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ABSTRACT

Objectives: The aim of this study was to investigate the relationship between core stability and dynamic balance in women with 
postmenopausal osteoporosis.
Patients and methods: A total of 100 females (mean age 59.9±7.5 years; range, 42 to 73 years) with postmenopausal osteoporosis between 
January 2016 and June 2016 were included in this study. All patients were evaluated for dynamic balance with the Star Excursion Balance Test 
(SEBT) and for core stability with trunk flexion, extension, and Side Bridge Test (SBT).
Results: There was a significant correlation between age and the reach directions of anterior (A), posteromedial (PM), and posterolateral 
(PL) of the right limb (p<0.001, p=0.009, p=0.012) and the reach directions of A and PM of the left limb (p<0.001, p=0.004). There was no 
correlation between the lumbar spine, femoral neck, and total hip Bone Mineral Density (BMD) and the reach directions of SEBT (p>0.05). 
There was a significant correlation between the trunk flexion test results and the reach directions of A, PM, and PL of the right limb (p=0.005, 
p=0.001, p=0.002), (r=0.277, r=0.333, r=0.308) and the reach directions of A, PM, and PL of the left limb (p=0.008, p=0.016, p=0.005), 
(r=0.265, r=0.239, r=0.276). There was a significant correlation between the SBT results and the reach directions of A, PM, and PL of the right 
limb (p<0.001, p<0.001, p=0.005), (r=0.423, r=0.366, r=0.281) and the reach directions of A, PM, and PL of the left limb (p<0.001, p<0.001, 
p=0.001), (r=0.418, r=0.356, r=0.316). There was a significant correlation between the trunk extension test results and the reach directions 
of A, PM, and PL of the right limb (p<0.001, p<0.001, p=0.006), (r=0.383, r=0.471, r=0.276) and the reach directions of A, PM, and PL of the 
left limb (p<0.001, p<0.001, p=0.003) (r=0.407, r=0.401, r=0.297).
Conclusion: Our study results showed that age and core stability were associated with dynamic balance in women with postmenopausal 
osteoporosis.
Keywords: Balance; core stability; osteoporosis.

Osteoporosis is a systemic skeletal disease 
characterized by decreased bone mass, micro-
architectural deterioration of the bone tissue leading 
to enhanced bone fragility, and a consequent increase 
in the fracture risk.[1] Vertebrae and hip fractures 
are associated with a significant mortality and 
morbidity rate, and low quality of life in patients 
with osteoporosis.[2,3] Although osteoporosis does not 
directly affect the muscle strength, previous studies 
have shown that low Bone Mineral Density (BMD) may 
be associated with back extensor muscle weakness in 
patients with osteoporosis.[4-6] Lumbar kyphosis angle, 
back extensor muscle strength, and paravertebral 

muscle thickness at the lumbar spine are also correlated 
with spinal mobility in patients with osteoporosis.[6] In 
a study, Sinaki et al.[7] reported that the women with 
osteoporosis and hyperkyphosis had loss of back 
extensor and leg muscles strength, slower gait, and 
inadequate balance resulting in a tendency to fall.

The core has been described as a muscular cylinder 
with the abdominals in the front, erector spinae and 
gluteal muscles in the back, the diaphragm as the roof, 
and the pelvic f loor and hip girdle musculature in 
the bottom.[8] The core is the center of the functional 
kinetic chain, providing the proximal stability for the 
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distal mobility and function of the limbs.[9] It has been 
reported that core muscle fatigue decreases dynamic 
stability of the trunk, thereby, leading to loss of 
balance control.[10,11]

Falls are the most common cause of fractures 
in women with postmenopausal osteoporosis.[12,13] 
Identifying the factors influencing postural balance 
is critical for the quality of life in women with 
postmenopausal osteoporosis. In the present study, 
we aimed to investigate the relationship between core 
muscle endurance and dynamic balance in women 
with postmenopausal osteoporosis.

PATIENTS AND METHODS

A total of 100 women with postmenopausal 
osteoporosis (mean age 59.9±7.5 years; range, 42 to 73 
years) who were admitted to the Physical Medicine and 
Rehabilitation outpatient clinics at Ankara Numune 
Training and Research Hospital between January 2016 
and June 2016 were included in the study. Participants 
who had a history of musculoskeletal, neurological, 
or orthopedic disorders that might have affected their 
ability to perform dynamic balance and core stability 
tests were excluded from the study. Data including age 
at menarche and menopause were recorded. Body mass 
index was calculated as weight in kilograms divided by 
height in meters squared (kg/m2).

The study was approved by the Ankara Numune 
Training and Research Hospital Ethics Committee 
(523/2015) and a written consent was obtained from 
each patient. The study was conducted in accordance 
with the principles of the Declaration of Helsinki.

Measurement of bone mineral density

The bone mineral density of the lumbar spine, 
femoral neck, and total hip was measured with 
dual-energy X-ray absorptiometry (DEXA; Hologic 
Discovery A, Waltham, MA, USA). According to 
the data from World Health Organization (WHO), 
values of -2.5 g/cm2 and lower for the total lumbar, 
total femur, or femoral neck T-score were accepted as 
indicators of osteoporosis.[14]

Dynamic balance

The dynamic balance was evaluated using the 
Star Excursion Balance Test (SEBT). In general, the 
eight directions of the SEBT are used in athletes and 
young individuals.[15-17] In the present study, however, 
we used three reach directions, as it required the 
shortest time for clinical use.[18] The reach directions 
were determined by affixing three tape measures to 

the f loor, one orientated anterior (A) to the apex and 
two aligned at 135° to this in the posteromedial (PM) 
and posterolateral (PL) directions. Each patient was 
instructed to reach as far as possible with the other 
leg in each of the three directions, while single-leg 
stance (Figure 1). The reach distances from three trials 
in each direction were calculated using the following 
formula:[18]

(Maximized excursion distance/Leg length) x100

The length of the leg was measured from the 
anterior superior iliac spine to the ipsilateral medial 
malleolus with a standard tape measure in the supine 
position on the treatment table.[19]

Core stability

The protocol established by McGill[20] was used to 
identify core muscle endurance. In the side bridge test 
(SBT), the patients were asked to lay on their side with 
their legs extended on a bed, resting on their forearm 
with the elbow flexed to 90°. They were also instructed 
to lift the hip off the table with the other arm and hand 
across the chest resting on the opposite shoulder. The 
test was terminated, when the straight body position 
could no longer be maintained. Time was recorded in 
seconds using a stopwatch. In the Trunk Flexion Test 
(TFT), the patients were seated with their back resting 
against a wedge that maintained 45° f lexion from the 
horizontal on the treatment table. Knees were f lexed 

Figure 1. Star Excursion Balance Test.
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to 90° and the feet stabilized by the researcher. The 
test was terminated, when the upper body could no 
longer remain at the 45° angle. Time was recorded in 
seconds using a stopwatch (Figure 2). In the Trunk 
Extension Test (TET), the patients were asked to 
lay on the treatment table in a prone position with 
the upper body cantilevered out over the end of the 
table. They were asked to maintain a horizontal body 
position with arms crossed across the chest while 
the researcher stabilized the lower extremities. The 
test was terminated, when the patient fell below the 
horizontal position. Time was recorded in seconds 
using a stopwatch (Figure 3).

Statistical analysis

Statistical analysis was performed using the 
SPSS version 16.0 software (SPSS Inc., Chicago, 

IL, USA). Descriptive statistics were expressed in 
mean ± standard deviation (SD). The relevance of 
data to a normal distribution was evaluated using 
the Shapiro-Wilk test. The relationship between the 
study parameters was assessed using the Pearson’s 
correlation analysis (r) or Spearman’s rho correlation 
analysis (rs) for normally or non-normally data, 
respectively. The correlation coefficient values were 
defined as follows: very strong correlation (≥0.8); 
moderately strong correlation (0.6-0.8); fair correlation 
(0.3-0.5), and poor correlation (≤0.3).[21] A p value of 
<0.05 was considered statistically significant.

RESULTS

Demographic characteristics of the participants 
and correlation analyses are presented in Table 1 

Table 1. Demographic and clinical characteristics of patients
Variables Mean±SD  Median Min-Max

Age (year) 59.9±7.5 58 42-73
Age at menarche (year) 13.5±1.6 13 11-20
Age at menopause (year) 46.0±4.9 47 26-55
Body Mass Index (kg/m2) 28.6±4.8 28 18-42
Femoral neck BMD (g/cm2) 0.6±0.1 0.63 0.41-0.82
Total hip BMD (g/cm2) 0.8±0.1 0.79 0.48-1.00
Anteroposterior lumbar spine (L1-L4) BMD (g/cm2)  0.7±0.1 0.72 0.58-0.86
Lateral lumbar spine (L2-L3) BMD (g/cm2) 0.5±0.1 0.51 0.36-0.75
Core stability  

Side bridge test (s) 14.7±1.28 13.50 0-45
Trunk flexion test (s) 36.2±2.3 38 0-84
Trunk extension test (s) 29.7±2.1 30 0-80

Dynamic balance (SEBT)  
Anterior (right) (cm) 45.1±11.3 45 15-73
Posteromedial (right) (cm) 46.0±10.3 47 12-83
Posterolateral (right) (cm) 33.9±8.7 34 9-54
Anterior (left) (cm) 45.3±10.5 47.5 15-70
Posteromedial (left) (cm) 45.4±9.9 47 10-70
Posterolateral (left) (cm) 33.2±8.4 34 9-50

SD: Standard deviation; BMD: Bone Mineral Density; SEBT: Star Excursion Balance Test.

Figure 2. Trunk Flexion Test. Figure 3. Trunk Extension Test.
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and Table 2, respectively. The Pearson’s correlation 
analysis showed that there was a negative poor to fair 
correlation between the age and the reach directions 
of A (r= -0.376, p<0.001), PM (r= -0.260, p=0.009), 
and PL (r= -0.250, p=0.012) of the right limb and 
the reach directions of A (r= -0.372, p<0.001) and 
PM (r= -0.284, p=0.004) of the left limb. There was 
no correlation between the anteroposterior lumbar 
spine (L1-4), lateral lumbar spine (L2-3), femoral 
neck, and total hip BMD and the reach directions 
of the SEBT (p>0.05). According to the Pearson’s 
correlation analysis, there was a significant poor to 
fair correlation between the reach directions of A, PM, 
and PL of the right limb (p=0.005, p=0.001, p=0.002), 
(r=0.277, r=0.333, r=0.308), the reach directions of 
the left limb (p=0.008, p=0.016, p=0.005), (r=0.265, 
r=0.239, r=0.276), and the TFT results. Also, there 
was a significant poor to fair correlation between 
the reach directions of A, PM, and PL of the 
right limb (p<0.001, p<0.001, p=0.005), (r=0.423, 
r=0.366, r=0.281), the reach directions of A, PM, 
and PL of the left limb (p<0.001, p<0.001, p=0.001), 

(r=0.418, r=0.356, r=0.316), and the SBT results. 
Additionally, there was a significant poor to fair 
correlation between the reach directions of A, PM, 
and PL of the right limb (p<0.001, p<0.001, p=0.006), 
(r=0.383, r=0.471, r=0.276), the reach directions of A, 
PM, and PL of the left limb (p<0.001, p<0.001, p=0.003) 
(r=0.407, r=0.401, r=0.297) and the TET results. 
Dynamic balance was also positively correlated with 
the core muscle endurance.

DISCUSSION

The findings of our study showed that the dynamic 
balance was negatively correlated with age in women 
with postmenopausal osteoporosis. The dynamic 
balance was disturbed with increasing age. The 
dynamic balance was evaluated with the SEBT in our 
study. The SEBT performance depends on kinetic and 
kinematic factors, such as the range of motion of the 
knee and hip joints, f lexibility, and strength of the 
lower extremity muscles.[22,23] High inter-tester and 
intra-tester reliability of the SEBT have previously 

Table 2. Correlations between dynamic balance and other variables
Variables A (right) PM (right) PL (right) A (left) PM (left) PL (left)

Age 
p 0.000 0.009 0.012 0.000 0.004 0.234
r -0.376 -0.260 -0.250 -0.372 -0.284 -0.120

Age at menopause
p 0.561 0.540 0.296 0.515 0.236 0.583
rs -0.059 -0.062 0.106 -0.066 -0.120 -0.056

Body Mass Index
p 0.070 0.072 0.172 0.262 0.074 0.061
r -0.182 0.-181 -0.138 -0.113 -0.180 -0.188

Femoral neck BMD
p 0.864 0.981 0.788 0.618 0.904 0.178
r -0.017 0.002 -0.027 -0.051 0.012 -0.136

Total hip BMD
p 0.464 0.807 0.722 0.521 0.983 0.283
r 0.074 -0.025 -0.036 0.065 -0.002 -0.108

Anteroposterior Lumbar spine BMD (L1-L4)
p 0.592  0.115  0.086  0.955 0.361 0.350
rs -0.054 -0.159 -0.173 0.006 -0.092 -0.094

Lateral Lumbar spine BMD (L2-L3)
p 0.451 0.316 0.398 0.560 0.576 0.124
r  -0.076 -0.101 -0.085 -0.059 -0.057 -0.155

Trunk flexion test
p 0.005 0.001 0.002 0.008 0.016 0.005
r 0.277 0.333 0.308 0.265 0.239 0.276

Side bridge test
p 0.000 0.000 0.005 0.000 0.000 0.001
r 0.423 0.366 0.281 0.418 0.356 0.316

Trunk extension test
p 0.000 0.000 0.006 0.000 0.000 0.003
r 0.383 0.471 0.276 0.407 0.401 0.297

A: Anterior; PM: Posteromedial; PL: Posterolateral; BMD: Bone Mineral Density; r: Pearson’s Correlation; rs: Spearman’s rho correlation.
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been reported.[19] To the best of our knowledge, there 
is a limited number of studies that SEBT was used 
in osteoporosis as an assessment tool for dynamic 
balance.[24,25]

It is well-known that both muscle mass and strength 
decline with age.[26] Back muscle strength has been 
reported to decrease by about 50.4% in females between 
the ages of 50 and 80 years, which corresponds to about 
2.5% per year.[27] Aging-related decrease in the muscle 
strength and flexibility may lead to balance impairment 
in women with postmenopausal osteoporosis. 
However, postural control and balance depends on 
the integration of neural and musculoskeletal systems. 
The proprioceptive, visual, and vestibular centers 
provide afferent information to the central nervous 
system and adequate muscle response generated in the 
trunk and lower extremities. However, the functions of 
these systems decrease over time.[28,29]

Another result of our study is that there was no 
relationship between the anteroposterior lumbar spine 
(L1-4), lateral lumbar spine (L2-3), femoral neck and 
total hip BMD, and the dynamic balance in the women 
with postmenopausal osteoporosis. However, we were 
unable to evaluate other confounding factors such 
as vitamin D and estrogen levels. Previous studies 
reported that women with osteoporosis had a higher 
balance instability, compared to those with normal 
BMD.[30,31] Hammar et al.[32] showed that estrogen 
replacement increased balance performance measured 
by dynamic posturography. Gunend and Demirsoy[33] 
compared postural balance in women with and 
without postmenopausal osteoporosis and evaluated 
dynamic balance with Timed Up and Go (TUG) test, 
Four Square Step Test, and Berg Balance Scale. The 
authors found no significant difference in the balance 
between women with and without postmenopausal 
osteoporosis. Similarly, Korkmaz et al.[34] found no 
significant difference between the total lumbar and 
femur T-scores and the balance test scores in women 
with postmenopausal osteoporosis. They reported 
that the factors other than BMD such as vitamin D 
levels might lead to loss of balance in postmenopausal 
osteoporosis. Also, Hita-Contreras et al.[35] reported 
postural instability in women with postmenopausal 
osteoporosis with a BMI of ≥25 kg/m2.

Several studies reported that the muscle strength 
and balance in older age was associated with 
osteoporosis. Granacher et al.[36] found a significant 
relationship between the muscle strength of the trunk 
flexor, extensor, and rotator and balance performance 
in older adults. Also, Emilio et al.[37] reported that 

dynamic balance and lumbar strength were positively 
associated with the balance ability and risk of falls 
in older adults. Additionally, a study conducted by 
Sinaki[7] showed that back extensor strength played an 
important role in reducing body sway and risk of falls 
in females with osteoporosis. Korkmaz et al.[34] also 
suggested a strong negative association between the 
balance scores and the back extensor and hip f lexor 
muscle strengths in patients with postmenopausal 
osteoporosis, compared to healthy controls, as assessed 
by the TUG test and the Berg Balance Scale. Although 
there was no control group without osteoporosis in 
our study, our study had a larger sample size than the 
aforementioned studies. In addition, the participants 
were evaluated with the TET, TFT, and SBT, but not 
only the back extensor strength.

In the literature, there are very few studies 
investigating the association between the core muscle 
endurance and dynamic balance in elderly people. Suri 
et al.[38] suggested that the trunk extension endurance 
and strength were associated with mobility and balance 
in older adults. Cunha-Henriques et al.[39] showed that 
the trunk flexor and extensor strength in females with 
osteoporosis were significantly lower than that of the 
females without osteoporosis. However, there was no 
significant difference in the static balance between 
females with and without osteoporosis. However, 
dynamic balance was at lower level in 86% of the 
females with osteoporosis and 78% of the females 
without osteoporosis.

Furthermore, previous studies assessed 
the isometric muscle strength in patients with 
postmenopausal osteoporosis, particularly back 
strength.[39-42] In the present study, the relationship 
between the core muscle endurance and dynamic 
balance was investigated, as we hypothesized that the 
evaluation of the core muscle endurance would be 
more suitable in determining the relationship between 
core muscles and dynamic balance in women with 
postmenopausal osteoporosis. Core muscle endurance 
tests may be considered as troublesome for older adults. 
However, several studies support that these tests can 
be used for women with postmenopausal osteoporosis.
[38,42,43] In our study, the participants well tolerated all 
tests. We also showed that as the core stability decreased, 
their dynamic balance was deteriorated. These findings 
suggest that improving trunk endurance is one of the 
main goals of balance control.

The limitation of this study is that there was no 
control group without osteoporosis. However, our 
sample size is larger than previous studies.[7,34,39] In the 
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future, further controlled studies on this subject can 
be planned.

In conclusion, our study results show that the 
core stability is partially associated with dynamic 
balance in women with postmenopausal osteoporosis, 
and age is related to dynamic balance. Therefore, 
improving the core muscle endurance in women with 
postmenopausal osteoporosis may contribute to the 
ability of the dynamic balance.
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