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A Radiographic Study on the Effect of
Menopause on Proximal Femoral Angle
Parameters

Menopozun Proksimal Femur Acl Parametrelerine
Etkisi Uzerine Radyografik Bir Calisma

Abstract

Aim: In this study we aimed to investigate the effects of menopause on the femoral incli-
nation angle (FIA) and femoral Alsberg angle (FAA) parameters in pelvic anteroposterior
radiography.

Methods: The FIA and FAA data were retrospectively reviewed in a total of 133 female sub-
jects with natural menopause (the menopause group) and regular menstrual cycles (the con-
trol group) who were admitted to our orthopedics and traumatology clinic and underwent
anteroposterior pelvic X-ray examination between October 2019 and June 2020.

Results: There was a statistically significant difference between the menopause and control
groups in terms of age (p<0.001), right-side FAA values (p<0.001), and right- and left-side
FIA values (p<0.001 and p=0.026, respectively). Only the left-side FAA values did not differ
significantly between the groups (p=0.446). All parameter measurements were higher in the
menopause group.

Conclusion: The finding that the FIA and FAA values were higher in the menopause group
could be attributed to the fact that menopause occurs in the later decades of life and brings
along changes in lifestyle. We recommend that the presence of menopause as a factor that
can affect bone structure and metabolism in various ways should also be considered in stud-
ies on bone morphometry.
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Oz

Amag: Bu calismada menopozun pelvik anteroposteriyor radyografi parametrelerinden fe-
mur inklinasyon acisi (FIA) ve femur Alsberg acisi (FAA) Gzerindeki etkisini incelemek amac-
lanmistir.

Yontem: Ekim 2019—Haziran 2020 ddéneminde ortopedi ve travmatoloji klinigimize gelen ve
anteroposteriyor pelvik rontgeni cekilen menopozlu (menopoz grubu) ve dizenli menstriel
sikluslu (kontrol grubu) toplam 133 kadina ait FIA ve FAA verileri retrospektif olarak incelendi.
Bulgular: Menopoz ve kontrol gruplari arasinda yas (p<0,001), sag FAA degeri (p<0,001) ve
de sagd ve sol FiA degerleri (siraslyla p<0,001 ve p=0,026) bakimindan istatistiksel olarak an-
lamh farklilik vardi. Sadece sol FAA degerleri iki grup arasinda anlamli farklik géstermedi
(p=0,446). Tum parametre dlctimleri menopoz grubunda daha yUksekti.

Sonug: Menopozlu kadinlarda FIA ve FAA degerlerinin daha yiksek olmasi menopozun ileriki
yaslarda ortaya cikmasina ve yasam tarzinda degisikliklere neden olmasina baglanabilir. Ke-
mik morfometrisine dair calismalarda kemik yapi ve metabolizmasini cesitli sekillerde etkile-
yebilecek olan menopoz varliginin da dikkate alinmasini tavsiye etmekteyiz.

Anahtar Sozciikler: Alsberg acisi; inklinasyon acisi; menopoz durumu; proksimal femur; rad-
yografi
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INTRODUCTION

Menopause, a natural part of the aging process, is de-
scribed as the lack of oocytes in the ovaries and mani-
fests clinically when a woman has not menstruated for
one year (1,2). The main physiological changes in the
menopausal transition are hormonal, with decreased
levels of estrogen and increased levels of circulating
androgen (2), which lead to various lipid metabolic
disorders that can affect the post-menopausal lipid
profile and cause changes in the body composition
(2,3).

Previous studies on the menopausal changes in
body composition mainly reported increased abdomi-
nal visceral adiposity with general adiposity (4,5).
Abdominal visceral fat accumulation is increased by
androgen hormones while ovarian estrogens (E2) in-
crease the storage of peripheral fat in gluteal and fem-
oral subcutaneous regions (6). Besides menopause,
aging is associated with a decline in the basal meta-
bolic rate and a decrease in lean body mass, bone min-
eral density, and physical activity (7-9). Studies inves-
tigating the menopause- and aging-related changes of
bone structure and metabolism have focused on the
risk of hip fracture in postmenopausal osteoporosis
due to decreased bone mineral density (10-12). How-
ever, it appears that only a limited number of studies
have addressed the relationship between menopause
and morphometry of the proximal femur, which is an
important component of the hip joint (13-15). Thus,
in this study we aimed to radiographically evaluate
the effects of menopause on femoral inclination angle
(FIA) and femoral Alsberg angle (FAA) as two impor-
tant parameters in proximal femur morphometry.

|
MATERIALS AND METHODS

Sample selection

The FIA and FAA data were retrospectively reviewed

in female subjects aged between 20 and 68 years who
were admitted to the Orthopedics and Traumatology
Clinic of the Bolu Abant Izzet Baysal University Medi-
cal Faculty and underwent anteroposterior (AP) pelvic
X-ray examination between October 2019 and June
2020. The subjects were divided into groups: those with
natural menopause (the menopause group) and those
with regular menstrual cycles (the control group). We

excluded women with any pathology that could affect
the radiographic results, women with radiographs not
taken in appropriate position, and those with a history
of inflammatory arthritis, trauma, joint surgery, and
congenital skeletal system diseases. Menopausal status
was determined by asking questions to the women.

Parameter definition and measurement

The FIA and FAA were assessed bilaterally in the AP
radiographs used. The measurements were performed
three times by two experienced researchers, and the
mean values were calculated and recorded. In addi-
tion to these measurements, the age and menopausal
status data of each subject were also recorded in an
Excel sheet.

FIA: The inward angle at the intersection of the ana-
tomical axis of the femur and the axis of the femoral
neck (Figure 1).

FAA: The inward angle at the intersection of the an-
atomical axis of the femur and the pineal line at the
femoral neck and head intersection (13) (Figure 1).

Pelvic X-ray technique: Digital AP view X-rays were
taken according to a standard protocol, with the patel-
lae facing vertically if allowed by the internal rotation
of the hip. The focus of the X-ray source was the pubic
symphysis. The distance between the source and sub-
ject was 900 to 1200 mm (16).

Statistical analysis

All statistical analyses were performed using the IBM
SPSS (v. 21). Descriptive statistics were presented
as mean (+standard deviation) for each variable.
Normality of the data was checked using the Kol-
mogorov-Smirnov test and graphical methods. Inter-
group differences were analyzed with significance test
of difference between two means. The Pearson corre-
lation coeflicient was used to analyze the relationship
between variables. Linear regression analysis was used
for adjustment for age. p<0.05 was considered statisti-
cally significant.

Study ethics
The study protocol was approved by the Clinical Re-
search Ethics Board of the Bolu Abant {zzet Baysal
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Table 1. Descriptive statistics (N=133)

Mean SD Median Minimum Maximum
Right-side FIA 136.37° 10.46° 135° 100.97° 159.52°
Right-side FAA 45.50° 8.72° 44.73° 22.0° 69.01°
Left-side FIA 132.19° 8.59° 131.85° 92.38° 155.02°
Left-side FAA 40.84° 7.64° 40.84° 21.40° 65.79°
FAA: femoral Alsberg angle; FIA: femoral inclination angle; SD: standard deviation
Table 2. The mean measurements in the groups
Menopausal status
No (n=66) Yes (n=67) P
Age (years) 31.71+6.76° 55.55+5.72° <0.001
Right-side FIA 131.03+8.99° 141.62+9.08° <0.001
Right-side FAA 42.69+8.21° 48.27+8.37° <0.001
Left-side FIA 130.53+9.47° 133.83+7.35° 0.026
Left-side FAA 40.33+£7.91° 41.34+7.40° 0.446
FAA: femoral Alsberg angle; FIA: femoral inclination angle; SD: standard deviation
Table 3. The FIA-FAA correlation analysis
FAA
Right-side Left-side
r r P
Right-side 0.737 <0.001
FIA
Left-side 0.692 <0.001
FAA: femoral Alsberg angle; FIA: femoral inclination angle
Table 4. The univariate and multiple linear regression analysis adjusted for age
Univariate Age-adjusted
b t b t p
Right-side
0.779
FAA 0.883 (0.743-1.023) 12.466 <0.001 11.621 <0.001
(0.647-0.912)
Left-side
0.773
FAA 0.778 (0.638-0.918) 10.972 <0.001 10.944 <0.001

(0.663-0.912)

b: regression coefficient; FAA: femoral Alsberg angle; t: t-statistical value

FIA was taken as the dependent variable.

University (2020/77). The study was conducted in

accordance with the principles of the Declaration of
Helsinki.

|

RESULTS

The study included a total of 133 subjects with a mean
age of 43.72+13.49 years. Of these, 67 were menopaus-
al women and 66 were controls who met the inclusion
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criteria. Descriptive statistics for the FIA and FAA pa-
rameters are presented in Table 1.

There was a statistically significant difference be-
tween the menopause and control groups in terms of
age (p<0.001), with the mean age being higher in the
menopause group (55.55+5.72 years) than in the con-
trol group (31.71+6.76 years).

Similarly, a significant difference was found be-
tween the two groups in terms of right-side FIA
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(p<0.001), left-side FIA (p=0.026), and right-side FAA
(p<0.001). Although left-side FAA values were higher
in the menopause group, the difference was not sig-
nificant (p=0.446) (Table 2).

There were a highly positive significant correla-
tion between the right-side FIA and right-side FAA
values and a moderate positive significant correlation
between the left-side FIA and right-side FAA values
(Table 3). After adjustment for age (Table 4), the cor-
relations between the right-side FAA and right-side
FIA values and between the left-side FAA and left-side
FIA values were found to be significant (p<0.001 for
each comparison).

I
DISCUSSION AND CONCLUSION

E2 (17p-estradiol) has an effect on osteoblasts, and
the level of circulating E2 decreases after menopause

(17,18). Knowledge about the effects of menopause on
the morphometric structure of bones will contribute
to our understanding of the dynamic interaction of
factors affecting bone structure and metabolism, on
which the literature contains only limited data (13-
15,19). A study on the relationship between proximal
femur geometry and hip fracture risk investigated the
parameters of hip axial length, femoral length (FL)
and femoral neck width (FNW) and reported an in-
creased FNW/FL ratio in the fracture group (20). An-
other study investigated the change in FNW as a bone
loss marker in menopausal transition and found that
FNW increased during the transition to menopause
(21). A study on postmenopausal women with a mean
age of 56.7+5.4 years reported a mean FIA measure-
ment of 123.9+5.4° and concluded that FIA was effec-
tive in predicting the risk of hip fracture (22).

In the present study, we found a significant differ-
ence between the menopause and control groups in
terms of right-side FIA, left-side FIA, and right-side
FAA values. When compared with the values reported
by Gnudi S et al. (22), our FIA measurements were
found to be higher. We believe that this might have
been due to ethnicity-related differences, although
the mean ages of the subjects in the two studies were
similar. A study where menopausal status was consid-
ered reported a mean right-side FIA of 143.87+7.33°,
left-side FIA of 134.73+7.87°, right-side FAA of

Figure 1. The FIA and FAA measurement methods

50.60+8.24°, and left-side FAA of 43.35+8.82° (13)
and, although close, our measurements were lower
than these figures. We attribute this to possible dif-
ferences in menopausal years and factors other than
presence of menopause that could affect bone me-
tabolism. A study (23) on women with advanced age
whose menopausal status was not stated reported a
mean right-side FIA of 125.8° (120.9°-132.9°) and
left-side FIA of 125.7° (122.9°-134.6°), which are low-
er than our measurements, possibly due to age differ-
ences between the samples in the two studies despite
their similarity in ethnicity.

Although we found a significant difference be-
tween our menopause and control groups in terms of
FIA and FAA values, no such difference was report-
ed in the previously cited study (13) that compared
groups of surgical and natural menopause. The fact
that we compared menopausal and non-menopausal
subjects in our study could offer an explanation based
on the menopause-related difference of E2 levels. The
finding of no significant difference in E2 levels is an
expected result when groups of surgical (where the
ovaries are removed) and natural (where oocytes are
naturally lost) menopause are compared. The level of
E2 can affect values of bone morphometry as E2 has
been reported to play an important role in bone forma-
tion and remodeling, helping the prevention of bone
loss (24). A lack of E2 leads to deteriorated synchroni-
zation and imbalance in the activity of osteoclasts and
osteoblasts, which result in increased bone loss and
then osteoporosis in postmenopausal women (25,26).
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Finally, the limitations of the present study in-
cludes primarily the retrospective design. The mag-
nification coefficient, which is important in radiogra-
phy, could not be calculated, limiting the data to those
on the two angle parameters. However, studies should
also include analyses of bilateral femoral asymmetry,
leg dominance, blood hormone levels, and body com-
position.

To our knowledge, there has been no study inves-
tigating the relationship between E2 and bone mor-
phometry values in comparison by menopausal status.
In our study, we observed higher FIA and FAA val-
ues in menopausal women. We believe that aging and
menopause-related differences in E2 levels could have
caused the changes in the morphometric structure of
the femur. Accordingly, we recommend that meno-
pausal status, sex hormone levels, and body composi-
tion changes should also be considered in future stud-
ies on bone morphometry.
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