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Abstract

Background: Osteoporosisis considered as the most
common bone disease in humans, and it represents a major
public health problem as outlined in Bone Health and Oste-
Oporosis.

Aimof Sudy: This study was carried out to determine the
effect of aerobic exercises on bone mineral density inlean
postmenopausal women.

Participants: Forty osteoporotic lean postmenopausal
women participated in this study. Their ages were ranged
from 49-69 years. Their Body Mass Index (BMI) wasless
than 25kg/m2. Their T-Score was less than —2.5. The study
was conducted from January to July 2017.

Design: They were selected randomly from outpatient
clinic of Physiotherapy Department.

Location: This study conducted at they were selected
from Physiotherapy Department in Abu-Elmatameer General
Hospital in Abu-Elmatameer City, Behera Governate.

Material and Methods: They were divided randomly into
two groups equal in number (A and B). Group A (study group)
performed aerobic exercise in the form of walking on treadmill,
for thirty minutes, three times per week for twelve weeks,
starting with warming up exercises and ended by cooling
down exercises in addition to their usual daily calcium intake
(cal preg tablets 1200mg/day). Group B (control group) took
only their usual daily calcium intake (cal preg tablets 1200
mg/day). Evauation all women in both groups (A and B) were
assessed pre and post treatment program.

Outcome Measure: Measuring Bone Mineral Density
(BMD) of lumbar regain, left femur and forearm by using
DEXA.

Results: There was highly statistical significant increase
in the mean values of BMD and T-score of lumbar spine, |eft
femur and forearm post treatment in both groups A and B.
There was no statistical significant difference between both
groups (A & B) pretreatment in the mean values of BMD &
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T-score of lumbar spine, left femur and forearm where the p-
value was (>0.05). While, post-treatment there was a statistical

significant difference between both groups (A & B) in the
mean values of BMD & T-score of lumbar spine, left femur
and for arm where, the p-value was (<0.05) in favor of group
A (more increase).

Conclusion: It can be concluded that aerobic exercise has
been shown to be effective in improving bone mineral density
in lean post-menopausal women.

Key Words: Aerobic exercise — Bone mineral density — Post
menopausal.

Introduction

M ENOPAUSE is the permanent end of menstru-
ation and fertility, defined as occurring 12 months
after the last menstrual period. It isanatura bio-

logical process. Although it ends fertility, one may
remain healthy, vital and sexual. Even so, the
physical and emotional symptoms of menopause
may disrupt sleeping pattern, cause hot flashes,

trigger anxiety or feelings of sadness and loss.

Many effective treatments are available, from
lifestyle adjustments to hormone therapy [1].

Post menopause can come across as an enig-
matic time of life, the first time in decades that a
woman does not have the capacity to reproduce.
After having gone through pre menopause, peri
menopause, and menopause itself, women will
enter the last stage along the reproductive route,
during postmenopausal period, hormonal fluctua-
tions might still occur within women's bodies,
sometimes prolonging symptoms. Besides hormo-
nal causes, experts have also identified external
causes [2].

Osteoporosis is a degenerative bone disorder,
characterized by thinning and weakening of the
bone and a general decrease in bone mass and
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density. Menopause negatively affects bone growth.

Normally, bones go through a process whereby old
boneis replaced with new bone cells, but the body's
ability to handle this process changes with age. By
around age 35 there isless bone growth. Estrogen
isinvolved in the process of calcium absorption
into the bones; thus, due to the drop in estrogen
levels, women will experience an accelerated re-
duction in bone density. Reduced bone density
means that bones are much more susceptible to
fractures [3].

Osteoporosis is characterized by low bone mass
and an increased risk of fracture [4] . Fractures most
commonly associated with osteoporosis are those
of the hip, the vertebrae, and the wrist, and these
are responsible for morbidity and excess mortality.
Many clinical guidelines recommend risk factor
assessment and measurement of Bone Mineral
Density (BMD) through dual energy X-ray absorp-
tiometry (DEXA) to identify individuals at high
risk of fracture [5] . Risk factors have been exten-
sively characterized in women over the age of 65
years and are used in practice, often in combination,
to predict fractures [6].

Bone Minera Density (BMD), isamedical
term normally referring to the amount of mineral
matter per square centimeter of bones. It is used
in clinical medicine as an indirect indicator of
osteoporosis and fracture risk [7].

Bone mineral density positively correlates with
Body Mass Index (BM1) in postmenopausal, and
to alesser degree in premenopausal women [§].

Thereis genera agreement on the fact that low
bone mineral density is strongly associated with
fracture risk in osteoporotic postmenopausal women
[9]. It follows that knowledge of the factors modu-
lating the behavior of bone massis crucial for
preventing and treating osteoporotic disease.
Among these factors, body weight has been shown
to be of primary importance in postmenopausal
women [10] .

Prospective studies indicate that early post-
menopausal women with lower BMI lose more
bone as compared with those with higher BMI, as
thinnessis related to both osteoporosis and in-
creased fracture risk, low BMI was included in the
risk assessment tools for evaluation of osteoporosis
and osteoporotic fracture risk [11] . Estrogen defi-
ciency isthe primary factor interfering with normal
bone remodeling and leading to osteoporosisin
postmenopausal women. Though estrogen insuffi-
ciency increases both bone formation and resorp-
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tion. Bone resorption is the predominant effect
leading to low bone mass and quality [12].

Increased secretion of osteopclastognic cy-
tokines such as Interlukin- 1 (IL-1). Inteleukin-6
(IL-6) and Tumor Necrosis Factor Alpha (TNF-
ct), imbalance of receptor activator of nuclear factor
ligand/osteoprotegerin (RANKL/OPG) gene ex-
pression, and inhibition of osteoclast apoptosis are
some suggested mechanisms. Decrease in proges-
terone androstenedione and androsternedione/
SHBG ratio 38 and inhibin A and B are possible
hormonal contributors to postmenopausal oste-
oporosis [13].

Exercise plays an essential role in the treatment
of osteoporosis. Anaerobic and aerobic training
have been shown to be effective methods of exer-
cise for improving BMD and reducing bone loss.
Wolff' slaw states that, human and animal bone
adapts to new or unusual mechanical stress by
altering the bone architecture. Bone tissue will
adjust by increasing osteoblast formation in the
areas affected by mechanical stress. Conversely,
with alack of mechanical stress, the bone will
progressively weaken because of resorption ex-
ceeding bone growth. For bone formation to occur,
aMinimal Essentia Strain (MES) isrequired. MES
isthe minimal threshold required for human bone
formation. It is estimated that the MES for the
human bone is approximately 1/10 of what is
required for afracture. Exercise can provide the
necessary essential strain to maintain and promote
bone growth. Exercise has been found to be an
effective treatment for osteoporosisin postmeno-
pausal women. Wolff et al., conducted a systematic
review of published articles that examined the
effect of exercise on BMD. The study concluded
that exercise training prevented or reversed bone
loss by close to 1% per year in both premenopausal
and postmenopausal women [14].

Aerobic exercises, especially walking, appear
to be the most common and preferred exercisein
older adults, but they have limited potential in
improving bone mass as they provide minimal
loading on the skeleton. A review of 12 trials of
aerobic training concluded that aerobic exercises
retard bone loss without significant improvements
of BMD [15].

Aerobic training is atype of endurance training
that involves cyclic exercises through an extended
period of time with no additional loading or with
avery little external loading. Its main goal isto
improve the capacity and performance of respira-
tory and cardiovascular system. One of the most
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essential adaptations to aerobic endurance training
and one of the important indicators of healthy
cardiovascular system is maximal oxygen consump-
tion (VO2max)- That iswhy aerobic training is
probably the most important type of training for
elderly population. Aerobic training lead to main-
taining and/or reducing the loss of bone mass, we
should take this type of training into consideration
when programing interventions focused on main-
taining bone quality in elderly people [14].

Subjects, Material and M ethods

I- Subjects:

Forty osteoporotic lean postmenopausal women
participated in this study. They were selected from
Physiotherapy Department in Abu EI-Matameer
General Hospital in Abu El-Matameer City, Behera
Governate. Their ages were ranged from 49-69
years. Their Body Mass Index (BMI) was less than
25kg/m2. Their T-Score was less than —2.5. Women
with diabetes mellitus, hypertension and cardiac
diseases, psychological problems or cognitive
problems are excluded from the study. Duration
of this study was 6 months from January 2017 to
July 2017. They were divided randomly into two
groups equal in number (A and B). Group A (study
group) performed aerobic exercise in the form of
walking on treadmill, for thirty minutes, three
times per week for twelve weeks, starting with
warming up exercises and ended by cooling down
exercisesin addition to their usual daily calcium
intake (cal preg tablets 1200mg/day). Group B
(control group) took only their usual daily calcium
intake (cal preg tablets 1200mg/day).

II- Material:
1- Informed consent form.

2- Weight-height scale. It was used to measure
weight and height to calculate Body Mass Index
(BMI) for each woman both groups (A & B).

3- Dual Energy X-ray Absorptiometry (DEXA). It
was used to measure the bone mineral density
of the lumbar spine, femur and forearm for each
participant in both groups (A & B) before and
after the study.

4- Treadmill machine. Training equipment (motor-
ized treadmill) (170CE, 220V, 50Hz, 10 A and
2.2 kilowatts) was used as a method of aerobic
exercise for group (A).

[11- Producers:
A- Evaluation procedures:

All women were given afull explanation of the
protocol of the study and informed consent form
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was signed from each woman before participating
in this study. All datawas recorded in arecording
data sheet.

1- Assessment of BMI:  Weight and height were
measured while the woman wearing athin layer
of clothesto calculate the BMI for each woman
in both groups according to the following equa-
tion:

Weight (kg)
BMI (kg/m2) =
Height2 (m2)

2- Dual Energy X-ray Absorptiometry (DEXA):
- On the day of the exam, patient was instructed

to eat normally and don't take calcium supple-
ments for at least 24 hours before exam.

- Patient was instructed to wear loose comfortable
clothing, avoiding garments that have zippers,
belts or buttons made of metal. Objects such as
keys or wallets that would be in the area being
scanned should be removed.

- Patient was asked to remove some of her clothes
and to wear a gown during the exam.

- Patient was asked to remove jewelry, removable
dental appliances, eye glasses and any metal
objects or clothing that might interfere with the
X-ray images.

- To assess the lumbar spine, the patient's legs were
supported on a padded box to flatten the pelvis
and lower (lumbar) spine, to assess the hip, the
patient's foot was placed in a brace that rotated
the hip inward Fig. (1).

- In both cases, the detector was slowly passed
over the area, generating images on a computer
monitor.

- Patient was instructed to be hold very still and
asked to keep from breathing for afew seconds
while the X-ray picture is taken to reduce the
possibility of ablurred image. The technologist
would walk behind awall or into the next room
to activate the X-ray machine.

- The periphera test was simpler; the forearm was
placed in a small device that obtains a bone
density reading within afew minutes Fig. (2).

A- Treatment procedures:
Group A

Each patient in this group performed aerobic
exercise in the form of walking on treadmill for
30 minutes classified as the following: 5 minutes
warming up by walking on treadmill with low
speed then 20 minutes walking at moderate intensity
(70% of maximum heart rate) and 5 minutes cooling
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down by walking on treadmill with low speed as
warming up.

The treatment session was repeated 3 times/
week for 3 months Fig. (3). In addition to their
usual daily calcium intake (cal preg tablets 1200

mg/day).

Group B:

Each patient in this group took their usual
calcium intake (cal preg tablets 1200mg/day).

Fig. (1): Application of DEXA on lumbar spine and left femur.

Fig. (2): Application of DEXA on left forearm.

Fig. (3): Patient while performing aerobic exercise.
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Satistical analysis:

Results are expressed as mean * standard devi-
ation. Test of normality, Kolmogorov-Smirnov test,
was used to measure the distribution of data meas-
ured pre-treatment. Accordingly, comparison be-
tween variables in the two groups was performed
using unpaired t-test. Comparison between varia-
bles measured pre-and post-treatment in the same
group was performed using paired t-test.

Difference was calculated as follows: Pre-
treatment-post-treatment. Percent of change was
calculated as follows: [(Pre-treatment-post-treat-
ment)/pre-treatment] X 100. Statistical Package
for Social Sciences (SPSS) computer program
(Version 19 windows) was used for data analysis.
p-vaue <0.05 was considered significant.

Results

I- Physical characteristics of patients:

There was no statistical significant differences
between both groups (A and B) in their ages,
weight, height and body mass index, where their
t and p-values were (—1.585, 0.121), (-1.652,
0.107), (-0.764, 0.450) and (-1.919, 0.062), re-
spectively.

Table (1): Physical characteristics of patientsin both groups

(A & B).
Group (A) Group (B) t- p-
(n=20) (n=20) value value
Age (yrs) 55.61+5.98 58.54%+568 1585 0.121 (NS
Weight (Kg.) 57.50+5.94  60.80+6.67 —1.652 0.107 (NS)
Height (cm)  160.85+#6.63 162.50+7.03 -0.764 0.450 (NS)

BMI (kg/m”) 2219135 22.96+119 -1.919 0.062 (NS)

Data are expressed as mean * SD.
NS: p>0.05: Not Significant.

[1- Bone Mineral Density (BMD):
A- BMD in lumbar spine:
Within groups:

There was highly statistical significant increase
in BMD of lumbar spine at post-treatment in both
groups A and B where p-value was 0.001 in t-value
was (—9.856 and —9.200 respectively). The percent-
age of increase in BMD of lumbar spine in both
groups (A & B) was 1.84% and 0.74%, respectively.

Between groups:

At pre-treatment there was no statistical signif-
icant difference between mean value of BMD of
lumbar spine of group (A) and its corresponding
valuein group (B) with t-value=0.475 and p-value=
0.637. While at post-treatment, there was statistical
significant difference in mean value of BMD of
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group (A) when compared with its corresponding
value in group (B) with #-value=2.929 and p-value
=0.006.

Table (2): Mean values of BMD in lumbar spine measured
pre-and post-treatment in both groups (A & B).
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in group (B) with #-value=1.052 and p-value=0.300.
While at post-treatment, there was statistical sig-
nificant difference in mean value of BMD of group
(A) when compared with its corresponding value
in group (B) with ¢-value=2.357 and p-value=0.024.

Table (4): Mean values of BMD in left femur measured pre-

BMD of lumbar spine Group (A Gi B .

(gm/cm?) P (nzgé) ) Egigo() ) and post-treatment in both groups (A & B).

Pre-treatment 0.814%0.013 0.812+0.012 BMD of left femur Group (A) (n=20) Group (B) (n=20)

Post-treatment 0.829%0.011 0.818+0.012

Mean difference _0.015 ~0.006 Pre-treatment 0.843%0.009 0.840+0.010

Percentage of change 1.84%1 1 0.74%1 Post-trefatment 0.854%0.015 0.845£0.010

t—value _9.856 -9.200 Mean difference -0.011 —-0.005
Percentage of change 1.31%11 0.60%1 1

-val 0.001 (H 0.001 (H = g
e ) (HS) t-value 5316 ~16.938
Data are expressed as mean £ SD. p-value 0.001 (HS) 0.001 (HS)

HS: p>0.05: High Significant.

Table (3): Comparison between mean values of BMD in
lumbar spine in both groups (A & B) measured
pre-and post-treatment.

BMD of Group (A) Group (B) t- p-
lumbar spine (n=20) (n=20) value value
Pre-treatment  0.814%0.013  0.812%£0.012 0.475 0.637 (NS)
Post-treatment  0.829+0.011  0.818%£0.012  2.929  0.006 (S)

Data are expressed as mean + SD.

NS: p>0.05: Not Significant. S: p<0.05: Significant.

0.85 1
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Fig. (4): Comparison between mean values of BMD in lumbar
spine in both groups (A & B) measured pre-and post-
treatment.

B- BMD in left femur:
Within groups:

There was highly statistical significant increase
in BMD of left femur in post-treatment in both
groups A and B where p-value was 0.001 and #-
value was (-5.316 and —16.938 respectively). The

percentage of increase in BMD in both groups (A
& B) was 1.3 1 % and 0.60%, respectively.

b- Between groups:

At pre-treatment there was no statistical signif-
icant difference between mean value of BMD of
left femur of group (A) and its corresponding value

Data are expressed as mean + SD.
HS: p>0.05: High Significant.

Table (5): Comparison between mean values of BMD in of
left femur in both groups (A & B) measured pre-
and post-treatment.

BMD in of
left femur

Group (A)
(n=20)

Group (B) t- p-
(n=20) value valu

0.843£0.009 0.84010.010
0.854£0.015 0.845+0.010 2.357

Pre-treatment
Post-treatment

1.052  0.300 (NS)
0.024 (S)

Data are expressed as mean £ SD.
NS: p>0.05: Not Significant: p<0.05: Significant.

0.871

0.854

0.861

o 0.851 0.843 0.84

E ______
5 0.84
g0.8341

0.824

0.81

0.80

Post-treatment

Pre-treatment

- Group A . Group B

Fig. (5): Comparison between mean values of BMD in left
femur in both groups (A & B) measured pre-and
post-treatment.

B- BMD in left forearm:
Within groups:

There was highly statistical significant increase
in BMD in post-treatment in both groups A and B
where p-value was 0.001 in BMD and ¢-value was
(-=17.601 and —6.364 respectively). The percentage
increase in MBD of left forearms in both groups
(A & B) was 1.31% and 0.48%, respectively.

b- Between groups:

At pre-treatment there was no statistical signif-
icant difference between mean value of BMD of
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left forearm of group (A) and its corresponding
value in group (B) with t-value=1.590 and p-
value=0. 120. While at post-treatment, there was
highly statistical significant difference in mean
value of BMD of left forearm of group (A) when
compared with its corresponding value in group
(B) with t-value=3.063 and p-value=0.004.

Table (6): Mean values of BMD in left forearm measured pre-
and post-treatment in both groups (A & B).
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Table (8): Mean values of T score in lumbar spine measured
pre-and post-treatment in both groups (A & B).

T-Score of lumbar spine  Group (A) (n=25) Group (B) (n=25)

Pre-treatment -3.025+0.174 —3.055+0.209
Post-treatment —2.740+0.164 —2.935+0.184
Mean difference 0.285 0.120
Percentage of change 9.42%1 1 3.93%1 1
t-value -9.452 —6.000
p-value 0.001 (HS) 0.001 (HS)

BMD of left forearm Group (A) (n=20) Group (B) (n=20)

Pre-treatment 0.646+0.004 0.644+0.005
Post-treatment 0.654+0.005 0.649+0.004
Mean difference -0.008 -0.005
Percentage of change 1.24%1 1 0.78%1 1
t-value -17.601 —6.364
p-vaue 0.001 (HS) 0.001 (HS)

Data are expressed as mean + SD.
HS: p<0.05: High Significant.

Table (7): Comparison between mean values of BMD in left
forearm in both groups (A & B) measured pre-and

post-treatment.
BMD of Group (A) Group (B) t- p-
left forearm (n=20) (n=20) value value
Pre-treatment  0.646+0.004 0.644+0.005 1590 0.120 (NS)

Post-treatment  0.654+0.005 0.649+0.004 3.063 0.004 (S)

Data are expressed asmean + SD.  HS: p<0.05: High Significant.

b- Between groups:

At pre-treatment there was no statistical signif-
icant difference between mean value of T score of
lumbar spine of group (A) and its corresponding
value in group (B) with t-value=0.493 and p-value
=0.625. While at post-treatment, there was statis-
tical significant difference in mean value of T score
of group (A) (=2.740£0.164) when compared with
its corresponding value in group (B) (—2.935+
0. 184) with t-value=3.539 and p-value=0.001.

Table (9): Comparison between median values of T scorein
lumbar spinein both groups (A & B) measured
pre-and post-treatment.

Data are expressed as mean + SD.
NS: p>0.05: Not Significant: p<0.05: Significant.

0.671

0.66

0.65-

)

>

T 0.64-

§ 0.63-

=
0.62-
0.61 -

0.60
Post-treatment

[l Growp A B Grouw B

Fig. (6): Comparison between mean values of BMD in left
forearm in both groups (A & B) measured pre-and
post-treatment.

Pre-treatment

I11- T score:
A- Tscoreinlumbar spine:
Within groups:

There was highly statistical significant increase
in T score of lumbar spine at post-treatment in
both groups A and B where p-value was 0.001 and
t-value was (—9.452 and —6.000 respectively). The
percentage increase in T score of lumbar spinein
both groups (A & B) was 9.42% and 3 .93%, re-
Spectively.

T-score of Group (A) Group (B) t- p-
lumbar spine (n=20) (n=20) value value
Pre-treatment —3.025+0.174 -3.055+0.209 0.493 0.625 (NS)

Post-treatment —2.740+0.164 -2.935+0.184 3.539 0.001(S)

Data are expressed as mean + SD.

NS: p>0.05: Not Significant. S: p<0.05: Significant.

-2.0
-2.2
-24
-2.6

—2.8 -3.025

=30 1 3055
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Fig. (7): Comparison between mean values of T scorein
lumbar spinein both groups (A & B) measured pre-
and post-treatment.

B- T scorein left femur:
Within groups:

There was highly statistical significant increase
in T score of left femur at post-treatment in both
groups A and B where p-value was 0.001 and t-
value was (—9.703 and —7.667 respectively). The
percentage of increasein T score of left femur in
both groups (A & B) was 17.21% and 8.88%,
respectively.
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Table (10): Mean values of T score in left femur measured
pre-and post-treatment in both groups (A & B).

T-Score left femur Group (A) (n=25) Group (B) (n=25)

Pre-treatment -1.220+0.177 -1.295+0.252
Post-treatment —1.010£0.162 —1.180+0.222
Mean difference 0.210 0.115
Percentage of change 17.21%1 1 8.88%1 1
t-value -9.703 -7.667
p-value 0.001 (HS) 0.001 (HS)

Data are expressed as mean * SD.
HS: p<0.05: High Significant.

b- Between groups:

At pre-treatment there was no statistical signif-
icant difference between mean value of T score of
left femur of group (A) and its corresponding value
in group (B) with #-value=1.089 and p-value=
0.284. While at post-treatment, there was statistical
significant difference in mean value of T score of
group (A) (-1.010£0.162) when compared with its
corresponding value in group (B) (-1.180£0.222)
with z-value=2.771 and p-value=0.009.

Table (11): Comparison between median values of T score of
left femur in both groups (A & B) measured pre-
and post-treatment.

T-score of
left femur

Group (A)
(n=20)

Group (B) t- p-
(n=20) value value

Pre-treatment —1.220£0.177 -1.295£0.252 1.089 0.284 (NS)
Post-treatment —1.010£0.162 —1.180£0.222 2.771  0.009 (S)

Data are expressed as mean £ SD.

NS: p>0.05: Not Significant. S: p<0.05: Significant.
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Fig. (8): Comparison between mean values of T score in left
femur in both groups (A & B) measured pre-and
post-treatment.
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C- T score of left forearm:
Within groups:

There was highly statistical significant increase
in T score of left forearm at post-treatment in both

groups A and B where p-value was 0.001 and #-
value was (—11.961 and —6.474 respectively). The
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percentage of increase in T scores of left forearm
in both groups A & B was 17.11% and 8.76%,
respectively.

Table (12): Mean values of T score of left forearm measured
pre-and post-treatment in both groups (A & B).

T-score of left forearm  Group (A) (n=25) Group (B) (n=25)

Pre-treatment -0.935+0.104 -0.970+0.098
Post-treatment —0.775£0.097 —0.885+0.088
Mean difference 0.160 0.085
Percentage of change 17.11 %1 1 8.76%11
t-value -11.961 —6.474
p-value 0.001 (HS) 0.001 (HS)

Data are expressed as mean £ SD.
HS: p<0.05: High Significant.

b- Between group comparisons:

At pre-treatment there was no statistical signif-
icant difference between mean value of T score of
left forearm of group (A) and its corresponding
value in group (B) with #-value=1.096 and p-value
=0.280. While at post-treatment, there was statis-
tical significant difference in mean value of T score
of left forearm of group (A) when compared with
its corresponding value in group (B) with ¢-value=
3.773 and p-value=0.001.

Table (13): Comparison between median values of T score in
fore arm in both groups (A & B) measured pre-
and post-treatment.

T-score of
left forearm

Group (A) Group (B) t- p-
(n=20) (n=20) value value

—0.935+0.104 —0.970£0.098 1.096 0.280 (NS)
Post-treatment —0.775+0.097 —0.885+0.088 3.773 0.001 (S)

Pre-treatment

Data are expressed as mean + SD.
NS: p>0.05: Not Significant.
S : p<0.05: Significant.
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Fig. (9): Comparison between mean values of T score in left
fore arm in both groups (A & B) measured pre-and
post-treatment.
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Discussion

Osteoporosisis characterized by excessively
low bone density, bone fragility and increased risk
of fracture with relatively minor trauma [16] . Oste-
oporosisisamajor, public, healthy problem, which
increases proportionally according to age. Itisa
skeletal disorder compromising bone strength, and
predisposing the subject to an increased risk of
fractures in the hip, spine, and other sites [17].

Exercise plays an essential role in the treat-
ment of osteoporosis. Anaerobic and aerobic train-
ing have been shown to be effective methods of
exercise for improving BMD and reducing bone
loss [14].

This study was conducted to determine the
effect of aerobic exercises on bone mineral density
in lean postmenopausal women.

This study was conducted on forty osteoporatic
lean postmenopausal women. They were selected
from Physiotherapy Department in Abu El-Mata-
meer General Hospital in Abu El-Matameer City,
Behera Governate. Duration of this study was 6
months from January 2017 to July 2017. Their
ages were ranged from 49-69 years. Their Body
Mass Index (BMI) was less than 25kg/m?. Their
T-Score was less than —2.5.

They were divided randomly into two groups
equal in number (A and B). Group A (study group)
performed aerobic exercise in the form of walking
on treadmill, for thirty minutes, three times per
week for twelve weeks, starting with warming up
exercises and ended by cooling down exercisesin
addition to their usual daily calcium intake (cal
preg tablets 1200mg/day). Group B (control group)
took only their usual daily calcium intake (cal preg
tablets 1200mg/day).

All women in both groups (A and B) were
assessed pre and post-treatment through measuring
Bone Minera Density (BMD) of lumbar regain,
left femur and forearm by using DEXA.

The results showed that: There was highly
statistical significant increase in the mean values
of BMD and T-score of lumbar spine, left femur
and forearm post-treatment in both groups A and
B. There was no statistical significant difference
between both groups (A & B) pre-treatment in the
mean values of BMD & T-score of lumbar spine,
left femur and forearm where the p-value was
(>0.05). While, post-treatment there was a statistical
significant difference between both groups (A &
B) in the mean values of BMD & T-score of lumbar
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spine, left femur and for arm where, the p-vaue
was (<0.05) in favor of group A (more increase).

The results of this study agreed with that of
Kelley et a., [18] who suggested that exercise
increases femur trochanteric BMD in calcium-
replete post-menopausal women.

The results were also, agreed with Varsavsky
et a., [19] who found that aerobic physical exercise
according to WHO guidelinesin the last three
months can lead to a decrease in serum Sex Hor-
mone Binding Globulin (SHBG) and increase bone
density in the lumbar spineis a significant but not
significant increase in hip bone density was ob-
served. Based on these results it can be stated that
SHBG serum levels of physical activity reduced
and increase bone density also occurs that this
increase is meaningful in the lumbar spine but
femur may require alonger duration of physical
activity may increase bone density.

The results were also, agreed with Hulteen et
al., [20] who found that free-living Physical Activity
(PA) and exercise are associated with both cross-
sectional and prospective significant but modest
improvement in BMD, at the very least, appear to
exert homeostatic influences on BMD during aging.
Specifically, research appearsto indicate that aer-
obic exercise may be most efficacious for main-
taining and increasing BMD in older women.

The results of this study supported by Bonai uti
et al., [21] who suggested that aerobic exercises
improve BMD at the spine and wrist effectively.

The results were also, supported by Evans et
a., [22] who found that postmenopausal women
who participated in different modes of exercises
had statistically significant increasesin BMD
compared with control groups who did not exercise.

The results of this study also, supported by
Nelson et al., [23] who suggested that all prescribed
exercise programs, including aerobic exercise,
resistance exercises or walking are effective at 1
year or more in slowing loss of bone marrow
density. Fast walking is recommended as the best
prevention and treatment strategy for osteoporosis
in postmenopausal women asit is most similar to
activities of daily living and may produce the
greatest compliance.

The results were also, supported by Y amazaki
et al., [24] who found that treadmill running was
effective in prevention of bone loss. Especially,
trabecul ar thickness was kept in treadmill running
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rats. It was suggested that bone loss was inhibited
by exercise and this differs by the loading situation.

The results of this study come in consistence
with Angin and Erden, [25] who suggested that
exercise program has positive influence in increas-
ing BMD and quality of life. For the post-meno-
pausal women with osteoporosis who participated
in the program it was possible to stabilize the BMD
of lumbar site, and to reduce fracture.

The results also, come in consistence with
Langeet al., [26] who found that physical activity
has decel erating effect on none loss rate in post-
menopausal women.

The results of this study agreed with Chan et
al., [271 who found that walking was recommended
as suitable activity for increasing bone density.
Walking is the easiest and best available form of
physical activity, which can be practiced virtually
any were, poses only small risks of injury and
requires negligible financial demands. The most
effective method of prevention of osteoporosisis
brisk walking.

The results were a so, agreed with Von-Stengel
et a., [28] who suggested that low impact loading
activity could be effective in reducing bone loss
at the hip and spine. Exercise has an important
positive effect on the deceleration of declinein
BMD.

Exercise induces an anabolic or homeostatic
effect on bone via mechanotransduction. Briefly,
fluid movement within the extracellular matrix of
bone exerts force on osteocytes and bone lining
cells. This subsequently triggers the rel ease of
nitric oxide and prostaglandin, which lead to divi-
sion and differentiation of osteoprogenitor cells.
Pre-osteobl asts consequently mature to osteobl ast
cells and affix to the surface of the matrix to begin
the production of new bone. Muscular contractions
may also induce this extracellular fluid shear stress
within the bone matrix, producing deformations
in bone. Similarly, gravitational impacts produce
deformations viafluid shear stresses and subsequent
mechanotransduction. However, these may have
limited effects on organism-wide BMD as the
skeletal sites most proximal to the engaged muscle
groups or sites of gravitational impact during
training are likely to experience the greatest in-
creasesin BMD [29].

The results disagreed by Tracey et d., [30] who
found that moderate forms of exercise such as
walking have been disappointing interventions.
Based on increasing walking duration and speed
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have not been successful for improving BMD
except at the calcaneus.

The results were also, disagreed by Liang et
a., [31] who found that aerobic exercises such as
walking are of relatively low intensity, i.e. small
mechanical stimuli to muscles, so their effect on
bone mass is not significant.

Researchers have shown that training effects
were likely to disappear after the training was
discontinues and BMD decreased after the comple-
tions of the exercise [32].

The results were also, disagreed by Gombos et
al., [33] who reported that 8 year after cessation of
the 2 year exercise program, the aerobic exercised
group had alossin BMD but the lossin BMD was
significantly lessin the aerobic exercised group
than in the control group. Since these exercise-
induced adaptations are reversibleit is important
for individuals to remain physically active through-
out their entire life span. Postmenopausal women
should maintain alifestyle with ferula exercise to
prevent osteoporosis and osteoporotic fracturesin
later years.

Conclusion:

On the basis of the data obtained in this study,
we can conclude that aerobic exerciseisvery
effective in improving bone mineral density in lean
postmenopausal women.
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