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ABSTRACT

Background: Osteoporosis is a major public health problem affecting the elderly population, particularly
women. The objective of the study was to evaluate the effects of adding weight-bearing exercise as opposed
to nonweight-bearing programs to the medical treatment of bone mineral density (BMD) and health-related
quality of life (HRQoL) of elderly patients with osteoporosis. Materials and Methods: Participating in the
study were 40 elderly osteoporotic patients (27 females and 13 males), with ages ranging from 60 to 67 years,
who were receiving medical treatment for osteoporosis. They were assigned randomly into two groups:
Group-I: Twenty patients practiced weight-bearing exercises. Group-II: Twenty patients did nonweight-bearing
exercises. All patients trained for 45-60 min/session, two sessions/week for 6 months. BMD of the lumbar
spine, right neck of femur, and right distal radial head of all patients were measured by dual-energy X-ray
absorptiometry before and after both treatment programs. In addition, the QoL was measured by means of
the HRQoL “ECOS-16" questionnaire. Results: T-tests proved that mean values of BMD of the lumbar spine,
right neck of femur and right distal radial head were significantly increased in both groups with greater
improvement in the weight-bearing group. The QoL was significantly improved in both groups, but the
difference between them was not significant. Conclusion: Addition of weight-bearing exercise program to
medical treatment increases BMD more than nonweight-bearing exercise in elderly subjects with osteoporosis.
Furthermore, both weight-bearing and nonweight-bearing exercise programs significantly improved the QoL

of patients with osteoporosis.
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INTRODUCTION

Osteoporosis is a major public health problem affecting the
elderly population, particularly women.!"? It is a chronic
disorder affecting one in every three women, and one in
every five men over the age of 50 years.’! Osteoporosis
is a systemic skeletal disorder characterized by low-bone
mass, deterioration of bone tissue, increased bone fragility,
and its susceptibly to recurrent fractures.*’! It is a silent
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disease which means that there are no warning signs until
a fracture occurs.l") Osteoporosis takes a huge toll on
the suffering and health care costs, with hip fractures as
the most serious and costly result of multiple associated
complications.

Dual-energy X-ray absorptiometry (DEXA) is considered
a valid and reliable method of diagnosing osteoporosis.
This technique is commonly used to measure the
central skeleton (spine, proximal femur) or some parts
of the peripheral skeleton such as distal and proximal
radius.“*’! There is strong evidence that physical activity
and exercise training contribute to an increase in bone
mass."""? They have a positive effect on growing bones!"’!
during childhood, adolescence, and adulthood,*'
particularly to overcome osteoporosis in elderly

subjects.'>"") Exercise training has many advantages
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such as improving mechanical properties of bone by
changing its composition.["'!"l Public health programs
should be designed to help,!'® prevent bone loss and
promote osteogenesis,'”*! improve body composition,
muscle strength and balance, and reduce recurrent falls
and associated risks of fractures.!'>*!

Different exercise techniques that benefit mechanical
properties of bone are recommended.!"! Some ate resistive
exercises in the form of strength training programs
which are used to increase muscular strength, enhance
bone mass, improve balance, and mobility and in turn
lead to improve quality of life (QoL).">'"") There are
also weight-bearing exercises which are most popular
with children, adolescents, adults, and postmenopausal
women,!'?" because this typel'® generates the highest
mechanical load on bones."*! Weight-beating exercises are
applied with different modes such as walking, running!"”
ot jumping, !

Health-related QoL (HRQoL) assessment plays an
important role in therapeutic intervention for patients
with osteoporosis.”®) HRQoL is used as an outcome
measutre that complements bone mineral density (BMD)
measurement in osteoporosis as imaging tests. It does not
adequately reflect the extent to which the patient is affected
in his or her daily activities.”!

The objective of the study was to evaluate the effects
of adding weight-bearing exercise in contrast to
nonweight-bearing exercise programs to medical
treatment of BMD and the QoL of elderly patients with
osteoporosis.

MATERIALS AND METHODS

Study design
Experimental study.

Subjects

A total of 40 elderly patients (27 females and 13 males)
participated in this study. They were selected from
nursing homes for the elderly in Cairo, Egypt. Their
ages ranged from 60 to 67 years. Three males in
Group-I and two in Group-1I had a history of smoking.
The patients were randomly put into two groups by a
blinded and independent research assistant who opened
sealed envelopes that contained a computer-generated
randomization card. A total of 20 patients (14 females and
6 males) with a mean age of 64.5 & 3.36 years participated
in a weight-bearing exercise program (Group-1), whereas
20 patients (13 females and 7 males) with a mean age of
63.8 + 3.11 years participated in nonweight-bearing exercise
program (Group-11).

Inclusion criteria

Elderly subjects aged between 60 and 67 years were
recruited for this study if their “T-score,” were <—2.5,
they were receiving medical treatment that included oral
calcium supplementation (1000 mg/day), alendronate
sodium (one 10 mg tablet/day or 70 mg tablet/week)
with Vitamin-D (400 international unit/day), and achieved
at least 41 score of Berge balance scale,”* (indicating
sufficient balance performance and low risk of falls to
enable them to perform exetcise training programs).l>*7

Exclusion criteria

Elderly subjects were excluded from the study if they
had unstable cardiopulmonary conditions, uncontrolled
hypertension, diabetes mellitus; severe renal or hepatic
diseases, progressive neurological disease, chronic disabling
arthritis, significant dementia, anemia and marked obesity
or were receiving hormone replacement therapy or any
medications that interfered with the balance.

Ethical considerations

The approval of this study was obtained from the
Institutional Reviewed Board of Faculty of Physical
therapy, Cairo University, Egypt, before the assessment
and treatment of patients was started. All participants were
informed that the data collected would be submitted for
publication, and they signed an informed consent form
prior to their participation in the study.

Evaluative instrumentation

Dual-energy X-ray absorptiometry: (GE Medical Systems,
USA), bone densitometer was used to measure BMD at
the neck of the femur, lumbar spine (L3-L5) and right
distal radial head for each patient of the respective groups
before and after physical therapy intervention.** """ DEXA
was used to detect ““T-score,” which is the number of
standard deviations above or below the mean BMD for

normal young adults. Osteoporosis is defined as a “T-score”
<—2.5.[6510

ECOS-16 HRQoL questionnaire was used to evaluate
the effects of both programs on the QoL of the elderly
subjects.” ECOS-16 questionnaire is a self-administered
questionnaire is consisting of 16 items: 12 items from
the QoL Questionnaire of the European Foundation for
Osteoporosis and 4 items from the osteoporosis QoL
Questionnaire. ECOS-16 questionnaire includes four
dimensions dealing with physical function, pain, fear of
illness and psychosocial function. The score for each item
ranges from 1 (best HRQoL) to 5 (worst HRQoL). The
time frame for completing the questionnaire was 1 week.
Allitems had the same weight on the overall questionnaire
score which was, calculated as the mean score of all
response items.!
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Assessment procedure

Dual-energy X-ray absorptiometry was used to measure
BMD at the neck of the femur, lumbar spine (L3-L5)
and right distal radial head for every patient in the two
groups before and after physical therapy interventions.
ECOS-16 (HRQoL) questionnaire was used to evaluate
effects of the two programs on the QoL of the
subjects.” Each participant answered and completed
the four dimensions of ECOS-16 questionnaire before
and after both physical therapy programs. The total score
of each item was summated, and the mean score of all
responses was calculated. This study was conducted at the
out-clinic of Faculty of Physical Therapy, Cairo University,

Egypt.

Treatment procedure

Every patient in the two groups was trained for 45-60 min/
session, two sessions/week for 6 months. In addition, he
ot she had the same medical treatment. The patients had a
warming up routine of a brisk walk and gentle stretch of
arms, knee flexors, calf muscles, lower back muscles for
10 min,"™ finishing with cooling down in the form of a
brisk walk for 5 min.”*’

Group-I: Weight-bearing exetcise program!™'**! included
bench press and double leg press,”! quarter squats up
to right angle knee flexion,'” wide stance mini-squat,”
quadruped position and step-up exercises,” wall slides
with upper limb,'” and standing on one limb with arm
support.!'l

Group-II: Nonweight-bearing exercise program!"'!
included hip exercises (extension and abduction),*! leg
extension exercise,! arm exercises, biceps cutl, triceps
curl,"™ quadriceps and hamstrings curl,’! wrist cutl
in (flexion, extension, rotation,"® and back extension
exercises from standing.™ These exercises wete performed
in three sets, repeated 8 times. Resistance was determined
to be 25% of 1 repetition maximum.t!

Statistical analysis

The collected data were analyzed by using SPSS
(version 20.0) Paired #-test was used to compare the
effects of each exercise training program in each group.

Independent #test was used to compare the differences
between weight-bearing and nonweight-bearing exercise
programs. Statistical significance was determined at a
P < 0.05 and a confidence interval of 0.95.

RESULTS

Demographical data of patients

There were nonsignificant differences between Group-I
and Group-II in demographic data including age, weight,
height, and body mass index P > 0.05 [Table 1].

Bone mineral density

This was measured after weight-bearing and
nonweight-bearing exercise programs. There was
a significant difference between mean values of
“T-score” of the lumbar spine, neck of femur and
right distal radial head after weight-bearing and
nonweight-bearing exercise programs (P < 0.05)
as shown in [Figures 1 and 2]. The results of the
comparison between Group-1 and Group-1I before the
start of the study, showed that there were nonsignificant
differences between “I-score” of the lumbar spine,
neck of femur and right distal radial head between the

L-spine N-femur R-head
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Figure 1: Mean values of “T-score” of the L-spine, N-femur, and
R-head of patients before and after weight-bearing exercise program
(Group-l). L-spine: Lumbar spine; N-femur: Neck of femur; R-head:
Right distal radial head. P = 0.02, 0.00, 0.01 of the L-spine, N-femur
and R-head respectively

Table 1: Demographical data of patients of Group-I (weight-bearing) and Group-Il (nonweight-bearing)

exercise programs

Variables Age Height Weight BMI

Group-l Group-ll Group-l Group-ll Group-l Group-ll Group-l Group-ll
Mean+SD 64.5+3.36 63.8+3.11 174.8+7.4 173.5+4.4 82.1+8.3 82.5+17.6 26.9+2.77 28.4+2.19
SEM 0.75 0.69 1.7 0.98 1.85 3.94 0.62 0.49
T-value -0.067 0.67 0.07 -1.87
P value 0.95f 0.51f 0.93f 0.06"

"Nonsignificant (P>0.05). BMI: Body mass index; SD: Standard deviation; SEM: Standard error of mean
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two groups (P > 0.05) [Table 2]. However, when after
interventions Group-l (weight-bearing exercises) was
compared with Group-1I (nonweight-bearing exercise),
there were significant differences in “T-score” of the
lumbar spine, neck of femur and right distal radial
head (P < 0.05) [Table 3] with higher percentages of
improvements in Group-I than in Group-II [Figure 3].

Quality of life

This was measured after weight-bearing and
nonweight-bearing exercise programs. The mean values
of the QoL were significantly improved after both
treatment programs. Good results and improvements
are indicated by reduced scores on the questionnaire.
Scores on the questionnaire on HRQoL was reduced

L-spine N-femur R-head
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Figure 2: Mean values of “T-score” of the L-spine, N-femur, and R-head
of patients before and after nonweight-bearing exercise program
(Group-ll). L-spine: Lumbar spine; N-femur: Neck of femur; R-head:
Right distal radial head. P=0.00, 0.018, 0.017 of the L-spine, N-femur
and R-head respectively

significantly from (47.3 = 4.7) to (34.8 = 3.3) in
Group-I (P <0.05), and from (41.1 £ 4.3) to (34 £ 3.2) in
Group-11 (P < 0.05), [Figure 4]. There were nonsignificant
differences between the two treatment programs (P> 0.05).

DISCUSSION

The results of this study suggest that there is a significant
increase of “T-score” of the lumbar spine, right neck
of femur, and right distal radial head after either
weight-bearing- and nonweight-bearing exercise programs.
“T-score” is calculated by DEXA, the most common
radiological method used in diagnosing osteoporosis, that
also reflects direct improvements of BMD in subjects with
osteoporosis. [

35
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Figure 3: Percentages of improvements after weight-bearing
(Group-l) and nonweight-bearing (Group-Il) exercise training
programs. L-spine: Lumbar spine; N-femur: Neck of femur; R-head:
Right distal radial head

Table 2: Mean values of “T-score” of the lumbar spine, neck of femur and right distal radial head before
both weight-bearing (Group-l) and nonweight-bearing (Group-ll) exercise programs

Variables Lumbar spine Neck of femur Right distal radial head
Group-l Group-ll Group-l Group-ll Group-l Group-ll

Mean+SD -3.96+0.23 -3.9+£0.22 -4.04+0.18 -3.9+0.23 -3.93+0.33 -3.8+£0.28

SEM 0.05 0.05 0.05 0.07 0.06

T-value 1.12 14

P value 0.271 0.081 0.171

"Nonsignificant (P>0.05). SD: Standard deviation; SEM: Standard error of mean

Table 3: The effect of weight-bearing (Group-l) and nonweight-bearing (Group-Il) exercise programs on
BMD of the lumbar spine, neck of femur and right distal radial head

Variables Lumbar spine Neck of femur Right distal radial head
Group-l Group-ll Group-l Group-ll Group-l Group-ll

Mean+SD -2.9+0.31 -3.34£0.46 -2.81+£0.29 -3.1£0.43 -2.83+0.31 -3.150.45

SEM 0.06 0.1 0.06 0.09 0.07 0.1

T-value -2.5 -2.6 -2.8

P value 0.016* 0.015* 0.008*

*Significant (P<o0.05). SD: Standard deviation; SEM: Standard error of the mean; BMD: Bone mineral density
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Figure 4: Mean values of scores for health-related quality of life of
patients before and after weight-bearing (Group-l) and nonweight-
bearing (Group-Il) exercise programs. P = 0.00, and 0.01, for pre and
post); Mean diff: The mean for differences between pre and post in
each group, P = 0.08. Pre: Before both exercise programs; Post: Post
both exercise programs; Mean diff: Mean difference between pre and
post of both groups

The results of the current study are in agreement with a study
that reported that patients with low BMD would benefit a
great deal from specific exercise programs.'””" This can be
explained by the fact that muscular strength is the main output
of exercises enhancing BMD."*"3 It is a predictor of BMD
in eldetly subjects,™ because the force exerted by muscle to
pull bones while muscular contraction has a strong osteogenic
stimulus.” In support of this idea, it was postulated that a
combination of progressive impact jumping and resistance
training can increase BMD in premenopausal women.!"” In
a recent study,"” it was found that “T-score” of the neck
of the femur, significantly increased after the application of
combined weight- and nonweight-beating exercise programs,
suggesting that exercises can be effective in decreasing bone
loss and maintaining good bone quality after menopause.

In contrast to our results, another study found that strength
training had very little effect on BMD at the femoral neck,
lumbar spine, distal and proximal radial heads. This may
be because the exercise program used in that study,”! was
designed to maximize stress on wrist bones only while
the exercises used in the current study covered all major
bones of the body.

The significant positive changes of “T-score” in Group-I
(weight-bearing exercises) than Group-1I (nonweight-bearing
exercises), indicated that weight-bearing had more influence
on BMD especially on weight-bearing bones. The mechanical
loads of weight-bearing activities are transmitted to the
skeleton by muscle pull and gravitational forces where
the bone cells selectively respond to different mechanical
stresses to increase or decrease BMD. It also suggests that
weight-bearing activities have more osteogenic effect on bone
than nonweight-bearing activities.!"') For example, running

and jumping have been useful in increasing bone strength,
mass, and morphometric in middle age osteopenial®)
especially at weight-beating sites.l'!! In a previous study of
the whole body vibration training, the authors found that
there was a significant increase in BMD of proximal hip in
postmenopausal women.” It has also been reported that
the effect of training programs on bone is site specific!'”*
and load dependent.'”"* Exercise training usually benefits
intrinsic and extrinsic bone mechanical properties.!'”

The results of the current study suggest that HRQoL
measured by “ECOS-16 questionnaire” significantly
reduced after both weight-bearing and nonweight-bearing
exercise programs with no significant differences between
them. One of the limitations of this study was that the
four dimensions (physical function, pain, fear of illness
and psychosocial function) of HRQoL questionnaire were
assessed as one outcome measure and not as separate items.

The improvements of HRQoL seen in the current study
are supported by some previous investigations which
found that strengthening exercises may prevent loss of
physical independence and thereby improve the QoL in
the elderly."" The well-designed supervised exercise
program may have psychosocial advantages such as the
alleviation of depression, loneliness, and isolation and
improvements in cognitive function, the main parts of the
“ECOS-16 questionnaire,” which improved in both groups
after exercise program.>""l All patients in the current study
received medical treatment (calcium and Vitamin-D), as
part of good nutrition, which is still considered essential to
good bone health.” Calcium is the most important nutrient
for obtaining peak bone mass. Vitamin-D is required for
optimal calcium absorption and is, therefore, also important
for bone health."""?

Limitation of study

This study had some limitations, e.g. the number of patients
was relatively small. Thus, a larger sample size would provide
a much better insight into the efficacy of the both training
programs. The measurements were performed only before
and after treatment without further follow-up assessment.
Hence, it would be preferable to have follow-up of the
patients involved for longer periods. The HRQoL was
measured by “ECOS-16 questionnaire as a total score not
individual sub-items. It would have been preferable to measure
improvements in the four sections of the questionnaire in
order to determine more accurately which component of the
QoL had particularly improved in the patients.

Recommendations

Several risk factors for osteoporosis such as a, gender,
sedentary lifestyle and smoking and body type have been
reported in literature.** These risk factors need further
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studies. Physical therapy programs for osteoporosis
should include some weight-bearing exercises combined
with nonweight-bearing exercise programs in addition to
medical treatment. Educational health programs including
eatly change of lifestyle from sedentary to an active lifestyle,
and calcium-rich dietary interventions should be established
in our community to prevent the risks factors. In addition,
programs should be designed for the eldetly and measures
taken to prevent and reduce the incidence of osteoporosis
as much as possible.
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