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Introduction
Postural instability and impaired balance are increased with 

age. Loss of balance and increased body sway are important 
risk factors for falls in the postmenopausal women [1]. The age-
related increased incidence of osteoporotic fractures usually due 
to the combination between increased fall risk and diminished 
bone strength. The risk of falls is greater in older persons, with 
the annual incidence increasing up to 50 % in those over age 80 
[2]. Although various factors are associated with falls, impaired 
balance and mobility have been consistently identified as the 
main risk factors [3].

In fact, almost 30% of elder women than 60 years fall at 
least once a year [4]. Fall prevention should be routine in the 
management for postmenopausal women [5]. Most falls in 
the elderly are caused by complex interactions of intrinsic 
(physiological) and extrinsic (environmental) factors 50% of falls 
in the elderly can be attributed to accidents and extrinsic causes 
such as slippery floors, the remainder from intrinsic causes such 
as lower extremity weakness, gait disorders. Falls are considered  

 
as a significant source of disability and death in elders as well as 
a serious threat to their psychologic and physical health. Almost 
30-50% of falls result in minor soft tissue injuries that do not 
require medical attention 10. 1 % of falls result in hip fractures; 
3-5% result in other types of fractures, 5% produce serious soft 
tissue injuries [6]. In the States, approximately 10,000 deaths 
each year are related to falls taken by elderly patients; the vast 
majority of these deaths are related to hip fractures. 25% of 
elderly patients who have fallen report that they avoid essential 
activities such as mobility in the home, bathing and dressing 
because the fear of falling again [6]. 

Because of the significant incidence of falls among the elderly, 
physicians should have an organized approach to fall assessment 
and prevention. Reduction in fall risk is focused on exercises 
aiming to improve balance and muscle strength, adjusting 
medication use and diminishing the danger for falls at home [7]. 
The aim of this work is to study the balance characteristics in 
patients with postmenopausal osteoporosis and its relationship 
to the frequency of falls. 
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Abstract

Introduction: People affected by osteoporosis are at particular risk for bone fractures caused by falls. Preventive intervention depends on 
describing the risk factors that increase the tendency for falls among that population group. 

Objectives: To study the balance characteristics in patients with postmenopausal osteoporosis and its relationship to the frequency of falls. 

Patients and methods: Fifty postmenopausal females with osteoporosis, diagnosed on the basis of their T-score & bone mineral density, 
were included in this study; their ages were ranged from 55-78 years. The patients were divided into two groups:- Group I:- postmenopausal 
osteoporosis with normal posture (n=25) and Group II- postmenopausal osteoporosis with kyphosis (n=25). Kyphosis was defined as a Cobb 
angle of more than 54°.

Results: Both groups with osteoporosis had a different balance control characteristics. Postmenopausal osteoporosis with spinal Kyphosis 
had greater postural sway than those without spinal Kyphosis.

Conclusion: Patient with osteoporosis, particularly those with kyphosis have unique balance features with high SI that may destabilize them 
during activities of daily life. The use of balance stabilometry to assess balance in person with osteoporosis promises to predict the frequency of 
falls as well as balance rehabilitation may help to reduce falls. 
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Patients & Methods
Fifty postmenopausal females with osteoporosis were 

included in this study, diagnosed according to their T-score 
(˂ -2.5) & bone mineral density (BMD) that measured by a 
DXA scanner LUNAR Madison, WI prodigy/DPX Series High 
Voltage Power Supply, model 7681 that manufactured by 
USA, 2008 (Figure 1). Their ages were ranged from 55-78 
years. The patients were divided into two groups:- Group I- 
postmenopausal osteoporosis with normal posture (n=25) and 
Group II- postmenopausal osteoporosis with kyphosis (n=25). 

Figure 1: DXA scanner LUNAR Madison, WI prodigy/DPX Series 
High Voltage Power Supply, model 7681 that manufactured by 
USA, 2008.

Kyphosis was defined as a Cobb angle of more than 54°. 
All patients ambulated independently and had not a fall while 
performing daily activities during the previous one year. Every 
patient was asked about the unexplained falls during the last 
year. The following criteria were used to select the study group:- 

i.	 No current or past medical diagnosis or injury affecting 
balance. 

ii.	 No medications affecting CNS or known to affect 
balance. 

iii.	 No symptoms suggesting neurological disorders. 

iv.	 No psychological diseases. 

v.	 Normal vision with or without glasses.

Balance stabilometry by biodex stability system (BSS), 
and Quadriceps strength (maximum isometric contraction) 
was measured to both groups. Quadriceps strength (maximum 
isometric contraction) was measured for both groups in the 
sitting position for the dominant (stronger) leg with a horizontal 
spring gauge calibrated to 30 kg force. 

Balance Assessment
All patients completed a both-leg static balance assessment 

for both limbs on the B S S (Biodex, Shirley, NY). Which is 
designed to stimulate joint mechano-receptors and to promote 

reflex muscular activation necessary for joint stability [8]. The 
dependent measurement obtained from the Biodex Stability 
System, was the Stability Index (SI), which was calculated online 
and quantified the subject’s ability to control the platform’s angle 
of tilt during a test. A high SI (e.g.,> 5.93) is indicative of a lot of 
movement during a test and therefore less stability. However, a 
lower SI (e.g., < 0.66) reflects less time spent away from the level 
position; a lower SI is therefore interpreted as a better balance 
score. Both of the studied groups performed the balance test for 
both lower extremities at two stability levels: more stable “6” 
and less stable”2”. 

These two levels were selected because they represent, 
respectively, a fairly stable platform surface “6” and an unstable 
platform surface ”2”. A device-generated SI was recorded under 
the two tests conditions:- 

a.	 Both limbs at level “6” 

b.	 Both limbs at level “2”, then a mean SI was calculated 
The object of the dynamic balancing test was to actively 
move the platform within a specified range by relying on 
visual feedback from the balance device. 

The dynamic balance test required each patient to actively 
tilt the platform in the single plane directions of:- 

i.	 Anterior and posterior tilt, and 

ii.	 Medial and lateral tilt, while staying within the 
boundaries defined by the A-circle of the device’s visual 
feedback screen.

Informed consent was obtained from all patients, and 
the study was approved by the Research Ethics Committee. 
According to the participants’ history, the occurrence and sites 
of falls in the past 12 months were observed

Results 
(Tables 1-4) (Figure 2).

Table 1: The demographic data, T-score, Stability Index, (AP and ML 
stability) & freq. of falls in both Kyphotic and Non-Kyphotic patients: 
where stability index (specialy AP stability), and the frequencies of 
falls were significantly higher, however T-score was significantly lower 
in kyphotic than non-kyphotic group.

Kyphotic Non Kyphotic P

Age 68,2±9.12 67,6±8,59 NS

Weight 63,2±5.22 61,7±6.8 NS

Height 153.6±3.62 161,6±9.51 <0.05

T-score -3.37±.95 -2.33±1 <0.01

Stability.Index 10.39±1.1 6.82±0.9 <0.01

AP. Stability 7.70±2.15 4.36±1.30 <0.01

ML.Stability 5.83±1.22 3.37±1.88 <0.05

Fall Frequencies 6.0 4.0 <0.01
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Table 2: Correlation between Stability index and demographic data of 
Kyphotic Patients.

Age Height Weight T-Score

Stability index 0.65 0.32 - 0.66 -0.62

AP- Stability -0.74 - 0.39 0.75 0.89

ML- Stability 0.65 - 0.32 0.72 0.67

Table 3: Correlation between stability and demographic data of Non 
Kyphotic Patients Where there is a direct negative correlation between 
T-Score and stability index among both of the kyphotic & non-kyphotic 
groups.

Age Weight Height T-Score

Stability index 0.372 0.157 - 0.668 - 1.10

AP-Stability - 0.011 - 0.241 - 0.380 - 0.423

ML- Stability 0.526- - 0.181 0.364 - 0.337

Table 4: Correlations between Stability index and fall-down among 
kyphotics & non-kyphotics where T-Score and stability index showed 
an inverse relationship with the frequency of falls among the Kyphotic 
group. 

T-Score Stability Index

Kyphotic Non.
Kyphotic Kyphotic Non.

Kyphotic

Fall-down
0.72 0.38 0.72 0.44

* NS * NS

Figure 2: T-score, Stability Indices & frequency of falls in both 
Kyphotic and Non-Kyphotic patients.

Discussion
Falls in elderly are a very costy problem, in both financial 

and quality of life terms. Falls are not normal and may be largely 
preventable. For many years, it was not possible to predict the 
tendency to fall, but it is possible to identify individual risk 
factors which contribute to falls [9]. The relationship between 
bone loss and fracture was probably first made by Antley Cooper 
in 18241, when he suggested that the increased frequency of 
falls & fracture was due to thinning of bone in elderly peoples. 
Bone fractures resulting from falls are most likely to occur in 
aging women. In their observations of residents of Rochester, 
Minnesota, in 1985, Melton & Riggs [10] had been noted that 
the rate of falls-related fractures was inversely related to bone 
density. In consistence with Melton and Riggs’s study, we 
observed that the stability index, AP stability & ML stability were 

inversely correlated with T-score and directly correlated with 
both age & frequency of falls in both kyphotic & non kyphotic 
groups.

The present study demonstrated quadriceps muscle 
weakness more in kyphotics than non-kyphotics, consistent 
with Wolfson et al. [11] who stated that, the decreased balance 
functioning in elderly subjects (high stability index) is probably 
related to loss of strength in the lower extremities, suggesting 
that quadriceps muscle strength may play an important role as 
a risk of falls and its strength has a very important therapeutic 
implications [12]. As a conventional model for fracture 
prediction, the hypothesis that osteoporotic fracture is a direct 
consequence of low bone mineral density and poor postural 
stability and hence falls [13].

Cummings et al. suggested synergism between the predictor 
variables (BMD, postural stability & lower limb muscle strength) 
and may indicate that treatment to improve even one predictor 
variable (for example, bone density) could reduce the fracture 
risk substantially [14]. Our data suggest that postural stability 
may be one such major factor, as postural instability (SI) tends 
to worsen with age as agreed with that reported by Hui et al. [15] 
who identified age and bone mass as significant independent 
predictors, and considered age as a surrogate for other age 
related factors. 

Horak and colleagues observed an increased dependency 
on a hip strategy occur with age. A hip strategy is normally 
used when a quick postural adjustment is required or when 
standing on a small support surface. An ankle strategy is more 
likely used when standing on a large, flat surface, and it entails 
a slower adjustment of the center of gravity than does the hip 
strategy [11]. In the present study the kyphotic patients had 
more AP postural sway (low AP stability) leading to greater use 
of hip strategies than ankle strategies to maintain balance. We 
speculate that their increased reliance on hip strategies may 
have resulted from the flexed posture, shifting the body’s center 
of gravity closer to the limits of stability. 

Data in the literature indicate a frequency of falls from 30% 
to 60% for the evaluated patients [4,5,16] and that women are 
more likely to have a fall when compared men [17]. Osteoporosis 
is responsible for body configuration changes that can interfere 
with postural control [16,18]. On the other hand, Silva et al. [13] 
reported that the risk for falls in 133 women with osteoporosis, 
aged 60 years or greater, was 2 folds higher as compared to that 
in 133 women with normal bone mass [16]. It is known that 
osteoporosis can lead to spinal deformities such as thoracic 
kyphosis due to vertebral compression that alters the structure 
of the spine, causing weakness of the extensor muscles of the 
trunk and leading to reduced physical mobility and flexibility. 
In severe kyphotic posture, the body moves forward leading to 
a shifting the center of balance, coming close to stability limits 
[4,16]. Our study showed greater changes instability indices 
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among the kyphotic compared to the non kyphotic group [19-
21]. Previous studies showed similar results to our results [4,5]. 
Piirtola & Era performed a systematic review regarding use of the 
force platform as a fall indicator in older patients [22-24]. Age is 
an important factor that contributes to postural control changes. 
In most studies on falls in older individuals, good performance 
was maintained until the age of 45-55 years, depending on the 
effort demanded. After such age range, a gradual deterioration in 
performance was observed [24-28].

Conclusion
Patient with postmenopausal osteoporosis, and in 

particularly those with kyphosis have unique balance features 
with high stability index that may destabilize them during the 
activities of daily life. The use of balance stabilometry to assess 
the balance characteristics in patients with postmenopausal 
osteoporosis is promising to predict the frequency of falls. 
Balance rehabilitation may help to reduce falls. In the meantime, 
it seems logical to objectively assess the balance characteristics 
in patients with postmenopausal osteoporosis who are at risk 
for injurious falls as a means to provide the best rehabilitation 
programs available that may help to reduce falls.

Clinical Implications
Major predictors of incidence of falls included bone density, 

impaired postural stability & lower limb muscle strength; 
these predictors were synergistic, so that a person with all 
these predictors will be in the highest risk of falls and fracture. 
Interactions between risk factors must be investigated in a large 
population based community study.
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