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Research Paper: Comparison of Postural Alignment 
of Osteopenic and Osteoporotic Women With Healthy 
Menopausal

Purpose: Menopause in women causes problems, including osteoporosis due to hormonal 
changes. Besides, osteoporosis in postmenopausal women may be associated with musculoskeletal 
disorders followed by changes in the alignment of the body, especially the spine. Therefore, this 
study aimed to compare the posture of osteopenic, osteoporotic, and healthy menopausal women.

Methods: This was a cross-sectional study conducted on postmenopausal women (age range, 45-
65 years) referred to the Endocrinology and Rheumatology Clinic of Guilan University of Medical 
Sciences. Using the purposive sampling method, 90 people were selected as the study sample from 
this population and divided into three groups of 30 people: osteopenic, osteoporotic, and healthy. 
Then, the three groups were evaluated for body alignment (forward head, unequal shoulder, 
rounded shoulder, kyphosis, lordosis, and lower limb alignment). The obtained data were analyzed 
using ANOVA and the Scheffe Post Hoc test at the significance level of 0.05, in SPSS V. 22.

Results: The osteopenic and osteoporotic menopausal women significantly differed from the healthy 
menopause women in the following measures: forward head angle, curved neck angle, unequal 
shoulder (P=0.003), kyphosis, lordosis, varus knee, flat foot (P=0.006), and pelvic tilt (P=0.001).

Conclusion: According to the results, the decrease in bone density at the osteopenic and 
osteoporotic levels can affect the postural alignment of the head, shoulders, and neck and the 
curvature of the spine in postmenopausal women in the three study groups. Therefore, more 
attention should be paid to the postural evaluation and screening of people prone to osteoporosis, 
to provide preventive training programs and exercises to improve their physical condition.
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1. Introduction

enopause is one of the natural stages 
in every woman’s life and occurs 
around the age of 48 to 65 years. 
This stage is associated with the ces-
sation of ovulation and menstruation, 
the loss of fertility, and the symptoms 
of reduced and discontinued sex hor-

mones, such as hot flashes, changes in body structure, 
osteoporosis, and changes in some organs of the body 
[1]. During this period, some familiar physiological and 
psychological changes occur in women [2]. One of the 
most important of these changes is musculoskeletal dis-
orders, including osteoporosis, muscle atrophy, and the 
symptoms of muscle weakness; these changes are close-
ly related to aging [3].

The female sex hormone estrogen plays a key role 
in maintaining the integrity of the musculoskeletal sys-
tem. Therefore, a decrease in this hormone leads to 
muscle dysfunction [4]. Also, older people experience 
significantly more pain than others, because of the high 
prevalence of musculoskeletal disorders in this group. 
In different societies, more than 36% of the health care 
budget is spent on the elderly, also, most of these costs 
include pain control, especially musculoskeletal pain [5].

Osteoporosis is a skeletal disorder that disposes the 
person to increased fractures by damaging bone strength 
[6]. About 30% to 50% of women experience osteopo-
rotic fractures during their lifetime [7]. Vertebral frac-
tures as the most common fractures due to osteoporosis 
cause the kyphosis of the dorsal spine in people with os-
teoporosis; these fractures reduce the quality of life [8]. 
Also, women experience changes in the spine following 

osteoporosis, as they age. The most common postural 
changes are kyphosis that affects postural balance, gait, 
and postural function and oscillation [9].

The complications of kyphosis include increased pain, 
decreased muscle strength, decreased vertebral density, 
decreased height, decreased rib mobility, and even de-
creased respiratory function. Also, a curved posture can 
change movement strategies and upset the balance ow-
ing to bringing the center of gravity closer to the stability 
range [10]. On the other hand, the increase of the kypho-
sis angle reduces the range of motion of spinal exten-
sions [11] and significantly affects physical performance, 
the ability to perform daily life activities, and ultimately, 
the quality of life [12]. 

Some studies indicate a decrease in muscle strength in 
the lumbar spine of women with osteoporosis. Moreover, 
this disorder is related to the decreased level of bone den-
sity in the lumbar spine. According to these studies, the 
exacerbation of erectile dysfunction may be related to 
the development of osteoporosis in these people [13-16]. 
Generally, disorders related to the postural curvature of 
the spine, including dorsal kyphosis and lumbar lordo-
sis are simultaneously seen in patients with osteoporosis 
who have experienced a greater reduction in height and 
stature [17-19]. Osteoporosis in postmenopausal women 
may be associated with musculoskeletal disorders and 
are considered as risk factors for falls and fractures [7]. 

In a prospective study, Christian Roux et al. examined 
the status of thoracic kyphosis in postmenopausal wom-
en with osteoporosis. Also, T4 to T12 vertebral radio-
graphs were used to measure the kyphosis. In the place-
bo group, patients with increased kyphosis experienced 
significantly more vertebral fractures than those with 

M

Highlights 

● Postural alignment postmenopausal women in the three areas of the head, shoulders and neck and the curvature of 
the spine can be affected by a decrease in bone density in osteopenic and osteoprotic conditions.

● More attention is needed to the postural evaluation and screening of people at risk for osteoporosis.

Plain Language Summary 

Osteoporosis in postmenopausal women may be associated with musculoskeletal disorders followed by changes 
in the alignment of the body, especially the spine. Therefore, this study aimed to compare the posture of osteopenic, 
osteoporotic, and healthy menopausal women. According to the results, the decrease in bone density at the osteopenic 
and osteoporotic levels can affect the postural alignment of the head, shoulders, and neck and the curvature of the spine 
in postmenopausal women in the three study groups.
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moderate kyphosis [20]. On the other hand, research 
shows that osteoporosis is significantly associated with 
sarcopenia [6-8], which is known as the age-related loss 
of muscle mass and skeletal function [21].

Limited studies considered osteoporosis and postural 
status, and if they did, they would be mainly from the 
perspective of the spine. Thus, this study considered spi-
nal changes and the prevalence of hypokyphosis [16, 19, 
20]; other postural disorders were less studied. There-
fore, addressing the issue of menopause and its associ-
ated musculoskeletal consequences are very important 
from various individual and social aspects. 

Studies in people with osteoporosis show a deviation 
from the proper posture, which negatively affects mus-
cle function, causes muscle imbalance, and predisposes 
a person to musculoskeletal and neurological disorders. 
Besides, biomechanical changes due to abnormal orien-
tation can affect the forces acting on the joints, the me-
chanical performance of the muscles, and the function 
of in-depth senses. Altering the center of gravity, these 
changes in body posture lead to the loss of body balance 
and increase the likelihood of falls and fractures [22]. 
So far, no study has examined or compared the postural 
alignment of osteopenic and osteoporotic women with 
healthy menopausal women, despite the importance of 
the subject and the limitations of studies on the effect of 
osteoporosis severity on postural status. Therefore, this 
study aimed to conduct a comparison.

2. Materials and Methods

The present research was a cross-sectional analytical 
study. The statistical population included all the elderly 
women aged 45 to 65 years who were referred to the 
Endocrinology and Rheumatology Clinic of Guilan Uni-
versity of Medical Sciences, in 2018. They had experi-
enced at least two years of their menopause and were 
tested for bone density on the advice of a specialist. 
Besides, the statistical sample of the study included 90 
women who were purposefully divided into three groups 
of 30 (osteoporotic group, osteopenic group, and healthy 
group), based on the inclusion and exclusion criteria.

The inclusion criteria for the present study were as fol-
lows: women in the age range of 45 to 65 years; hav-
ing a history of at least two years of menopause; giving 
the bone density test; having a normal Body Mass Index 
(BMI); not participating in regular exercise for at least 
one year before the study; no history of fracture due to 
osteoporosis; no secondary osteoporosis; no prolonged 
immobility; no insulin-dependent diabetes; not consum-

ing smoke, alcohol, or corticosteroids; no hearing-relat-
ed diseases; no neuromuscular diseases; and no chronic 
orthopedics diseases (rheumatism and chondromalacia).

According to the T scores reported in BMI test, the 
study samples were assigned into three groups: osteo-
porotic or osteoporosis (T score ≤ -2.5), osteopenic or os-
teopenia (-2.5< T score ≤-1), and healthy group (T score 
>-1) [1]. The samples of all three groups were matched 
in terms of demographic characteristics, including age, 
height, weight, and BMI. The exclusion criteria included 
having a history of the trunk or lower limb surgery, de-
termined injuries to the lower and/or upper limbs (such 
as degenerative changes in the knee joint, spine, etc), and 
a BMI of more than the normal range.

Forward head assessment 

The forward head posture was assessed using the head 
position assessment device with measuring cranioverte-
bral angle. Initially, the subject was asked to stand in a 
normal position and perform neck flexion and extension 
movements three times to eliminate the abnormal con-
tractions of the neck area. Then, the Seventh Cervical 
(C7) vertebra was identified and marked. We adjusted 
the height of the measuring device to the height of the 
subjects and placed it next to them. The short arm of 
the L-shaped index of the device was placed on the C7 
vertebra, then, the middle line of the other index of the 
device was adjusted on the tragus of the ear. The angle 
specified by the device is the forward head anomaly an-
gle: the closer this angle is to zero, the more severe the 
anomaly. A total of three measurements were made and 
a 2-minute rest is given to the subject at the intervals of 
the measures [23, 24].

Rounded shoulder assessment 

Rounded shoulder is a condition that anteriorly in-
volves the movement of the shoulder joint in kyphosis. 
For this anomaly, a special measuring device is used to 
measure the rate of the movement of the shoulder joint 
forward. In this method, the subject was asked to stand 
back to the wall at a distance of 10 cm and in a nor-
mal position. Then, the measuring device was placed at 
a level above the subject’s shoulder and leaned against 
the wall. At this time, the device must be parallel to the 
ground, based on the water level in the device. Then, the 
examiner moves the index arm of the device and places 
the posterior edge of the index in front of the acromion 
appendage. Hence, the rate of the shoulder joint forward 
is visible in centimeters. We performed the same process 
for the opposite shoulder. Finally, the average distance 

Eftekhari et al. Postural Alignment of Osteopenic and Osteoporotic Women. PTJ. 2021; 11(1):31-44.



34

 January 2021. Volume 11. Number 1

of the right and left shoulders from the wall minus 10cm 
was considered as the last acromial appendage distance 
from the wall (Figure 1).

Wryneck (torticollis) assessment 

A neck tilt assessment tool was used to measure the neck 
tilt. Achieve this, we recorded the angle of the soft inter-
face between the two ears and the marked horizon line, 
from the front view. Also, using the same device, the angle 
between the two coracoid process and the marked horizon 
line was measured to assess the impaired shoulder [25].

Assessment of lordosis and kyphosis 

A 60 cm flexible ruler (Kering brand) was used to mea-
sure the angle of lordosis kyphosis and the arches of 
the spine. This is a noninvasive and valid measurement 
method, compared with the X-ray method. The lumbar 
and dorsal curvatures were measured as follows: the sub-
jects were asked to stand without upper body covering. 
Then, the examiner identified the spinal processes of T2, 
T12, L1, and S2 by touching them. Next, the subjects 
were asked to stand in a normal and comfortable position 
with bare feet and about a 15 cm distance between the 
legs. Also, the head was in a normal position and the sub-
ject was looking forward (Figure 2). The subjects were 
asked to keep the normal posture for about three minutes 

while distributing the weight evenly on two legs until 
return to their normal state. 

The flexible ruler was placed between the second and 
twelfth dorsal vertebrae, and then, on the first lumbar 
vertebra and the second sacral vertebra on the sub-
ject’s spinal processes. So that, the ruler took the shape 
of the dorsal and lumbar spine arches. Then, carefully 
and without changing its state, the ruler was placed on a 
white paper and the arc shapes were drawn. We marked 
the spinal processes points of the second and twelfth dor-
sal vertebrae, the first lumbar, and the second sacral ver-
tebrae on the paper; these points were already marked on 
the ruler. After, the points obtained from the second and 
twelfth dorsal vertebrae, the first lumbar vertebra, and 
the second sacral vertebra were connected with straight 
lines, also, a line was drawn perpendicular to the arc. The 
steps of measuring and calculating the angle of the dor-
sal and lumbar spine arches were repeated three times; 
the calculated mean was recorded as the rate of the dor-
sal and lumbar spine curvature angle for each subject. 
Then, the lordosis and kyphosis angles were calculated 
using the following formula: θ=4 arctan(2h/l)

A device called the tilt gauge (tiltmeter) was used to mea-
sure the pelvic tilt. We asked the subjects to stand in a nor-
mal position to measure the lateral tilt of the pelvis. Then, 
by touch, we identified and marked the upper-anterior pel-
vic spine. Placing two arms of the tilt gauge on the marked 
points, the rate of lateral pelvic deviations can be determined 
based on the degree of inclination (Figure 3) [26, 27].

Q angle assessment 

To measure the Q angle, the angle between the quad-
riceps muscle line and the patellar tendon line or the 
angle between the femoral line and the starting line from 
the tibia and center of the patella should be measured 
[28]. The Q angles of the subjects were measured in a 

Figure 1. Measuring head forward (right) and rounded 
shoulder (left)

Figure 2. Measuring the angle of kyphosis and lordosis with a flexible ruler
T2, T12, and L1 indicate spinal processes.
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standing position, where the knees and hips were fully 
extended without shoes. Before measuring the center of 
the patella, the examiner touched and marked the bulge 
of the tibia and the pelvic spine of the upper-anterior cru-
ciate ligament. The center of the goniometer was placed 
on the center of the patella, its large arm in the alignment 
of the anterior-superior pelvic spine (the mechanical axis 
of the foot). Then, the angle was measured and recorded, 
when the quadriceps muscles were relaxed and free.

Genu valgum assessment 

To measure the genu valgum and genu varum, the sub-
jects comfortably stood with no shoes and socks in front 
of the examiner. Besides, their knees and thighs were vis-
ible, and they were not suffering from abnormal contrac-
tion and/or unusual tension in the thigh muscles. While 
the knees were close together, the distance between the 
inner ankles was measured with a caliper [29]. 

Genu varum assessment 

To measure a varus knee (genu varum), the knees 
should be fully extended and the ankles placed fully near 
to each other. In this state, the distance between the two 
inner condyles (medial and lateral) of the thighs was 
measured and recorded by a caliper.

Navicular drop assessment 

The navicular drop test was used to determine the rate 
of the foot pronation and measure the navicular drop. 
First, the subject sits on a chair, with the thighs and knees 
in a 90-degree flexion position, the soles of the feet on 
the ground, and the subtalar joint in a neutral position. 
Without bearing the weight, the examiner touched and 
marked the outcrop of the navicular drop and measured 
its distance to the ground with a ruler. Then, the subject 

was asked to stand and place the legs shoulder-width 
apart and the weight of the body evenly on both feet 
(weight-bearing). The distance of the navicular bone to 
the ground was measured again. The difference between 
the two conditions was recorded in millimeters as the 
rate of navicular bone drop (Figure 4) [30].

Moreover, in all measurements, the subjects stood, 
wore no shoes and socks, were perfectly comfortable in 
front of the examiner while their knees and thighs were 
visible, and suffered from no abnormal contraction and/
or unusual tension in the thigh muscles [31].

Descriptive and inferential statistical methods were used 
to analyze the research data. The Shapiro-Wilk test was 
used to determine the type of data distribution. Besides, 
the parametric one-way ANOVA was used to compare the 
means of the variables, because the data were normally 
distributed. Also, in the case of significant differences be-
tween the means of the variables, the Scheffe post hoc 
test was used to determine the differences. Data were ana-
lyzed using SPSS V. 22 at a significance level of 0.05.

3. Results

Table 1 shows the Mean±SD of the demographic char-
acteristics and research variables in the three groups 
of menopausal women: Osteopenic, osteoporotic, and 
healthy group. The results of comparing the three groups 
showed no significant difference in demographic char-
acteristics.

Table 2 reports the results of the comparison of the 
body alignment variables. The three groups significantly 
differed in the rate of the head forward angle, neck tilt, 
rounded shoulder, kyphosis, lordosis, pelvic tilt, varus 
knee, Q angle, and flat foot (P=0.001). However, no sig-
nificant difference was observed in the rate of rounded 
shoulder angle (P=0.14) and varus knee (P=0.39), be-
tween the three groups.

Table 3 shows the results of the Scheffe post hoc test. 
The rate of forward-head angle, kyphosis, lordosis, varus 
knee, and Q angle significantly differed between post-

Figure 3. The pelvic tilt measuring device

Figure 4. Measuring the rate of navicular bone loss
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menopausal women (osteopenic-osteoporotic, osteope-
nic-healthy, and osteoporotic-healthy).

Also, the results of the post hoc test showed significant 
differences between osteoporotic and healthy postmeno-
pausal women in the rate of tilted neck angle, rounded 
shoulder, and flat foot. There was also a significant dif-
ference between the rate of pelvic tilt angle in post-
menopausal women (osteopenic-osteoporotic and osteo-
porotic-healthy).

4. Discussion

This study investigated the effect of osteoporosis with 
various severity on postmenopausal women. The results 
showed that postural alignment differed among the three 
groups of postmenopausal women with and without osteo-
porosis in the areas of the forward head, tilted neck, round-
ed shoulder, kyphosis, lordosis, pelvic tilt, varus knee, Q 
angle, and flat feet. Moreover, regarding dorsal kyphosis 
and lumbar lordosis, we observed a significant difference 
between all three groups with and without osteoporosis.

Some studies have shown similar results to the pres-
ent study. For example, Miyakoshi et al. examined the 
postural alignment of people with and without osteo-
porosis, in various studies. These researchers showed 
increased chest kyphosis in patients with osteoporosis, 
compared with healthy people [8, 31, 32]. Their results 
also indicated an increase in lumbar lordosis in patients 
with osteoporosis, compared with healthy ones [32]. The 
proposed model of spinal deformity in their research 
shows that dorsal hyperkyphosis in the elderly with os-
teoporosis is exacerbated by the anterior displacement 
of the forward head and upper torso, because of the in-
creased postural forces. In the cases with osteoporosis, 
the physiological kyphosis and increased stresses on the 

anterior edge of the vertebral body make the medial ver-
tebrae of the spine more prominent [33].

Dorsal spinal hyperkyphosis and lumbar lordosis nega-
tively impact on postural balance and result in destructed 
daily activities and quality of life [31, 34]. Besides, for-
ward bending posture frequently occurs in the elderly, 
changes the center of gravity, and affects balance [34]. 
Research presented the mechanism of the simultaneous 
occurrence of dorsal kyphosis and lumbar lordosis: when 
dorsal kyphosis increases in the people with osteoporo-
sis (as observed in the present study) their body com-
pensates for the balance by increasing lumbar lordosis. 
Therefore, the bodies of the subjects in the osteoporosis 
group use the increase in lumbar lordosis as a means of 
compensating for thoracic hyperkyphosis [32].

Granito et al. compared the degree of dorsal kyphosis, 
the strength of the trunk muscles, and the sense of joint 
position among elderly women with and without osteo-
porosis. Their results showed that women with osteopo-
rosis had significantly higher degrees of kyphosis and 
maximum lower torso extensor muscle torque. Besides, 
bone density was negatively associated with the degree 
of kyphosis. Also, the degree of kyphosis was negatively 
correlated with extensor muscle strength and joint posi-
tion sense index. These researchers suggested the spinal 
fractures due to osteoporosis as one of the worst con-
sequences of increased dorsal kyphosis in the elderly. 
However, the mechanisms associated with increased 
kyphosis in women with osteoporosis are completely 
unknown [35]. 

We can refer to the study of Muramoto et al. regarding 
the sensitivity of changes in the spine alignment. These 
authors recently reported that the changes of more than 
six degrees in the curvature of the spine can increase the 

Table 1. Mean±SD of the demographic characteristics of the study sample (n=30)

Variables

Mean±SD

PGroups

Osteopenic Osteoporotic Healthy 

Age (y) 59.63±6.05 60.53±6.38 60.43±6.72 0.84

Height (cm) 156.5±4.78 154.53±4.77 155.63±5.67 0.33

Weight (kg) 68.60±10.18 70.07±9.35 71.70±8.8 0.45

Menopausal age (y) 47.73±4.8 48.60±3.89 49.63±3.97 0.23

BMI (kg/m2) 28.04±4.19 29.37±3.93 29.62±3.34 0.24
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Table 2. Results of the ANOVA test, comparing body alignment variables between the three study groups

Variables Mean±SDa Test Total Squares df Average Squares F P 

Head forward, osteopenic 34.97±6.04 Intergroup 1200.27 2 600.13

17.09 0.001*Head forward, osteoporotic 30.90±5.6
Intragroup 3055.83 87 35.12

Head forward angle, healthy 39.83±6.08

Neck tilt, osteopenic 177.63±1.56 Intergroup 36.82 2 18.41

9.29 0.001*Neck tilt, osteoporotic 176.04±1.4
Intragroup 172.33 87 1.98

Neck tilt, healthy 178.40±1.24

Rounded shoulder, osteopenic 15.02±1.64 Intergroup 21.22 2 10.61

2.04 0.14Rounded shoulder angle, osteoporotic 13.98±3.16
Intragroup 451.69 87 5.19

Rounded shoulder angle, healthy 13.99±1.69

Rounded shoulder angle, osteopenic 178.63±1.18 Intergroup 10.69 2 5.34

3.58 0.03*Uneven shoulder angle, osteoporotic 178.00±1.29
Intragroup 129.77 87 1.5

Uneven shoulder angle, healthy 178.8±1.19

Kyphosis angle, osteopenic 52.90±3.20 Intergroup 1355.02 2 677.51

51.33 0.001*Kyphosis angle, osteoporotic 58.37±2.8
Intragroup 1148.37 87 13020

Kyphosis angle, healthy 48.90±4.61

Lordosis angle, osteopenic 42.77±3.12
Intergroup 1247.5 2 623.74

45.5 0.001*Lordosis angle, osteoporotic 48.37±2.83

Lordosis angle, healthy 39.33±4.83 Intragroup 1193 87 13.71

Pelvic tilt angle, osteopenic 178.23±0.93 Intergroup 36.69 2 17.48

13.82 0.001*Pelvic tilt angle, osteoporotic 177.13±1.19
Intragroup 110.03 87 1.26

Pelvic tilt angle, healthy 178.60±1.22

Varus knee, osteopenic 48.27±11.69 Intergroup 9520.8 2 4760.4

27.22 0.001*Varus knee, osteoporotic 58.07±13.31
Intragroup 15215.6 87 174.89

Varus knee, healthy 33.06±14.51

Varus knee, osteopenic 13.13±19.04 Intergroup 703.62 2 351.81

0.95 0.39Varus knee, osteoporotic 10.67±18.27
Intragroup 32119.5 87 369.19

Knee varus, healthy 17.43±20.27

Q angle, osteopenic 16.70±1.26
Intergroup 234.3 2 117.14

21.50 0.001*Q angle, osteoporotic 20.63±3.11

Q angle, healthy 18.33±2.25 Intragroup 473.93 87 5.45

Flat feet, osteopenic 10/03±3.46
Intergroup 124.47 2 62.23

5.5 0.006*Flat feet, osteoporotic 11.00±3.62

Flat feet, healthy 8.16±3.02 Intragroup 991.13 87 11.39

aAll angles are in degrees, and the cruciate, knee braces, and the index of the flat foot are in mm; 
*P<0.05.
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Table 3. Scheffe post hoc test results to compare body alignment angles in the postmenopausal women of osteopenic, osteo-
porotic, and healthy groups

Variables Groups Means Differencea Means of Standard Error P

Head forward 

Osteopenic-osteoporotic 4.1 1.5 0.03*

Osteopenic-healthy -4.9 1.5 0.008*

Osteoporotic-healthy -8.9 1.5 0.001*

Neck tilt 

Osteopenic-osteoporotic 0.8 0.36 0.09

Osteopenic-healthy -0.77 0.36 0.11

Osteoporotic-healthy -1.57 0.36 0.001*

Rounded shoulder 

Osteopenic-osteoporotic 0.63 0.31 0.14

Osteopenic-healthy -0.17 0.31 0.87

Osteoporotic-healthy -0.8 0.31 0.04*

Kyphosis 

Osteopenic-osteoporotic -5.5 0.94 0.001*

Osteopenic-healthy 4 0.94 0.001*

Osteoporotic-healthy 9.5 0.94 0.001*

Lordosis 

Osteopenic-osteoporotic -5.6 0.96 0.001*

Osteopenic-healthy 3.4 0.96 0.002*

Osteoporotic-healthy 9.03 0.96 0.001*

Pelvic tilt 

Osteopenic-osteoporotic 1.1 0.29 0.001*

Osteopenic-healthy 00.4 0.29 0.45

Osteoporotic-healthy -1.5 0.29 0.001*

Crossed knee 

Osteopenic-osteoporotic -9.8 3.4 0.02*

Osteopenic-healthy 15.2 3.4 0.001*

Osteoporotic-healthy 25 3.4 0.001*

Q angle 

Osteopenic-osteoporotic -3.9 0.6 0.001*

Osteopenic-healthy -1.6 0.6 0.03*

Osteoporotic- healthy 2.3 0.6 0.01*

Flat feet, mm

Osteopenic-osteoporotic -0.96 0.87 0.54

Osteopenic-healthy 1.9 0.87 0.11

Osteoporotic-healthy 2.8 0.87 0.007*

a All angles are in degrees, and the cruciate, knee braces, and the index of the flat foot are in mm; 
*P<0.05.
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risk of locomotive syndrome, which requires nursing care 
services because of locomotion problems [36]. Postural 
instability as an effective factor in falling increases with 
age and the decrease of postural instability. The other fac-
tors affecting postural instability include changes in the 
curvature of the spine and hyperkyphosis and lordosis. 
The natural curvature of the thoracic and lumbar spine in 
the anterior-posterior plane often increases by age [37].

The prevalence of hyperkyphosis is reported to be be-
tween 20% to 40% in the elderly [38]. Postural kyphosis 
moves the body’s center of gravity forward and out of 
the range of stability in the standing position. Therefore, 
the balance is reduced in these conditions, and the person 
is prone to fall, which is often accompanied by fractures 
[39]. In postmenopausal women, the weakness of the 
femoral opening muscles can increase lumbar lordo-
sis, which increases the lumbar-sacral angle and pelvic 
tilt. Increased lumbar lordosis and low back pain and 
abdominal bulging are among the causes of this abnor-
mality. Menopausal women, especially those with osteo-
porosis suffer from poor mobility and the weakness of 
muscles and ligaments that support the spine; this weak-
ness causes lordosis abnormalities [40]. 

A review of previous studies shows the development 
of progressive musculoskeletal disorders followed by 
an increased risk of fractures after osteoporosis, in the 
elderly. Meanwhile, some studies have reported a high 
correlation between bone mineral density and body 
weight, especially in the spinal area, which plays a role 
in withstanding mechanical stresses. Some researchers 
believe that the mechanisms that explain this correlation 
are not well known. However, some researchers believe 
that the mechanical pressure on the bone tissue increases 
by weight gain and muscle weakness. Consequently, cal-
cium uptake from the bone decreases and bone mineral 
density increases, causing a change in the normal posi-
tion of the vertebrae and limbs.

In osteopenic and osteoporotic people, because of mus-
cle weakness, inactivity, and calcium deficiency, more 
pressure is put on the skeletal structure and causes skel-
etal abnormalities [41]. Following osteoporosis, there 
is a possibility of vertebral fractures, which can lead to 
height reduction and kyphosis. Although vertebral frac-
tures are painful, they often occur asymptomatically ow-
ing to osteoporosis. Also, the patients may only experi-
ence spinal abnormalities and progressive reduction in 
height. There is also a possibility of fracture in the lower 
part of the spine, because of the reduced endurance of 
the vertebrae. These fractures may even occur without 

any trauma. Spinal deformities may occur by the col-
lapse or compression of the damaged vertebrae [42, 43].

Research shows that aging reduces bone density in the 
lumbar vertebrae and increases the prevalence of osteo-
penia. Researchers believe that low bone mineral density 
in osteopenic and osteoporotic individuals is probably 
caused by inactivity and reduced bone weight tolerance 
while walking. This interferes with the calcium absorp-
tion of the bones and decreases bone mineral density. 
These changes put too much pressure on the bones to 
maintain the body’s stability, resulting in deformity in 
the long term [44].

In this study, the comparison of forward head angle 
in the three groups of osteoporosis and healthy subjects 
showed a significant difference. The angles were 30.90° 
for the osteoporotic group, 34.97° for the osteopenic 
group, and 39.83° for the healthy group. One of the most 
common defective cervical spine postures is the forward 
head with a prevalence of 66%. Some research suggests 
that this abnormality increases with age and is a key 
factor in intensifying respiratory problems [45]. The ap-
pearance of this defective posture increases the effect of 
gravitational forces on the head, the excessive extension 
of the head on the neck in the atlanto-occipital joint, the 
bending of the neck on the thorax, the withdrawal of the 
mandible, and the weakness of the deep flexor muscles 
of the neck.

On the other hand, the effect of gravity on the head 
increases by changing the position of the head forward. 
This effect leads to degenerative changes in the joints of 
the cervical spine and intervertebral disk damage, in the 
long run. Moreover, there are other local effects follow-
ing the forward head, including increased pressure on 
blood vessels, decreased vertebral blood flow to the brain 
and brainstem, and decreased respiratory capacity [46].

Although this research focused on the comparison of 
abnormalities, such as kyphosis and lordosis in the el-
derly with and without osteoporosis, the results showed 
that the decrease in bone density in the osteopenic and 
osteoporotic elderly increased the forward head angle in 
the elderly, compared with healthy people.

Studies show that the rate of movement in the forward 
head and overload on the cervical vertebrae of people 
with a forward head are higher than those of healthy 
people. In other words, by increasing the head forward 
rate the overload increases, which can be one of the risk 
factors in people with osteoporosis and lead to instabil-
ity, fractures, and neck pain in these people. For every 
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inch of head forward movement, the pressure from the 
weight of the head will double. So that, for every inch 
the head moves forward, the muscles have to bear the 
double weight. Therefore, people with osteoporosis 
show more neck muscle weakness than others, consid-
ering the results of this study on the rate of the increase 
of the forward head angle in people with osteoporosis 
and osteopenia. Therefore, increased osteoporosis can 
aggravate neck pain and other injuries to the neck in the 
elderly, compared with other people with forward head 
posture [47, 48]. 

This study found a significant difference between the 
groups that were compared in neck tilt and rounded 
shoulder. The shoulder girdle area of the elderly is prone 
to injury, because of the lack of adequate joint support 
in this area and the high prevalence of muscle weakness 
[49]. Rounded shoulder complication is common in os-
teoporotic people. Also, it is more common in osteopo-
rotic women owing to the less use of the upper limbs in 
physical activity and reduced physical activity. Because 
women are more active in fine motor hand activities with 
less strengthened large muscles in the upper body and 
upper limbs; this condition makes them prone to defor-
mities in this area. On the other hand, one of the causes 
of the rounded shoulder is scoliosis, which can lead to 
shoulder sagging in the elderly, because of the preva-
lence of changes in the structure of the vertebrae [50].

Little research has been done on the prevalence of neck 
tilt disorders in the elderly, especially those with osteo-
porosis. However, Hasanvand et al. examined the struc-
tural profile of the elderly and showed a high prevalence 
of neck tilt [51]. In this regard, Vienna et al. stated the 
negative consequences of some diseases, such as osteo-
porosis and sensory and motor disorders [52].

The present results showed that the hearing loss in the 
elderly with osteoporosis was caused by the deficiencies 
of vestibular and atrial systems. Therefore, hearing loss 
can be a reason for the high rate of neck tilt [52]. Further-
more, neck tilt in such people can be attributed to prema-
ture fatigue. So that, people with osteoporosis suffer from 
muscle weakness due to low physical activity, which in-
evitably causes the head tilted to one side. Accordingly, 
the muscles of the opposite side are stretched and weak-
ened. Hence, the sternocleidomastoid muscles are weak-
ened on one side and short on the other side [53]. 

In the present study, all groups significantly differed 
in terms of pelvic lateral tilt, varus knee, Q angle, and 
flat foot. However, there was a significant difference 
in the flat foot variable only between the osteoporotic 

and healthy groups. Besides, the osteopenic and healthy 
groups did not significantly differ in pelvic tilt. Since os-
teopenic and osteoporosis in women mostly affect the 
hip, knee, and pelvic joints and reduce minerals and 
bone density, they can cause musculoskeletal disorders 
in these people. Thus, the knee angulation, Q angle in-
crease, and pelvic tilt have a variety of causes, including 
physiological factors, congenital defects, metabolic bone 
diseases, adjacent joint injuries and fractures, etc. Since 
osteoporosis is a metabolic disease, it may be one of the 
causes of the high prevalence of cruciate ligament, in-
creased Q angle, and pelvic tilt in these people.

5. Conclusion

Generally, limited and scattered studies have investi-
gated the osteoporosis and its musculoskeletal effects in 
the elderly. These studies indicate, on one hand, the unfa-
vorable nutritional status and the lack of energy, vitamin 
D, protein, and micronutrients in this age group, and on 
the other hand, the prevalence of the related disease.
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