular branches and around the petrous portion
of the left temporal bone. Likewise, it generated disarticulation of the nasal bones and left incisor, loss of the
right and left zygomatic bone and of the petrous portion
of the right temporal bone. A darker coloration was
obtained when compared with the rest of the pieces.
[1]

Gibb reported that the size and physical characteristics of the sample, the concentration of the chemical
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agent and the temperature at which the procedure is carried out should be taken into account in macerations
with KOH. The process performed at night and at room
temperature is generally adequate for most specimens;
samples that resisted heat required longer periods at
higher temperatures. However, Renaud et al.[8] and
Gelfand et al.[9,10] advised caution when handling the
chemical, because it is highly corrosive and therefore
constitutes a disadvantage for an inexperienced operator,
although an advantage for the technique.
Maceration with 1% and 5% KOH in the oven was
carried out for five and four hours, respectively. The 1%
KOH preserved soft tissue around the petrous portion of
the temporal bone and lingual part of the molars and
preserved the nasal cartilage but generated loss of the
right and left zygomatic bone. The 5% KOH preserved
soft tissue in the lingual part of the molars and eliminated the right and left zygomatic bone. Unlike the previous concentrations, 10% KOH required two hours and
30 minutes to completely eliminate the soft tissue. Loss
of the right and left zygomatic bones and disarticulation
of the interparietal bone, nasal and mandibular symphysis were observed. In his book, Boyde[11] explained that
small bones could be treated with strong solutions of
KOH at 50°C, which eliminated all soft tissues and the
matrix at night. However, with the use of the oven in our
experiment, the same effect was achieved in a few hours.
King and Birch[6] showed that maceration with chemicals is fast, depending on the size of the specimens.
However, chemical products can be difficult to control,
because prolonged exposure can demineralize the bone,
leading to fragility and loss of bone integrity. Renaud et
al.[8] used glass containers, observing an incomplete maceration process, similar to that found in our experiment
where all macerations with KOH presented hard tissue
damage.
The maceration with NaClO in different concentrations and temperatures in a period of 27 days did not
meet the maceration criteria, and soft, adherent, dehydrated tissue of firm consistency was observed. Dutta
and Saunders[12] used concentrations of 1.36% and 4.65%
which, after 60 minutes of exposure to the substance, did
not show dissolution of the soft tissue. However, Fuente
et al.[13] used NaClO for nine hours at a concentration of
35% and immersed specimens in boiling water, obtaining positive results. Mann and Berryman[14] used concentrations of 3% to 6% of NaClO and concluded that it is
a fast, safe and effective method for exposing bone tissue.
Steadman et al.[15] stated that NaClO is an easy-touse, accessible and economical chemical maceration
method that allows rapid bone cleaning. They used 10%
Anatomy • Volume 13 / Issue 3 / December 2019
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NaClO plus 3% hydrogen peroxide and recorded that
the procedures that lacked heat were substantially slower than the techniques in which hot or water brought to
boiling point was used. Furthermore, the pieces gave off
stronger smells and did not necessarily produce better
quality bone tissue. They recommended concentrations
that did not exceed 10%. Hildebrand[16] in his book proposed NaClO in concentrations of 1% to 2% at 50°C for
five days for small pieces.

Conclusion
The results of this study showed that maceration by
insects is an ideal method for soft tissue maceration, preserving all bone components. Maceration by KOH was
an effective, but aggressive method for the bone tissue.
Conducting further studies in which the chemical agent
is agitated during this type of maceration is recommended. It was not possible to achieve a successful maceration
with NaClO; immersing the pieces in boiling water first
was another recommendation.
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Abstract
Objectives: Innervation of the thyroid gland has been attributed to the autonomic nervous system. Although peripheral sympathetic and parasympathetic innervations of the thyroid gland are well known, little is known about the somatosensory innervation of the thyroid gland. In this study, alterations on the somatosensory neural network of the thyroid gland following an
experimental subarachnoid hemorrhage were investigated in rabbits.
Methods: Experiments were conducted on 23 rabbits under no medical intervention. Five rabbits were used as control group.
Five rabbits were used as the sham group and serum physiologic (SF) was injected into their cisterna magna. The remaining 13
animals were used as the subarachnoid hemorrhage (SAH) group; their own blood (1 ml) was re-injected into the cisterna magna.
Thyroid hormone levels of animals were measured at the end of one month. Then, histological sections of the middle parts of
the thyroid glands were stained with haematoxylin-eosin (H&E) for investigation of SAH-related damage. The total follicle volume (TFV) per cubic millimeter of the thyroid gland was estimated by stereological methods. Comparison of degenerated neuronal density (DND) in the C4 dorsal root ganglia (DRG) was examined bilaterally using H&E and TUNEL stainings.
Results: Following SAH, neuronal degeneration in the cervical DRG caused somatic innervation deficiency, follicular atrophy and
thyroid hormone depletion in the thyroid gland. T3 and T4 hormone levels of the SAH group (T3: 61±8 μg/dl; T4: 1.01±0.12
μg/dl) were significantly (p<0.005) lower than those of control (T3; 103±6 μg/dl, T4: 1.37±0.36 μg/dl) and sham (T3; 94±10
μg/dl; T4: 1.24±0.87 μg/dl) groups. In control groups, mean TFV was 41% / mm3 and DND of C4 DRG was 6±2 / mm3. These
values were significantly lower than those in sham (TFV: 35%/mm3 and DND: 22±7/mm3) and experimental SAH (TFV: 23%/mm3
and DND: 253±49/mm3) groups (p<0.0005 and p<0.0001, respectively).
Conclusion: Thyroid follicle growth and its secretory activity are under the control of a quite complex, multi-originated, yet
incompletely understood innervation pattern. We propose the presence of an underestimated role of a somatosensory neural
network - an interganglionary link between the superior cervical, thyroid, laryngeal, nodose, trigeminal and dorsal root ganglia
- on thyroid gland morphology.
Keywords: cisterna magna; dorsal root ganglion; rabbit; subarachnoid hemorrhage; thyroid gland
Anatomy 2019;13(3):155–162 ©2019 Turkish Society of Anatomy and Clinical Anatomy (TSACA)

Introduction
The bulk of the parenchymal tissue of the thyroid gland is
composed of the follicular cells, producing the thyroid
hormones, generally under the control of the suprachias-

matic nucleus.[1] A small portion of the parenchyma is
parafollicular cells which have their origins in the ultimobranchial bodies derived from epithelial clusters of the
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fourth pharyngeal pouches invaded by the neural crest
cells. The distribution and origin of the nerve fibers innervating the thyroid gland of rats arise from the cell bodies
in the thyroid, laryngeal, superior cervical, jugular-nodose,
trigeminal and dorsal root ganglia (DRGs) of C2-C5
spinal nerves.[2] Removal of the superior cervical ganglia
network causes several neuroendocrine dysfunctions.[3,4]
Aging process reduces thyroid hormone levels secondary
to sympathetic hypofunction.[5] The thyroid gland and
blood vessels have dual innervation arising from the sympathetic and parasympathetic fibers.[6] They are located
around blood vessels, under the fibrous capsule and in the
close vicinity to the secretory vesicles.[7] Follicular cells are
not as enriched with sympathetic nervous system fibers as
with cholinergic fibers.[8] There may be an undescribed
interganglionary link among superior cervical, thyroid,
laryngeal, nodose, dorsal root and trigeminal ganglia.
Parasympathetic innervation of the thyroid gland is managed by the inferior laryngeal branches of the vagal nerve.
Stimulation of the parasympathetic nerves increases the
blood flow of the thyroid gland by dilating thyroidal vessels. Parasympathetic vasodilation has supplementary role
in both regulation of the secretion of thyroid hormone and
alteration of the thyroidal blood flow.[9,10] Extirpation of the
nodose ganglion results in decrease of parasympathetic
activity of the thyroid gland.[11] Sympathetic innervation of
the thyroid gland on the other hand is provided by the
superior cervical ganglion,[12] which contributes to enlargement of the gland and might modulate tissue and hormone
(TSH) interactions.[13] Unilateral superior cervical ganglion
section leads to a decrease in the size of thyroid gland. The
superior cervical ganglion projects to the pineal and other
glands such as the salivary glands. Postganglionic nerve
transection relies on various histomorphological abnormalities in the related glands.[14] Acute superior cervical
ganglionectomy leads to significant depression of the thyroid economy.[15] The middle and/or inferior cervical ganglia also send their axons through external carotid nerve to
the thyroid.[16] Hypothalamo-hypophyseal and pineal gland
injuries may result in decreased thyroid hormone levels
secondary to follicular atrophy.[17] Since the somatic innervation should have major roles on the formation and continuation of thyroid gland morphology, functions and the
prevention of thyroid gland pathologies, in the current
study, we aimed to investigate the alterations in the
somatosensory innervation of the thyroid gland following
subarachnoidal hemorrhage in rabbits.

Materials and Methods
The study protocol was approved by the Ethics Committee
for Animal Experiments, Atatürk University School of
Medicine, Erzurum, Turkey. The care of the animals and
Anatomy • Volume 13 / Issue 3 / December 2019

the experiments were conducted according to the guidelines set forth by the same ethics committee. The animals
were kept in individual metal cages at room temperature
with 12 h of light per day and 50% relative humidity under
veterinary supervision. They were fed with standard laboratory diet and water ad libitum. The animals were randomly assigned into three groups. After anesthesia isoflurane applied using a face mask, 0.2 ml/kg of the anesthetic
combination (Ketamine HCL, 150 mg/1.5 ml; Xylazine
HCl, 30 mg/1.5 ml in distilled water) was injected subcutaneously before surgery. A balanced, injectable analgesic
was used to reduce pain and mortality.
Five rabbits were selected as the control group (Group
1, n=5). In the sham group, 1 ml saline was injected into the
cisterna magna (Group 2, n=5). To induce experimental
subarachnoid hemorrhage, autologous blood (1 ml) was
taken from the auricular artery. While the head of the animal was held in a hyperflexed position, the posterior notch
of the foramen magnum was identified and CSF was aspirated from the cisterna magna. After the confirmation of
the cisterna magna, 1 ml of autologous blood was injected
by using a 22-gauge needle for over one minute.
Following the injection, all animals were observed for
one month without any medical treatment. Animals that
developed severe ischemia were chosen for the SAH group
(Group 3, n=13), and their vital findings were monitored
for ten minute-periods, two times a week. Their hormone
levels were examined weekly during the experiments. After
formalin perfusion under the general anesthesia, the thyroid glands, cervical spinal cords and C4 DRGs were carefully removed for histologic examination. The extracted
tissues were passed through a graded alcohol series, and
then embedded in liquid paraffin. Tissue sections from
each block were collected on glass slides for haematoxylineosin (H&E) and TUNEL stainings to examine SAHrelated damage under light microscopy.
The thyroid glands were sectioned at 5 μm thickness
with 30 μm intervals. Every 30th and 31st sections were
sampled for quantification of the follicles. The total number of follicles in the thyroid gland was estimated by the
fractionator method. For the analysis of C4 DRG sections,
the spinal cord specimens together with their extensions
were longitudinally embedded in paraffin blocks in order
to observe all the roots during the histologic examination.
For the stereological analysis, the first pair of sampled sections was selected randomly from a starting point within
the first 30 section interval. Thereafter, every 30th section
and its neighbor was sampled. The section sampling fraction (f1) was therefore f1=1/30. Section pairs not containing the thyroid tissue and vagal nuclei were discarded. This
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sampling fraction yielded on average 10 to 11 section pairs.
Area of sampling fraction, f2, was 1/1. We preferred to use
physical dissector method to evaluate the numbers of thyroid follicles; because, this method is intuitively simple,
free from assumptions about particle shape, size and orientation, and the particle number can be readily estimated
and unaffected overprotection and truncation. Two consecutive sections (dissector pairs) obtained from tissue samples were mounted on each slide. Reference and look-up
sections were reversed in order to double number of dissector pairs without taking new sections. The number of
counted follicles was designated ΣQ-. The total numbers
of thyroid follicles (N), in thyroid glands were estimated
from the equation:
N=ΣQ- × 1/f1 x 1/f2.
After counting procedure, total follicle volume (TFV)
was estimated via summation of each vesicle volumes.
Since the shape of thyroid follicles resembled as ellipsoid,
their volumes were estimated by using the following formula: Vn=4/3πrn3.
The TFV was estimated as: TFV = Σ N×Vn.
N=N
N=1

Σ 1 Vf =Σ f=1 n [
n

n

4
a+b+c > ] *
π<
3
3
3

The physical dissector method was used to evaluate the
numbers of living and degenerated neurons in C4 DRG.
Two consecutive sections (dissector pairs) obtained from
reference tissue samples were mounted on each slide. The
paired reference sections were reversed in order to double
the number of dissector pairs without having to cut new
sections.
The mean numerical density of the C4 DRG (Nv/Gv)
per mm3 was estimated using the following formula.
Nv/Gv=ΣQ-/ΣAxd
Where ΣQ-N is the total number of counted neurons
appearing only in the reference sections, d is the section
thickness, and A is the area of the counting frame. The
most effective way of estimating ΣA for the set of dissector
is via ΣA=ΣP.a. ΣP is the total number of counting set
frames points and a is a constant area associated set point.
The total volume of each specimen were estimated by the
Cavalieri volume estimation method. Then, the total number of neurons was calculated by multiplication of the volume (mm3) and the numerical density of neurons in each
ganglion.
The differences between the thyroid follicle densities
per unit volume of the thyroid gland and degenerated neuron densities in the C4 DRG were analyzed using a commercially available statistics software package (SPSS® for
Windows, version 12.0, Chicago, IL, USA). In all the
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groups, the numbers of follicles did not show normal distribution according to Kolmogorov-Smirnov and ShapiroWilk test. Therefore, data analysis consisted of the
Kruskal-Wallis and Mann-Whitney U tests. Differences
were considered to be significant at p<0.05. The p value
used for multiple comparisons were calculated by dividing
0.05 with six for Bonferroni correction and considered as
statistically significant for ≤0.0083.

Results
In control animals, the average heart rate was 280±15/min,
the respiratory rate was 35±9/min and the blood oxygen
concentration was 95±7%. In experimental animals, soon
after inducing SAH, the heart rate decreased to
150±30/min, the mean respiratory rate to 18±5/min, and
the mean blood oxygen concentration to 78±10%.
Considerable electrocardiographic changes were observed
such as ventricular extra systoles, ST depression, QRS separation, bigeminal or trigeminal extra systoles and fibrillations. Four animals in the SAH group and one animal in
the SHAM group were dead within the seven days of surgery. Neck stiffness, unconsciousness, convulsive attacks,
fever, apnea, cardiac arrhythmia, and breathing disturbances were observed in all hypothermic animals.
However, in the late phase of fatality-inducing SAH, the
heart rate increased to 350±40/min. When analyzing respiratory parameters, both decreased respiration frequency
(bradypnea) (14±3) and increased respiratory amplitudes
were observed in the first hours following SAH.
Conversely, at longer intervals following SAH, increased
respiration frequency (tachypnea) and decreased respiration amplitude were observed, resulting in shortened inspiration, a longer expiration time, apnea-tachypnea attacks,
diaphragmatic breath and respiratory arrest. Massive subarachnoid hemorrhage was observed in the basal cisterns of
GIII animals. They showed meningeal irritation signs, cardiorespiratory dysrhythmia.
Average thyroid hormone levels of animals are shown in
Table 1 and statistical comparisons of groups in Table 2.
T3 and T4 hormone levels of the SAH group (T3= 61±8
μg/dl; T4= 1.01±0.12 μg/dl) were significantly lower than
those of control (T3= 103±6 μg/dl; T4= 1.37±0.36 μg/dl)
and sham (T3= 94±10 μg/dl; T4= 1.24±0.87 μg/dl) groups.
On the other hand, TSH levels were higher than 0.5 ng/dl
in sham and SAH groups (Table 1).
While mean TFV was 41%/mm3 in control groups, it
was significantly decreased in sham (35%/mm3) and
SAH (23%/mm3) groups (Tables 1 and 2). The significance level was more prominent between control and
SAH) groups (p<0.00005) than those of control and
sham groups (p<0.001) as displayed in Table 2.
Anatomy • Volume 13 / Issue 3 / December 2019
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Similarly, density of degenerated neurons in C4 DRG
was significantly higher in SAH group (253±49/mm3) than
those of control (6±2/mm3) and sham (22±7/mm3) operated groups, respectively (Table 1). Comparisons of the
groups that displayed a significance level was more prominent between control and SAH groups (p<0.00001) than
those of control and sham groups (p<0.001; Table 2).
Postmortem gross morphological and histopathological investigations of the tissues in the central nervous
system of the rabbits showed brain edema, stiffness and
enhanced leptomeningeal thickness in animals with
SAH. The brain swelling and increased brain weight
were seen in all animals who developed hyperthermia. In
general, the basal cisterns and rarely the fourth and the
lateral ventricles were filled with blood. Arachnoid membranes of the lower cranial parts were sticked to the
lower cranial nerve roots.
Histology of the normal thyroid gland, follicles (F1-n)
and the volume estimation method of follicles are shown
in Figure 1. In sham rabbits, partially atrophic and lessened thyroid follicles were evident in the thyroid gland
under light microscopy (Figure 2). On the other hand,
size of the thyroid glands decreased dramatically in SAH
animals. Acinar cell loosing, decreased number of hormone filled vesicles, total volume reduction of thyroid follicles, ductal epithelial cell injury related ductal closing,
degenerative changes of extra thyroidal parasympathetic
ganglia neurons and apoptotic changes in the acinar cells,
tubular cells and supporting cells were detected in the histological sections of their thyroid glands stained with
H&E (Figure 3).

Figure 1. Thyroid gland follicles (F1-n) in control animals and stereological method used for follicle volume estimation (H&E stain; scale bar=100
μm). [Color figure can be viewed in the online issue, which is available
at www.anatomy.org.tr]
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Table 1
Thyroid hormone levels, quantitative analyses of thyroid follicles and
DRG neurons for control (Group 1), sham (Group 2) and SAH (Group 3).
Group 1/
Group 2

Group 1/
Group 3

Group 2/
Group 3
p<0.0005

T4

p<0.001

p<0.0001

TFV

p<0.001

p<0.00005

p<0.0001

DND in C4 DRG

p<0.001

p<0.00001

p<0.0001

DND: degenerated neuron density; DRG: dorsal root ganglion; TFV: thyroid follicule
volume.

Table 2
Statistical comparisons for control (Group 1), sham (Group 2) and
SAH (Group 3) groups.
Group 1

Group 2

Group 3

T3 (μg/dl)

103±6

94±1

61±8

T4 (μg/dl)

1.37±0.36

1.24±0.87

1.01±0.12

0.5

>0.5

>0.5

Mean TFV /mm3

41%

35%

23%

DND of C4 DRG/mm3

6±2

22±7

253±49

TSH l (ng/dl)

DND: degenerated neuron density; DRG: dorsal root ganglion; TFV: thyroid follicule
volume.

Histology of the cervical spinal cord with C4 DRG is
shown in Figure 4. Cytoplasmic condensation, nuclear
shrinking, cellular angulations and peri-cytoplasmic halo
formation were accepted as neuronal degeneration crite-

Figure 2. Thyroid gland and normal follicles in sham operated rabbit
(H&E stain; scale bar=200 μm). [Color figure can be viewed in the online
issue, which is available at www.anatomy.org.tr]
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ria. Degenerating neuronal profiles and apoptotic neuronal changes were apparently more abundant in DRG of
the animal with SAH. Especially, the arteries supplying
nerve roots and ganglia were more vasospastic in SAH rabbits. Therefore, the ratio of arterial wall surface to lumen
surface accepted as vasospasm index (VSI), which can be
calculated by using the (R2-r2/r2) formula, displayed alterations in animals following SAH (Figure 4) in comparison
to control animals (Figure 5).

Discussion
In this study, we used a SAH model in rabbits to investigate alterations in the thyroid gland cytoarchitecture and
somatosensory neural network. Our results displayed significant changes in the total volume of thyroid follicles
and enhanced degeneration in the cervical DRG neurons
innervating the thyroid gland. SAH accounts for approximately 5% of all strokes, with an incidence of 5–10 per
100,000 in most populations.[18] This life-threatening condition interrupts the productivity of an individual by causing major disabilities and a severe socio-economic impact
with the estimated life time costs more than double that of
ischemic stroke.[19] Small laboratory animals, such as rats
and mice can be used as model to induce SAH. In these
animal models, different surgical methods are used to create an effective degree of vasospasm. However, many traditional SAH animal models do not adequately mimic the
acute pathophysiological changes seen in human and have
been criticized for missing delayed cerebral ischemia.[20]

Figure 3. Thyroid gland and partially atrophic follicles in a rabbit with
SAH (H&E stain; scale bar=200 μm). [Color figure can be viewed in the
online issue, which is available at www.anatomy.org.tr]

Although more fitting animal models for this purpose
seem like bigger experimental animals such as dogs and
primates, it is very difficult to use these animal models due
to ethical and financial problems. Instead, injection of a
single standard volume of blood (1 ml) into the cisterna
magna of a rabbit has been shown as a useful and reliable
animal model of SAH. This model exerts biphasic pattern
of vasospasm and vasoconstriction and morphological
alterations in the arteries display similarities to changes
observed in humans.[21]

a

b

Figure 4. (a) Cervical spinal cord with constructed anterior spinal artery
(ASA) and vasospasm index calculation method. (b) Degenerated apoptotic neurons (DN) in C4; TUNEL stain. Nerve fibers (NF) are shown with
H&E staining (black arrow). Scale bar=100 μm. [Color figure can be
viewed in the online issue, which is available at www.anatomy.org.tr]

Figure 5. Thyroid gland with constructed thyroidal artery (ThyA) and a
branch of external carotid artery (ECA). (A): Cervical 3-4 nerve roots
(NRC3-4) stained with H&E. Scale bar=50 μm. [Color figure can be
viewed in the online issue, which is available at www.anatomy.org.tr]
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In humans, although about 70% of patients may develop focal arterial vasospasm, and only 30% will manifest
neurological deficits. Vasospasm of the major cerebral
arteries is usually focal, but it also might be diffuse usually
with the onset on day 3 after SAH, maximal at days 6–8,
and lasting for 2–3 weeks.[22] Symptomatic vasospasm is
characterized by the insidious onset of confusion and
decreased level of consciousness, followed by focal motor
and/or speech impairments. In the surviving patients, secondary insults caused by the cerebral vasospasm results in
various complications. In this study, we detected alterations in the ratio of arterial wall surface to lumen surface
of the thyroidal arteries in animals following SAH. We
thought that changes in the perivascular nerves might be
responsible for the observed outcomes in the thyroid
gland.
The distribution and origin of the nerve fibers innervating the thyroid gland were studied comprehensively in
rats by immunohistochemistry, retrograde tracing and
denervation experiments. Different subpopulations of
nerve fibers containing noradrenaline (NA), neuropeptide
Y (NPY), vasoactive intestinal peptide (VIP), galanin
(GAL), substance P (SP), and calcitonin gene-related peptide (CGRP) have been shown around the blood vessels
and thyroid follicles. Injection of a retrograde tracer, True
Blue into the thyroid gland labelled cell bodies in the thyroid, laryngeal, superior cervical, the jugular-nodose, C2C5 DRG and trigeminal ganglia.[2] In the light of the number of retrogradely labelled cell bodies, it seems like the
most of the innervation of the gland is supported by the
superior cervical and thyroid ganglia while the contribution of the laryngeal and trigeminal ganglia is the least.
Denervation studies showed that neurons located in the
superior cervical ganglion provide all NA-containing and
the majority of NPY-containing nerve fibers to the thyroid gland. On the other hand, all VIP- and a minor population of NPY- and GAL-containing fibers in the thyroid
gland originate from the thyroid ganglion. Whereas, SP
and/or CGRP containing nerve fibers derive from the
jugular, cervical dorsal root and/or trigeminal ganglia.
These results emphasize the importance of multiple
sources of innervation arriving to the thyroid gland and
their different neuropeptide expression in regulation of
the activity of thyroid follicles.[2]
Innervation of the thyroid gland and control of thyroid
activity occur mostly via the superior cervical ganglia,
intrathyroidal ganglia of vagal nerves as well as the trigeminal ganglia and cervical DRG.[2] Extirpation of the nodose
ganglion decreases of parasympathetic activity on thyroid
gland.[11] Bilateral inferior laryngeal nerve section causes
Anatomy • Volume 13 / Issue 3 / December 2019

reduction in circulating T4 for up to four weeks after surgery, while unilateral section causes a transient T4
decrease one week after surgery. In contrast, electrical
stimulation of parasympathetic activity in the superior
laryngeal nerve increases the thyroid blood flow via dilatation of the blood vessels. Thus, parasympathetic vasodilation has a supplementary role in regulating both the secretion of thyroid hormones and alteration in the thyroid
blood flow.[9]
Sympathetic innervation of thyroid gland is provided
by the superior cervical ganglion[12] which contributes to
the enlargement of gland and might modulate the tissue
and hormone (TSH) interactions.[13,16] In addition, middle and/or inferior cervical ganglia send their axons
through the external carotid nerve to the thyroid
gland.[16] Neuron numbers especially in the superior cervical ganglion are important in regulating sympathetic
activity of the thyroid gland.[14] The sympathoadrenal
system also closely interacts with thyroid hormone levels. Exaggerated responses to catecholamines or exposure to cold trigger thyroidal sympathetic activity and
dominate the manifestations of thyrotoxicosis.[23] In contrast, unilateral transection of the superior cervical ganglion leads to decrease in the size of thyroid gland and
reduction of follicle volume.[24] Acute superior cervical
ganglionectomy causes significant depression in the thyroid economy.[15] It is important to highlight that superior cervical ganglion also project to the pineal and other
salivary glands in the head.[25] Therefore, postganglionic
nerve transection causes various histomorphological
abnormalities on the related glands.
Beside the sympathetic and parasympathetic innervation, several studies draw special attention to the role of
the serotonergic system in the modulation of the thyroid
gland functions. It has been shown that serotonin might
inhibit the secretion of thyrotropin by the pituitary
gland, but has a direct stimulatory effect on thyrocytes
mediated by the serotonin 5-HT2 receptors.[26] In
hypothyroidism, synthesis and metabolism of serotonin
in the brain are slowed down. In depression, reduction in
the concentration of serotonin is accompanied by inhibition of the enzyme activity deiodinase type 2. Activation
of 5-HTI receptor lead to increased levels of intracellular calcium, causing inhibition of the promoter of
CGRP.
CGRP has a special importance among neuropeptides,
because it is one of the most potent microvascular
vasodilators identified to date. Its vascular relaxation
effects are mediated via activation of a G protein-coupled
receptor, called as calcitonin receptor-like receptor.

Role of the somatosensory neural network on the thyroid gland

Vasoconstriction has been shown to be associated with
a decrease in CGRP levels in nerves and an increase in
CGRP levels in draining blood, suggesting that CGRP is
released from nerves to oppose the vasoconstriction.[27]
This might be an important mechanism in the pathogenesis of vasospasm after SAH; because, similar to the thyroid gland, the cerebral arteries also have sympathetic,
parasympathetic, and sensory innervation. It is quite possible that SAH causes an imbalance in the neuronal regulatory mechanisms, which in turn leads to vascular smooth
muscle contraction.[28] In humans, reduced levels of CGRP
in the cerebral perivascular nerves have been associated
with vasoconstriction and an enhancement in CGRP levels in blood draining from the external jugular vein, suggesting that CGRP is released antidromically from
trigeminal sensory perivascular nerves to oppose the vasoconstriction.[29]

Conclusion
In combination with the knowledge from the literature and
findings of the current study, we suggest that control of
thyroid follicle growth and its secretory activity is under the
control of quite complex, multi-originated, yet incompletely understood innervation pattern. We postulated that
underestimated role of an interganglionary link among
superior cervical, thyroid, laryngeal, nodose, trigeminal and
dorsal root ganglia might be important in the etiopathogenesis and/or treatment of SAH-associated vasospasm.
Further immunohistochemical labeling of somatosensitive
fibers in the thyroid gland following SAH will shed light
into these issues.
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Abstract
Objectives: Tooth size standards based on odontometric investigations can be used in age and sex determination in forensic investigations and natural disasters such as tsunami, earthquakes etc. where bones are frequently fragmented. In such
cases, mandibular canines are found to exhibit the highest degree of sexual dimorphism. This study aimed to assess the usefulness of mandibular canine for sex identification.
Methods: The present study was conducted based on measurements of mandibular canine teeth of 160 students (80 males and
80 females; aged 17–24 years) in Kathmandu University, Dhulikhel, Nepal.
Results: Mandibular canine index for right and left canines was found to be significantly different in males and females. The
identification of sex correctly using right mandibular canine index was 53.75% in males and 41.25% in females; and using left
mandibular canine index was 61.25% in males and 38.75% in females. The sex can be predicted correctly using a mandibular
canine index: being higher in males (57.5%) than females (45.62%). The mean mesiodistal width of the right and left mandibular canines and intercanine distance were significantly greater in males than females. Sexual dimorphism in right mandibular
canine was higher (8.29%) than that of the left mandibular canine (6.12%).
Conclusion: Sex can be predicted correctly using mandibular canine index. Right mandibular canine teeth are more sexually dimorphic than left. This may be influenced by gender, heredity, cultural, environmental and racial factors mostly influenced by Y chromosomes.
Keywords: canine; canine teeth; dimorphism; intercanine distance; mandibular canine index
Anatomy 2019;13(3):163–167 ©2019 Turkish Society of Anatomy and Clinical Anatomy (TSACA)

Introduction
Teeth are the hardest and chemically most stable tissue
found in the body with the composition of enamel and
dentine, and 11 other elements such as calcium, phosphorus, sodium, magnesium and aluminium in higher concentrations. Due to this, tooth are known to resist postmortem, mechanical and physical stresses, and from
chemical destruction. Sexual dimorphism represents a
group of morphological characteristics that differentiate
males and females such as differences in size, stature and
appearance that can be applied to dental identification,
because no two mouths are alike.[1–4]
Bossert and Marks[5] stated that the study of the permanent mandibular and maxillary canine teeth offer certain advantages i.e. least used in the oral cavity and less

affected by periodontal diseases and referred as cornerstone of dental arches with single-pointed cusps. The
shape of the crowns with their single-pointed cusps, location in the mouth, strongly developed roots, anchorage in
the alveolar process of the jaws makes mandibular canine
teeth most stable in mouth and crown portions of the
canines are shaped in the manner that promotes selfcleansing quality preserve these teeth throughout life.[3]
Tooth size standards based on odontometric studies can
be used in age and sex determination and its morphology
is influenced by gender, heredity, cultural, environmental
and racial factors. This remarkable capability of canine
teeth for determining individual sex is based on the influence of the Y chromosomes which do not exhibit uniform
influence on all teeth and the thickness of the dentin,
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whereas the X chromosomes play a role in the thickness of
the enamel and its relative uniformity.[6,7]
In sex determination studies from forensic medicine
and mass graves where bones are frequently fragmented,
mandibular canines exhibited the highest degree of sexual
dimorphism with a mean age of eruption of 10.87 years
and last teeth extracted with age.[8] Gender determination
of skeletal remains is part of archaeological and many
medicolegal examinations, but bones belonging to one single person cannot be found during exhumations of bodies
from mass graves. This makes teeth and the skulls the only
real material for identification, but the accurate result is
only obtained from DNA technique.[9,10] Therefore,
mandibular canine index (MCI) was employed in numerous studies on large populations, because it is simple, reliable, inexpensive and easy to perform; and the canine teeth
were considered as key teeth for the personal identification.[8] As no such study has been performed in Nepal yet,
the present study attempted to find the correlation
between gender and MCI in a young Nepalase population.

Materials and Methods
The present study was conducted in 160 students (80
males and 80 females; min. 17 – max. 24 years of age)
from Kathmandu University, Dhulikhel, Nepal and
approved by Kathmandu University School of Medicine
Institutional Review Committee (approval number:
16/14). Right and left mandibular canine mesiodistal
width and mandibular intercanine distance were measured using a digital vernier calliper by the same person in
a clean and well-illuminated room under aseptic precautions (Figures 1 and 2). Individuals with healthy gingiva
and periodontium, caries-free teeth, normal overjet and
overbite and absence of spacing in the anterior teeth were

included in the study. Individuals with any pathological
condition of canines, broken canines or any malformed
canines were excluded. The data were analyzed using the
Statistical Package for Social Sciences (SPSS for
Windows, version 16.0, Chicago, IL, USA).
The observed and standard MCI were calculated using
the following formula adapted from Kaushal et al.:[4,11]

Observed MCI=

Observed MCI=

Mesiodistal crown width of
mandibular canine (mm)
Intercanine distance (mm)
(mean male MCI - SD) +
(mean female MCI + SD)
2

If the observed MCI for the individual was higher than
the standard MCI, the individual was considered to be
male, and if lower or equal to standard MCI as female.
Sexual dimorphism represents a group of morphological characteristics that differentiate male and females
such as differences in size, stature and appearance and
calculated with the following formula adapted from
Ibeachu et al.[12]
Sexual dimorphism= Xm - 1 × 100 (Xm=mean mesioXf
distal canine width in male; Xf=mean mesiodistal canine
width in female)

Results
Mesiodistal width of right and left mandibular canine
teeth, intercanine distance and right and left MCI are
shown in Table 1. The value of the standard MCI for
the right and left sides was 0.24. The observed right and

Table 1
The result of mesiodistal width of right and left mandibular canine teeth, intercanine distance, right and left MCI.*
Parameters

Sex

Range (mm)

Mean±SD (mm)

Variance

p-value

Mesiodistal width of RMC

Male

5.71–7.83

6.63±0.41

0.17

0

Female

5.18–7.30

6.12±0.5

0.25

Male

5.09–7.24

6.52±0.4

0.16

Female

4.19–7.40

6.14±0.61

0.38

Male

24.04–33.66

27.76±2.07

4.30

Female

21.57–31.66

25.15±1.98

3.92

Male

0.19–0.29

0.23±0.012

0.00041

Female

0.17–0.30

0.24±0.02

0.00048

Male

0.15–0.26

0.23±0.02

0.00049

Female

0.17–0.31

0.24±0.02

0.00071

Mesiodistal width of LMC

Intercanine distance

RMCI

LMCI

LMC: left mandibular canine; LMCI: Left mandibular canine index; RMC: right mandibular canine; RMCI: right mandibular canine index. *p>0.05.
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left MCI in 160 students was calculated and categorized
as above the standard MCI and equal and less than standard MCI. According to Kaushal et al.,[4] if the observed
MCI for the individual is higher than the standard MCI,
then the individual is predicted to be male and if lower
or equal to standard MCI female. The frequency of standard and observed MCIs are shown in Table 2. MCI for
right and left canines were found to be significantly different for males and females. The percentage of cases
correctly identified using right MCI was 53.75% in
males and 41.25% in females. This value is 61.25 % in
males and 50% in females for the left MCI (Table 3).
Thus, sex can be predicted correctly 57.5% higher in
males compared to 45.62% in females using MCI.
The mean mesiodistal width of right and left mandibular canines teeth were found to be highly significant in male
and female. The mean mesiodistal right mandibular canine
(RMC) width for males 6.63 (range: 5.71–7.83) mm was
higher than that of females 6.12 (range: 5.18–7.3) mm. The
mean RMC mesiodistal width of males as 6.63 (range:
5.71–7.83) mm was higher than mean left mandibular
canine mesiodistal width (LMC) in males as 6.52 (range:
5.09–7.24) mm. The mean LMC mesiodistal width in
males as 6.12 mm was found to be nearly equal or greater
than mean mesiodistal width of RMC in females as 6.14
(range: 5.18–7.3) mm. The mean intercanine distance
(ICD) was 27.76 (range: 24.04–33.66) mm in males which
is higher than the females 25.15 (range: 21.57–31.66) mm
(Table 1).

Table 2
Standard MCI and observed RMCI and LMCI values for males and
females.
Parameters

Standard MCI

RMCI

LMCI

>0.24

43

49

≤0.24

37

31

>0.24

47

40

≤0.24

33

40

Male

Female

LMCI: Left mandibular canine index; RMCI: Right mandibular canine index.

Table 3
Percentage of sex correctly predicted using standard MCI value.

Sex

Parameter

Number

%

Male

RMCI

43

53.75%

LMCI

49

61.25%

Female

RMCI

33

41.25%

LMCI

30

50%

Correctly
predicted sex (%)

57.50%

45.62%

LMCI: Left mandibular canine index; RMCI: Right mandibular canine index.

Discussion

Sexual dimorphism was calculated for the right
mandibular canine as 8.29%, more dimorphic than the
left mandibular canine (6.12%).

The present study reports the estimation of sex using
MCI in a young Nepalese population. The sex could be
predicted correctly higher in males (57.5%) then females
(45.62%) using MCI which was approximately similar to
the results of the Al-Rifaiya et al.[13] (55.07%). However,
studies of Yadav et al[14] (72%) and Rao et al.[15] (male=

Figure 1. Measurement of mesiodistal width of mandibular canine.

Figure 2. Measurement of mandibular intercanine distance.
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84.3%; female=85.7%) in a Southern Indian population,
Reddy et al.[9] (82%) in a Northern Indian population
had comparatively higher sex prediction rates than that
of the present study. These differences are attributable
to the regional differences in the tooth size. Similarly,
the percentage of females correctly predicted in studies
by Rao et al.,[15] Ahmed,[16] Hosmani’s et al.[17] was higher
than the present study. For studies conducted for male
sex prediction by Ahmed[16] in an Iraqi population,
Acharya’s et al.[18] and Hosmani’s et al.[17] in an Indian
population were lower than the present study (57.50%).
The possible reason for low accuracy can be assumed as
evolutionary change, genetic factors and ethnic background.
The study also showed that value of RMC was significantly different between males and females. This is similar to the findings of Ahmed,[16] Muhamedagic and
Sarajlic,[10] Grover et al.,[6] and Ibeucu’s et al.[12] However,
the results of the present study for mean mesiodistal of
RMC and LMC for males and females was lower than
those by Ayoub et al.,[19] Vishwakarma and Guha[8] and
Khan et al.[7] There are few differences in mesiodistal
width of mandibular canine, which may be probably
accounted for the racial variations in tooth size, as studies have been conducted in different populations and different countries. Therefore, evaluation and comparison
of present data with the previous studies revealed several differences as well as similarities.
Mean ICD was higher in males in the present study,
which is highly significant and in accordance with the findings of Ahmed,[16] Ayoub et al.,[19] Bakkannavar et al.,[5]
Muller et al.,[20] and Kaushal et al.[4] and in controversy with
the findings of Vishwakarma and Guha.[8] The mean ICD
for males in the present study was 27.76±2.08 mm, which
is approximately equal to the findings of Ayoub et al.[19]
(27.62 mm) and Sherufudin et al.[21] (27.36 mm). The mean
ICD distance was 25.16±1.98 mm in females, approximately equal to the findings of Muller’s[20] (25.03 mm) and
Kaushal’s study[11] (25.07 mm).
This study also showed that the sexual dimorphism
was more in right mandibular canine teeth (8.29%) than
the left (6.12%). This finding supports the results of earlier studies by Vishwakarma and Guha[8] and Srivastava.[22]
The value of sexual dimorphism for RMC (8.26%) was
approximately equal to the findings of Reddy et al.[9]
(8.78%), Kaushal et al.[4] (7.95%), Grover et al.[6]
(RMC=9.43%), and Ayoub et al.[19] (RMC=9.7%). The
controversial findings of the present study may be attributed to racial, environmental and nutritional factors of
the study population.
Anatomy • Volume 13 / Issue 3 / December 2019

Conclusion
Tooth size standards based on odontometric investigations can be used in age and sex determination and is
known to be influenced by gender, heredity, cultural,
environmental and racial factor mostly influenced by Y
chromosomes. Y chromosomes control the thickness of
the dentin but do not exhibit a uniform influence on all
teeth, whereas X chromosomes play a role in the thickness of enamel and its relative uniformity. In this study,
we have found the mean mesiodistal width of RMC,
LMC, and intercanine distance higher in males, and concluded that sex can be predicted correctly 57.50% higher in males compared to 45.62% in females, and the MCI
of right mandibular canine teeth was more sexually
dimorphic than that of the left side.
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Abstract
Objectives: Glenoid labrum lesions are one of the main causes of traumatic shoulder dislocations. Arthroscopic or open
repair using suture anchors is commonly used to treat labral lesions. Proper placement of suture anchors in order to replace
the normal ligamentous restraint is essential to restore normal anatomy that determines the final location of the repaired
labrum. Yet, the most efficient and safest location of the glenoid bone has not been precisely described. Therefore, this study
aimed to describe the macroscopic footprint of the glenoid labrum in order to depict the ideal anchor placement location
precisely.
Methods: Twenty-two shoulders from 11 cadavers were dissected to reveal glenoid labrum. Clock positions were determined
on glenoid labrum circumferentially to evaluate the footprint of the glenoid labrum. The distance between the bony edge of the
glenoid rim and the edge of the labrum was measured.
Results: The mean distance from the glenoid labrum to the bony glenoid rim was measured as 5.1 mm (3 o’clock position), 6.2
mm (6 o’clock position), 5.1 mm (9 o’clock position) and 4.1 mm (12 o’clock position) in the anterior, inferior, posterior and
superior aspects, respectively. 29.3% of the specimens had a completely defective anterior labrum.
Conclusion: Location of the labrum with respect to the bony glenoid rim should be considered for proper suture placements
in treatment of labral tears. It is suggested that the most important step in the stabilization of joint laxity is appropriate placement of the sutures in the anterior and inferior aspects of the glenoid labrum.
Keywords: anatomy; footprint; glenoid labrum
Anatomy 2019;13(3):168–173 ©2019 Turkish Society of Anatomy and Clinical Anatomy (TSACA)

Introduction
The glenoid labrum is a ring of fibrocartilage that lies
around the margin of the glenoid cavity. The articular
cavity is deepened by the labrum and the labrum also protects the bone edges and facilitates lubrication of the
joint.[1,2] Synovium lines the inner surface of the labrum,
whereas the outer surface is continuous with the scapular
neck periosteum and attaches to the capsule. Edges of the
glenoid fossa become more flexible since the shape of the
labrum changes to contain the rotation of the humeral
head. The labrum represents a fold of the capsule that
serves as an attachment for glenohumeral ligaments.[3,4]
In general, traumatic shoulder dislocation is the main
cause of extensive glenoid labrum lesions. Labral tears are

typically divided into two categories according to the location of the lesion. Anterior labral tears or Bankart lesions,
posterior labral tears or reverse Bankart lesions, and superior labral tears or superior labrum anterior and posterior
(SLAP) lesions are among such tears.[5,6]
Today, the best method to reattach the labrum and the
capsule to the glenoid is to place suture anchors. The
degree of capsulolabral detachment determines the number of suture anchors that will be used. For instance, in a
standard Bankart repair in the right shoulder, 3 or 4
anchors would be placed at the 5 o’clock, 4 o’clock, 3
o’clock and 2 o’clock positions.[7,8] The repair performed
by placing suture anchors is conducted from the inferior
to the superior aspect. Posterior labral repair is conducted
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with 3 anchors from the inferior aspect to the mid-glenoid
posteriorly, after placing an anchor placement guide
through the infraspinatus muscle. Then, the same technique is used to repair the anterior labrum. The anchor
placement guide is placed through the subscapularis muscle so as to place the anchors. Starting from the inferior
aspect, three anchors are placed until the anterior
labrum.[9]
The repair of soft tissue detachments highly relies on
suture anchors. Recurrent instability, which is one of the
most frequent complications of glenoid repair, can be
encountered due to improper suture anchor placement or
problems during insertion. Such a problem can also be
observed due to pathological laxity or inadequate capsular
tension.[10,11]
Today, it is suggested to place the anchors 2–3 mm
onto the articular surface on the chondral rim of the glenoid. The safest and most effective location of labral reattachment on the glenoid rim should be depicted well,
since surgical failure has been associated with improper
surgical technique. Today, this is referred to as the “art of
repair” by surgeons. The aim of this study is to describe
the macroscopic footprint of the glenoid labrum in order
to depict the ideal anchor placement location precisely.

Materials and Methods
Twenty-two shoulders from 11 cadavers were dissected
for this study. The age and sex of the cadavers and the side
from which specimens were collected were recorded. Of
these, 12 were females and 10 males. The mean age of the
cadavers was 67 years (min. 57 – max. 78 years). 9 specimens were collected from the left side and 13 specimens
from the right side (Figure 1). There was no history of

Figure 1. Dissection of the glenoid, left shoulder. [Color figure can be
viewed in the online issue, which is available at www.anatomy.org.tr]
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significant trauma or upper extremity surgery in any of the
specimens. First, the skin was removed from the scapula,
and the specimen was cleared of subcutaneous tissue and
muscular connections. Then, the capsule was removed at
the capsulolabral junction. In general practice, clock positions were used to depict the location and extent of labral
tears and in the course of surgical treatment. Therefore,
same clock positions were used to evaluate the morphological characteristics of the glenoid labrum and its footprint. Moreover, the relationship between the capsular ligaments and glenoid labrum was also evaluated using clock
positions. The distance between the bony edge of the glenoid fossa and the edge of the labrum was measured in
order to evaluate the footprint of the glenoid labrum.
Efforts were made not to disrupt the labrum and the cartilage covering the glenoid. The apex of the line passing
through the midglenoid in parallel to the scapular edge
plane was marked as 12 o’clock and the clock plane was
placed on the glenoid in order to determine 12 measurement points with 1-hour intervals. 12 o’clock was designated as the superior edge; 1 and 2 o’clock as the anterosuperior; 3, 4 and 5 o’clock as the anterior; 6 o’clock as the
inferior; 7, 8 and 9 o’clock as the posterior; 10 and 11
o’clock as the posterosuperior edge (Figure 2). There was
severe glenohumeral arthrosis with significant degenerative changes in three specimens, which were not suitable
for measurement. Accordingly, 19 cadaveric specimens
were used for performing measurements in the study.
Microcalipers (General Tools, New York, NY) were used
for all measurements and the mean values were recorded.
3 experienced specialist orthopedic surgeons conducted all
measurements on images and a double-blind setup was
used to minimize inter- and intraobserver errors.
SPSS software package (Version 25.0, SPSS Inc.,
Chicago, IL, USA) was used for statistical analysis.
Normal distribution of the continuous variables were evaluated using the Kolmogorov Smirnov and Shapiro-Wilk
tests and histograms. Numerical variables were expressed
with mean±SD, median values (minimum-maximum) or
with proportions. Intergroup comparisons were performed using Student’s t-test for normally distributed data
and Mann-Whitney U test for data that did not have a
normal distribution. p<0.05 was considered statistically
significant. Relative intra- and interobserver reliabilities
were determined using the intra-class correlation coefficient (ICC) model 2.1.
The specimens used in the present study were
unclaimed bodies obtained from the forensic medicine
according to official regulations. Conducting scientific
studies on cadavers or cadaveric body parts do not require
ethical approval in our institution.
Anatomy • Volume 13 / Issue 3 / December 2019
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a

b

Figure 2. Clock positions of the left (a) and right (b) glenoid labrum. [Color figure can be viewed in the online issue, which is available at www.
anatomy.org.tr]

Results
The dissections revealed that the morphology of the
superior labrum was significantly different than that of
the inferior labrum. It had a meniscal pattern and a loose
attachment to the glenoid process. Moreover, the anterior part was completely missing in 29.3% of the specimens. The anterosuperior part of the labrum inserted
into the fibers of the middle or inferior glenohumeral
ligament, rather than to the actual glenoid margin. The
mentioned meniscal pattern was also observed in the
posterosuperior part of the labrum with a loose attachment to the glenoid rim. The inferior portion of the
labrum was rounded and fibrous and appeared like an
immobile extension of articular cartilage.
Starting at the 12 o’clock position, the mean distance
from the bony edge in hourly intervals was 4.86±0.87 mm
at 12 o’clock, 4.20±1.5 mm at 1 o’clock, 4.41±1.2 mm at 2
o’clock, 5.23±1.28 mm at 3 o’clock, 5.52±1.23 mm at 4
o’clock, 6.25±1.02 mm at 5 o’clock, 6.10±0.86 mm at 6
o’clock, 5.98±0.82 mm at 7 o’clock position of glenoid
labrum; and 5.71±0.91 mm at 8 o’clock, 5.52±0.85 mm at
9 o’clock, 5.14±0.98 mm at 10 o’clock and 5.52±0.73 mm
at 11 o’clock position of glenoid labrum (Table 1). The
inter- and intraobserver variability of the measurements
did not exceed 0.1 mm (Table 2).
Anatomy • Volume 13 / Issue 3 / December 2019

According to the statistical analysis, there was a trend
towards the differences between different locations on
the glenoid face, but it was not statistically significant.
The greatest difference between the measurements were
observed between the 6 and 11, 12, 1 and 2 o’clock positions (Figure 3).

Table 1
Distance from macroscopic edge of the glenoid labrum to bony edge
of the glenoid for the measured regions and positions.
Region

Position

Mean±SD (mm)

Anterosuperior

1 o’clock

4.20±1.15

2 o’clock

4.41±1.20

3 o’clock

5.23±1.28

4 o’clock

5.52±1.23

5 o’clock

6.25±1.02

6 o’clock

6.10±0.86

7 o’clock

5.98±0.82

8 o’clock

5.71±0.91

9 o’clock

5.52±0.85

Anterior

Inferior

Posterior

Posterosuperior

Superior

10 o’clock

5.14±0.98

11 o’clock

5.52±0.73

12 o’clock

4.86±0.87
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Table 2
Intraobserver and interobserver reliabilities for the measured regions of the glenoid labrum.
Region

Position

Intraobserver reliability % CI

p

Interobserver reliability % CI

p

Antero-superior

1 o’clock

0.97 (0.96–0.99)

0.214

0.99 (0.98–0.99)

0.141

2 o’clock

0.98 (0.96–0.99)

0.128

0.98 (0.96–0.99)

0.126

3 o’clock

0.96 (0.95–0.97)

0.168

0.93 (0.87–0.97)

0.168

4 o’clock

0.98 (0.98–0.99)

0.099

0.98 (0.98–0.99)

0.099

5 o’clock

0.96 (0.95–0.97)

0.210

0.91 (0.92–0.97)

0.210

Inferior

6 o’clock

0.97 (0.96–0.99)

0.157

0.98 (0.98–0.99)

0.152

Posterior

7 o’clock

0.95 (0.93–0.97)

0.238

0.93 (0.87–0.97)

0.168

8 o’clock

0.85 (0.71–0.94)

0.147

0.85 (0.71–0.94)

0.147

9 o’clock

0.92 (0.82–0.96)

0.164

0.91 (0.82–0.96)

0.154

10 o’clock

0.98 (0.97–0.99)

0.456

0.98 (0.97–0.99)

0.470

11 o’clock

0.94 (0.90–0.96)

0.188

0.93 (0.90–0.96)

0.178

12 o’clock

0.987 (0.96–0.99)

0.504

0.98 (0.97–0.99)

0.907

Anterior

Postero-superior

Superior

Discussion
Pathomorphological changes may initially be observed at
three different locations in traumatic anterior dislocations
of the shoulder: at the capsule, at its origin or insertion.
Typically, the injury is in the form of an avulsion of the
capsule and labrum from the glenoid.[12] The normal
glenohumeral joint restrains can be recreated by anatomic

restoration of the glenoid labrum following a traumatic
detachment.[13]
Anchor placement is of vital importance to achieve
successful outcomes in labral repairs.[14] Recent studies
suggest to start 5 o’clock and use the 4 and 3 o’clock
position for an anchor placement,[15–17] because these
locations provide the strongest anchor placement to gle-

Figure 3. Labrum measurements at 12 different clock positions.
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noid labrum. There were some conflicts about the ideal
site of fixation in the past. Some surgeons asserted that
the anchors should be placed on articular surface in
order to enhance stability.[18,19] However, anchor placement right on the edge of articular surface did not cause
any changes in stability and even prevented potential
arthropathies on the glenohumeral joint surface.[20–22]
According to the results of the present study, the
insertion of the glenoid labrum was observed at a variable distance from the bony edge of the glenoid. It is
required to place the suture anchor on the glenoid face
at the articular margin in order to perform the anatomic
reconstruction of the detached labrum. During anatomic dissections, we observed that the macroscopic edge of
the labrum, described as the visible line of transition
between the labrum and articular cartilage, was significantly more medial to the edge of the glenoid bone than
expected.[7,9,23]
A smooth transition from the cartilaginous surface to
the labrum is necessary for the translation of the glenohumeral joint. Therefore, a suture anchor should be
placed in the vicinity of the glenohumeral articulation
with caution.
The most important causes of glenohumeral
arthropathy after an open or arthroscopic shoulder surgery were associated with anchor placement, regardless
of the anchor type, i.e. metallic or biodegradable in
recent studies.[24–28] With this perspective, knowing the
anatomy of the labrum and glenoid is important and it
should be kept in mind that the anatomy may be different in each person.
The limitations of this study were as follows: open surgical visualization was performed and there were no
arthroscopic evaluations in the study. Arthroscopic visualization of the macroscopic edge of the glenoid labrum
could be different in comparison to open surgical visualization. Moreover, other parameters concerning glenoid
variability were not measured, which made it impossible to
make any further associations with glenoid morphology.

Conclusion
The results of this study suggest that insertion of the glenoid labrum onto the bony face of the glenoid occurs at
a variable distance. Reattachment of the capsule and
labrum to the glenoid articular surface essentially relies
on suture anchors. In suture placement, location of the
labrum with respect to the bony glenoid rim should be
considered. It is suggested that the most important step
in stabilizing joint laxity is proper placement along the
anterior and inferior side of the glenoid labrum.
Anatomy • Volume 13 / Issue 3 / December 2019
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Abstract
Objectives: A proper morphometric analysis of the anatomy of the distal femur is of utmost importance for providing correct alignment for the survival of total knee arthroplasty (TKA). Herein, we aimed to conduct a detailed morphometric analysis of the distal femur, including the differences between men and women. We also aimed to determine landmarks in the
sagittal and coronal planes for positioning of the femoral component during TKA and demonstrate the data that may affect
clinical outcome.
Methods: Two-hundred adult femurs from the collection of anatomy department were enrolled in this study. Three-dimensional
reconstruction of computed tomography scans were performed on these femurs. Differences between the reference axes and
lines in the sagittal and coronal planes were obtained from the images, and correlation coefficients of the collected data were
analyzed. All measurements were compared between men and women.
Results: The calculated mean angles between the sagittal mechanical axis, anterior cortical axis and distal medullary axis were
found as 5.14±1.67° and 4.12±2.41°, respectively, and the mean angle difference between the posterior condylar line (PCL) and
the epicondylar axis (EA) was 4.37±2.18°. The angle difference between PCL and EA was higher in females (p=0.047).
Conclusion: In addition to the gender-dependent anthropomorphic differences between the distal femurs of females and
males, differences between the measurements used as reference in conventional TKA techniques may affect the post-operative alignment.
Keywords: distal femur; femoral bowing; morphometry; total knee arthroplasty
Anatomy 2019;13(3):174–182 ©2019 Turkish Society of Anatomy and Clinical Anatomy (TSACA)

Introduction
One of the best treatment methods for advanced arthrosis
of the knee is total knee arthroplasty (TKA).[1] Achieving
correct postoperative alignment is one of the most important factors for success following TKA.[2] Malalignment of
the prosthesis can lead to complications such as wear and
aseptic loosening that could require early revision. Thus,
components should be implanted according to the
mechanical axes during knee arthroplasty. However, the
landmarks used for the femoral alignment are not always
distinct enough to determine these axes due to its complex
structure.[3,4]

Various axes and reference landmarks used during
femoral implantation were mainly determined in the coronal plane since the prosthesis that provides a neutral alignment in the coronal plane has been demonstrated to have
a higher long-term survival success.[5,6] However, the situation in sagittal alignment, which is as important as coronal alignment, was not demonstrated. The inability to
achieve suitable alignment in the sagittal plane and placement of the femoral component in flexion lead to loss of
extension and posterior polyethylene wear, whereas placement in extension with respect to the mechanical axis can
result in anterior notching leading to periprosthetic fracture.[7–9]

3D analysis of the distal femur and femoral shaft

In addition to the sagittal morphometry of the distal
femur, there are other factors that affect prosthesis survival and knee functions after primary and revision surgeries. Rotation of the femoral component and one of its
important determinants, i.e., posterior condylar structures; femoral bowing; medullary canal diameters in the
distal femur; and anteroposterior (AP) and mediolateral
(ML) width of the distal femur are some of the factors.[6,10]
Nearly two-thirds of the patients who undergo TKA
are females. Moreover, studies have revealed variations in
the morphometry of the distal femur based on factors such
as gender and race. Thus, there is a need to develop different designs considering all these variables to obtain
desired results after TKA.[11]
Possible challenges that can be encountered by surgeons in anatomic alignment of the mechanical axis of
the lower extremity during TKA are now easier to overcome with the use of computer-assisted orthopedic surgery techniques. Identifying the reference points and
angles to be used during femoral implantation and, furthermore, identifying the differences thereof according
to an important variable such as gender would increase
the success of surgery while using conventional knee
prosthesis techniques, still being commonly used
throughout the world.[12,13]
In this study, we aimed to conduct a detailed morphometric analysis of the anatomy of the distal femur, including many variables in the coronal and sagittal planes, to
determine the differences among genders, and to demonstrate the data that could be associated with clinical outcomes.
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carried out from the obtained images by three different
observers (MES, SG, MA), with the intra- and interobserver differences being determined. Measurements
done for the morphometric analysis of the distal femur
were as follows:
Measurements in the Sagittal Plane
• Femoral length: distance from the most superior point
of the femoral head to the most distal point of the medial epicondyle (ME)
• Bowing angle: the angle between the vertical lines
passing through the midpoint of the line drawn at the
level of the flair point and the transverse line drawn
below the lesser trochanter. The flair point is the
point at which condyles start to expand in the distal
part. This angle was determined as the tip of bowing
and AP - ML medullary diameter measurements done
at this level; the distance of the tip to the Blumensaat
line (BL) was determined as the bowing tip distance
(Figure 2).
• Anterior cortical axis (ACA): the line that connects
the points drawn at 5 cm and 10 cm proximal to the distal joint line (JL) on the anterior cortex[14] (Figure 3).
• Distal medullary axis (DMA): the line drawn between
1 cm anterior to the BL end point and the midpoint

a

b

Materials and Methods
A total of 200 adult femurs were randomly selected from
the collection of Department of Anatomy of Ankara
University School of Medicine. The bones with deformity, fracture, tumor, and other such changes were excluded.
The bones were then assigned to two groups (100 females
and 100 males) of unknown age. 115 bones were right side,
and 85 were from the left. Each bone was assigned a number for identification. Computed tomography (CT) scans
were performed on each femur in the coronal, sagittal, and
axial planes to encompass the entire femur, with a slice
thickness of 0.6 mm (256-slice multidetector scanner;
Siemens®, Erlangen, Germany). Each CT scan of the
femurs was analyzed with the femur rotated fully in AP
position and lateral position on three-dimensional (3D)
reconstructions obtained by Leonardo Dr/Dsa Va30a software (Siemens®, Erlangen, Germany) in a digital environment (Figure 1). Measurements for each parameter were

Figure 1. Anteroposterior (a) and lateral (b) images of the femur after
3D reconstruction of the CT images obtained by Leonardo Dr/Dsa
Va30a software (Siemens®, Erlangen, Germany). [Color figure can be
viewed in the online issue, which is available at www.anatomy.org.tr]
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ACA
DMA
sMA

ISTHMUS

ISTHMUS

Tip of bowing

Tip of bowing

SB + 175 mm

SB + 175 mm

SB + 150 mm

SB + 150 mm

SB + 125 mm

SB + 125 mm

SB + 100 mm

SB + 100 mm

SB + 75 mm

SB + 75 mm

SB + 50 mm
SB + 25 mm

SB + 50 mm
SB + 25 mm

Subchondral bone

Subchondral bone

Figure 2. Determination of the tip of femoral bowing (a) and bowing
tip distance measurement (b). [Color figure can be viewed in the online
issue, which is available at www.anatomy.org.tr]

of the medullary canal at 20 cm proximal to the JL
(Figure 3).
• Sagittal mechanical axis (sMA): the line that connects
the center of the femoral head and the midpoint of the
epicondylar axis (EA)[15] (Figure 3).
Measurements in the Coronal and Axial Planes
• Medial epicondyle (ME) and lateral epicondyle
(LE) distance: the distance from the most prominent

a

Figure 3. Reference angles of the distal femur in the sagittal plane.
ACA: Anterior cortical axis; the line that connects the points drawn at
5 cm and 10 cm proximal to the distal joint line on the anterior cortex. DMA: distal medullary axis; the line drawn between 1 cm anterior of the BL and the midpoint of the medullary canal at 20 cm proximal to the joint line. sMA: sagittal mechanical axis; the line that connects the center of the femoral head and the midpoint of the epicondylar axis. [Color figure can be viewed in the online issue, which is
available at www.anatomy.org.tr]

point of the medial and lateral epicondyles to the JL in
the coronal plane (Figure 4).
• Epicondylar axis (EA): the line that connects the most
prominent points of the medial and lateral epicondyle
(Figure 4).
• Posterior condylar line (PCL): the line that connects
the posterior borders of the condyles (Figure 4).
• Medial and lateral posterior condylar offset (m-PCO
and l-PCO): the distance from the most prominent
posterior point of the medial and lateral femoral
condyles to the posterior femoral cortex in the sagittal
plane measured from the 3D reconstruction of the
PCO (Figure 4).

a

Figure 4. Medial epicondyle and lateral epicondyle distance (a), Measurement of posterior offset and reference axes (b). ME distance (MEd) and
LE distance (LEd); the distance from the most prominent point of the medial and lateral epicondyle distance to the joint line. EA: epicondylar
axis; the line that connects the most prominent points of the MEd and LEd. PCL: posterior condylar line; the line that connects the posterior borders of the condyles. m-PCO: medial posterior condylar offset; l-PCO: lateral posterior condylar offset; the distance from the most prominent
posterior point of the medial and lateral femoral condyles to the posterior femoral cortex in the sagittal plane from the 3D reconstruction of the
posterior condylar offset measurement (D: distal, L: lateral, M: medial, P: proximal, Po: posterior). [Color figure can be viewed in the online issue,
which is available at www.anatomy.org.tr]
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Additionally, AP and ML canal diameters at 25, 50,
75, 100, 125, 150, 175, and 200 mm were measured from
distal to proximal starting from the BL (Figures 5 and
6).

a

177

b

LT

In 5 mm slices starting from the BL, AP and ML diameters at the level with the narrowest medullary canal width
was determined as the isthmus diameter and the distance of
this level to the BL distal endpoint was determined as isthmus distance.

ISTHMUS

ISTHMUS

SB + 200 mm

The angle between EA and PCL was measured in the
coronal plane. The angle difference between the axis measurements in the sagittal plane was calculated. The correlation of the measurements with bowing and each other in
the sagittal plane was analyzed. All measurements were
compared between men and women.

SB + 175 mm

SB + 175 mm

SB + 150 mm

SB + 150 mm

SB + 125 mm

SB + 125 mm

SB + 100 mm

SB + 100 mm

SB + 75 mm

SB + 75 mm

SB + 50 mm
SB + 25 mm

SB + 50 mm
SB + 25 mm

The variables with normal distribution were analyzed
with the Shapiro–Wilk test. Descriptive statistics of the
variables without normal distribution were expressed as
median (minimum, maximum) values. In addition,
mean±standard deviation values were also provided.
Mann–Whitney U test was used to analyze the differences
between variables according to gender. The relationship
between the specified variables was studied with the
Spearman’s rho correlation coefficient. In cases with significant relationships, the correlations were interpreted as
“no correlation or negligible correlation” for correlation
coefficients between 0.00–0.19, as “poor (low)” for
0.20–0.39, as “moderate” for 0.40–0.69, as “strong (high)”

Subchondral bone

Subchondral bone

Figure 5. Measurement of canal diameters from distal end of the
Blumensaat line level towards the proximal part in the coronal (a) and
sagittal (b) planes. [Color figure can be viewed in the online issue, which
is available at www.anatomy.org.tr]

for 0.70–0.89, and as “very strong” for those between
0.90–1.0.
IBM SPSS Statistics for Windows (Version 21,
Armonk, NY, USA) and MS-Excel 2007 software were
used for statistical analyses and calculations. The level of
statistical significance was considered as p<0.05.

a

b

c

d

e

f

g

h

Figure 6. Examples of canal diameter measurements at different cross-section levels from distal end of the Blumensaat line level towards the
proximal part. Canal diameters at 25 mm (a), 50 mm (b), 75 mm (c), 100 mm (d), 125 mm (e), 150 mm (f), 175 mm (g), and 200 mm (h). [Color
figure can be viewed in the online issue, which is available at www.anatomy.org.tr]
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Results
No statistically significant difference was found between
genders in terms of the values for femoral length, being
41.93±5.19 cm in males and 39.75±5.10 cm in females
(p=0.475). However, the distance from the tip of bowing
to the BL was 17.74±2.53 cm in females and 19.14±2.70
cm in males, the difference being statistically significant
(p=0.017). Moreover, the variable bowing angle exhibited a significant difference according to gender (p=0.013),
with the mean bowing angle being 15.78± 4.47° and
13.25±4.42° in females and males, respectively.
For comparing the medullary canal diameters of the
femurs by gender, AP and ML diameters were measured
at 25 mm, 50 mm, 75 mm, 100 mm, 125 mm, 150 mm,
175 mm, and 200 mm levels with respect to the BL distal endpoint. The two gender-groups had similar results
in terms of the AP diameter at 200 mm and ML diameter at 25 mm; whereas, there was a statistically significant
difference at all the other levels particularly being higher in males: (AP 25 mm, p=0.05; AP 50 mm, p=0.036; AP
75 mm, p=0.041; AP 100 mm, p=0.049; AP 125 mm,
p=0.045; AP 150 mm, p=0.037; AP 175 mm, p=0.05; AP
200 mm, p=0.051; ML 25 mm; p=0.052; ML 50 mm,
p=0.043; ML 75 mm, p=0.032; ML 100 mm, p=0.04; ML
125 mm, p=0.038; ML 150 mm, p=0.024; ML 175 mm,
p=0.049; and ML 200 mm, p=0.046). The comparison of

measured values and all variables according to gender are
shown in Tables 1 and 2.
It was observed that there was a mean difference of
5.14±1.67° and 4.12±2.41° between sMA and the ACA
and DMA, respectively. These two parameters are commonly used in component positioning in the sagittal
plane while using conventional total knee prosthesis
techniques. And this difference was statistically significant in both male and female femurs (p=0.02 and
p=0.031, respectively). The calculated mean angle
between PCL and EA in the coronal plane was 4.37±
2.18°, and it this angle between the two lines showed a
statistically significant difference according to gender
(p=0.047). Moreover, it was observed that the m- and lPCOs were longer in male femurs as compared to female
femurs, with the difference being statistically significant
(p=0.025 and p=0.037, respectively).
Correlation coefficients between the variables are
shown in Table 3. There was no statistically significant
relationship between the femoral bowing tip distance
and isthmus distance from the distal part (p=0.837). A
moderate correlation was observed between the medial
offset and ME–JL distance (p<0.001) both in female and
male femurs (p<0.001 and p<0.001, respectively). On
evaluating statistical relationship between the femoral
length and bowing angle, it was found that the bowing
angle increased in parallel with increasing femoral length

Table 1
Angle and length measurements of the parameters used for morphometric analysis of the anatomy of distal femur and the descriptive statistics of
these variables according to gender (mean±SD).
Gender

Variables

Male
Mean±SD

Female
Mean±SD

All
Mean±SD

p-value

Femoral length (cm)

41.93±5.19

39.75±5.10

40.84±5.23

0.475

Bowing angle

13.25±4.42°

15.78±4.47°

14.02±4.50°

0.013

Bowing tip distance (cm)

19.14±2.70

17.74±2.53

18.44±2.51

0.017

Bowing tip ML diameter (cm)

1.16±0.17

1.14±0.17

1.15±0.17

0.728

Bowing tip AP diameter (cm)

1.30±0.21

1.27±0.19

1.29±0.20

0.595

The angle between the anterior cortical axis and sagittal mechanical axis

4.10±1.80°

6.16±1.58°

5.14±1.67°

0.020

The angle between the distal medullary axis and sagittal mechanical axis

3.71±2.30°

4.82±2.36°

4.12±2.41°

0.031

Medial condylar offset (mm)

35.47±5.91

28.1±4.3

31.79±5.10

0.025

Lateral condylar offset (mm)

28.96±4.28

25.6±4.4

27.28±4.35

0.037

The angle between the posterior condylar line and epicondylar axis

3.60±2.10°

5.10±3.10°

4.37±2.18°

0.047

Lateral epicondyle distance (mm)

28.41±3.00

23.95±2.72

24.18±1.87

0.040

Medial epicondyle distance (mm)

37.1±2.8

30.88±4.14

32.97±3.49

0.003

Isthmus distance (cm)

25.41±2.89

23.31±2.04

24.36±2.96

0.022

Isthmus diameter ML (cm)

1.37±0.43

0.97±0.15

1.17±0.44

0.456

Isthmus diameter AP (cm)

1.06±0.12

1.07±0.13

1.07±0.13

0.641

Anatomy • Volume 13 / Issue 3 / December 2019

179

3D analysis of the distal femur and femoral shaft

Table 2
Measurement of anteroposterior and mediolateral canal diameters at 25, 50, 75, 100, 125, 150, 175, and 200 mm from the Blumensaat line
distal end point towards the proximal part and the descriptive statistics of these variables according to gender.
Gender
Male
Mean±SD

Variables

Female
Mean±SD

All
Mean±SD

p-value

ML at 25 mm (cm)

6.18±0.84

6.08±0.79

6.13±0.81

0.052

AP at 25 mm (cm)

3.87±0.46

3.51±0.30

3.76±0.28

0.050

ML at 50 mm (cm)

3.61±0.69

3.47±0.70

3.59±1.70

0.043

AP at 50 mm (cm)

2.72±2.45

2.16±0.40

2.48±1.40

0.036

ML at 75 mm (cm)

2.75±1.50

2.42±0.58

2.68±0.90

0.032

AP at 75 mm (cm)

2.31±0.25

1.98±0.29

2.24±0.27

0.041

ML at 100 mm (cm)

2.21±0.38

2.06±0.39

2.18±0.88

0.040

AP at 100 mm (cm)

1.86±0.25

1.66±0.97

1.71±0.26

0.049

ML at 125 mm (cm)

1.77±0.29

1.62±0.29

1.69±0.79

0.038

AP at 125 mm (cm)

1.65±0.22

1.52±0.24

1.59±0.29

0.045

ML at 150 mm (cm)

1.57±0.37

1.37±0.25

1.41±0.23

0.024

AP at 150 mm (cm)

1.53±0.25

1.28±0.29

1.49±0.35

0.037

ML at 175 mm (cm)

1.37±0.76

1.19±0.17

1.24±0.16

0.049

AP at 175 mm (cm)

1.39±0.21

1.23±0.22

1.33±0.49

0.050

ML at 200 mm (cm)

1.23±0.67

1.13±0.16

1.18±0.46

0.046

AP at 200 mm (cm)

1.22±0.18

1.14±0.19

1.18±0.19

0.051

ML at Isthmus (cm)

0.97±0.15

1.37±0.43

1.07±0.44

0.784

AP at Isthmus (cm)

1.07±0.13

1.06±0.12

1.07±0.13

0.646

AP: anteroposterior; ML: mediolateral.

in both male and female femurs (p<0.05 and p<0.001,
respectively). Bowing angle with ACA/sMA and bowing
angle with DMA/sMA were also correlated (p<0.01 and
p=0.043, respectively), and this correlation was found to
be higher in female femurs.
The inter- and intra-observer differences in the measurements were not statistically significant (p>0.05).

Discussion
This study showed that significant difference between
genders in terms of various parameters for the distal and
medullary canal structures of males and females, with a
discussion on the improvements in the femoral component and stem designs and positioning that these differences may require. In addition to the gender-dependent

Table 3
Correlation coefficients between the variables in general and according to gender.
Gender
Male (n=100)
Compared parameters

rho

p-value

Female (n=100)
rho

p-value

All (n=200)
rho

p-value

Isthmus distance - Femoral bowing tip distance

0.134

0.514

0.118

0.748

0.015

0.837

Medial epicondylar distance -Medial condylar offset

0.716

<0.001

0.633

<0.001

0.682

<0.001

Lateral epicondylar distance - Lateral condylar offset

0.089

0.379

0.065

0.522

0.071

0.262

Femoral length - Bowing angle

0.715

<0.05

0.878

0.001

0.799

<0.001

ACA/sMA - Bowing angle

0.413

<0.05

0.876

<0.001

0.517

<0.01

DMA/sMA - Bowing angle

0.489

<0.05

0.817

<0.001

0.615

0.043

ACA/sMA: the angle between the anterior cortical axis and sagittal mechanical axis; DMA/sMA: the angle between the distal medullary axis and sagittal mechanical axis.
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variables, differences between the angular parameters
that are commonly used in knee prosthesis during
femoral implantation were also analyzed.
Previous studies have provided different suggestions
for femoral component design due to the genderdependent morphometric differences in the anatomy of
the distal femur between males and females.[16,17]
Especially in revision surgeries that involve the use of
long stems, not paying attention to the femoral width
and bowing could lead to excessive stress and, in turn, to
fractures during surgery, rapid wear and also early failure
in the postoperative period. One of the important findings of this study was that the isthmus and tip of bowing
measured from the distal part were at different levels in
male and female femurs, and the tip of femoral bowing
was closer to the joint than the isthmus. Moreover, we
observed that the bowing angle was higher and that the
tip of bowing was closer to the JL in female femurs as
compared to the male ones. It was also found that the
isthmus was closer to the joint in female femurs as compared to male femurs. It was observed that increased
bowing resulted in increased flexion in the distal part of
the femur, thereby causing an increase in the DMA in
female femurs. Therefore, it is possible to say that using
shorter femoral stems would be necessary in females
with the same bowing angle, as the tip of bowing would
be closer to the JL.
Today, many authors emphasize that correct component alignment in primary and revision surgeries have
important effects on the survivorship and clinical success
of arthroplasty.[18] Apart from the planning in the coronal
plane, planning in the sagittal plane to align the femoral
component in accordance with the mechanical axis is of
utmost importance for the survival of the component.
The mentioned positioning can be achieved more successfully by using knee prosthesis techniques that involve
navigation rather than conventional methods.[19,20] Studies
have shown that the femoral component position
achieved by using DMA and ACA references with conventional techniques could be in flexion or extension
with respect to the mechanical axis.[14] Placement of the
femoral component in flexion or extension can lead to
many complications such as early polyethylene wear,
limitation of movement, and periprosthetic fracture. In
this study, ACA, DMA, and sMA axes described in the
literature were measured in all the bones to reveal the
differences between these axes, and it was confirmed that
the mentioned differences were statistically significant.
Our study showed that there was a strong correlation
between the femoral bowing and ACA, DMA, and sMA.
Anatomy • Volume 13 / Issue 3 / December 2019

The angles between ACA and sMA and DMA and sMA
were significantly increased in parallel with increased
femoral bowing in male and female femurs (p<0.01 and
p=0.043, respectively). In a similar study, Chung et al.[21]
found that the difference between DMA and sMA
according to the measurement method was highly affected by anterior bowing. The same study showed that each
1-degree increase in anterior bowing resulted in a 0.15
degree increase in DMA with respect to sMA. Our study
has shown that the mentioned increment exhibited a
higher variation in female femurs as compared to male
femurs. A distal bowing in addition to the mentioned
bowing can be relevant in females since the deviation
between DMA, ACA, and the sagittal mechanical axis
exhibits a higher increment with the change in bowing
angle in females as compared to the males who have the
same bowing angle. Knowing the differences between
these reference points used during femoral component
implantation in systems that do not involve navigation
would ensure that the intramedullary and extramedullary
guides are correctly routed and interpreted, thereby
helping the positioning of the component closer to the
desired mechanical axis.
Suitable rotation of the femoral component is one of
the most important parameters for the survival of the
prosthesis and functional outcomes. Malrotation of the
femoral component is associated with many complications such as patellofemoral mal-tracking, limitation of
movement and stiffness, and early loosening.[22,23] In the
presence of normal condylar anatomy, PCL is at 3–4°
internal rotation with respect to EA, and this angle difference is the main parameter that determines the
amount of resection. In our study, m- and l-PCO values
were smaller in female femurs as compared to male
femurs (p=0.025 and p=0.037, respectively). Moreover,
in female femurs, the l-PCO value exhibited a higher
decrease with respect to the medial value, in comparison
to male femurs, and the angle between PCL and EA was
higher in female femurs (p=0.047). Therefore, having a
shorter resection in the lateral aspect as compared to the
medial aspect in femoral posterior chamfer and posterior offset resections would provide a femoral component
rotation more consistent with the EA in comparison to
the knee replacement implant systems that use a standard resection with 3°.
Bellemans et al.[24] were the first to describe the concept of PCO. They suggested that the maximum flexion
following TKA was limited to the angle from the posterior edge of the tibia to its contact point on the posterior edge of the femur. In our study, considering the rela-
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tionship between ME and LE–JL distance and l- and mPCOs, the only linear correlation observed was for the
medial aspect. Therefore, we suggest that l- and mPCOs should be evaluated separately to adjust the ideal
offset. Although it is thought that increasing PCO with
TKA would increase flexion, according to a study by
Mitsuyasu et al.,[25] posterior tissue tension increases due
to enlarged posterior femoral component, thereby tightening the extension gap. To prevent this instability, mand l-PCO measurements should be conducted separately using CT, considering the triangular structure of the
distal femur, and it should be kept in mind that conventional x-rays could lead to faulty measurement results.

Conclusion
Since there is a wide range of gender-dependent anthropomorphic differences between the distal femurs of
males and females, as well as a wide range of variables
from the measurement of each morphological structure
around the knee; it is necessary to have various implants
with different designs. Size and morphologic measurements exhibit differences not only between genders but
also within the same gender. Therefore, there is no standard value. Further studies are necessary to evaluate the
effect of using designs based on the relevant variables on
the clinical outcomes in individuals who undergo TKA.
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Abstract
Objectives: Mesenchymal stem cells (MSC) and their secreted factors (i.e. niche) are becoming growingly popular in bone
regeneration. The mechanisms of this effect can be investigated through in vitro models which are cost-effective methods
used for determining the effectiveness of new products in experimental and clinical applications. In the present study, we
established an experimental diabetic osteoporosis model in a high-glucose culture medium with no estrogen supplement to
investigate the effect of MSC and their niche which their factors secreted into 24 hours medium on osteoblastic differentiation, formation of bone islets, and the wound healing model induced by scratch assay.
Methods: A culture medium of adipose-derived rat MSC (ADMSC) with no estrogen supplement was used for cell growth to
assess osteoblastic differentiation and bone islet formation. A wound model was induced using the scratch assay to investigate
the effect of the model on the parameters of wound healing. Cell growth and viability was assessed using MTT assay, cell migration and differentiation and the amount of wound closure were assessed based on the expression of CD44, CD45, and CD73,
and osteoblast differentiation was evaluated using Alizarin Red S and von Kossa staining. Morphological observations were performed using an inverted phase-contrast microscope and h-score was assessed with immunohistochemical staining.
Results: The use of osteogenic medium with estrogen supplement led to MSC growth and migration as well as bone islet formation. The use of a high-glucose medium without estrogen supplement inhibited MSC differentiation and bone islet formation. The administration of MSC and niche promoted the wound healing initiated by the administration of the scratch assay and
this promotion was significant in terms of all the parameters of wound healing.
Conclusion: The results indicated that the therapeutic effect of MSC and niche could be used as an effective treatment
model in wound healing in patients with diabetic osteoporosis. Moreover, this model could be a cost-effective method for
the new treatment products to be applied in dental and orthopedic practice prior to animal experiments and clinical trials.
Keywords: diabetic osteoporosis; in vitro; mesenchymal stem cell; niche; osteoblastic differentiation; wound healing
Anatomy 2019;13(3):183–192 ©2019 Turkish Society of Anatomy and Clinical Anatomy (TSACA)

Introduction
Mesenchymal stem cells (MSC) are important cell-based
therapy products due to their regenerative properties and
ability to give rise to cells of various lineages. These cells
have the potential to differentiate into osteoblasts and
osteocytes both in vitro and in vivo, which makes them
excellent candidates for bone tissue regenerative therapy.[1]

MSC can be easily obtained from various sources such as
adipose tissue and be prepared for use after being produced in laboratories with Good Manufacturing Practice
(GMP) standards. Early-phase studies of MSC in clinical
conditions including ischemia, Crohn’s disease, ulcerative
colitis, and liver diseases have been completed and MSC
therapies have been initiated thereafter.[2] Additionally, the
clinical use of MSC in numerous bone diseases has also
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been initiated.[3] MSC have the potential to differentiate
into osteocytes and chondrocytes both in vitro and in vivo,
which makes them excellent candidates for bone and cartilage diseases in clinical trials.[1] Moreover, it has also been
suggested that MSC can also be used in the presence of
osteoporosis.[4–6] On the other hand, long-term exposure to
the high glucose effect leads to changes in bone metabolism and microarchitecture, thereby resulting in decreased
healing rates in patients with chronic and non-controlled
diabetes mellitus.[7] It has also been suggested that the
effect of oxidative stress, inflammation, and drug use on
osteoblasts and osteoclasts produce weak bones with
increased fracture risk.[8]
MSC are pluripotent cell-based therapy products that
can be derived from bone marrow, adipose tissue, placenta, amniotic fluid, and fetal tissues. MSC can be easily
obtained and expand for therapeutic purposes. These
cells, unlike hematopoietic stem cells (HSC), can be characterized as negative for CD34 and CD45 and positive for
CD29, CD44, CD71, CD90, CD73 (SH3/SH4), CD105
(SH2), CD106, and CD124.[9–12] Regenerative medicine
has the potential to heal or replace damaged tissues and
organs using biological products. Adipose-derived MSC
(ADMSC) have recently emerged as popular therapeutic
products in regenerative medicine, particularly in the
treatment of inflammation and autoimmune diseases.
These cells are considered to inhibit bacterial growth and
colony formation in diseases such as osteomyelitis and cystic fibrosis. MSC and their secreted factors (i.e. niche)
have been accepted as mainstay therapeutic products with
no side effects in clinical practice and their distinct modifications continue to emerge every passing day.[13] They
have the potential to decrease inflammation in damaged
tissues, thereby promoting immunomodulation and
regeneration. Moreover, MSC also accelerate regeneration and provide relatively better healing in critical volume defects.[14]
Previous study indicated that the osteoblastogenesis
mineralization of rat bone marrow stromal cells is inhibited in hyperglycemic culture via activation of the Notch2
signaling pathway.[15] Another study evaluated diabetic rats
induced with streptozotocin (STZ) and revealed that the
transplantation of CXCL13-stimulated bone marrow
stromal cells (BMSC) in culture increased cell proliferation rate and in vivo enhanced the corresponding ALP
expression in bone healing.[16] Moreover, it has also been
reported that high glucose levels may affect the bone cells
in culture medium.[17] Other studies indicated that the
administration of human diabetic serum into MSC culture
medium led to reduced osteogenic differentiation in association with high glucose levels and could also be an
Anatomy • Volume 13 / Issue 3 / December 2019

important factor for diabetic osteoporosis.[18] A study by
Qu et al.[19] examined the effect of miR-449 on osteogenic
differentiation and its underlying mechanism in human
bone marrow-derived mesenchymal stem cells (hBMSC)
using high glucose and free fatty acids treatment (FAT)
and revealed that after culturing for 14 days, the treatment
dramatically decreased mineralization of hBMSC and
resulted in impaired bone islets. The study also showed
that the miR-449 mimics decreased the protein expression
levels of runt-related transcription factor 2 (Runx2), ALP,
collagen I, osteocalcin (OCN), and bone sialoprotein
(BSP), which were significantly increased by miR-449
inhibitors. Another study that investigated potential
abnormalities of bone marrow-derived MSC (BMMSC)
in a rat menopause model established by ovariectomy
revealed that proliferation, migration, and differentiation
of osteoclasts was decreased, and increased by Wharton's
jelly-derived MSC.[20] In an experimental study, ADMSC
were cultured to mimic diabetic osteoporosis and the
results indicated that the osteopontin (OPN) and Runx2
expressions of ADMSC were decreased and there was also
a noticeable reduction in mineralization, which were associated with DNA methylation and Wenti signal.[21]
Likewise, some other studies induced a rat diabetic osteoporosis model with STZ and high-fat diet and reported
that the administration of the model with plant extracts
improved diabetic osteopenia and also prevented oxidative
stress and apoptosis in the fracture induced in the
femur.[22,23]
Chen et al.[24] investigated the effect of Runx2 on
osteoblast differentiation in high-glucose condition and
reported that the expression of Runx2, ALP, OC, and
OPN, as well as ALP activity and Alizarin Red S staining
decreased significantly, whereas administration of 10 mM
PI3K/AKT inhibitor LY294002 eliminated this favorable
effect. The authors also noted that Runx2 reversed high
glucose-induced inhibition of osteoblast differentiation via
modulation of PI3K/AKT/GSK3b/b-catenin pathway.
Some other studies indicated that estrogens had beneficial
effects on osteoblasts during differentiation and also
increased their survival and mineralization capacity.[25–28]
Additionally, it has been reported that estrogen deficiency
has a repressive role on MSC via miR-133 and that the
expression of Runx2 and Osterix decreases ALP activity as
well as the formation of mineralization nodules, which
could be significant factors for MSC in patients with postmenopausal osteoporosis.[29]
In the present study, an experimental diabetic osteoporosis model was induced in a high-glucose culture
medium with no estrogen supplement, which allowed
osteoblastic differentiation of MSC and the formation of
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bone matrix. By using this model, we aimed to investigate
the effect of MSC and their niche (i.e. factors secreted into
24-h medium) on osteoblastic differentiation, formation
of bone islets, and wound healing model induced by
scratch assay.

Materials and Methods
Mesenchymal Stem Cell Culture
Adipose-derived MSC (ADMSC) that were cryopreserved
in the second passage at -80°C were retrieved in vials and
warmed to room temperature in a 37°C water bath.
Subsequently, the cells were placed in an α-MEM culture
medium including 15% fetal bovine serum (FBS), 50
Ìgr/ml gentamycin, 100 UI/ml penicillin, 100 UI/ml streptomycin, and 100 UI/ml amphotericin to promote cell
proliferation and confluence and then were incubated at
37°C with 5% CO2. The samples were morphologically
evaluated and photographed under an inverted phase-contrast microscope.[30–32] The cells were then embedded in a
frozen ADMSC culture and inoculated onto 12-well culture plates at 2.5×104 cells/cm2.
MTT Assay
Cell viability and proliferation was assessed using MTT
(3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium
bromide) assay which is a widely used enzymatic test based
on the cleavage of the tetrazolium ring of MTT by dehydrogenases. MTT is actively absorbed into living cells and
the reaction is reduced to non-water-soluble blue-purple
formazan crystals after being catalyzed by succinate dehydrogenases in the mitochondria. The amount of these
crystals, which can be determined spectrophotometrically,
serves as an estimate for the number of living cells in the
sample. An MTT stock solution (5 mg of MTT/ml of distilled water) was prepared in sterile phosphate buffered
saline (PBS) and was inoculated onto 96-well culture
plates. After remaining in an incubator for 3 h, optical density was determined using an ELISA kit (Bio-Rad, ABD) at
the 540 nm wavelength. The mean of absorbance values
from control wells was accepted as the control absorbance
value indicating 100% cell viability. The mean of
absorbance values from the wells treated with solvents and
agents was expressed as the percentage of the control
value.[33]
Osteoblastic Differentiation and Characterization
of ADMSC
The ADMSCs frozen at -196°C were recovered from fluid
nitrogen and warmed to room temperature and then placed
in culture medium for proliferation. The osteogenic factors
were added with 50 mg/mL ascorbic acid, 10–8 M dexam-
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ethasone, 10 mM b-glycerol phosphate, and 10 nmol/L
17β-estradiol (E2) for osteoblastic differentiation. The cells
in the second passage were used for the experiment were
characterized as CD90-positive and CD45-negative by
immunohistochemical staining. Confluent cultures were
examined immunohistochemically using antibodies against
OC (Biomedical Technologies, Stoughton, MA, USA), or
ON (AON-1; Developmental Studies Hybridoma Bank,
Stoughton, MA, USA) as follows. Samples were fi xed with
4% paraformaldehyde in PBS, pH 7.4. Endogenous peroxidase was inactivated by incubation with 3% H2O2 for 30
min. After incubation with primary antibodies, the sections
were incubated with biotinylated secondary antibodies and
reacted with peroxidase-conjugated streptavidin using the
protocol of a Histostain kit (Zymed, San Francisco, CA).
The primary antibody was omitted for negative control.
Samples were then incubated with diaminobenzidine/
hydrogen peroxide (00–2020, Invitrogen, Camarillo, CA,
USA). Cells were counterstained with Mayer’s hematoxylin
(02274390059, J.T. Barker, Deventer, Holland). After
washing in distilled water, cover glasses were removed from
the plate, then they were reversed and mounted on to the
slides with mounting medium (AML060, Scytek, UT,
USA), then evaluated under a light microscope (Olympus
BX40, Olympus Corp., Tokyo, Japan).
The osteoblastic differentiated from MSC at confluent
level were observed as island of cells in mineralized matrix
and stained by Alizarin Red S and Von Kossa. At the end
of the incubation of canine BMSC, the cell layers were
washed three times with ice-cold PBS, pH: 7.4, scraped off
the plates into 300–500 ml ice-cold 0.1% Triton-X 100
and subjected to mild sonication to lyse the cells completely. ALP activity was measured using 2 mM p -nitrophenylphosphate (p-NPP) in assay buffer (0.1 M
diethanolamine, 1 mM MgCl 2, pH 10.5) at 37°C for
10–60 min. ALP activity is expressed as nmol of p-nitrophenol/mg protein/h. Calcium phosphate deposit in the
ECM can be detected by the Von Kossa (VK) method in
which calcium phosphate deposits are stained brown to
black. The media of confluent cultures were removed and
the cells were washed once in cold PBS without Ca/Mg.
Fixation was carried out for 15 min in 2.5% glutaraldehyde at room temperature and cultures were washed in
distilled H2O for 10 min. Distilled H2O was removed and
cells were covered with 5% AgNO 3 solution for 45 min.
BMSC also were processed for AR staining of mineralized
matrix. The cells were washed three times in distilled H2O
and allowed to air dry overnight. AR S (sodium 1, 2-dihydroxyanthraquinone3-sulfonate) was used as a colorimetric reagent for detection of calcium salts. Slides prepared
from the tissue culture (Nunc® Lab-Tek® Chamber
Anatomy • Volume 13 / Issue 3 / December 2019
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Slide™ system; Sigma, Roskilde, Denmark) were fixed in
10% formalin for 24 h and exposed to 1% ARS solution
(pH=4.2) for 5 min at room temperature. The cells were
washed in distilled water for 30 min to remove unreacted
reagent, then air dried and photographed.[34]
Inducing a Mimicked Model of Diabetic Osteoporosis
and Fracture in Culture
Normal glucose with estrogen supplementation in medium was used as the control value for the bone matrix formation in culture. A high-glucose medium without estrogen supplementation was used to mimic osteoporosis in
women with diabetic menopause. The bone matrix in culture was scratched with a sterile pipette tip and the effect
of glucose and estrogen supplementation was evaluated by
comparing with the control values. Healing was accepted
as complete close of the wound area by the cells.[35,36]
Transferring Microscopic Images to Digital Media
Morphological observations were performed using an
inverted phase-contrast microscope and the images were
transferred to computer environment and evaluated.[33]
Transforming Histological Images to Digital Data
Closure of wound healing was evaluated as digital data
by morphometric measurement of the interval.
Immunohistochemical staining and intensity was
obtained by H-score. H-Score=S Pi (i+1), where i is the
intensity of staining with a value of (1), (2) or (3) (minimal, mild, moderate, or strong, respectively) and Pi the
percentage of cells stained with each intensity, varying
between 0–100%. Results were expressed as mean±SE.
Differences among groups were statistically analyzed
with one-way ANOVA where appropriate. A p value of
0.05 was considered as statistically significant. All the
statistical analyses were performed using Graphpad
(GraphPad Software Inc., La Jolla, CA, USA) software.[33]

Results
The MSC markers elicited via mechanical isolation of
approximately 1 cm2 of adipose tissue harvested from rat
abdomen were characterized by immunostaining
(Figure 1) as CD90-positive and CD45-negative (Table
1). These cells were added with ascorbic acid, b-glycerol
phosphate, dexamethasone, and estrogen factors to allow
osteoblastic differentiation and the cells were characterized together with their markers. In culture medium,
islet-shaped bone matrix and calcium mineralization
were identified via Alizarin Red S and Von Kossa staining (Figure 2). It was also noted that cells in the
osteogenic medium supplemented with estrogen
Anatomy • Volume 13 / Issue 3 / December 2019

Table 1
H-score of MSC characterized as CD90-positive and CD45-negative.
H-score
CD90

CD45

234.45±22.68

35.22±16.48

expressed the osteogenic markers starting from center to
periphery of the islets.
Islet formation and the expression of MSC markers
decreased significantly in the mimicked model of diabetic osteoporosis that was formed in culture medium by
adding high glucose and removing estrogen (Table 2).
The effects of MSC and niche were examined in the
wound model formed by the scratch induced with a sterile pipette tip (Figure 3) and it was revealed that MSC
and niche which was factors secreted by MSC into their
24-h medium, promoted wound healing. It was also
observed that the healing was initiated through cell proliferation beginning on one side of the wound, followed
by the reformation of the bony tissue. Additionally, it
was also noted the administration of cell-based therapy
accelerated wound closure and also achieved more favorable outcomes in terms of wound healing and expression
of MSC markers when compared to untreated culture
(Table 3).

Discussion
Diabetes is a chronic health problem leading to significant losses due to its complications. Diabetes-associated
changes in bone microstructure and osteopenia can pose
serious challenges for dentists and orthopedists.[37,38]
Osteoporosis is a bone disease characterized by reduced
bone mass and resistance and increased fragility and is
known to affect most menopausal women. Osteoporosis
becomes more significant when accompanied by diabetes.

Table 2
H-score of differentiated MSC to osteoblast which characterized by ON
and OC staining.
ON

OCN

Control (OM + E2 + NG)

228.36±28.44

244.86±26.08

Mimicked model (OM – E2 + HG)

124.22±24.88

142.18±23.96

Treatment (OM – E2 + HG + MSC + Niche)

174.16±22.24

195.14±26.34

E2: 17β-estradiol; HG: high glucose; NG: normal glucose; Niche: secretion of factors
from MSC for 24 hours into medium; OCN: osteocalcin; OM: osteogenic medium; ON:
osteonectin.
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On the other hand, estrogen deficiency is a condition that
leads to decreased osteoblastic function and regeneration
capacity and delayed fracture healing. Accordingly, MSC
therapies can be effective options for such conditions
since MSC can be easily obtained and proliferated for
therapeutic purposes and due to their immune tolerance
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property.[39] In the present study, a mimicked model of
diabetic osteoporosis and fracture was formed in culture
medium which allowed osteoblastic differentiation and
bone islet formation. Moreover, the administration of
MSC and niche (i.e. secreted factors) were found to have
a therapeutic effect. The osteoblastic differentiation of

a

b

c

d

Figure 1. Morphological observation of MSC under phase contrast microscope and immunoperoxidase reactivity of CD90 for MSC which most of
the cells stained and CD45 for hematopoietic cells which did not stain positive with antibody against CD45. (a) MSC and adipose tissue cells (×400);
(b) Proliferation of MSC (×200); (c) CD90-positive (×400); (d) CD45-negative (×400). [Color figure can be viewed in the online issue, which is available at www.anatomy.org.tr]
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MSC in osteogenic culture with 17β-estradiol led to the
formation of osteoblasts and bone islets, which was
decreased significantly by the administration of a highglucose medium and removal of estrogen. In a related
manner, MSC and their niche significantly improved
wound healing in the wound model induced by scratch
assay.
The cells seeded in culture medium were confirmed as
MSC that were characterized as CD90-positive and
CD45-negative. Similarly, this mesenchymal characterization has been reported in previous studies and has also
been confirmed by flow cytometry.[9–11] It was also revealed

that the addition of estrogen into the osteogenic culture
medium led to greater bone islet formation and osteoblastic differentiation. Moreover, studies have shown that
inhibition of bone islet formation and osteoblastic differentiation in a high-glucose medium can be reversed by the
addition of 17β-estradiol (E2).[37] In our study, a mimicked
model of diabetic osteoporosis was formed in a high-glucose culture medium with E2 supplement and without
estrogen and was used as control.[35] In this medium, a
wound model was induced by the scratch assay, which is
commonly used in fibroblast culture, and the model promoted significant wound healing. Additionally, as consis-

a

b

c

d

Figure 2. Osteoblast differentiation detected by osteonectin and osteocalcine staining. (a) Osteonectin; (b) Osteocalcin; (c) Von Kossa stain; (d) Alizarin
Red S stain. [Color figure can be viewed in the online issue, which is available at www.anatomy.org.tr]
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Figure 3. The wound model induced by scratch with pipette tip, where cell growth, differentiation and reformation occurred. The mimicked model of
diabetic menopausal osteoporosis with high glucose and no estrogen supplement led to less healing compared to the control group. Wound healing in
culture was followed by phase contrast microscope. (a) Wound area; (b) Reformation of bone matrix. [Color figure can be viewed in the online issue,
which is available at www.anatomy.org.tr]

tent with the literature, the addition of MSC and niche
was found to have a contributory effect on the treatment.
The osteoblastic differentiation from MSC were
found to induce mineralized bone matrix shown with
Alizarin Red S and von Kossa staining. Similarly, this
differentiation and the formation of mineralized bone
matrix have also been shown by histochemical staining in
previous studies.[37,39–41] All these results were consistent
with the previous literature.
Osteogenesis is a complex process involving three
phases: proliferation, matrix formation, and mineralization. RunX2 is a key marker of this process and is associated with the signaling pathways including Wnt/βCatenin and PI3K/ AKT. Other markers include collagen
I, osteonectin (ON), osteopontin (OPN) and RANKL has
also been shown to be an immuno-histochemical marker
of osteoblastic and osteoclastic differentiation.[42–44] In our

study, the differentiation of MSC to osteoblasts in culture
medium was detected by the immunohistochemical staining of ON and OCN. Similarly, this differentiation was
also shown by staining of these two markers, as well as
some other markers including OPN and bone morphogenetic proteins (BMPs).[14,45]
Scratch assay is commonly used in fibroblast culture
for inducing wound models. However, to our knowledge,
the use of scratch assay following the formation of bone
matrix in culture has never been reported in the literature.
Additionally, although this assay has been administered in
skin wound healing with fibroblasts.[35,46–49] it has not been
administered for osteoblasts. Accordingly, the present
study is the first in the literature to show that the scratch
assay as a repeatable experimental model and that MSC
and their niche can be used for therapeutic purposes. In
the present study, we investigated the effect of high-glu-

Table 3
Scratched area was measured between both edge of the wound at the end of the experiment. The administration of MSC and niche led to
osteoblastic differentiation and bone matrix formation at a similar level to that of control group.
Wound closure

Bone matrix formation

Osteoblast count

Control (OM + E2 + NG)

0.75±0.15 μm

65.45±25.15

25.12±8.24

Mimicked model (OM – E2 + HG)

0.33±0.12 μm

21.22±10.88

8.44±2.16

Treatment (OM – E2 + HG + MSC + Niche)

0.58±0.14 μm

45.37±18.56

15.62±5.72
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cose culture medium with no estrogen supplement on
wound healing and found that the osteoblasts differentiated from MSC did not induce bone matrix formation and
had no significant effect on wound healing. Some previous
studies also investigated the effect of high-glucose medium on experimental diabetes in culture.[20,50] In a similar
way to our study, these studies also examined the effect of
estrogen supplementation in culture on menopause condition and revealed that it had a favorable effect on
osteoblasts.[29,45,51] Accordingly, our findings are consistent
with the literature.
In our study, as shown by previous literature, the
osteoblastic differentiation from MSC in an osteogenic
medium with E2 supplement was found to express more
ON and OC. Using high glucose decreased osteoblastic
differentiation shown with ON and OC staning and
reduced bone like island formation. Additionally, the
removal of the E2 supplement that was used for mimicking osteoporosis further clarified the diabetes-induced
damage and significantly decreased the expression of
markers, which were also consistent with the literature.
In contrast, the use of therapeutic MSC and niche
increased the decreasing expression of markers. A previous study indicated that diabetic patients typically damaged osteoblasts and osteoclasts and also had an
increased risk of oxidative stress, inflammation, delayed
fracture healing associated with drug use, and decreased
healing rates.[8]
A previous study reported that the osteoblastogenesis
mineralization of rat bone marrow stromal cells is inhibited in hyperglycemic culture by activation of the Notch2
signaling pathway.[52] Another study evaluated diabetic rats
induced by STZ and revealed that the transplantation of
CXCL13-stimulated BMSC in culture increased cell proliferation rate and in vivo enhanced the corresponding
ALP expression in bone healing.[16] Some other studies
indicated that the administration of human diabetic serum
into MSC culture medium lead to reduced osteogenic differentiation in association with high glucose levels and
could also be an important factor for diabetic osteoporosis.[18] A study by Qu et al. examined the effect of miR-449
on osteogenic differentiation and its underlying mechanism in hBMSC using high glucose and free fatty acids
treatment and revealed that the 14-day treatment dramatically decreased mineralization of hBMSC and resulted in
impaired bone islets. The authors also noted that the miR449 mimics decreased the protein expression levels of
Runx2, ALP, collagen I, OCN, and BSP which were significantly increased by miR-449 inhibitors.[19] Another
study investigated potential abnormalities of BMMSC in a
Anatomy • Volume 13 / Issue 3 / December 2019

rat menopause model established by ovariectomy and
revealed that proliferation, migration, and differentiation
of osteoclasts decreased, but increased by Wharton’s jelly
derived MSC.[20] In an experimental study, ADMSC were
cultured to mimic diabetic osteoporosis and the results
indicated that OPN and Runx2 expressions of ADMSC
decreased and there was a noticeable reduction in mineralization, which was associated with DNA methylation and
Wenti signal.[21] Likewise, some other studies established a
rat diabetic osteoporosis model with STZ and high-fat diet
and reported that administration of the model with plant
extracts improved diabetic osteopenia and also prevented
oxidative stress and apoptosis in the fracture induced in the
femur.[22,23]
In the present study, a culture model was formed to
investigate the effect of MSC and niche therapy on fractures that could result in death by embolies in patients
with diabetic osteoporosis. This model could be a costeffective method for the new treatment products to be
applied in dental and orthopedic practice prior to animal
experiments and clinical trials and also provides useful
information for the drugs to be developed in future. To
our knowledge, there are no studies conducted on MSC in
the literature other than those investigating the effect of
drugs and stem cell therapy on osteoblast differentiation.[9–11] Accordingly, the present study is the first of its
kind to show that MSC and niche therapy leads to a significant improvement in impaired osteoblast function and
in the reformation of bone matrix, particularly by increasing the number of osteoblasts, promoting bone matrix formation, and activating mineralization in culture. We consider that these findings can be used to produce a new
treatment protocol in clinical practice.
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Abstract
Objectives: This study aimed to make a quantitative evaluation of the academicians working in anatomy education, investigate the relationship between the number of academicians and the anatomy course hours, and examine the relationship
between the ages of the schools and the number of academicians in medical schools in Turkey.
Methods: The number of academicians (professor, associate professor, assistant professor, research assistant and lecturer) working at the department of anatomy were recorded by examining the official websites of 90 medical schools in Turkey between
June 22–27, 2019. The number of anatomy course hours was examined in 58 medical schools accessed from their websites. The
years of establishment of the medical schools were recorded.
Results: A total of 90 research assistants, 18 lecturers and 291 faculty members were determined to work in the anatomy
departments of the 90 medical schools in Turkey. The mean numbers of research assistants, lecturers, faculty members and
academicians per faculty were found as 1±1.56 (range: 0–9), 0.20±0.45 (range: 0–2), 3.23±2.41 (range: 0–11) and 4.43±
3.45 (range: 0–17), respectively. The mean numbers of theoretical, practical and total hours of anatomy course were
170.14±32.25 (range: 100–245), 104.47±34.78 (range: 32–196), and 274.6±51.92 (range: 132–405), respectively.
Conclusion: There were differences between universities in terms of academicians and anatomy course hours. The course
load of anatomy academicians was found rather high. It is concluded that this situation may have disadvantages for anatomy education and academic studies of academicians.
Keywords: academician; anatomy course hours; anatomy education; faculty member
Anatomy 2019;13(3):193–199 ©2019 Turkish Society of Anatomy and Clinical Anatomy (TSACA)

Introduction
Anatomy, one of the oldest known medical sciences, is a
branch of science that students start to learn at the
beginning of their medical education. Anatomy education provides a background for medical terminology and
clinical sciences and also is essential for being a qualified
physician.[1] Anatomy not only constitutes the basis of
medical education, but also it is one of the basic sciences
with the most course hours.[2–4] Therefore, the number of
academicians who work in the anatomy departments of
medical schools is important. According to the Higher

Education Law no 2547, academicians are classified as
faculty member, lecturer, and research assistant working
at institutions of higher education. Faculty members are
professors, associate professors and assistant professors
working at higher education institutions. Lecturers are
academicians who are responsible for teaching, applying
or supervising the application of the course hours taught
at higher education institutions. Research assistants are
defined as the academicians who assist in research, investigation, and experiments conducted at higher education
institutions and perform other related duties assigned by
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the competent bodies.[5] It is considered that there is a
plethora of factors that affect the anatomy education
such as the educational infrastructure of the schools,
educational strategies as well as the quality and quantity
of the academicians.
This study aimed to evaluate the academicians working in anatomy education quantitatively, investigate the
relationship between the number of academicians and
education hours and the relationship between the age of
the faculty and the number of academicians in medical
schools in Turkey.

Materials and Methods
The number of faculty members, lecturers, and research
assistants working at the anatomy departments were identified by examining the official websites of the 90 medical
schools providing education in Turkey between June
22–27, 2019. The number of anatomy course hours of 58
medical schools, which can be accessed through the websites, was examined. The years of establishment of the
medical schools were recorded. The relationship between
the age of 90 medical schools and the number of academicians as well as the relationship between the number of
anatomy course hours and the number of academicians of
58 medical schools were examined. The average number
of course hours per academician in 58 medical schools was
calculated. In the medical schools with both English and
Turkish programs, the course hours per academician were
calculated by taking the total course hours of both programs into consideration. Pearson correlation coefficient
was used to test the relationship between numerical variables. Descriptive statistics are given as mean±standard
deviation for numerical variables and number and percentage values for categorical variables. SPSS for
Windows (version 22.0, Chicago, IL, USA) software was
used for statistical analysis and p<0.05 was considered statistically significant.

Results
The anatomy departments of the 90 medical schools were
examined and the number of research assistants, lecturers,
faculty members and the total number of academicians
working at the anatomy departments were determined
(Table 1). The average number of research assistants, lecturers, faculty members and academicians were identified
as 1±1.56 (range: 0–9), 0.20±0.45 (range: 0–2), 3.23±2.41
(range: 0–11), and 4.43±3.45 (range: 0–17), respectively.
The highests numbers of faculty members in anatomy departments were in Ege and Istanbul Universities.
The highest numbers of lecturers in the anatomy departAnatomy • Volume 13 / Issue 3 / December 2019

ment were in Istanbul Medipol and Necmettin Erbakan
Universities, and the highest number of research assistants and academicians were in Çukurova University.
There was no academician in three (3.3%), no faculty
members in three (3.3%), no lecturer in seventy-four
(82.2%), and no research assistants in fifty (55.6%) the
anatomy departments.
The mean±standard deviation, minimum and maximum values of the number of professors, associate professors and assistant professors in the anatomy departments are shown in Table 2. It was observed that the
Anatomy Departments of Ege University, and ‹stanbul
Cerrahpaﬂa University had the highest number of professors. The anatomy departments of medical schools of
Hacettepe University, Necmettin Erbakan University,
Bursa Uluda¤ University, Sivas Cumhuriyet University,
Pamukkale University, and Afyonkarahisar University of
Health Sciences had the highest number of associate
professors, and ‹nönü University, Kafkas University, and
Yeditepe University had the highest number of assistant
professors.
Table 3 shows the number of anatomy course hours
including theoretical, practical and total, taught at 58 of
90 medical schools, the syllabuses of which could be
accessed from their official web sites. According to this
data, the average numbers of theoretical, practical and
total course hours were 170.14±32.25 (range: 100–245),
104.47±34.78 (range: 32–196) and 274.60± 51.92 (range:
132–405), respectively.
The highest number of theoretical, practical and total
course hours were at Bal›kesir University, Tekirda¤
Nam›k Kemal University and Necmettin Erbakan
University, respectively. Van Yüzüncü Y›l University
had the lowest number of theoretical, practical and total
course hours. The average number of total course hours
per academician in the 58 medical schools was 109.10±
80.76 (range: 16.05–434).
No statistically significant relationship was detected
between the number of academicians working at the universities and the average number of anatomy course hours
(p>0.05). A strong positive correlation was observed
between the age of the medical schools and the number of
the academicians in the anatomy departments (p=0.001
and r=0.667).

Discussion
Anatomy is a branch of science that examines the structure
and functions of the body and is regarded as one of the
oldest of basic sciences.[6] It has a very important place in
the practice of medicine as it forms part of the foundations
of the basic and clinical sciences.[1] In order to understand
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Table 1
Number of academic staff working in anatomy departments.
University

Foundation date

Research assistants

Lecturers

Faculty members

Academicians

Ac›badem Mehmet Ali Ayd›nlar University

2009

0

1

1

2

Ad›yaman University

2007

2

1

3

6

Afyonkarahisar University of Health Sciences

1998

2

1

3

6

Ahi Evran University

2007

0

0

1

1

Akdeniz University

1973

2

1

7

10

Aksaray University

2015

0

0

1

1

Alanya Alaaddin Keykubat University

2014

1

0

2

3

Amasya University

2011

0

0

0

0

Ankara University

1945

5

0

10

15

Ankara Y›ld›r›m Beyaz›t University

2010

0

1

3

4

Atatürk University

1962

0

0

3

3

Ayd›n Adnan Menderes University

1992

3

0

3

6

Bahçeﬂehir University

2013

0

0

3

3

Bal›kesir University

2006

2

0

3

5

Baﬂkent University

1994

3

1

4

8

Beykent University

2017

0

0

2

2

Bezm-i Alem Vak›f University

2011

0

0

3

3

Biruni University

2015

0

0

2

2

Bolu Abant ‹zzet Baysal University

1997

0

0

3

3

Bursa Uluda¤ University

1972

0

0

6

6

Çanakkale 18 Mart University

2000

0

1

1

2

Çukurova University

1970

9

1

7

17

Demiro¤lu Bilim University

2006

0

0

2

2

Dicle University

1966

0

0

6

6

Dokuz Eylül University

1978

0

0

10

10

Düzce University

1992

1

0

1

2

Ege University

1955

0

0

11

11

Erciyes University

1964

0

0

6

6

Erzincan Binali Y›ld›r›m University

2008

0

0

2

2

Eskiﬂehir Osmangazi University

1975

6

0

6

12

F›rat University

1985

2

0

4

6

Gazi University

1979

0

0

6

6

Gaziantep University

1987

1

0

4

5

Giresun University

2007

0

0

1

1

Hacettepe University

1967

3

0

10

13

Haliç University

2017

0

0

4

4

Harran University

1995

1

0

2

3

Hatay Mustafa Kemal University

2002

0

1

1

2

Hitit University

2009

0

0

2

2

‹nönü University

1988

0

0

5

5

‹stanbul Ayd›n University

2016

0

1

2

3

‹stanbul Medeniyet University

2013

2

0

2

4

‹stanbul Medipol University

2010

5

2

3

10

‹stanbul Okan University

2014

0

0

1

1

‹stanbul University

1933

3

0

3

6
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Table 1 [Continued]
Number of academic staff working in anatomy departments.
University

Foundation date

Research assistants

Lecturers

Faculty members

Academicians

‹stanbul University-Cerrahpaﬂa

1933

2

0

11

13

‹stanbul Yeni Yüzy›l University

2012

1

0

1

2

‹stinye University

2016

2

0

4

6

‹zmir Demokrasi University

2018

0

0

0

0

‹zmir Ekonomi University

2017

0

0

2

2

‹zmir Kâtip Çelebi University

2011

3

0

3

6

Kafkas University

2003

1

1

3

5

Kahramanmaraﬂ Sütçü ‹mam University

1996

0

0

2

2

Karabük University

2010

2

0

2

4

Karadeniz Technical University

1976

2

0

4

6

Kastamonu University

2007

0

0

0

0

K›r›kkale University

1997

0

0

1

1

Kocaeli University

1995

0

0

3

3

Koç University

2010

0

0

2

2

KTO Karatay University

2015

1

0

2

3

Kütahya Health Science University

2009

0

0

1

1

Lokman Hekim University

2018

2

0

2

4

Maltepe University

1997

1

0

2

3

Manisa Celal Bayar University

1995

0

0

2

2

Marmara University

1933

3

1

3

7

Mersin University

1998

2

1

6

9

Mu¤la S›tk› Koçman University

2009

0

0

3

3

Necmettin Erbakan University

1982

1

2

6

9

Ni¤de Ömer Halis Demir University

2017

0

0

1

1

Ondokuz May›s University

1975

0

0

7

7

Ordu University

2006

0

0

1

1

Pamukkale University

1987

0

0

5

5

Recep Tayyip Erdo¤an University

2008

1

0

2

3

University of Health Science

2016

0

0

3

3

Sakarya University

2008

1

0

3

4

SANKO University

2014

0

0

2

2

Selçuk University

2002

1

0

3

4

Sivas Cumhuriyet University

1973

2

0

5

7

Süleyman Demirel University

1993

2

0

3

5

Tekirda¤ Nam›k Kemal University

2008

1

0

1

2

TOBB Ekonomi ve Teknoloji University

2012

0

0

2

2

Tokat Gaziosmanpaﬂa University

2002

0

0

2

2

Trakya University

1974

4

0

6

10

Ufuk University

2003

0

0

2

2

Uﬂak University

2006

0

0

2

2

Van Yüzüncü Y›l University

1995

0

0

2

2

Yeditepe University

1996

0

0

3

3

Yüksek ‹htisas University

2015

1

1

2

4

Yozgat Bozok University

2006

1

0

2

3

Zonguldak Bülent Ecevit University

2000

0

0

2

2
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how diseases affect the structure and function of organs, it
is essential to understand the human body from the visible
structures to the cellular level.[7] This is possible with a
good anatomy education. In Turkey, anatomy education
is taught to students as theoretical and practical courses
mostly in the first two years of medical schools.[2–4]
Özer[8] reported an increase in the quotas and the number of universities in Turkey in order to meet the demand
for higher education and increase the schooling rate in
higher education. In line with this finding, the rapidly
increasing number of medical schools and quotas in
Turkey has led to an increase in the number of medical
students.[9–11] However, the number of academicians in
anatomy departments has not increased proportionately
with those numbers, and that some schools are lacking in
academician in the anatomy departments (Table 1).
Özo¤lu[12] stated that the ratio of students per faculty member in medical schools was 4.2 in the 2009–2010 academic
year. Although the number of students per faculty member
is important, the ratio of course hours per academician in
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Table 2
Number of professors, associate professors and assistant professors
working in anatomy departments.
Academicians

Mean±SD

Min-Max

Professor

1.86±2.27

0–10

Associate professor

0.4±0.61

0–2

Assistant professor

0.98±0.86

0–3

the anatomy departments of medical schools should also
be not neglected. Accordingly, it was noticed that the
course load of the academicians in anatomy departments is
quite high, especially in the medical schools that provide
both English and Turkish programs with a low number of
academicians. It is considered that this situation may
adversely affect anatomy education.
In anatomy education, practical courses are crucial for
long lasting knowledge and the reinforcement of theoretical knowledge. As a matter of fact, in a survey study that

Table 3
Number of anatomy course hours.
University

Theoretical

Practical

Total

Afyonkarahisar University of Health Sciences

192

120

312

Ahi Evran University

201

94

295

Akdeniz University

182

174

356

Ankara University*

170

114

284

Ankara Y›ld›r›m Beyaz›t University*

128

100

228

Atatürk University*

166

80

246

Ayd›n Adnan Menderes University

173

111

284

Bal›kesir University

245

118

363

Beykent University

161

94

255

Bezm-i Alem Vak›f University

168

111

279

Biruni University*

136

115

251

Bolu Abant ‹zzet Baysal University

146

108

254

Bozok University

157

68

225

Bülent Ecevit University

190

66

256

Çanakkale 18 Mart University

184

76

260

Çukurova University

147

120

267

Demiro¤lu Bilim University

129

68

197

Dicle University

177

80

257

Düzce University

190

112

302

Ege University

176

50

226

Erciyes University

170

92

262

Erzincan Binali Y›ld›r›m University

193

141

334

Eskiﬂehir Osmangazi University

151

123

274

F›rat University

150

122

272
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Table 3 [Continued]
Number of anatomy course hours.
University

Theoretical

Practical

Total

Gazi University*

173

76

249

Gaziantep University*

180

133

313

Giresun University

146

95

241

Harran University

204

144

348

Hatay Mustafa Kemal University

220

62

282

Hitit University

120

72

192

‹nönü University*

160

172

332

‹stanbul Medeniyet University

171

112

283

‹stanbul Okan University*

129

88

217

‹stanbul Yeni Yüzy›l University

149

107

256

‹zmir Kâtip Çelebi University

172

100

272

Kafkas University

230

82

312

Kahramanmaraﬂ Sütçü ‹mam University

157

136

293

Karabük University

116

160

276

Karadeniz Technical University

232

112

344

Kocaeli University

186

106

292

KTO Karatay University

224

110

334

Kütahya Health Science University

163

102

265

Manisa Celal Bayar University

155

52

207

Marmara University

142

62

204

Mersin University

143

94

237

Mu¤la S›tk› Koçman University*

187

182

369

Necmettin Erbakan University

241

164

405

Ni¤de Ömer Halis Demir University

171

110

281

Recep Tayyip Erdo¤an University

202

124

326

Sakarya University

179

71

250

SANKO University

107

90

197

Selçuk University

202

134

336

Sivas Cumhuriyet University

175

68

243

Süleyman Demirel University

176

114

290

Tekirda¤ Nam›k Kemal University

164

196

360

Ufuk University

121

100

221

Van Yüzüncü Y›l University

100

32

132

Yüksek ‹htisas University

189

41

230

*Medicals schools with both Turkish and English programs.

evaluated students’ opinions on anatomy education, it was
found that the students liked to study practical courses
more than theoretical lectures.[13] In a previous study, Bahﬂi
et al.[14] reported that the students paid more attention to
practical courses rather than theoretical lectures in terms
of attendance. Similarly, Uygur et al.[13] also reported that
the students paid more attention to practical courses than
theoretical lectures in terms of attendance and they
demanded that the number of practical courses to be
increased, similar with the findings of Ö¤etürk et al.[15]
Anatomy • Volume 13 / Issue 3 / December 2019

According to 2004–2005 data, Gözil et al.[16] reported
that the average number of theoretical and practical anatomy course hours were 181 (range: 110–282) and 111 (range:
74–224). In the present study, the average numbers of theoretical and practical anatomy course hours were found
170.14 (range: 132–245) and 104.47 (range: 32–196),
respectively. Gözil et al.[16] reported that total anatomy
course hours ranged from 184 to 408. On the other hand,
Benli et al.[17] found the average number of anatomy course
hours as 87 (range: 47–183) in the forty-one medical

A quantitative evaluation of the academicians in anatomy departments of medical schools in Turkey

schools they investigated in 2018. However, based on the
examination of the syllabuses of the 2018–2019 academic
year,[2–4] it is considered that this data may be incorrect. In
the present study conducted according to 2018–2019 data,
the total number of anatomy course hours was found 274.6
(range: 132–405).
One of the limitations of this study is that some of the
websites were not updated. Also, the academicians who
were originally affiliated with vocational schools or institutes, but were assigned to the anatomy departments of
medical schools, were not evaluated. The course loads of
academicians who were included in the medical faculty
staff, but teaching at vocational schools, were not also evaluated. Additionally, the curriculum of 58 of 90 medical
schools could be reached online, so the number of anatomy course hours of the 32 schools could not be surveyed.

Conclusion
Differences were identified between universities in terms
of number of academicians and course hours. The number
of academicians was higher in the medical schools that
were established at an earlier date. In addition, no relationship was found between the number of academicians
and course hours. When the course hours in institutes,
vocational schools and schools other than medical schools
were taken into account, the course load of the academicians in the anatomy department was found quite high. It
is concluded that this situation may adversely affect anatomy education and academic studies of academicians working in anatomy departments.
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Abstract
Objectives: The aim of this study was to investigate if student number is a factor for the efficacy of cadaveric demonstrations in undergraduate anatomy education.
Methods: For a female pelvic anatomy cadaveric demonstration lecture of second-year medical students at the anatomy laboratory of Hacettepe University School of Medicine, students were divided into 3 groups of 45, 30 and 15 participants. Each group
was further divided into 3 subgroups. Thus, there were 3 groups with 15 participants, 3 subgroups with 10 participants and 3
subgroups with 5 participants (3×15, 3×10, 3×5). After the cadaveric demonstration, the participants were asked if they had
seen the structure previously listed in the checklist or not.
Results: The number of medical students who missed small anatomical structures such as the umbilical artery, ureter or uterine
artery during the cadaveric demonstration significantly decreased as the number of students per cadaver table decreased
(p<0.05). Best results were obtained when the number of students per cadaver table was 5. On the other hand, no significant
difference was found between the groups for missing gross anatomical structures such as the uterus, ovary or uterine tube, irrespective of the number of participants per cadaver table (p>0.05).
Conclusion: As the number of students per cadaver table decreases, the number of overlooked or missed structures will
decrease.
Keywords: anatomy teaching; cadaver dissection; education; pelvic anatomy; undergraduate
Anatomy 2019;13(3):200–204 ©2019 Turkish Society of Anatomy and Clinical Anatomy (TSACA)

Introduction
Anatomy forms the basis of medical education and provides a general perspective of the full body for medical
students. Additionally, a clinically integrated anatomy
education also improves the skills gathered during clinical rotations. Cadaver dissection has an important role in
teaching anatomy since centuries, not only for medical
students, but also for post-graduate surgery residents.[1]
Theoretical lectures, practical lectures on models and
cadaver dissections are classical teaching anatomy methods. However, recently, many novel options are used in
teaching anatomy such as computer-based programs,

three-dimensional (3D) printed materials, augmented or
virtual reality and radiology assisted techniques.[2] This
multimodal education with traditional and novel techniques maintains an integrated and problem-based educational activity.
Cadaver dissection in the education of medical students provides a three-dimensional understanding which
facilitates a better understanding of the relationship of
anatomic structures in a real tissue architecture.[3] The
medical curriculum of faculties follows a dissectionbased education in many countries, though it is not usually feasible to allow all medical students perform a self-
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dissection. The students usually examine and try to identify the structures on previously dissected specimens.

and they were asked whether they had observed the structure in the cheklist or not.

Nevertheless, the number of medical students per
cadaver table will affect the quality of anatomy education. The aim of this study therefore was to evaluate the
relation between the number of students per cadaver and
the efficacy of cadaveric demonstrations.

IBM SPSS Statistics for Windows (Version 21,
Armonk, NY, USA) was used for statistical analysis.
Percentages and frequencies were calculated and chisquare (χ2) test was used to analyze the significance between
the groups. p<0.05 was determined as statistically significant.

Materials and Methods
This study was conducted during the female pelvic anatomy cadaveric demonstration lecture of second-year medical students at the anatomy laboratory of Hacettepe
University School of Medicine in April 2019. A full pelvic
dissection was applied to a formalin-embalmed cadaver by
the authors of this study (DD, IT, IS) two days prior to the
cadaveric demonstration lecture. A checklist for the
anatomical landmarks was prepared (Table 1). The medical students were divided into 3 groups of 45, 30 and 15
participants. Each group was further divided into 3 subgroups. Thus, there were 3 groups with 15 participants, 3
groups with 10 participants and 3 groups with 5 participants (3×15, 3×10, 3×5). After the cadaveric demonstration lecture, the checklists were distributed to the students

Results
During the cadaveric demonstration lecture, anatomical
structures - umbilical artery, common iliac artery, external iliac artery, internal iliac artery, uterine artery,
ureter, genitofemoral nerve, psoas major muscle, paravesical space, pararectal space, round ligament, broad
ligament, infundibulopelvic ligament, proper ovarian
ligament, uterine tube, ovary, uterus, rectosigmoid colon
and bladder - were shown. The number of the medical
students who missed the anatomical structures was
determined after the cadaver lecture by a verbal quiz
(Table 1). The results showed that the number of medical students who missed the anatomical structures during the cadaver lecture significantly decreased for small
and isolated anatomical structures such as the umbilical

Table 1
Anatomical structures and number of medical students who missed the anatomical structures per group during the cadaveric demonstration lecture.
Anatomical structure

Group 1 (n=15)

Umbilical artery

11

Common iliac artery
External iliac artery

Group 2 (n=10)
5

6

Group 3 (n=5)

9

8

3

1

1

2

10

9

10

4

7

5

2

0

1

8

9

8

3

7

5

0

0

1

Internal iliac artery

8

9

9

3

4

2

0

0

1

Uterine artery

10

8

8

5

2

3

2

2

0

Ureter

9

9

7

4

5

5

0

0

1

Genitofemoral nerve

8

9

7

4

4

3

1

0

1

Psoas major muscle

7

7

8

3

5

3

0

1

1

Paravesical space

8

5

9

4

7

4

1

1

1

Pararectal space

7

5

7

4

5

4

1

1

1

Round ligament

6

4

5

3

3

4

1

0

0

Broad ligament

4

4

4

2

4

3

0

0

0

Infundibulopelvic ligament

4

4

3

2

2

3

0

0

1

Proper ovarian ligament

6

4

5

2

3

1

0

1

0

Uterine tube

5

2

4

2

4

1

0

0

0

Ovary

4

4

3

2

2

1

0

0

0

Uterus

3

4

3

2

2

1

0

0

0

Rectosigmoid colon

4

4

3

1

2

1

0

0

0

Bladder

3

4

2

1

2

1

0

0

0
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artery, ureter and uterine artery when the number of
participants per cadaver table decreased (p<0.05) (Table
2). Best results were obtained when 5 participants
attended the cadaver table. On the other hand, no significant difference was found between the groups for overlooked/missed gross anatomical structures such as
uterus, ovary and uterine tubes irrespective of the number of participants per cadaver table; 15, 10 or 5 (p>0.05)
(Table 2).

Discussion
The practical cadaver dissection-based lectures focus on
demonstrative education in medical curriculum and
attendance to the anatomy laboratory lectures is mandatory for medical students. However, there is not a clear
rule for defining the best practice methods in teaching
anatomy. This study evaluates how medical students will
gain the best knowledge during cadaveric demonstration
lectures. During this study, the medical students were
divided into three groups consisting of 45 (3×15), 30
(3×10) and 15 (3×5) participants totally. In each group,
three subgroups with 15, 10 and 5 students per dissection

table were evaluated to investigate if the students would
miss less objects if the number of participants per cadaver decreased.
There is not a standardized approach in teaching anatomy among the universities and countries. Widespread use
of user-friendly and repeatable methodologies brought a
new insight to anatomy teaching. Anatomical Society of
Great Britain and Ireland recommended a national guide
on teaching anatomy that included the steps of dissection/prosection, interactive multimedia, practical procedures, surface and clinical anatomy, and radiological imaging.[4] Cadaver dissections present a hands-on approach for
studying the anatomical subject and maintain a deeper
understanding than textbooks and models. The key objective of cadaveric demonstration is its role on exploring the
relevant anatomical structures in the field of dissection and
identification of the relations between the planes and tissues.[5] Despite these facts, the best way to teach anatomy is
still controversial and the novel approaches with the implementation of software technologies are drawing interest.
With this point of view, the argument is on improving the
effectiveness and quality of anatomy education.

Table 2
The percentage and comparison of missed anatomical structures per group during the cadaveric demonstration lecture.

Anatomical structure

Group 1

Group 2

Group 3

45 p (n/%)

30 p (n/%)

15 p (n/%)

χ2)
p (χ

Umbilical artery

28/45

62.2%

14/30

46.7%

4/15

26.7%

0.015*

Common iliac artery

29/45

64.4%

16/30

53.3%

3/15

20.0%

0.012*

External iliac artery

25/45

55.5%

15/30

50.0%

1/15

6.6%

0.004*

Internal iliac artery

26/45

57.7%

9/30

30.0%

1/15

6.6%

0.001*

Uterine artery

26/45

57.7%

10/30

33.3%

4/15

26.7%

0.036*

Ureter

25/45

55.5%

14/30

46.7%

1/15

6.6%

0.004*
0.048*

Genitofemoral nerve

24/45

53.3%

11/30

36.6%

2/15

13.3%

Psoas major muscle

22/45

48.8%

11/30

36.6%

2/15

13.3%

0.052

Paravesical space

22/45

48.8%

15/30

50.0%

3/15

20.0%

0.096

Pararectal space

19/45

42.2%

13/30

43.3%

3/15

20.0%

0.251

Round ligament

15/45

33.3%

10/30

33.3%

1/15

6.6%

0.068

Broad ligament

12/45

26.6%

9/30

30.0%

0/15

0

0.061

Infundibulopelvic ligament

11/45

24.4%

7/30

23.3%

1/15

6.6%

0.322

Proper ovarian ligament

15/45

33.3%

6/30

20.0%

1/15

6.6%

0.090

Uterine tube

11/45

24.4%

7/30

23.3%

0/15

0

0.106

Ovary

11/45

24.4%

5/30

16.6%

0/15

0

0.098

Uterus

10/45

22.2%

5/30

16.6%

0/15

0

0.139

Rectosigmoid colon

11/45

24.4%

4/30

13.3%

0/15

0

0.074

Bladder

9/45

20.0%

4/30

13.3%

0/15

0

0.154

p: participant; χ2; Chi square. *p<0.05.

Anatomy • Volume 13 / Issue 3 / December 2019

Improving the efficacy of cadaveric demonstrations for undergraduate anatomy education

Besides the new advances in medical education, the
current perspective on teaching anatomy is the combination of mixed-modalities. However, there is no particular way of objective comparison for effectiveness
between the teaching modalities. Cadaver dissection lectures are important as they provide a three-dimensional
anatomy and a deeper understanding. However, Azer
and Eizenberg[6] showed that perception of students for
the importance of dissection-based learning decreased
gradually and suggested that dissection-based learning
should be replaced by recent novel methodologies. The
research by Cottam et al.[7] revealed that less than onethird of new residents had adequate anatomy knowledge,
since anatomy knowledge is essential in surgical practice.
Selcuk et al.[8] described the importance of cadaver dissection courses in improving surgical anatomy knowledge and learning the basic steps of a surgical procedure.
Consequently, the type of anatomy teaching should be
determined according to the needs and demands of the
target population and the primary methodology will
change among medical students and residents. In this
study, we designed a structured educational plan to
demonstrate all the anatomical landmarks of female
pelvic anatomy. All pelvic anatomical landmarks were
determined before the cadaver lecture as a core syllabus.
We showed the anatomical structures to the medical students with a checklist, so no objects were missed or forgotten during the lecture.[9] In this perspective, the major
issue was to test whether the increased number of attendees per cadaver table negatively affected the efficacy of
education or not.
The cognitive processes related to three-dimensional
understanding of cadaver are tactile handling, visual
scanning, appreciation of the form and storage in the
memory. This educational strategy will structure a clinical competence.[10] High costs of cadavers and time spent
to perform dissections with the smell, environmental and
emotional conditions constitute the disadvantages of
cadaver dissection lectures.[11] However, making cadaver
dissection lectures more effective is more important.
Students may observe and learn anatomical structures
around the master table, so we deal with the question of
optimally maintaining each student to get all the
anatomical knowledge in the dissection area. This study
proved that when the number of attendees per cadaver
decreased, the medical students would miss fewer objects
with the structured educational program, and the efficacy of cadaver educational lecture improved. In this study,
the best results were obtained when students worked in
groups of 5 per cadaver; however, when in groups of 10,
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there was a dramatic increase in the number of missed
objects during the education. Additionally, students
missed especially small structures such as the uterine
artery rather than gross structures such as the broad ligament when the number of students per cadaver table
increased.
Moreover, an optional anatomy course additional to
the standard program, devoted to specific tasks with supplementation of active cadaver dissection, will break the
deficiency in anatomy education in the undergraduate
medical curriculum.[12] Many anatomy seniors still highly
support the importance of cadaver dissections in education of medical students. On the other hand, many suggest dissection-based learning as a more suitable educational tool for post-graduate surgical training.[1,13]
Despite the debate on this issue, cadaver dissection lectures are still highly important in undergraduate medical
education, and improve learning anatomical structures
with probable variations in a real tissue level.

Conclusion
Cadaver dissection is a fundamental issue in anatomy education and the number of students per cadaver table plays
a major role in the efficacy of teaching and learning. Less
number of students per cadaver table will decrease the
number of missed objects in a structured educational plan
and improve the efficacy.
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Abstract
Objectives: Continuing medical education practices are activities that ensure the continuity of medical education. The aim
of these activities is to improve the knowledge and skills of medical doctors for better health care for patients and community. The purpose of this study was to present the feedback received from the participants in the first clinical education and
research unit in Turkey in workshops held between 2008–2020.
Methods: Medical students, and specialist physicians in continuing medical education attended the workshops. Knee, shoulder
and hip arthroscopical procedures, surgeries related with temporomandibular joint, peripheral nerve dissection, ear surgery, nail
surgery and cadaver aesthetic application techniques were some of the organized courses. Feedbacks regarding the anatomy
unit were received from the participants and instructors at the end of the courses, regarding the education period of 2008–2020.
A total of 443 participants and 97 instructors filled the questionnaire.
Results: 79.2% of the participants who filled out the questionnaire had very positive expectations prior to the course; the rate
of expectations met was 97.4% at the end of the course. The ratio of satisfied participants was 88.3%. Among the instructors,
the level of positive expectations prior to the training was 83.5%, and the rate of expectations met was 97.5% following the
end of the course. The rate of satisfaction from the quality of the training was 91.8%.
Conclusion: The Clinical Anatomy Training and Research Unit in Akdeniz University School of Medicine was assessed as of
highly beneficial for both undergraduate medical students and specialist physicians in continuing medical education. The
majority of the participants were satisfied with the applications, quality of training, and available resources.
Keywords: clinical anatomy; questionnaire study; training
Anatomy 2019;13(3):205–210 ©2019 Turkish Society of Anatomy and Clinical Anatomy (TSACA)

sIntroduction
Continuing medical education applications are activities
that ensure the continuity of medical education. The
purpose of these activities is to enhance knowledge and
skills of medical doctors for the better health of patients
and society.[1,2] There are numerous courses and workshops in Turkey and all around the world, with the purpose of enhancing knowledge and skills within the scope
of continuing medical education. One of the important

elements of these courses/workshops, particularly in the
surgical field, is training on cadavers and plastic models
in clinical anatomy laboratories.[3–8]
Anatomy, which teaches the normal morphology of
the human body, is one of the core courses in medical
education, and an essential field for good medical practice. The concept of clinical anatomy became widespread
in the late 1970s. Integrated courses have especially
taken part in continuing education activities.
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Clinical anatomy is the study of human anatomy with
regard to clinical applications and focuses on special tissues and structures. Medical doctors make use of the field
of clinical anatomy in the process of gaining new experiences in their own fields. Many surgeons and scientists
enhance their knowledge and skills necessary for their
fields through applied cadaver dissections. Through these
courses, required efforts of clinicians decrease while efficacy increases. These courses also ensure safe surgical
procedures and patient safety, contribute to determining
surgical strategies, and help surgeons identify anatomical
variations and be prepared for unexpected situations.
Despite the vast number of techniques, the human cadaver is widely accepted as the gold standard for surgical
training prior to performing surgical procedures on
patients.[3,9] It is also important for the training courses in
clinical anatomy units to allow the transfer of knowledge
to skill and support meaningful learning. Meaningful
learning supports the connection of current knowledge
with newly learned materials and ensures its permanence.
Feedback received from the participants of the trainings
at the clinical anatomy laboratories revealed a high rate of
gladness and satisfaction regarding the efficacy of the
courses.[3,6,9]
The studies on clinical anatomy in Akdeniz
University School of Medicine started in 2000. In the
year 2006, the Akdeniz University School of Medicine
Clinical Anatomy Education and Training Unit was
founded to ensure the continuity of national and international symposiums and courses, workshops and contribute to the scientific studies. The purpose of this study
was to present the feedback received from the participants in the first clinical education and research unit in
Turkey. Thus, we aimed to conclude on the level of satisfaction of the participants.

Materials and Methods
In the Akdeniz University School of Medicine Clinical
Anatomy Education and Training Unit, three courses
were perfomed in 2007, followed by 9 in 2008, 11 in 2009,
6 in 2010, and 13 in 2011, 14 in 2012, 10 in 2013, 7 in
2014, 9 in 2015, 10 in 2016, 9 in 2017, 7 in 2018, 11 in
2019, and 2 in 2020. Participants consisted of medical students pursuing their medical residencies, as well as specialist physicians. Courses included wrist, ankle, knee,
shoulder and hip arthroscopic surgeries, peripheral nerve
dissection, ear surgery, therapeutic injections, ultrasound
guided injections, microsurgical course, laparoscopic
anatomical dissection course, interventional ultrasound
course, temporomandibular joint course, advanced airway
support course, neurostimulation course, endoscopic skull
Anatomy • Volume 13 / Issue 3 / December 2019

base surgery course, algology pain course, transoral medical robotic surgery courses, nail surgery, cadaver aesthetic application techniques.
Feedbacks regarding the anatomy unit were received
from the participants and instructors at the end of the
courses. A total of 443 participants and 97 instructors have
filled the questionnaire. All feedbacks were recorded
regarding the education period of 2008–2020. There were
seven items in the questionnaire: the specialty fields of the
participants, years of experience as a specialist, previous
participation in a similar course, expectations from the
anatomy laboratory, expectations met at the anatomy laboratory, available resources, satisfaction from the training,
and whether the participants would recommend this training to others or not. A 10-point Likert scale was used to
evaluate the three items regarding the participants’ expectations from the anatomy laboratory, expectations met at
the anatomy laboratory, and their satisfaction from the
training (0 = no expectations prior to the training, no
expectations met, and unsatisfactory; 10 = very positive
expectations prior to the training, all expectations met,
and very satisfactory, respectively), while a five-point
Likert scale was used to evaluate the item regarding available resources. For the analyses of the responses, responses to the 10-point Likert scale was used to evaluate expectations prior to the training, expectations met, and satisfaction from the training were grouped as “Bad: 0, 1, 2, 3”,
“Undecided: 5, 6, 7”, and “Very good: 8, 9, 10”. The participants’ responses to the five-point Likert scale regarding available resources were groups as “Bad: 1, 2, 3” and
“Good: 4, 5”. The participants’ years of experience were
evaluated as “<10 years” and “≥11 years”.
Feedbacks regarding the facility were received via
interviews with the participants and instructors at the end
of the course. Descriptive tables, chi-square test, and correlation analysis were performed and SPSS for Windows
(version 22.0, Chicago, IL, USA) software was used for
statistical analysis.

Results
98.6% of the participants were Turkish citizens. Of these,
38.8% (n=172) were specialists of orthopedics, 8.8%
(n=39) internal medicine, 12.6% (n=56) anesthesiology,
7.7% (n=34) otorhinolaryngology, 6.5% (n=29) urology,
10.6% (n=47) dermatology, 8.6% (n=38) emergency medicine, and 6.3% (n=28) were dentists. Approximately half
of the participants (54.4%; n=241) stated that they participated in a similar course before.
92.7% of the instructors were Turkish citizens (n=90).
53.6% (n=52) were specialists of orthopedics, 11.3% (n=11)
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internal medicine, 7.2% (n=7) anesthesiology, 4.1% (n=4)
otorhinolaryngology, 6.2% (n=6) urology, 5.2% (n=5) dermatology, 6.2% (n=6) emergency medicine, and 6.2%
(n=6) were dentists. 85.6% (n=83) had prior instructing
experience.
While 79.2% of the participants who filled out the
questionnaire had very positive expectations prior to the
training, the rate of expectations met was 97.4% at the end
of the course. The ratio of satisfied participants was 88.3%.
Among the instructors, the level of positive expectations prior to the training was 83.5%, and the rate of
expectations met was 97.5% following the end of the
course. The rate of satisfaction from the quality of the
training was 91.8% (Figure 1).
Evaluation of the distribution of the responses
regarding the training resources revealed that 98% of
the participants were satisfied with the available
resources, 98.4% were satisfied with the plastic model,
97.5% were satisfied with the cadavers, 97.7% were satisfied with the instruments and materials, and 100%
were satisfied with the location.
Evaluation of the responses of the instructors regarding the training resources showed that 97.9% of the
instructors were satisfied with the available resources,
99% were satisfied with the plastic models, 98% were
satisfied with the cadavers 97% were satisfied with the
instruments and materials, and 100% were satisfied with
the location (Figure 2).
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work experience of the instructors was 16.5 years, while
it was 8.6 years for the participants. There was a statistically significant correlation between years of experience
and expectations met (p=0.007). It was also determined
that participants and instructors with an experience of
more than 10 years had higher levels of expectations met.
While the rate of expectations met was 64% in participants and instructors with an experience of 10 years or
below, it was 91.7% in participants and instructors with
an experience of 11 years and over.
Even though there was no statistically significant
relationship between the expectation levels of the participants prior to the course, and years of experience and
prior training, there was a statistically significant relationship between the levels of expectation and satisfaction (p=0.025). The group with higher expectations also
had higher satisfaction at the end of the course. There
were also statistically significant relationships between
the level of satisfaction, and being satisfied with the
resources (p=0) and cadavers (p=0.004), though there was
no statistically significant relationship between being
satisfied with the plastic model and years of experience.

“Would you recommend this course to others?”
question was responded as “Absolutely.” by 98.7% of the
participants and 96.9% of the instructors. The average

Evaluation of the correlation between the expectations of the participants prior to the training, expectations met at the end of the training, and overall satisfaction with the training revealed that there were statistically significant relationships between each of the three
variables. Accordingly, the higher the expectations of the
participants prior to the training, the significantly higher were the levels of expectations met (p=0.02) and overall satisfaction (p=0.011). In parallel, meeting the expectations of the participants resulted in a significant and

a

b

Figure 1. Expectations of the participants (a) and instructors (b) prior to the training, expectations met at the end of the course, and satisfaction rates.
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a

b

Figure 2. Distribution of responses of the participants (a) and instructors (b) regarding training resources.

drastic increase in overall satisfaction from the training
(p=0; r=0.652).
A medium level of significant relationship was determined between the instructors’ levels of expectations met
and satisfaction from the training (r=0.577; p=0.001).
Below are some of the feedbacks received following
the courses at the clinical anatomy education and
research unit: “The skill training quality has increased
with the unit”; “We only had the opportunity to work
with plastic models before these applications. The clinical anatomy education and research unit gave us the
Anatomy • Volume 13 / Issue 3 / December 2019

opportunity to maximize the practical training quality
with the fresh cadaver trainings”; “Your center presents
the opportunity for basic and clinical science studies”;
“The laparoscopic anatomic dissection training using a
fresh cadaver was the best training I have ever participated in”; “I felt like as if this center unifies the basic and
clinical sciences”.

Discussion
The majority of the participants and instructors stated that
their expectations from the courses were met. More than
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half of the participants mentioned that their expectations
prior to the training were positive. The vast majority of the
instructors stated that their expectations prior to the training were very positive. We believe that offering courses
and improving them over the years at the clinical anatomy
unit might have significantly contributed to the satisfaction
rates. Satisfaction rate was higher at the end of the course.
The increased values were due to the undecided participants. Also, trainings with cadavers still being accepted as
the gold standard, despite all the 3-dimensional techniques
and improvements, might be leading to increased satisfaction rates.[3,9] Almost all of the participants and instructors
were satisfied with the available resources. Plastic models,
available resources in each course, and the experience levels of the instructors have all played an important role in
the rate of overall satisfaction.
The relationship between the expectations of the participants prior to the training and levels of satisfaction at
the end of the course is line with the outcomes of adult
learning techniques. The need-oriented behaviors of
adults, their eagerness to learn, and high expectations
from the training might have been effective.[10] Studies
have shown that, in general, expectations of participants
are met when courses are designed using the adult learning techniques. The satisfaction rates are high in all courses designed in accordance with the adult learning techniques. In a study by Unalan et al.,[6] the satisfaction score
on a 5-point scale was 4.36 for the arthroscopy course. In
another study, feedback received following a minimally
invasive surgical training with a cadaver revealed a satisfaction rate of 72.7%. Similarly, nearly all the participants
from surgical fields yielded a very good/perfect satisfaction rate in a training in which a cadaver was used.[3] Some
feedback from the participants mentioned that training
with human cadavers in these courses boosted confidence,
particularly in surgical application that require skill, and
that the participants mastered certain skills throughout
these courses.[11,12]
Anatomy is a science that is based on the dissection of
the human body, and it is well-known that the use of
cadavers is essential in surgical trainings.[13] However, very
few people donate their bodies for this purpose.[14] Certain
actions are being taken to increase the use of cadavers in
surgical studies in order to increase cadaver donations and
their use for these purposes. Although the Department of
Anatomy in Akdeniz University School of Medicine is one
of the leading institutions in terms of cadaver number, the
lack of cadaver donations remains one of the biggest
obstacles for anatomy training at our unit, as well.
Training with cadavers at our unit allows surgeons to
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learn new techniques and improve their skills without
endangering human lives. By using protocols that provide
more genuine colors and elasticity compared to traditional formaldehyde fixation in the upcoming years, we aim to
minimize to a certain extent the difficulties in storage and
short-term usage of frozen cadavers, and use available
cadavers more efficiently. As researchers, we believe that
clinical anatomy units possess very positive attributes,
such as creating a safe frame for improving skills in applications, enhancing skills in applications, reducing costs,
and preventing applications on real patients without mastering certain skills. There is a crucial mission for clinical
and basic sciences in this regard. It is clear that increasing
the number of similar units will allow surgeons to acquire
new skills and improve them, as well as increase collaboration and communication between basic, surgical, and
clinical sciences.

Conclusion
The Clinical Anatomy Education and Research Unit of
Akdeniz University School of Medicine, the first of its kind
in Turkey, was assessed as highly beneficial in continuing
medical education at pregraduate and postgraduate levels
that also enabled multidisciplinary studies. The majority of
the participants were satisfied with the applications, quality of training, and available resources.
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Abstract
‘Kamus-› teﬂrih’ (Anatomical Dictionary) was examined in order to introduce it as a rare, probably the first and important
work for Turkish Medical History in its category. This is an exceptional book published in Germany in 1923. It can be accepted as the first Latin-Turkish dictionary of anatomy when considered seperately from the medical dictionary called ‘Lugat-› t›b'
(medical dictionary). ‘Kamus-› teﬂrih’ was published in Latin-Ottoman Turkish. The heading of the dictionary in Latin is
‘Vocabularium anatomiae’. The original copy of this book is found in the National Library in Ankara, Turkey. ‘Kamus-› teﬂrih’
was written by Zeki Haﬂmat Kiram, MD. First six pages of the book are composed of the title, dedication, abbreviation, legends and preface. Anatomical terms are listed in Latin in alphabetical order between pages 7–84 and their meanings are
written in Ottoman Turkish. Pages 85–86 include the last word of the author. Page 87 comprises the list of other books published by the author. Last pages include some medical advertisements. This manucript aimed to bring the importance of
introducing and providing access to such rare works for the history of anatomy and medicine.
Keywords: anatomy; dictionary; Latin; Ottoman language; Turkish
Anatomy 2019;13(3):211–214 ©2019 Turkish Society of Anatomy and Clinical Anatomy (TSACA)

Introduction
Medicine is one of the oldest professions in human history. The profession of medicine, which has been shaped by
the interaction and accumulation of different practices in
different geographies for thousands of years, has pioneered
many issues besides healing the people. The word ‘hekim’
(physician) in Turkish comes from an Arabic word
‘hakim’, which means wise person, philosopher.[1] In terms
of medical training and practices, anatomy is one of the
cornerstones of medicine dating back to ancient times,
with a history as long as the profession itself. The first
written texts containing anatomy practices date back to the
drawings of Herophilus (born in Chalcedon) who lived in
Alexandria between 335–280 BC. Galen (129–216) has
quoted many of Herophilus’ drawings. About 1600 years
after the first dissection drawings, dissection became

important again with Vesalius (1514–1564), when dissection drawings and written texts formed the basis of anatomy education.[2] ‘Gray’s Anatomy’, which contains 363
drawings, written by the British anatomist and surgeon
Henry Gray (1827–1861), the ‘Sobotta, atlas of descriptive
human anatomy’ written by German anatomist Robet
Heinrich Johannes Sobotta (1869–1945), and ‘The Netter
collection’ written by Frank H. Netter (1906–1991), an
American medical doctor and painter, are among the
books that are still being published and used as reliable
sources for medical students, today.
During the Renaissance, there were significant developments in Western medicine and especially in the field
of anatomy as information and resources increased and
Ottoman medicine was also influenced by these developments. Several Western sources were translated into
Ottoman Turkish during this period and the first medical

This study was an oral presentation at the 19th National Anatomy Congress and International Mediterranean Anatomy Congress (IMAC 2018), September 6–9, 2018,
Konya, Turkey.
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school was opened in the first half of the 19th century.
‘Risale-i Teﬂrih-i Ebdan (Illustrated Human Anatomy)’
by ﬁemsettin-i ‹taki from ﬁirvan (1572–1632) is one of
the first remarkable works written in this field.[3] This
work is a good example not only in terms of anatomical
information and images, but also in language features and
anatomical terminology. In addition to the Arabic equivalent of the medical terms mentioned in this work,
Turkish, and sometimes Persian and Greek equivalents
are included.
Learning new knowledge as well as teaching and transferring it to the new generation is important to ensure the
continuity of knowledge. During this transition period,
there were problems in understanding, teaching, and the
use of medical terminology. The probably first LatinOttoman Turkish dictionary, ‘Kamus-› teﬂrih’, is an example of efforts to overcome these problems.[4] This work,
which laid the basis of understanding anatomy as one of
the fundamental fields in medical sciences, is the first
anatomy dictionary prepared in accordance with the internationally accepted anatomical terminology. In our opinion, ‘Kamus-› teﬂrih’ is the source of the first steps towards
the translation of anatomical terms into Turkish, and
therefore has been examined in order to introduce it as a
rare, important and and probably the first work for
Turkish Medical History.

ond edition was published by the ‘Cemiyet-i T›bbiye-i
Osmaniye’ (Ottoman Medical Society). This was the
result of the first attempts to change the language of
medical education from French to Ottoman Turkish.
The first six pages of the dictionary are reserved for
the colophon, dedication, abbreviations and signs, and
the author’s foreword. The first page of the dictionary
contains its name in Latin and Ottoman languages,
information on the year of publication and the bookstore, and the author’s name. In the dedication part, the
author has dedicated this book to his father Mirza Ali
Kiram Bey and to his relative Mirza Muhammed Zeman
Khan, a medical doctor and vizier. This is followed by
signs and abbreviations. In the foreword, the author
states that the dictionary aims to provide support to
overcome the difficulties in understanding medical terminology and his own medical experiences. On pages
7–84, anatomical terms are listed in alphabetical order
according to the Latin alphabet and their equivalents are

“Vocabularium Anatomiae”
‘Kamus-› teﬂrih’ is a rare Latin-Turkish anatomical dictionary published in 1923 at the Kaviani Printing House
(Leibnizstr. 43, Berlin) in Germany. The author of the
dictionary is Dr. Zeki Haﬂmet Kiram (1886–1946),
owner of the Morgen und Abendland-Verlag (Berlin,
Karlstr. 10, Berlin) bookstore. The term ‘Kamus-›
teﬂrih’, written in Ottoman Turkish, can be translated
into English as ‘anatomical dictionary’ (Figure 1). The
Latin name of the book is ‘Vocabularium anatomiae’.
We have evaluated the original copy of this book that is
found in the National Library, Ankara, Turkey (Code:
06 Mil EHT A 36083).

Content of ‘Kamus-› Teﬂrih’
‘Kamus-› teﬂrih’ can be accepted as the first LatinTurkish anatomical dictionary besides ‘Lugat-› t›p’
(medical dictionary), the French-Ottoman dictionary of
general medicine first published in 1873.[5] It was prepared in three years and referred to the ‘Nysten’s medical dictionary’ that was written in French and published
in 1855. This dictionary was the only Ottoman-Turkish
medical dictionary for nearly 25 years. In 1900, the secAnatomy • Volume 13 / Issue 3 / December 2019

Figure 1. Title page of the dictionary.[4]
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given in Ottoman Turkish (Figure 2). Pages 85–86 contain the author’s afterword. On page 87, the list of other
works published by the author is presented to the readers. The last pages of ‘Kamus-› teﬂrih’ contain advertisements of medical equipment companies of the period.
These advertisements are informative about the medical
conditions and companies of the period.
An original copy of the dictionary can be found in the
National Library in Ankara, Turkey, with number 06
Mil EHT A 36083. The terms are written in alphabetical order according to the first letters of the Latin terms.
On the right side we see the term, then comes the origin
as Latin (L) or Greek (Yu), followed by the meaning in
Ottoman Turkish (Figure 2). We have found that most
of the terms were actual anatomical terms, around 1500
in number. The original copy of this dictionary is found
in nine libraries including eight college libraries in the
United States and Canada, and one in the National
Library of Israel. We could not reach the personal collections and number of the first printed items. The citations of this dictionary and knowledge about the delivery
of the publisher also could not be reached. Another
important point is that we could not get any information
about the delivery of the dictionary to the Turkish
Republic after 1923.

Figure 2. Examples of terms in Latin-Ottoman Turkish (arrows);
“chorion (Greek)-outer cover of fetus”, “crystallinus (Greek)-clear”,
“cuspis (Latin)-spearhead”, “cingulum (Latin)-belt”.[4]

in 1925 as a dentist. After graduation and discharge from
hospital, he settled in Berlin. In 1920, he married
Gertrud Neuendorf (1886–1983), his nurse, and opened
the bookstore called ‘Morgen und abendland buchhandlung und verlag’ (Karlstrasse 10, Berlin) with his wife

Dr. Zeki Haﬂmet Kiram
The most detailed study on the life of “Dr. Zeki Haﬂmet
Kiram Bey” (25 May 1886, Damascus - 17 August 1946,
Berlin) (Figure 3), the author of the dictionary, was published in the journal Biblioteca Orientalis in 2006.[6] The
author of the article is Umar Ryad, an Egyptian scholar
working in the Arab-Islamic Studies department at the
University of Leuven (Belgium). Mr. Ryad conducts
studies on Islam and Muslims in Europe between the two
world wars. For this article, the author has benefited
from 13 letters written by Zeki Haﬂmet Kiram Bey to an
Egyptian journalist and studies on Muslims in Germany.
The article describes the religious, political, cultural
activities, trips, and contacts of Zeki Haﬂmet Kiram in
Berlin from 1920 till 1940.
Dr. Zeki Haﬂmet Kiram started his education at the
military school in Damascus, then went to military
school in Istanbul and started to work as a lieutenant in
the Ottoman army at the age of 18. At the end of 1916,
he was injured while serving in World War I. His treatment started in Jerusalem, but then he was transferred to
Berlin after the unsuccessful treatment. During this
three-year-long treatment in Berlin, he continued his
studies at Wilhelm Friedrich University and graduated

Figure 3. Dr. Zeki Haﬂmet Kiram.[6]
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mediate German-Arab arms treaties as a military expert.
He was arrested by the United States for his role in the
arms trade, as a translator for the German Foreign
Office, and for some of his visits to Spain, and died of
cancer while being held at an American hospital.[4,7]

Conclusion

Figure 4. Kiram in front of a bookstore.[6]

(Figure 4). ‘Kamus-› teﬂrih: Latin-Ottoman anatomy
dictionary’ is the first work published in 1923 in the
printing house of this bookstore.
Umar Ryad was stated Zeki Haﬂmet Kiram’s fields of
work as military, journalism, armament representation
and was focused on his life as a Muslim activist in
Berlin.[4] During this period, Kiram published many articles about the Arab and Muslim world. It is stated that he
has works in Arabic, Ottoman, and German languages,
but they were not allowed to be published in Germany at
that time. In the article, almost no mention was made of
his medical studies, except for a pedagogical article he
wrote in 1927, reports of new research on the causes of
cancer, and information about the printing of labels of
drugs he produced in his private laboratory in the printing press. In his writings, he described himself as an
Islamic missionary and, from 1928 onwards, began to

ORCID ID:
A. F›rat 0000-0001-5105-0057;
M. M. Aldur 0000-0002-5530-4234

Kiram was unable to pursue an academic career in medicine. His limited works in this field, like his other political works, were limited to translations. However, his
work named ‘Kamus-› teﬂrih: Latin-Ottoman anatomy
dictionary’, which he prepared based on his own experiences during his medical education, is a rare work published in 1923. In Turkey, it is important to introduce
and provide access to these rare works in terms of the
history of anatomy and medicine which may have a contribution to determine appropriate Turkish equivalents
of anatomical terms in Latin.
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On the Front Cover:
Photomicrographs of ultrathin section of the glomerulus. (a) The control group shows normal fenestrated endothelial cell
(arrowhead); (b, c) Regular basement membrane, podocytes, foot processes of podocytes. The diabetic group shows areas of fusion
of the foot processes (arrowheads) with thickened basement membrane (arrows) and degenerated podocytes. (d) The treated
group shows regular basement membrane, foot processes of normal podocytes, intact endothelial lining (arrow). BM: basement
membrane; F: foot processes of podocytes; P: podocytes. From Abd El-kader M, Hashish HA. Potential role of empagliflozin in
prevention of nephropathy in streptozotocin-nicotinamide-induced type 2 diabetes: an ultrastructural study. Anatomy 2019;13(3):137–148.
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