
 
 

 
 

  
 
 
 

 
 

 
 
 

 

 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 

 
 

 

 

 
 
 
 
 

Introduction 
  Hysterectomy is very common gynecological 
operation performed after cesarean and is 
applied to women aged 30-54 years (1). From 
an examination of  indications, the rate of 
cancer-related operations has been reported to 
be approximately 11.2% (2). The most common 
operation accompanying a hysterectomy is 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
oophorectomy, that most of the hysterectomies 
are applied to patients between the ages of 30 
and 54 years and approximately 10% of the 
operations are due to cancer, it is important to 
decide whether the ovaries can be preserved or 
not, to protect the patient from the negative 
effects of surgical menopause (3, 4). 
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Introduction: Hysterectomy is the most common gynecological operation performed after cesarean operation. This 
animal study investigates the role of hysterectomy on the development of postmenopausal osteoarthritis through 
surgical approaches. 
Materials and Methods: The study sample comprised 40 mature female Albino rats that were randomly separated 
into 4 surgical groups of 10 as control, oophorectomy, hysterectomy, and ovariohysterectomy. Serial sections were 
taken for histological examination. The average scores of each observer were calculated and used in analyses. 
Results: When the osteoarthritis scores were compared according to the groups, the highest score was found in  
the ovariohysterectomy group, followed by oophorectomy, hysterectomy, and control groups, respectively. The 
difference between the groups in respect of osteoarthritis was found to be significant (p<0.0001). When the 
osteoarthritis scores of the groups were compared in pairs, significant differences were determined between the 
hysterectomy and the oophorectomy (p<0.05), between the hysterectomy and the ovariohysterectomy (p<0.01), 
and between the hysterectomy, the oophorectomy, and the ovariohysterectomy and the control groups (p<0.05, 
p<0.05, p<0.001, respectively). 
Conclusion: A higher osteoarthritis score in the ovariohysterectomy compared to the oophorectomy concluded that 
hysterectomy caused the development of osteoarthritis in both the groups in which the ovaries were protected and 
not protected. 
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  There is a general belief among gynecologists 
that patients with ovarian protection are spared 
the negative effects of surgical menopause  
(5). In contrary, in various epidemiological and 
experimental studies, although the ovaries are 
preserved (6), it was reported that hysterectomy 
alone causes a decrease in ovarian reserve, 
osteoarthritis due to cardiovascular thrombo 
embolism, menopause, and osteoporosis (3). 
Menopause, which is another name for the 
natural decrease in the functions of the ovaries, 
is the permanent loss of menstruation as a 
result of the loss of ovarian follicular activity (7). 
With the increase in overall life expectancy over 
the past century, more than one-third of 
women's lives constitute postmenopausal years 
(8). Joint complaints, one of the most important 
menopausal symptoms, are seen in more than 
50% of postmenopausal women (9). 
  Osteoarthritis is a disorder characterized by 
progressive degeneration of the articular 
cartilage, remodelling in the subchondral bone, 
marginal osteophyte formation, and loss of 
mechanical function (10). Osteoarthritis is seen 
in the knee joint in 6% of the population over 
30 years in the United States, and in the hip joint 
in 3% (11). While osteoarthritis is more common 
in men aged <50 than women, the incidence of 
osteoarthritis increases in menopausal women 
(4). The prevalence of osteoarthritis decreases 
significantly in women who receive hormone 
replacement (6). In a study by Andersen et al. a 
postmenopausal osteoarthritis was created in 
rats with oophorectomy and it was reported 
that surgical menopause is a process that 
significantly accelerates the development of 
osteoarthritis (12). 
  The aim of this study was to investigate the 
role of hysterectomy on the development of 
osteoarthritis, which is an important morbidity 
factor for postmenopausal women, through the  
evaluation of a rat model of hysterectomy, 
ovariohystectomy and oophorectomy groups. 

Materials and Methods 
Ethical Statement  
This animal study was conducted in Cumhuriyet 
University, Faculty of Medicine, Animal Trial 
Laboratory in collaboration with the Pathology. 
The study was approved  by Experimental 
Animals Ethics Committee of Cumhuriyet 
University (decision number 0001042004-22). 
 
 

Study Design 
 The study sample comprised 40 mature female 
Wistar Albino rats, aged 6 months, and each 
weighing 200-250 g. Before the study, the rats 
were brought to the specified weight by 
keeping them under standard laboratory 
conditions. Feed and water were maintained 
twice a day, without any quantity limitations. 
The 40 rats were randomly separated into 4 
groups of 10 as control, oophorectomy, 
hysterectomy and ovariohystectomy groups. 
 
 

Surgical Application 
All the rats were administered 3mg/kg xylazine 
HCl (Rompun, Bayer, Istanbul) and 3mg/kg 
ketamine HCI (Pfizer, Istanbul) intramuscularly. 
The rats were laparotomized with a midline 
incision of 3 cm, starting just above the external 
urethral orifice. Only laparotomy was 
performed on rats in the control group to 
exclude the effects of anesthetics and surgical 
procedure. Following the laparotomy; 
i) In the control, no additional procedure was 
made and the peritoneum and muscle layers 
were closed continuously using 3/0 polyglactin 
silt (Vicryl, Ethicon, Jonson-Jonson Intl. Stevens-
Woluwe, BELGIUM) and for the skin, 4/0. 
ii) In the hysterectomy group, as an initial 
hysterectomy procedure, the utero-ovarian 
artery and vein were sutured with 4/0 
absorbable polyglalctin to protect ovarian 
blood flow. Both uterine tubes were removed 
from the junction with the uterina to the level of 
the cervix. The peritoneum and muscle were 
closed by 3/0, skin with 4/0 polyglactin, and 
continuous silts. 
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iii) In the oophorectomy, the infidubulopelvic 
ligament connecting the ovary to the posterior 
abdominal wall, the suspensor ligament 
connecting the uterine horns, the ovarian artery 
and the vein were held with a clamp, tied with 
a single suture and then cut and oophorectomy 
was performed. Following the oophorectomy, 
the peritoneum and muscle layers were closed 
with 3/0 and the skin with 4/0 polyglactin using 
continuous sutures. 
iv) In the ovariohystectomy group, suspensor 
ligaments connecting the ovary to the posterior 
abdominal wall to the infindubulopelvic and 
uterine organs were tied to the ovarian artery 
and vein. Then, the cardinal ligaments, uterine 
artery and vein fixing the uterine horn, were cut 
and tied. Uterine booms were removed by 
cutting at the level of cervix. The peritoneum 
and muscle layers were closed using 3/0 and 
the skin 4/0 polyglactin with continuous sutures. 
While no complications related to the operation 
were observed in the early period, the rats were 
kept in the standard laboratory environment for 
6 months. At the end of six months, all rats were 
euthanised with the cervical dislocation method 
under anesthesia. The knee joint was removed, 
including the distal 1 cm of the femur and the 
proximal 1 cm of the tibia. Surrounding muscle 
tissues were carefully excised without damaging 
the joint integrity. The joints were fixed in 10% 
formaldehyde (40% Formaldehyde, Carlo Erba 
Reagenti SpA, Milano, ITALY) solution, 10% HCl 
(Hydrochloric Acid, Kimetsan, Ankara) and 90% 
formic acid (HCOOH, Kimetsan, Ankara) for 3 
weeks. After confirmation that decalcification 
process was completed, the routine follow-up 
procedure was applied to the samples taken 
from the tissues to show the bone ends and 
other structures constituting the knee joint, and 
they were embedded in paraffin blocks. 
 

Histopathological Assessment 
  Serial sections were taken for a histological 
examination. All sections were stained with 
hematoxylin-eosin for examination of cellularity 

and toluidine blue for investigation of proteo 
glycan content. These sections were examined 
under a light microscope (Nilcon Eclipse E600, 
Nikon Instech Co., JAPAN). In the evaluation of 
histopathological changes of osteoarthritis, the 
modified Galois et al. A scoring system was 
used (16). Accordingly, joint structure, cellularity, 
staining with toluidine blue, thickness of  
the hypertrophic chondrocyte layer, osteolysis 
and remodelling in the bone were taken into 
consideration. Histological examination was 
performed separately by two pathologists 
blinded to the groups to which the sections 
belonged. The average scores of each observer 
were calculated and used in analyses. 
 

Statistical Evaluation 
  Bioistatistical analysis  of the patients’ data 
were analyzed by SPSS software (version 23-
Windows). The Kruskal-Wallis ANOVA test was 
applied to evaluate the significance of the data 
obtained from the groups. The Student-
Newman-Keuls test was applied as a post hoc 
test to show whether there was a significant 
difference between the groups. The data  
are presented as median (min-max) values. A 
value of p<0.05 was considered significant. 
 

Results 
The present study was completed without 
postoperative loss in all the groups. When the 
osteoarthritis scores were compared according 
to the groups, the highest score was found in 
the ovariohysterectomy group, followed by 
oophorectomy, hysterectomy and control 
groups, respectively. The median values of the 
osteoarthritis scores of the groups were at most 
7 (range: 5-9) in the ovariohysterectomy. In 
terms of osteoarthritis score, the highest scores 
of 6 (range: 4-7) were in the rats that underwent 
oophorectomy after the ovariohysterectomy. 
Scores of 4 (range: 3-7) and 3 (range: 2-4) were 
found in the hysterectomy and control group. 
The difference between the groups in respect 
of osteoarthritis was significant (p<0.0001). 
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Figure-1. Osteoarthrit frequency according to surcigical 
procedures in rat groups. 
 

 When the osteoarthritis scores were compared 
in pairs, significant difference was determined 
between the hysterectomy and oophorectomy 
groups (p<0.05). There was a strong significance 
between hysterectomy and ovariohysterectomy 
group (p<0.01). Also we found relationship 
between the hysterectomy, the oophorectomy, 
the ovariohysterectomy and control groups 
(p<0.05, p<0.05, p<0.001, respectively)(Figure-1). 
 

Discussion 
 Although many factors are held responsible  
for the development of osteoarthritis, the  
ways in which these factors play a role in the 
pathogenesis have not been clarified yet. In this 
rat model study, as a suitable species on which 
to create an osteoarthritis model, the results 
have proven that hysterectomy is significantly 
associated with osteoarthritis. This supports the 
theory that estrogen levels are of great 
importance in the development of osteoarthritis 
in females. In this animal experiment, the 
surgical removal of the female reproductive 
organs was seen to have a significant impact on 
triggering the development of osteoarthritis 
through the estrogen level affected by the 
aggressive surgical approach. 
  Although there has been much discussion 
about osteoarthritis-related etiological factors, 
it is accepted that there is a multifactorial 
pathology in which biomechanical, genetic and 

metabolic factors play a role (11). The increasing 
prevalence of osteoarthritis among women 
from around the age of 50 years suggests that 
the hormonal changes observed in menopause 
have an effect on osteoarthritis (6). As a result 
of studies showing that the presence of 
estrogen receptors in cartilage tissue and 
hormone replacement therapy reduce the 
prevalence of osteoarthritis, it has been proven 
that estrogen plays a role in the development 
of osteoarthritis. Many scoring systems have 
been developed by different researchers for 
grading histopathological changes due to 
osteoarthritis. In the current study, the Mankin 
scoring system modified by Galois et al  was 
used (13). Histopathological examination was 
performed by two different pathologists 
blinded to the study. In a study by Ostergaard 
et al. histopathological changes in normal and 
osteoarthritic knee joints were scored twice at a 
1-week interval by three different pathologists 
blinded to the groups. The intra-observer 
agreement was reported as 22% - 33%, and the 
inter-observer agreement as 13% - 25% (14). In 
the current study, the arithmetic mean of  
the scores obtained from both observers was 
used to minimise the effect of inter-observer 
differences on the results. 
  The correlation between hysterectomy and 
osteoarthritis is a controversial issue. In the 
current study, the osteoarthritis score in the 
hysterectomy group was significantly higher 
than that of the control group (p <0.05). 
Contrary to these findings, there are studies in 
literature that have reported that hysterectomy 
is not associated with the development of 
osteoarthritis or is protective against osteo 
arthritis. Stöve et al. evaluated 504 women 
scheduled for arthroplasty, and determined no 
significant relationship between osteoarthritis 
and hysterectomy in patient who emerged 
hysterectomy, while hysterectomy was found to 
have a significant protective effect for the 
generalized form of the disease (15). However, 
in that study, the rate of use of hormone 
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replacement therapy in hysterectomy history 
was 16%, and 10% in patients without 
hysterectomy. In their Osteo porotic Fracture 
Study, Hochberg et al. Found that surgical 
menopause was protective against osteo-
arthritis, which was attributed to the higher 
rate of hormone replacement therapy use in 
those who had hysterectomy (16). Cooley  
et al. reported no connection between hand 
osteoarthritis and hysterectomy and Erb et al. 
found no relationship between hysterectomy 
and osteoarthritis (17). However, there are also 
articles in the literature that support the current 
study findings. In another study of 97 severe 
osteoarthritis cases, a statistically significant 
relationship was found between hysterectomy 
and osteoarthritis, similar to our findings (4). 
  Of the additional operations performed with 
hysterectomy, oophorectomy is the most 
common (18). Despite the general belief among 
gynecologists that the protection of the ovaries 
protects the patient from the pathologies 
associated with menopause and menopause 
(5), it has been proven that hysterectomy 
affects ovarian functions and increases the risk 
of early menopause (19). It has been claimed in 
various studies that there is a decrease in 
ovarian functions and early ovarian insufficiency 
after hysterectomy (20). The reason is that 
hysterectomy reduces ovarian blood flow, the 
paracrine effect of the uterus on the ovary, or 
the endocrine effect on other tissues (21). In the 
current study, the osteoarthritis score of the 
ovariohysterectomy group was significantly 
higher than that of the oophorectomy group. In 
the ovariohysterectomy group, it was noted 
that the hysterectomy performed in addition 
to the oophorectomy  made a significant 
difference in respect of  the paracrine effect of 
the uterus on the ovarian tissue and the effects 
of hysterectomy on ovarian blood flow, in 
addition to the endocrine functions of the 
uterus. Consistent with this view, the uterus 
produces various cytokines and growth factors, 
independent of estrogen level changes, and 

endocrine effects that stimulate osteoblasts and 
bone cells have been found (22-24). 
  In the current study, the scores obtained from 
the oophorectomy group were higher than 
those of the control group, demonstrating that 
the continuation of ovarian functions is 
protective against osteoarthritis, consistent with 
many studies in the literature. In this context, 
osteoarthritis scores are expected to be lower 
in cases where the ovaries are preserved during 
hysterectomy compared to cases without 
preservation. That higher scores were obtained 
in the ovariohysterectomy group compared to 
the hysterectomy group was found to be 
consistent with the aforementioned view. In 
contrast, Spector et al. reported that the risk of 
osteoarthritis was increased in women who had 
undergone hysterectomy, but oophorectomy 
did not create any additional risk (25). The 
average osteoarthritis score obtained in the 
current study oophorectomy group was 
significantly higher than that of the control 
group. Hoegh-Andersen et al conducted a 
study on female rats that examined the effects 
of oophorectomy on the development of 
osteoarthritis, similar to the current study 
model, and the osteoarthritis scores were 
significantly higher in the oophorectomy group, 
consistent with the current study results(12). In 
this study, an answer was sought to the 
question of what age rats should be used to 
create an osteoarthritis model. As a result of the 
measurement of collagen type-II degradation 
products in female and male rats, which is a 
metabolite originating from cartilage tissue 
during normal development of the skeletal 
system, it has been reported that the level of 
this metabolite decreases with age and this 
decrease is observed in the third month at 
most. In the light of this information, it has been 
suggested to use rats older than 3 months in 
models to be created for osteoarthritis. Since 
the 6-month old rats used in the current study 
had completed normal development and 
reached skeletal system maturity, there was 
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considered to be no interference from joint 
changes due to growth and development. 
  There are human and animal studies in the 
literature examining the factors that contribute 
to the development of osteoarthritis (10, 25-27). 
One of the advantages that animal models 
have over human studies is that they allow for 
detailed investigation in the diagnosis of the 
disease. While histopathological examination 
can be made in animals by direct dissection of 
the joints, this is only possible in humans when 
applying prosthesis, in postmortem biopsies, or 
in cases with severe joint damage (11, 28). 
Rupture of the meniscus and cutting the 
ligaments have been used for this purpose in 
various studies to create an osteoarthritis  
model However, osteoarthritis caused by these 
methods does not allow early stage changes, 
but only the advanced stage changes in which 
the joint structure shows severe functional  
and structural impairment. The advantage of 
osteoarthrit model obtained by oophorectomy 
is that the more common mild and moderate 
changes that occur in humans can be observed. 
Rats were selected for this study because of 
their genetic homogeneity, low cost and easy 
availability, short cycle and similarity to the 
human skeletal system. There are studies in the 
literature with rats and other members of the 
rodents, such as hamsters and mice (12, 13). 
  There were limitations to this experimental rat 
model study, primarily that there was no 
opportunity to make a mechanical evaluation of 
osteoarthritis as in human subjects, and that 
only the short-term effects could be evaluated. 
 

Conclusion 
  Using rats to create an osteoarthritis model, 
the effect of hysterectomy on the development 
of osteoarthritis was investigated. Of the 
species that can be used to examine the 
histopathological changes due to osteoarthritis, 
the use of rats is a suitable choice because of 
the low cost and the skeletal system similarity 
to humans. The osteoarthritis score in the 

hysterectomy group rats was found to be 
significantly higher than that of the control 
group. A significantly higher osteoarthritis score 
was found in the ovariohysterectomy group 
compared to the oophorectomy group. Thus it 
can be concluded that hysterectomy caused the 
development of osteoarthritis in both the 
groups in which the ovaries were protected and 
the ovaries were not protected. 
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