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Effects of Physical Therapy Intervention for Children
With Acute Lymphoblastic Leukemia

Victoria G. Marchese, pho, p1,"*** Lisa A. Chiarello, php, pr, pcs,” and Beverly ). Lange, mp®

Background. The purpose of this study was
to examine the effects of physical therapy
intervention in children with acute lymphoblas-
tic _leukemia (ALL). Procedure. Twenty-eight
children aged 4-15 years were randomly assign-
ed to an intervention or control group. The
intervention group received five sessions of
physical therapy and was instructed to perform
an individualized home exercise program con-
sisting of ankle dorsiflexion stretching, lower
extremity strengthening, and aerobic exercise.
Results. After 4 months children who received
physical therapy intervention had significantly
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improved ankle dorsiflexion active range of
motion and knee extension strength (P < 0.01).
Differences were not found between the two
groups for any of the other dependent variables.
Conclusions. Physical therapy intervention for
children with ALL receiving maintenance che-
motherapy improved two body functions impor-
tant for normal gait. Physical therapy programs
initiated earlier in treatment and with greater
emphasis on endurance activities may also im-
prove stamina and quality of life (QOL). Pediatr
Blood Cancer 2004;42:127-133.
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INTRODUCTION

As survival rates have increased for children with acute
lymphoblastic leukemia (ALL), there is increasing atten-
tion to short-term complications and long-term outcomes
from the cancer itself or the antineoplastic agents. Neuro-
muscular and musculoskeletal complications include
pain, paresthesias, reduced deep tendon reflexes, muscle
cramps, muscle weakness, reduced ankle dorsiflexion,
impaired gross and fine motor performance, decreased
energy expenditure, learning disabilities, avascular necro-
sis, osteopenia, and osteoporosis [1-17]. In a previous
pilot study we showed that hand-held dynamometry and
timed up and go (TUG), a functional mobility test, were
reliable tools to assess strength and functional mobility in
children with ALL [18]. Using these tools, we demon-
strated that compared to age and gender matched peers,
children with ALL were significantly weaker and had
decreased functional mobility [18].

Despite documented complications involving range of
motion, strength, endurance, and functional activities,
there are no studies that evaluate the effects of a compre-
hensive physical therapy program including strengthen-
ing, stretching, aerobic activities and family consultation
for children with ALL. Support for such a study comes
from Wright et al. [19] who provided educational inform-
ation regarding the risk for loss of ankle range of motion
and the importance of activity and exercise during treat-
ment. If the patients’ ankle passive dorsiflexion decreased
below 10” as measured with a goniometer an individua-
lized intervention program was provided. This study
showed that in children with ALL ankle active dorsiflexion

decreased during medical treatment and improved follow-
ing the completion of treatment [19]. The purpose of the
present study is to determine if physical therapy interven-
tion improves strength, range of motion, endurance, and
quality of life (QOL) in children receiving maintenance
chemotherapy.

MATERIALS AND METHODS
Patients

Children with ALL, 4-18 years of age, receiving
maintenance therapy at The Children’s Hospital of
Philadelphia (CHOP) were eligible for this study. Children
with a history of antecedent neurological, developmental,
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or genetic disorders and those currently receiving physical
therapy intervention, were excluded. The Institutional
Review Boards of CHOP and MCP Hahnemann University
approved the study. Approval of physicians, consent from
caregivers, and assent from patients were obtained. The
children were stratified by their Children’s Cancer Group
(CCG) standard-risk or high-risk treatment groups and by
whether they were in the first or second half of maint-
enance therapy. Then the primary investigator offered
the children an envelope to select assignment into the
intervention or control groups.

Instruments

A hand-held dynamometer (Nicholas Model 01160
Lafayette Instruments, P.O. Box 5729/3700 Lafayette,
Indiana 47903) was used to measure knee extension
strength and ankle dorsiflexion strength [20]. The child-
ren’s body weight, taken on a standard scale, was used to
normalize the strength values. A goniometer was used to
measure ankle dorsiflexion active range of motion [21].

The timed up and down stairs (TUDS) test is a measure
of the time needed to ascend and descend a set of steps
[22]. The TUDS was used to measure functional mobility.

The 9 min run-walk test was used to measure maximal
functional capacity and endurance of the cardiorespiratory
system [23,24]. The children are instructed to walk or run
as far as possible in 9 min with the objective to cover as
much distance as possible.

The PedsQL version 3.0 is a health related QOL
measure that incorporates a generic core and disease/
symptom-specific modular approach for pediatric chronic
health conditions [25]. The PedsQL was used in this study
to measure QOL in children with ALL.

Procedure

One of two experienced physical therapists unaware of
the children’s group assignment performed the pre-test
assessment and post-test assessment 4 months later. The
assessments consisted of ankle dorsiflexion strength, knee
extension strength, ankle dorsiflexion active range of
motion, TUDS, 9 minute run-walk, and PedsQL measures.
Assessments were performed at CHOP, a satellite clinic,
or the child’s home. Approximately 1 hr was required to
perform the assessment.

The same therapist, under the same conditions and
at the same location, performed the pre-test and post-
test assessments in the same sequence. Knee extension
strength was measured with the children positioned in
prone with the knee flexed to 90° and the thigh stabilized.
Ankle dorsiflexion active range of motion was measured
with the children sitting with the knee flexed to 90° and the
foot in neutral alignment.

The time it took the children to ascend and descend 12
stairs was measured with a stopwatch. The use of a railing

while ascending and descending the stairs was permitted
and kept consistent from pre-test to post-test. The distance
the children traveled during the 9 min run-walk was
measured to the nearest foot with a wheeled counter once
the test was completed. The words of encouragement
were kept consistent from pre- to post-test. Heart rates
were measured before, immediately after, and 10 min after
performing the 9 min run-walk test.

The children’s hemoglobin levels were obtained from
the medical records to observe changes in physiologic
stability. The blood test levels were taken within 2 weeks
of the pre- and post-test assessment sessions.

To ensure the two raters were consistent with the
outcome measures throughout the study, we performed
reliability testing on the pre-test measures on the sixth
child and the post-test measures on the ninth child.

Intervention Procedures

The intervention program was based on activities the
child and family enjoyed, review of the pre-test physical
assessment, and observation of the child’s mobility,
walking, and running. Children in the intervention group
received five sessions of physical therapy and participated
in an exercise program at home. The five sessions lasted
from 20 min to 1 hr and occurred immediately after the
initial testing, and 2, 4, 8, and 12 weeks later. The therapist
manually stretched and guided the children to assume
specific positions to achieve proper body alignment while
performing stretching and strengthening exercises. To
identify an appropriate intensity and duration, the thera-
pist also observed the children performing an aerobic
activity while monitoring heart rate, respiratory rate, and
work of breathing. Verbal report of the child’s tolerance to
exercise was used to modify the child’s aerobic program if
the exercise was not performed with the physical therapist.
The children were given a log to record their exercise
program. The therapist also maintained a log documenting
the components of each child’s intervention session.

Children and parents were also instructed on the per-
formance of an individualized home exercise program. All
exercises were functional exercises, that is, activities the
children could incorporate into their daily routines based
on consultation with parents and children. The program
included bilateral ankle dorsiflexion stretching held
for 30 sec, 5 days a week, three sets of ten repetitions of
bilateral lower extremity strengthening 3 days per week,
and aerobic fitness daily for 4 months. Children selected
their own aerobic exercise such as walking, biking, or
swimming. A written copy of the program with pictures
was provided. They were instructed on the use of a Polar
Pacer Heart Rate Monitor, (Polar Electro, Inc., 370
Crossways Park Drive, Woodbury NY 11797), to guide
the intensity of the activity. Explanations of the contra-
indications to exercise were reviewed with each child and
parent [26].



The control group received no instructions related to
physical fitness and did not receive any physical therapy
intervention. A consultative session was provided follow-
ing the post-test assessment.

Data Analysis

Paired r-test and chi-square tests were used to compare
the demographic characteristics of the intervention and
control groups and to compare the mean scores of the
patients to normative data for ankle dorsiflexion strength
and knee extension strength.

A two-way analysis of variance (ANOVA), 2 x 2
(group x time), with repeated measures on the second
factor time, was used to measure the effect of physical
therapy for each dependent measure i.e., ankle dorsiflexor
active range of motion, knee extension and ankle dorsi-
flexor strength (normalized by patients weight), 9 min run-
walk, TUDS, and PedsQL. To determine if the groups
differed from pre- to post-test, group by time interaction
was examined with an acceptable alpha level of P < 0.05.
Assumption of normality and homogeneity of variance
were met with all dependent variables.

RESULTS

Among the 33 children who met the inclusion criteria,
four parents declined participation, and one child was
unable to complete the study. The 28 participants had a
median age of 7.7 years. Table I shows there were no
significant differences in clinical characteristics between
the intervention and control group. In neither group did
hemoglobin change significantly over the 4 months of the
study.

Table IT shows the mean outcomes for the control and
intervention groups on all dependent variables. Intra-rater
and inter-rater reliability for all measures ranged from
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TABLE L. Clinical Characteristics of the Control and
Intervention Groups

Control Intervention
Group group group I
Number of patients 5] 13 0.56
Sex M:F 12:3 8:5 0.41
Age 8.3 7.5

Median

Mean 8.6 7.6 0.29

Range 5.1-15.8 43-10.6
Time in maintenance

First* 6 7 0.71

Second* 9 6
Risk group

Low 2 0

Standard 9 10 0.36

High 4 3

*First indicate the first half of maintenance therapy and second indicate
the second half of maintenance therapy.

r=0.85 to 0.99. The intervention group pre-test median
ankle active dorsiflexion range of motion was 6.0° and the
range 0-20; the control group median was 10 and the
range 2—20°. Children in the intervention group showed
significant increases in ankle dorsiflexion active range of
motion where the control groups remained stable between
pre- and post-test assessments (P < 0.01)(Fig. 1). Knee
extension strength for the children in the intervention
group significantly increased where the control group
remained stable from pre- to post-test, (P < 0.01) (Fig. 2).
Children reported performing the ankle stretching exer-
cise three times a week rather than the recommended
five times; lower extremity strengthening exercises were
performed three times a week as recommended.

There were no significant differences between groups
for ankle dorsiflexion strength, TUDS, 9 min run-walk,

TABLE II. Pre- and Post-Test Outcomes for Control and Intervention Groups on Dependent Measures

Control group

Intervention group

Pre-test Post-test A Pre-test Post-test A P

Hemoglobin 124+1.1 127413 +0.3 1k By e 11.7+1.4 0.0 0.65
(gm/100 ml)

DAROM 10.7+5.6 98+5.1 -0.9 85+6.7 12,563 +4.0 <0.01
(degrees)

DS (kg) 024 +0.1 0.22+0.1 —-0.02 0.24+0.1 025+0.1 +0.01 0.17
KE* (kg) 0.38+0.1 0.37+0.1 -0.01 034402 0.41+0.2 +0.07 <0.01
TUDS (sec) 9.1+£3.2 8.6+2.38 -0.5 102+£2.0 291279 -1.3 0.17
Run (ft) 3,323.34+1167.5 3.304.5= 12330 —18.8 3,267.6+6284  3,647.2+700.6 +379.6 0.25
Child C. 215+£11.9 1453 +9.2 -6.97 17.7£11.8 164+ 12.8 -1.3 0.16
Parent C. 25.6+13.4 209+ 13.1 —-4.7 250+11.9 21.54+14.0 -35 0.74
Child G. 2V3:E£13:4 125107 -338 14.3+£10.2 150+£9.9 +0.7 0.39
Parent G. 18.24+9.2 20,1115 +1.9 2124118 163+7.9 —4.9 0.07

All numbers except for the A=change score, and the P-value are mean and -SD. C., cancer PedsQL; G., general PedsQL, extension: DAROM,

dorsiflexion active range of motion; DS, ankle dorsiflexion strength (normalized by patients weight);

patients weight); TUDS, timed up and down stairs.

KE, knee extension strength (normalized by
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Dorsiflexion Active Range of Motion
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Fig. 1. Mean ankle dorsiflexion active range of motion from pre- to

post-test for the intervention and control group.

child cancer PedsQL, child general PedsQL., parent cancer
PedsQL, and parent general PedsQL from pre- to post-test.
The children’s reported frequency of aerobic exercise was
daily, but they did not consistently maintain daily logs
of activity and did not routinely use the heart monitor
because it was inconvenient and uncomfortable.

Ankle dorsiflexion strength for both the intervention
and control groups were significantly lower than normative
values for healthy children for both the pre- and post-test
measures (P < 0.01) [27]. Similarly, at pre-test, knee ex-
tension strength was significantly lower than the norma-
tive values for healthy children, tested in sitting [26]
for both the intervention (P =0.01) and control groups
(P=0.02). At post-test, knee extension strength for
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Fig. 2. Mean knee extension strength from pre- to post-test for the

intervention and control group.

the control group was significantly lower than the
normative values (P < 0.01), but the intervention group’s
knee extension strength was within the normal range
(P =0.06) (Table III).

No child reported any negative effects from the exer-
cises or experienced complications attributed to the phy-
sical therapy program. All but two children cooperated
and participated in the testing measurements without
difficulty. Both exceptions had femoral avascular necrosis
that antedated the study. One child was unable to complete
the study, as she needed crutches; the other was able to
complete the study.

DISCUSSION

Both ankle dorsiflexion range of motion and knee
extension strength are important functions for normal gait
and navigating stairs. Both functions are impaired in
patients with ALL [18,19]. The impairment is multi-
factorial: vincristine neuropathy, steroid myopathy, osteo-
porosis, weight gain, and reduced overall activity. In this
study, the patients in the intervention group who received
physical therapy demonstrated a significant increase in
ankle dorsiflexion active range of motion compared with
the control group. Normal ankle range of motion is 20°
[28]. A patient must have the ability to passively dorsiflex
the ankle 10° during the stance phase of gait and actively
dorsiflex the foot to neutral (0°) during the swing phase of
the gait cycle and up to 20° while ascending stairs [29,30].
The swing phase is the period in which the foot is in the air,
prior to foot placement on the ground. Without adequate
active ankle dorsiflexion range of motion the patient is
going to compensate with other movements and possibly
damage the integrity of the ankle structure. Active ankle
dorsiflexion range of motion with the knee flexed is
important to prevent tripping and falling because the foot
must clear the ground when swinging the leg forward
while walking and stair climbing. The knee is flexed to
approximately 30—60° during the swing phase of the gait
cycle and 90—100° during stair climbing prior to the foot
placement on the step [29]. The improvement in ankle
dorsiflexion active range of motion may be the result of the
stretching exercises at least 3 days a week. It is still not
known if stretching 5 days a week is better than 3 days per
week.

Lower extremity strength is also required to safely
ambulate and ascend and descend stairs. Knee extension
strength is a key muscle group for both of these activities.
During ambulation the knee extensors assist with advan-
cing the lower leg during the swing phase of the gait cycle
and as a stabilizer during the stance phase. Knee extension
strength is critical when ascending and descending stairs
to advance the body up onto a stair and to control the body
during descent. Patients with ALL often have decreased
proximal muscle strength due to taking corticosteroids and
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TABLE III. Comparison Between Control and Intervention Groups Knee Extension Strength to Normative Values

Normative
values post-test

Normative
values pre-test

Control group
pre-test knee

Control group
post-test knee

Normative values Normative values
pre-test for the  post-test for the

Intervention
group post-test

Intervention
group pre-test

extension extension for the control  for the control  knee extension knee extension intervention intervention
strength strength group group strength strength group group
212 176 139420 198 +42 90 117 120+ 18 120+ 18
105 128 139420 139420 45 65 139 4+ 20 139+ 20
125 159 211+34 211434 157 240 181 +46 181 +46
157 77 139420 139420 91 114 136 +32 136 + 32
64 65 120+ 18 120+ 18 53 51 119+24 119+24
128 139 139+20 139+ 20 26 90 120+ 18 120+ 18
49 56 119+24 119+24 164 188 119424 119+24
241 219 211+34 211+34 159 154 136 +32 136 + 32
230 226 296 + 59 296 + 59 50 57 139 +20 139 +20
95 122 120+ 18 120+ 18 117 137, 139 4+ 20 198 +£42
45 45 120+ 18 120+ 18 61 79 120+ 18 120+ 18
59 74 119 +24 119+24 49 91 198 + 42 198 +£42
111 106 136 £32 136-£32 34 34 91 423 91+23
110 117 120+ 18 139+20
35 31 91+23 91+23

All values are in newtons (N), normative values [27].

decreased activity. The patients in the intervention group
demonstrated a significant increase in knee extension
strength compared with the control group. However, the
clinical meaningfulness of this gain is not known.

The lower extremity exercises that the intervention
group integrated into their daily routine were performed
by using the child’s own body weight and gravity as the
only resistance. The functional lower extremity strength-
ening program performed three times a week by the
children was effective in significantly increasing knee ex-
tension strength. Hence the type and intensity of exercise
chosen for strengthening knee extension was beneficial
without the use of a weight-training program.

Significant findings were not identified in our study in
the 9 min run-walk possibly because there was such a large
standard deviation and a small sample size. The results
may also reflect the wide range of endurance abilities in
children with ALL or the level of training intensity may
not have been high enough or adequately controlled
considering the children did not wear the heart rate moni-
tors. In addition, the intervention and control groups’
activity levels were similar throughout the 4 month testing
period. Thus the changes in ankle dorsiflexion active range
of motion and knee extension strength can be attributed to
the specific stretching and strengthening exercises versus
the amount of aerobic activity the patients performed.

At post-test both the intervention and control groups
were asked questions to document the types of activities
performed during leisure and while at school. Eighty-two
percent of the children in this study reported participating
in gym class in school. Participation in routine aerobic
activities, such as bike riding, swimming, and dancing
ranged from once a week to daily in both the intervention
and control groups. The intervention group was instructed

to perform an aerobic activity each day as part of this
study. The frequency for the intervention group’s aerobic
exercise program was reportedly performed on average
4 days per week, but this may not have been different than
the usual physical activity reported by both groups. The
control group did not receive any counseling about fitness
or activity prior to or during the study by either the
physical therapist at CHOP or others outside the hospital.

The children in the control group did not receive phy-
sical therapy intervention and did not have a significant
increase or decrease in their abilities. Suggesting that
during the maintenance phase of medical treatments,
children with ALL do not improve or decrease motor and
functional abilities possibly because the medical inter-
vention is not as aggressive as it was in the previous
months, thus allowing the children to enjoy more activity.
This play time may be increased from previous months but
by itself does not appear enough to significantly improve
specific motor abilities such as ankle active dorsiflexion
range of motion, knee extension strength or functional
endurance.

The majority of children in this study scored within a
poor range of exercise endurance ability, as measured by
the 9 min run-walk, compared to normative data. More
than 50% of all the children in the study, during pre- and
post-test scored below the 25th percentile of the norma-
tive sample in the American Alliance for Health, Physical
Education, Recreation and Dance Association Guidelines
[23]. The association recommends a remedial individua-
lized fitness program for all students who score below
the 25th percentile [23]. Even though the children reported
participating in many activities, several parents reported
their children did not participate at their pre-treatment
level of intensity or duration. The reason for the patients’
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poor performance is not known but deconditioning is a
possibility. The children while performing their activities
may not be “exercising” at a high enough level to improve
their endurance because in our study range of motion and
strength improved but this did not impact their endurance.
Thus, children may require more direct intervention to
achieve significant gains in the area of endurance.

Health related QOL was measured in this study with the
PedsQL. However, this tool did not reflect changes in
health-related QOL for the children who received physical
therapy. A ceiling effect had already occurred at pre-test
with the majority of children and parents in this study
reporting almost never to never having problems with the
items on the PedsQL. The questions were asked in relation
to the child and parent’s perception of the frequency the
child experienced problems, not how the child and parent
perceived the quality in which the child performed the
activities. A recommended alternative to the PedsQL is
individualized outcomes for participation using goal
attainment scaling [31]. Additionally, the study was not
powered to detect a difference in QOL.

The results of this study provide direction for physical
therapy service delivery for children with ALL. Some, but
not all children with ALL have body function impair-
ments, activity limitations, and participation restrictions.
Hence, some children may require physical therapy with a
greater frequency than proposed in this study and some
children may not need therapy at all. All children would
benefit from a comprehensive neuromuscular and muscu-
loskeletal examination from a physical therapist knowl-
edgeable in the subtleties that this specific patient
population experiences. Prevention is the ultimate goal
thus requiring timely referral and an intervention program
the children and families will embrace.

This study presents a program of physical therapy
intervention for children with ALL who were receiving
chemotherapy. It showed that the intervention affected
improvements in impairments of important body func-
tions, specifically knee extension strength and ankle dorsi-
flexion active range of motion, acommon impairment as a
result of vincristine therapy. The results support structured
physical therapy intervention. Future studies should
address the following: (1) efficacy of physical therapy on
children with ALL earlier in their treatment, (2) programs
for a younger age group, (3) alternative means for
measuring exercise intensity, (4) impact on quality of gait
and running style, (5) increased frequency and intensity of
intervention on activity and a greater emphasis on a child’s
participation in normal daily activities.

ACKNOWLEDGMENT

Special thanks to Heather Atkinson, PT and Marjory
Roos, PT for assisting with data collection. I am thankful
for the scholarship from CHOP.

REFERENCES

15

20.

21.

22.

Bradley WG, Lassman LP, Pearce GW, et al. The neuromyopathy
of vincristine in man clinical, electrophysiological and pathol-
ogical studies. J Neurol Sci 1970;10:107-131.

. Sandler SG, Tobin W, Henderson ES. Vincristine-induced neuro-

pathy. Neurology 1969;19:367-374.

. Vainionpaa L, Kovala T, Tolonen U, et al. Vincristine therapy for

children with acute lymphoblastic leukemia impairs conduction in
the entire peripheral nerve. Pediatr Neurol 1995;13:314-318.

. Haim N, Barron SA, Robinson E. Muscle cramps associated with

vincristine therapy. Acta Oncol 1991;30:707-711.

. HoviL, Era P, Rautonen J, et al. Impaired muscle strength in female

adolescents and young adults surviving leukemia in childhood.
Cancer 1993;72:276-281.

. Wright MJ, Halton JM, Martin RF, et al. Long-term gross motor

performance following treatment for acute lymphoblastic leuke-
mia. Med Pediatr Oncol 1998;31:86-90.

. Wright MJ, Halton JM, Barr RD. Limitation of ankle range of

motion in survivors of acute lymphoblastic leukemia: A cross-
sectional study. Med Pediatr Oncol 1999;32:279-282.

. RyanJR, Emami A. Vincristine neurotoxicity with residual equino-

cavus deformity in children with acute leukemia. Cancer 1983:51:
423-425.

. Mattano LA, Sather HN, Trigg ME, et al. Osteonecrosis as a

complication of treating acute lymphoblastic leukemia in children:
A report from the children’s cancer group. Clin Oncol 2000;18:
3262-3272.

. Murphy RG, Greenberg ML. Osteonecrosis in pediatric

patients with acute lymphoblastic leukemia. Cancer 1990;65:
1717-1721.

. Harlla-Saari AH, Vainionpaa LK, Kovala TT, et al. Nerve lesions

after therapy for childhood acute lymphoblastic leukemia. Cancer
1998:82:200-207.

. Reinders-Messelink H, Schoemaker M, Snijders T, et al. Motor

performance of children during treatment for acute lymphoblastic
leukemia. Med Pediatr Oncol 1999;33:545-550.

. Van Der Does-Van Den Berg A, De Vaan GAM, Van Weerden JF,

et al. Late effects among long-term survivors of childhood acute
leukemia in the Netherlands: A Dutch childhood leukemia study
group report. Pediatr Res 1995;38:802-807.

. Vainionpaa L. Clinical neurological findings of children with acute

lymphoblastic leukemia at diagnosis and during treatment. Eur
Pediatr 1993;152:115-119.

. Reilly J, Bentham JC, Ralston JM, et al. Reduced energy

expenditure in pre-obese children treated for acute lymphoblastic
leukemia. Pediatr Res 1998:44:557-562.

. Brown TR, Madan-Swain A, Pais R, et al. Chemotherapy for

acute lymphoblastic leukemia: Cognitive and academic sequelae.
J Pediatr 1992;121:885-889.

. Meadows A, Hobbie W. The medical consequences of the cure.

Cancer 1986;58:524-528.

. Gocha Marchese V, Chiarello LA, Lange BJ. Strength and

functional mobility in children with acute lymphoblastic leukemia.
Med Pediatr Oncol 2003;40:230-232.

. Wright MJ, Hanna SE, Halton JM, et al. Maintenance of ankle

range of motion in children treated for acute lymphoblastic
leukemia. Ped Phys Ther 2003;15:146—152.

Effgen SK, Brown DA. Long-term stability of hand-held dynamo-
metric measurements in children who have myelomeningocele.
Phys Ther 1992;72:458-465.

Norkin CC, White DJ. Measurement of joint motion: A guide to
goniometry. Philadelphia: F.A. Davis Company; 1985.

Lepage C, Noreau L, Bernard PM. Association between character-
istics of locomotion and accomplishment of life habits in children
with cerebral palsy. Phys Ther 1998;78:458-469.



23,

24.

25.

26.

Health related physical fitness: Test manual. Reston, Virginia:
American alliance for health, physical education, recreation and
dance; 1980.

Klepper SE. Effects of an eight-week physical conditioning
program on disease signs and symptoms in children with chronic
arthritis. Arthritis Care Res 1999;12:52-60.

Varni JW, Seid M, Rode CS. The PedsQL measurement model
for the pediatric quality of life inventory. Med Care 1999;37:
126-139.

Winningham ML, MacVicar MG, Burke CA. Exercise for cancer
patients: Guidelines and precautions. The Physician and Sports
Medicine 1986:14:125-134.

25

28.

29.

30.

3.

Physical Therapy for Children With Leukemia 133
Backman E, Odenrick P, Henriksson KG, et al. Isometric muscle
force and anthropometric values in normal children aged between
3.5 and 15 years. Scand Rehab Med 1989;21:105-114.

American Academy of Orthopaedic Surgeons. Joint motion:
Method of measuring and recording. Chicago: AAOS; 1965.
Norkin CC, Levangie PK. Joint structure and function: A com-
prehensive analysis. Philadelphia PA: FA. Davis Company; 1992.
McFayden BJ, Winter DA. An integrated biomechanical anal-
ysis of normal stair ascent and descent. J Biomech 1988;21:
733-744.

Palisano RJ. Validity of goal attainment scaling in infants with
motor delays. Phys Ther 1993;73:651-658.



