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Physical therapy programs for persons with hemophilia 
were introduced in the Southern California area in 1959 
(1). By the 1960s, the importance of exercise therapy 
was demonstrated, with the effects of preventing joint 
deformity and bleeding, and relieving pain (1,2). 
However, patients with hemophilia do not have much 
experience with exercising, and many do not perform 
daily active physical exercise (3).
 In a study by Goto et al. (3,4), the effects of 
home exercise were examined and demonstrated to 
improve physical function and activities of daily living 
(ADL), and to prevent bleeding. Also, in terms of the 
necessity and effects of physical therapy, Wittmeier 
(5) showed that physical therapy helped in prevention 
and recovery from bleeding and improved levels of 
physical activity. Forsyth et al. (6) also showed that 
in order for hemophilia patients to start exercising, 
physical therapists who can properly evaluate the 
exercise are indispensable. Therefore, in the present 
study, we investigated the effects of physical therapy 
in patients with hemophilia infected with human 
immunodeficiency virus (HIV) due to treatment with 
non-heat-treated blood products, by comparing the 
effects of home exercise with versus without once-
monthly physical therapy delivered by a physical 
therapist for 6 months.
 This study was conducted at the Department 
of Rehabilitation Medicine, National Center for 
Global Health and Medicine between October 2015 
and November 2017. Inclusion criteria were ability 

to undergo evaluation of joint range of motion, 
muscle strength, grip strength, and 10-m walking, 
and provision of informed consent to participate in 
the study. Ability to undergo the evaluation of 10-m 
walking was not an essential requirement. Exclusion 
criteria were hemarthrosis, intraarticular bleeding, 
intramuscular bleeding, and unhealed fractures on the 
day of evaluation.
 Participants were divided into 2 groups by the 
envelope method, and an unblinded crossover study 
was conducted. One group was the physical therapy-
first group, and the other was the home exercise-first 
group. Both groups underwent initial evaluation. After 
that, the physical therapy-first group received physical 
therapy once monthly in the first 6 months (Period I), 
performed home exercise using an instruction leaflet 
without monthly interventions by a physical therapist in 
the following 6 months (Period II), and then underwent 
final evaluation. The home exercise-first group 
performed home exercise in Period I, received physical 
therapy once monthly in Period II, and then underwent 
final evaluation. Home exercise and physical therapy 
were performed in the same way in the home exercise-
first group as in the physical therapy-first group.
 Evaluation items were joint range of motion (flexion 
and abduction of the shoulder joint; flexion, extension, 
pronation, and supination of the elbow joint; flexion, 
extension, and abduction of the hip joint; straight leg 
raising (SLR); flexion and extension of the knee joint; 
flexion and dorsiflexion of the ankle), muscle strength 
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(flexion, extension, and abduction of the hip joint; 
extension of the knee joint), and 10-m walking (normal 
and fast walking). Muscle strength was evaluated 
using a handheld dynamometer μTasF-1 (Anima Corp., 
Tokyo, Japan) using the method developed by Hirasawa 
et al. (7). In 10-m walking, participants were instructed 
to walk at 2 speeds, normal and fast walking, and the 
speed, cadence, and stride length were analyzed.
 Physical therapy included i) confirmation of the 
participant's status at 1 month (i.e., status of activity, 
bleeding and pain, and exercise); ii) confirmation and 
correction of stretch movements conducted at home; iii) 
range of motion training on several joints, depending 
on the evaluation result, by a physical therapist; iv) 
confirmation and correction of the form of muscle 
strength training conducted at home; v) guidance 
on changing the content of muscle strength training 
conducted at home (exercise menu and loads); and vi) 
confirmation and guidance on walking, and ascending 
and descending stairs.
 Regarding home exercise, in accordance with the 
instruction leaflet, which was developed for patients 
with hemophilia (8), an exercise menu was prepared for 
each participant based on the results of motor function 
evaluation.
 Differences in age, body mass index, range of 
motion, muscle strength, and walking ability at the start 
of the study between the physical therapy-first group 
and the home exercise-first group were examined using 
unpaired t-test. The crossover results were assessed 
using the t-test for period effect, treatment effect, and 
carryover effect on each evaluation items as described 
previously (9). Briefly, carryover effect was tested on 
the Period (I+II) data in both groups; treatment effect 
on Period (I-II)/2 data in both groups; and period 
effect on Period (I-II)/2 data in the physical therapy-
first group, while on Period (II-I)/2 data in the home 
exercise-first group. Analyses were performed using 
SPSS ver. 26 (IBM, Armonk, NY, USA).
 This study was approved for central review by 
the Ethics Review Committee of the National Center 
for Global Health and Medicine (approval number, 
NCGM-G-003242-00),  and appropriate ethics 
procedures were followed at each participating facility.
 After excluding participants who dropped out of the 
study, the remaining participants were all men: 11 in 
the physical therapy-first group (mean age 51.9 years, 
mean height 171.83 cm, mean weight 61.87 kg) and 7 
in the home exercise-first group (mean age 53.3 years, 
mean height 175 cm, mean weight 59 kg). There was 
no difference in age or BMI between the groups. 
 The following items were excluded from the 
analysis because the baseline measurements were 
significantly higher in the physical therapy-first group 
than in the home exercise-first group: flexion range of 
motion of the left shoulder joint, abduction range of 
motion of both hip joints, right SLR, and left SLR. 

 Table 1 shows p-values for carryover effect, 
treatment effect, and period effect on range of motion, 
muscle strength and walking ability. Carryover effect 
was observed for flexion muscle strength of the right 
hip joint and cadence in fast walking. Period effect 
was observed for extension range of motion of the 
left hip joint, dorsiflexion range of motion of the right 
ankle joint, and cadence in fast walking. A significant 
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Table 1. The p-values for carryover effect, treatment effect, 
and period effect

Range of motion

Right shoulder joint
     Flexion
     Abduction
Left shoulder joint
     Abduction
Right elbow joint
     Flexion
     Extension
     Pronation
     Supination
Left elbow joint
     Flexion
     Extension
     Pronation
     Supination
Right hip joint
     Flexion
     Extension
Left hip joint
     Flexion
     Extension
Right knee joint
     Flexion
     Extension
Left knee joint
     Flexion
     Extension
Right ankle joint
     Dorsiflexion
     Plantar flexion
Left ankle joint
     Dorsiflexion
     Plantar flexion

Muscle strength

Right hip joint
     Flexion
     Extension
     Abduction
Left hip joint
     Flexion
     Extension
     Abduction
Right knee joint
     Extension
Left knee joint
     Extension
Normal walking
     Walking speed
     Stride length
     Walking cadence
Fast walking
     Walking speed
     Stride length
     Walking cadence

Carryover 
effect

0.195
0.773

0.540

0.872
0.142
0.848
0.547

0.962
0.245
0.468
0.582

0.116
0.074

0.78
0.592

0.135
0.204

0.912
0.586

0.825
0.804

0.167
0.593

Carryover 
effect

  0.009*
0.146
0.13

0.144
0.279
0.385

0.291

0.973

0.106
0.434
0.327

0.108
0.329

  0.092*

*Asterisks denote statistical significance. A p-value of 0.1 was 
considered significant for carryover effect, while that of 0.05 for others.

Period 
effect

0.421
0.172

0.182

0.324
0.356
0.532
0.932

0.086
0.155
0.488
0.107

0.511
0.056

0.067
0.023*

0.223
0.267

0.886
0.685

0.003*
0.601

0.31
0.098

Period 
effect

0.368
0.056
0.428

0.565
0.87
0.506

0.244

0.136

0.138
0.769
0.816

0.534
0.117

  0.009*

Treatment 
effect

0.147
0.444

0.052

0.728
0.983
0.638
0.126

0.923
0.605
0.488
0.468

0.511
0.529

0.188
0.978

0.808
0.668

0.275
0.505

0.33
0.144

0.814
0.694

Treatment 
effect

0.691
0.782
0.477

0.666
0.231
0.403

0.522

0.199

0.811
0.469
0.447

0.364
0.636
0.091
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or fast was not described (3). The present study 
examined both normal walking and fast walking, and 
found improvement in cadence in fast walking.
 The exercise menu in this study was designed for 
each patient based on the results of motor function 
evaluation. Use of such personalized intervention in 
this study showed a tendency toward improvement 
of walking at practically important speed, which was 
not reported previously. This suggests that accurate 
evaluation and provision of instruction and a self-training 
exercise menu based on the evaluation results, rather 
than simply providing range of motion training or muscle 
strengthening training manually, may be more effective 
in physical therapy to improve motor function in patients 
with hemophilia and HIV infection. 
 One of the limitations in this study was that the way 
patients performed home exercise was not followed in 
detail, and their adherence to our instruction was judged 
based on their verbal reports only. Greene et al. reported 
that it is difficult to achieve favorable adherence to home 
exercise in patients with hemophilia due to their fear 
of bleeding (18). A method for accurately monitoring 
the performance of home exercise is needed in order 
to provide more effective instructions in the future. 
Another limitation is that a washout period was not 
included in this study. Consequently, a carryover effect 
on results in Period II was observed, albeit only for a few 
measurement items. To validate the effect of physical 
therapy in the future, comparisons should be performed 
in studies with an adequate washout period.
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