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Abstract  

Background: Allogeneic Bone Marrow Transplantation  
(BMT) has been the treatment of choice for patients with a  

variety of hematological diseases, however, BMT is associated  

with transplant-related functional impairment, which compro-
mise full rehabilitation.  

Aim:  The purpose of this study study was designed to  

determine the efficacy of therapeutic exercise on patients after  

stem cell transplantation.  

Design:  Randomized controlled clinical trial.  

Subjects and Methods:  Thirty patients who had severe  
aplastic anemia after stem cell transplantation, their ages were  

ranged from 18-40 years. Patients were recruited from BMT  

Unit at Nasser Institute Hospital, Ministry of Health. between  

Jan. 2016 and May 2016. They were divided randomly into  

2 equal groups; Group A (study group) received exercise  

program in the forms of aerobic exercise, chest physiotherapy  

and gait training by early ambulation (30 minutes/session,  

three sessions/week for five weeks) in addition to routine  

medical care and Group B (control group) received routine  

medical care only and not receive any therapeutic exercise  
program. Patients were evaluated for their fatigue by Iowa  

Fatigue Scale (IFS) and Complete Blood Count test (CBC)  
[Hemoglobin concentration (Hb), Total Leucocyte Count  

(TLC) and platelets count before and after five weeks of  

administration of program.  

Results:  Independent t-test to compare post treatment test  
revealed that there was significant differance of IFS, Hb and  

platelets count between the both groups with better improvment  
in Group A (p<0.05).  

Conclusion:  The therapeutic exercise had an instantaneous  

effect on different complications after bone marrow transplan-
tation of patients with sever aplastic anemia.  
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Introduction  

SEVERAL  years ago a patient diagnosed with  
leukemia or aplastic anemia was given little or no  
hope of survival. The development of new therapies  

has improved the prognosis of these and other fatal  

hematologic and immunologic diseases. Bone Mar-
row Transplantation (BMT) is one of the most  
promising of the new treatment modalities [1] .  
Bone marrow transplantation, formerly a highly  
experimental, rarely used procedure, has become  

a fairly common and accepted treatment [2] . Allo-
geneic bone marrow transplantation has been the  

treatment of choice for patients with a variety of  

hematological diseases, providing them with good  
clinical results and a longer life expectancy. How-
ever, BMT is associated with transplant-related  
toxicities such as functional impairment, which  
compromise full rehabilitation and also contribute  

to the inherent morbidity associated with the pro-
cedure itself [3] . The total population in Egypt in  
2007 is 75 million with only eight transplant centers  
performing about 210 transplants per year. The  

biggest center is at the Nasser Institute, which  

contains 20 cabins equipped with High Efficiency  

Particulate Air (HEPA) filters, positive pressure  

and vertical laminar air flow. The transplant rate  

in Egypt is about 2.8 transplants per million, com-
pared to an average of 30-42 transplants per million  
in developed countries [4] . The average cost of the  
transplant in Egypt is about 15 000 USD, and it is  
totally sponsored by medical insurance or the  
Ministry of Health [5] . Only a few exercise inter-
ventions have been tested in patients after autolo-
gous peripheral blood stem cell transplantation  
(PBST) [6] . After bone marrow transplantation  

patients may be depressed or felling ill, patients  
often will be uncooperative or refuse treatment,  
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The physical therapist must be assertive because  

this lack of cooperation can increase the patient`s  

chances of developing pneumonia or other debili-
tating complications. Gentle encouragement and  
sympathetic understanding can help to gain the  

patient`s cooperation [7] . High-dose chemotherapy  
followed by hematopoietic stem cell transplantation  

is a potentially curative treatment for a variety of  

hematologic malignancies, such as acute myeloid  

leukemia and lymphoma. This intensive cancer  

therapy, however, is associated with significant  
acute complications, such as serious infections and  

graft versus host disease. People receiving this  

treatment often experience considerable deteriora-
tion of their health status, particularly during the  

first 100 days following the transplant. Patients  
demonstrate a marked reduction in physical activity  

and report severe fatigue, inability to maintain  

their functional capacity and diminished quality  
of life. This deterioration in health status can affect  

multiple aspects of a person's life, and the impact  
may be felt for years following treatment. Without  

intervention, these problems may lead to physical  
deconditioning, loss of muscle mass, and decreased  

strength and endurance, possibly resulting in long-
term consequences in people who might otherwise  

be cured of their underlying malignancy [8] . The  
value of physical therapy during BMT, as expressed  
by patients, their families, and staff members  

suggests the appropriateness of intervention for  

persons requiring long periods of hospitalization  

during conventional chemotherapy or radiotherapy.  
Treating this unique patient population is challeng-
ing, both physically and emotionally. Although  
this challenge can be rewarding, it also can con-
tribute to rapid burnout [9] . Basic treatment of  
physical therapy goals for the patient after BMT  
include reduction or prevention of muscle atrophy  
from disuse and BMT stressors; prevention of  

pneumonia and promotion of good pulmonary  
circulation; maintenance of joint ROM; mainte-
nance of balance, coordination, and endurance;  

prevention or treatment of depression; promotion  
of the conversion of nutritional support into protein  

and lean muscle mass and promotion of physical  
and emotional wellbeing implementation of goals  
requires a variety of therapeutic active, resisted,  

and stretching exercises individually adapted to  

the patient's medical restrictions [10] . So, this study  
was conducted to investigate the efficacy of ther-
apeutic exercise on patients after stem cell trans-
plantation.  

Material and Methods  

This study was conducted on thirty patients  
with severe aplastic anemia after stem cell trans- 

plantation from both sexes. Their ages were ranged  
from 18 to 40 years. They were selected from  
BMT Unit at Nasser Institute Hospital, Ministry  

of Health. The diagnosis was performed clinically  

by the physician. All patients were received the  
same kinds of medication and nursing care. Patient  

patients who had history of failure transplant,  

platelets count below 30.000/cm 3  or body temper-
ature 40ºC or greater were excluded from the  
study.  

All patients were given a full explanation of  
the treatment protocol and a written informed  

consent form giving agreement to participation  

and publication of results was signed by all pa-
tients.  

Intervention:  
Patients who met the selection criteria were  

divided randomly into two equal groups (15 patients  

for each group) Group A (study group) and Group  

B (control group).  

Study group exercises procedures:  
Study group received exercise program in the  

forms of aerobic exercise, chest physiotherapy and  

gait training by early ambulation (30 minutes/  

session, three sessions/week for five weeks) in  

addition to routine medical care.  

The treatment procedures were divided into  
three phases. Phase 1: It was begun from first day  
after transplantation till one week after transplant.  
In this phase it was aimed to prevent pneumonia  
and respiratory problems that may occur following  

transplantation. Phase 2: It was begun after one  

week post transplant till three week post transplant.  

The aim of this phase was to overcome fatigue that  

more liable to occur to these patients by starting  

patients gait training and walking in room plus  

phase 1. Phase 3: It was begun after three week  

post transplantation till five weeks post transplant.  

The aims in this phase were to improve immunity  
and health status of patients through application  

of aerobic exercises of upper and lower limbs plus  

phase 1 and phase 2.  

Aerobic exercise procedures:  

Resting Heart Rate (HRrest) and maximum  
heart rate (HRmax) was determined to determine  

the target heart rate that used in exercise for every  

patient.  

Each subject intensity was calculated as Target  

Heart Rate (THR) based on his maximum, and  
resting heart rate according to karvonen formula  

[11]  as follow.  



Mohamed G.A. Ibrahim, et al. 247  

THR = HRrest + (HR max - HR rest) TF.  

Where HRrest = Resting heart rate in bpm.  

HRmax = 220-age.  

TF = Training fraction, it was 60% to 65% in low  
training intensity.  

Aerobic training was gradually increased in  
intensity and duration during the period of treatment  

so that the subject was started with at least 10min.  

of aerobic exercise at 60% HR max and progress  

to at least 30min of contentious exercise at less  

than 70% HR max by the end of the treatment  

program in form of active free exercises [12] .  

Chest physiotherapy procedures:  

Manually: In the form of breathing exercise,  
turning, coughing, deep breathing, postural drain-
age, percussion and vibration. Mechanically: By  

using incentive spirometer. The patient breathes  

in from the device as slowly and as deeply as  
possible, and then holds his/her breath for 2-6  

seconds. Positioning: The oral pain and excess  

mucous secretions most patients experience soon  

after beginning treatment often preclude exercise  

in a flat, horizontal position. Patient comfort is  

improved by elevating the head of the bed about  
20 degrees when positioned supine [13] .  

Gait training procedures:  

By early ambulation to minimize pain and  
stiffness from bone marrow aspiration and over-
come fatigue [3] .  

Group (B) (control group) received routine  

medical care only and not receive any therapeutic  
exercise program.  

General out lines of routine medical treatment  

includes a short course of Antithymocyte Globulin  
(ATG) or Antilymphocyte Globulin (ALG) and  
several months of treatment with a cyclosporin to  
modulate the immune system. Mild chemotherapy  
with agents such as cyclophosphamide and vinc-
ristine may also be effective. Antibody therapy,  

such as ATG, targets T-cells, which are believed  
to attack the bone marrow [14] .  

Randomization:  
Subjects were randomly allocated to either  

groups (study or control) by a blinded and inde-
pendent research assistance to open seal envelops  

that contained computer generated randomization  

cared. The subjects were blinded about which group  
they were allocated. This randomization and blind-
ing were used to prevent bias.  

Outcome measures:  
All medical and demographic data of subjects  

was collected. The assessment was carried out  

before start of training and after five weeks at the  

end of training program. The outcome measures  

were fatigue assessment by Iowa Fatigue Scale  

(IFS) Fig. (1) in which the patients answered a list  
of questions which expressed patient's feeling of  
fatigue [15]  and Complete Blood Count test (CBC)  

[Hemoglobin concentration (Hb), Total Leucocyte  

Count (TLC) and platelets count] that was per-
formed by a blood sample laboratory analyzed by  
(Kx-21 N Hematology Analyzer).  

Fatigue scale  

Please circle the number of the response that best indicates how you have felt in the past.  

Not at all  A Little Moderately Quite a bit  Extremely  

1- I feel worn out.  1  2  3 4  5  
2- I feel energetic.  1  2  3 4  5  
3- I feel slowed down in my thinking.  1  2  3 4  5  
4- I do quite a lot within a day.  1  2  3 4  5  
5- I have trouble concentrating.  1  2  3 4  5  
6- I feel droway.  1  2  3 4  5  
7- Physically I feel in good shape.  1  2  3 4  5  
8- I have low output.  1  2  3 4  5  
9- I have trouble with my memory.  1  2  3 4  5  
10- I feel rested  1  2  3 4  5  
11- I can concentrate well.  1  2  3 4  5  

Scoring:  
Total= Q1 + (6-Q2) + Q3 + (6-Q4) + Q5 + Q6 +  Subscales:  

(6-Q7) + Q8 + Q9 + (6-Q10) + (6-Q11).  Cognitive  = Q3 + Q5 + Q9 + (6-Q11)  
Fatigue cut-offa total score:  Fatigue  = Q1 + Q6  
Fatigue = 30-39  Energy  = (6-Q2) + (6-Q7) + (6-Q10)  
Sever fatigue = 40-55  Productivity  = (6-Q4) + Q8  

Fig. (1): Iowa fatigue scale and scoring.  
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Statistical analysis:  
Statistical analysis was conducted using SPSS  

for windows, Version 18 (SPSS, Inc., Chicago,  

IL). The current test involved two independent  

variables. The first one was the (tested group);  

between subjects factor which had two levels (study  

group and control group). The second one was the  
(measurement times); within subject factor which  
had two levels (pre, post-treatment). In addition,  

this test involved four tested dependent variables  

(IFS, Hb, TLC and platelets count). Accordingly,  

"paired t-test" was used to compare between “pre”  
and “post” t-tests for all dependent variables for  

each group. "Unpaired t-test" was conducted to  
compare IFS, TLC, Hb and platelets count between  

both groups in the “pre” and “post” treatment with  

the alpha level 0.05 [16] . Prior to final analysis,  
data were screened for normality assumption,  
homogeneity of variance, and presence of extreme  

scores. This exploration was done as a pre-requisite  
for parametric calculations of the analysis of dif-
ference.  

Results  

Baseline and demographic data statistical anal-
ysis showed that, there were no statistically signif-
icant differences (p>0.05) between subjects in both  
groups concerning age (Table 1).  

Table (1): Descriptive statistics and unpaired t-tests for the  
mean age of the patients in both groups.  

Comparison  

t-value  p-value  

Age (years) 
 

30.13±2.011 
 

27.67±1.490 0.9828 0.3341  

Iowa Fatigue Scale (IFS):  

As presented at (Table 2) "paired t-test" revealed  
that there was a significant increase of IFS at both  

groups study and group control group (p-value  
<0.0001). Considering the effect of the tested group  

(first independent variable) on IFS, "unpaired t-
test" (Table 3) revealed there was no significant  

differences in the mean values of the "pre" treatment  

between both groups (p-value=0.349). While, the  
mean values of the "post" treatment between both  

groups showed that there was no significant differ-
ence (p-value=0.01).  

Hemoglobin concentration (Hb):  
Statistical analysis (Table 2) by "paired t-test"  

revealed that there was a significant increase of  

Hb at study group (p-value <0.0001). While, there  
was no significant difference of Hb at control group  

(p-value=0.54). As shown in (Table 3) "unpaired  

t-test" revealed that there was significant differences  

in the mean values of Hb "pre" treatment and post  

treatment (p-value <0.05).  

Total Leucocyte Count (TLC):  

As presented at (Table 2) "paired t-test" revealed  
that there was a significant increase of TLC at  
study group and control group. Considering the  

effect of the tested group (first independent vari-
able) on TLC, "unpaired t-test" (Table 3) revealed  
there was significant differences in the mean values  

of the "pre" treatment between both groups ( p -
value=0.031). While, the mean values of the "post"  

treatment between both groups showed that there  
was no significant difference (p-value=0.19).  

Table (2): Comparison between before and after treatment  

mean values of the measurements variables for  

each group.  

Variable  Mean ±  SD  MD  t-value  p-value  

IFS:  
• Study:  

Before  35.07±4.74  8.80  10.76  0.000**  
After  26.27±5.79  

• Control:  
Before  37.13±6.95  1.67  2.58  0.000**  
After  35.47±8.18  

HB:  
• Study:  

Before  8.32±0.65  1.49  7.30  0.000**  
After  9.81 ± 1.10  

• Control:  
Before  6.71 ± 1.83  0.73  2.10  0.54*  
After  7.44±2.65  

TLC:  
• Study:  

Before  3.47±2.13  1.29  2.55  0.023 **  
After  4.77± 1.77  

• Control:  
Before  1.85± 1.77  1.67  3.59  0.003 **  
After  3.52±3.18  

Platelets:  
• Study:  

Before  81400.00±  47733.33  2.894  0.012**  
26383.98  

After  129133.33±  
71699.64  

• Control:  
Before  63933.33±  5200.00  0.636  0.535*  

47537.15  
After  69133.33±  

49637.06  

: Probability value. 
: Significant. 
: Not significant.  

Items  Study group  
Mean ±  SD  

Control group  
Mean ±  SD  

SD : Standard Deviation. p-value 
MD 
 

: Mean difference. ** 
t-value  : Paired t-value. *  



**  
*  

MD  
t-value  
p-value  

: Significant. 
: Not significant.  

: Mean Difference. 
: Paired t-value. 
: Probability value.  
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Platelets count:  
As presented at (Table 2) "paired t-test" revealed  

that there was a significant increase of platelets  
count at study group (p-value=0.012). While,  
"paired t-test" revealed that there was no significant  

difference of platelets count at control group ( p-
value=0.535). Considering the effect of the tested  

group (first independent variable) on platelets  

count, "unpaired t-test" (Table 3) revealed there  
was no significant differences in the mean values  
of the "pre" treatment between both groups ( p -
value=0.224). While, the mean values of the "post"  

treatment between both groups showed that there  
was no significant difference (p-value=0.013).  

Table (3): Independent t-test measurements variables between  

both groups.  

Variable  MD  t-value  p-value  

IFS:  
Before  2.07  0.952  0.349*  
After  9.20  3.557  0.01**  

HB:  
Before  1.61  3.210  0.003**  
After  2.37  3.201  0.008**  

TLC:  
Before  1.62  2.268  0.031**  
After  1.25  1.344  0.190*  

Platletes:  
Before  17466.67  1.244  0.224*  
After  60000  2.665  0.013**  

Discussion  

The present study was designed to investigate  
the efficacy of therapeutic exercise on patients  

after stem cell transplantation. Many variables  
were measured and discussed in an effort to explain  
the results of the current study. These variables  

were complete blood count (white blood cells, Hh  

and platelets) and fatigue scale. The finding of this  

study revealed that statistically significant improve-
ment in fatigue scale and TLC, after treatment  

application in study group only. Also the finding  
of this study revealed that statistically significant  

improvement in Hb and platelets after treatment  

application in both groups and higher improvement  

in the study group regarding Hb factor.  

The results of this study confirm the finding of  

Baumann et al., [17]  who investigated the effect of  

controlled exercise programme right from the  
beginning of the conditioning phase on patient's  

physical and psychological recovery. The results  
of this study showed significant differences in  
favour of the training group regarding strength,  
endurance, lung function and quality of life.  

This comes in agreement with the study done  
by Jarden et al., [18]  who worked to investigate the  
effect of a 4-to 6-week multimodal program of  
exercise, relaxation and psycho education on phys-
ical capacity, functional performance and quality  

of life (QOL) in allo-HSCT adult recipients. As-
signment of a multimodal intervention during  
allogeneic Hematopoietic Stem Cell Transplantation  

(allo-HSCT) sustained aerobic capacity and muscle  

strength and reduced loss of functional performance  
during hospitalization.  

The results of this study supported by Wiske-
mann and Huber [19]  who emphasized that in study  
of physical exercise as adjuvant therapy for patients  

undergoing hematopoietic stem cell transplantation.  

Significant benefits from the exercise interventions  

have been predominantly reported for physical  

performance, quality of life and fatigue status of  

the patients. Several other benefits like a faster  

recurrence of immune cells or reduced severity of  

therapy-related side effects can be estimated.  

The results of this study confirmed the finding  

of Jarden et al., [20]  who evaluated the feasibility,  
safety and benefits (physical and functional capac-
ity) of a 4-6 week supervised and structured mixed-
type exercise, progressive relaxation and psycho-
education programme in patients undergoing allo-
HSCT. Mixed-type exercise e may be a useful  
strategy for maintaining or improving muscle  

strength, and minimizing loss of physical and  

functional capacity in patients undergoing allo-
HSCT.  

The results are also supported by Carlson et  

al., [7]  who worked to investigated whether patients  

post-allo-HSCT with no clinical or psychological  
abnormalities but severe fatigue would respond to  

an individually adapted aerobic exercise program.  
Participants were 12 patients (eight male, and four  

female patients), median age 47 years and 41  

months post-HSCT with a variety of hematopoetic  

cancer diagnoses. All underwent a 12-week indi-
vidualized mild aerobic exercise program, preceded  
by a 4-week introduction and baseline testing  
phase. Psychological measures included fatigue,  
mood and depression. Exercise testing revealed  
increase in power output at Ventilatory Threshold  

2 (VT2) with an increase in stroke volume and a  
decrease in heart rate, blood lactate and perceived  

exertion at pre-intervention VT2 power output.  
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The results of this study also supported by  

Wilson et al., [6]  who reported a pilot study of a  
home-based aerobic exercise program in a group  
of 17 adult HSCT recipients. Findings suggest that  
individually prescribed, home-based aerobic exer-
cise is an acceptable, safe, and potentially effective  

intervention for improving physical functioning  
and fatigue in sedentary HSCT recipients.  

In agreement of this study, a study done by  

Hayes et al., [21]  who evaluated the impact of  
undertaking Peripheral Blood Stem Cell Transplan-
tation (PBST) on Quality of Life (QoL), and to  
determine the effect of participating in a mixed-
type, moderate-intensity exercise program on QoL.  

The findings demonstrated that exercise participa-
tion following oncology treatment is associated  
with a reduction in the number and severity of  
endorsed problems, which in turn leads to improve-
ments in global, physical and psychosocial QoL.  
Furthermore, a relationship between fitness and  

QoL exists, with those experiencing higher levels  

of fitness also demonstrating higher QoL.  

The results of this study came in agreement  

with Hayes et al., [22]  who evaluated the effect of  
peripheral blood stem cell transplantation on func-
tional capacity, and determine the role of a mixed  
type, moderate intensity exercise programme in  

the recovery of patients. This study shows that for  

PBST patients, muscular strength as well as aerobic  

capacity can be significantly increased in as little  
as three months.  

So, improvement of fatigue after aerobic exer-
cises in patient after BMT is due to increase in  

skeletal muscle myoglobin content following en-
durance training. An increase in the number and  
size of mitochondrial proteins after exercise train-
ing. These changes will greatly increase capacity  

of myofibrillar muscle to generate ATP aerobically.  

Along with a substantial increase in mitochondrial  

volume comes a parallel increase in oxidative  
enzyme activity. The predominant mitochondrial  

enzymes to increase include those of the citric acid  

cycle (NADH dehydrogenase, succinate dehydro-
genage, pyruvate-malate oxidase) and mitochon-
drial electron transport chain (cytochrome oxidase,  
cytochromes a and c). The exercise training stim-
ulus induced an increase in muscle fiber cross-
sectional area. Accordingly, each fiber must have  

more capillaries after the training program [23] .  
The beneficial effects of exercise on physical and  

psychological health have been well established  
in people with cancer and include increased phys-
ical activity, diminished symptomatology, enhanced  
functional capacity, and improved quality of life.  

Commonly recommended exercises to increase  

physical activity consist of aerobic exercises,  

strength training, or a combination of both. While  

aerobic exercise primarily improves cardiorespira-
tory conditioning, strength training is more effective  

in minimizing skeletal muscle wasting associated  
with prolonged physical inactivity. A strength  

training intervention that minimizes muscle wasting  

associated with prolonged physical inactivity fol-
lowing hematopoietic stem cell transplantation is  
particularly attractive if the end result is increased  

physical activity, decreased fatigue and improved  

health status perceptions and quality of life [24] .  

Conclusions:  
The therapeutic exercise after bone marrow  

transplantation had an instantaneous effect on  

different complications of stem cell transplantation  

resulting in a significant improvement of CBC  
(TLC, Hb and platelets) and fatigue scale results.  
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