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| ABSTRACT |

Purpose: This study was designed to compare the functional abilities of children with unilateral
developmental dysplasia of the hip joint (DDH) with normal children. Also, to compare between the treated
and untreated DDH children. Methods: Thirty eight ambulant children with unilateral DDH were studied
with respect to Gait analysis, oxygen consumption, muscle strength, and hip abduction range of motion as
indicatives for the child functional abilities. According to the treatment delivered to DDH children, they
were classified into treated and untreated groups. Results: Comparing between DDH and normal children,
results showed significant decrease in step length, cadence, speed of walking, isometric hip abductors
muscle strength, and active hip abduction range as well as significant increase in energy cost of walking and
oxygen uptake in DDH children. When DDH groups were compared, the treated cases were better than the
untreated cases with respect to step length, foot angle, muscle strength, and passive hip abduction range,
while no significant difference was found with respect to step width, cadence, speed of walking, VO, uptake,
VO, cost, and active hip abduction range. Conclusion: Children with hip dysplasia were impaired during
walking, not only because of the accompanying gait deviations and pain, but also because the energy
required for walking was increased. Furthermore, they demonstrated limitation of hip abduction range and
muscle strength on the affected side. The functional abilities of the treated cases of DDH were better than the
untreated cases with regard to step length, foot angle, muscle strength, and passive hip abduction range.
Key words: DDH; gait; oxygen consumption; muscle strength; ROM.

| INTRODUCTION | have ligamentous laxity-looseness of the
fibrous bands connecting bones together in

he term developmental dysplasia of

the hip DDH has replaced congenital

dislocation of the hip because it more

accurately reflects the full spectrum
of abnormalities that affect the immature hip®.
DDH is a developmental (ongoing) process,
variable in manifestation and not always
detectable at birth. It involves a dysplasia, or
abnormal formation of the hip joint occurring
between fetal life and maturity as a result of
instability. Hips that are found to be normal at
birth (and even in the first few months of life)
can subsequently be found to be abnormal
later’. The majority of children with DDH

joints. This predisposes to hip instability;
instability allows the hip to slip out of
position; and certain mechanical factors such
as breech presentation can aggravate the
problem. Maternal hormones associated with
pelvic relaxation around the time of birth also
aggravate the instability of the newborn hip
joint by allowing softening and stretching of
the baby's hip ligaments®#3#,

DDH can predispose a child to
premature degenerative changes, painful
arthritis, abnormal gait, unequal leg length,
and decreased agility. Careful physical
examination is recommended as a screening
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tool; early diagnosis helps improve treatment
results and  decrease the risk  of
complications™®. Once a child is walking, gait
abnormalities  related to leg length
discrepancy, asymmetric intoeing or outtoeing
(one foot points in or out significantly more
than the other) are the hallmark for identifying
an abnormal hip. If the hip abnormality still
remains undiagnosed, pain or more noticeable
gait asymmetry ultimately draws attention to
the hip as the child becomes older*®”. In older
or walking children, complaints of limping,
waddling, increased lumbar lordosis, toe
walking, and leg-length discrepancy may
indicate an unrecognized DDH® "8,

If an unstable hip is recognized at birth,
treatment consists of maintaining the position
of the hip in flexion (knee up towards the
head) and abduction (knee away from the
centerline) for about 1-2 months. The Pavlik
harness is the most widely used device. It
maintains proper position of the femoral head
and allows for "tightening up" of the
ligamentous structures as well as for
stimulation of normal formation of the hip
socket. The treatment must be continued until
the hip is stable and x-rays or ultrasound
examinations are normal®*®*. From 1-6
months, true dislocations may develop. As a
consequence, treatment is directed toward
reduction of the femoral head into the socket
(acetabulum), usually with the Pavlik harness
or similar device. The harness pushes the
femoral head toward the socket, and usually,
relocation of the femoral head will occur
within 3-4 weeks. The Pavlik harness is
approximately 95% successful in dysplastic or
subluxated hips and 80% successful in true
dislocations. If a spontaneous reduction does
not occur by splinting, then a surgical closed
reduction (manipulation under anesthesia) is
done'?®2,

In the older infant from 6-18 months,
surgical closed reduction (manipulation under
general anesthesia) is the major method of
treatment'®. After 18 months of age, the
progressive deformities become so severe that
major open surgical intervention is necessary
to realign the hip. As the child gets older more
secondary deformities develop which can be
grouped under 3 major pathological entities,
acetabular dysplasias, subluxation of the
femoral head with femoral neck-shaft
antivertion deformities and secondary soft
tissue  contractures’*'®>.  Many treatment
options have been proposed for developmental
dysplasias of the hip in older children. Among
these are (1) Closed reduction®®*3. (2) Closed
reduction combined with pre-operative
traction'® or adductor tenotomy™. (3) Open
reduction’. (4) Open reduction combined with
femoral™® and/or pelvic osteotomy™®. (5) Open
reduction combined with Salter's osteotomy?®.
All these protocols have advantages and
disadvantages.

The purposes of this study, therefore,
were 1) To compare the functional abilities of
children ~ with  unilateral  developmental
dysplasia of the hip joint (DDH) with a group
of normal healthy children. 2) To compare the
functional abilities of the treated and untreated
DDH children. Gait analysis (foot print),
maximal  oxygen consumption, muscle
strength, and hip abduction range of motion
were considered indicatives for the child
functional abilities.

[ MATERIALS AND METHODS |

Subjects

We tested thirty eight ambulant children
with unilateral DDH. They were operated one
year ago (from June 2003 to June 2004) or just
diagnosed at the Paediatric Orthopaedics and
Traumatology Department, Jordan University

Bull. Fac. Ph. Th. Cairo Univ.,:
Vol ,11 No (2) Jul. 2006



Hospital, Amman, Jordan. Twenty seven were
girls and the other 11 were boys. The age limit
selected was ranged from five to eight years.
The mean age, height, and weight were
calculated. All of them were able to walk
independently without any of the assistive
devices. Thirty two of them were complaining
of mild to moderate pain during walking.
According to the treatment delivered to those
children, they were classified into two groups.
Treated group included children who
underwent an open reduction combined with
femoral and/or pelvic osteotomies or an open
reduction combined with Salter's osteotomy.
Untreated group included children who were
diagnosed late and received no treatment till
the study date and they are scheduled to have
the same types of interventions as in the
treated group.

Fifteen matched healthy children with
similar age, gender, and body size (height and
weight) were chosen and were considered as
the control group. They had no known
muscular or skeletal abnormalities of the
locomotor system. A written consent was

obtained from parents of all children
participated in the study.

Evaluation

Assessment of the functional abilities was
done through:

Gait analysis

It was done through evaluating five
major gait parameters. These parameters were
(step length, step width, foot angle, cadence,
and speed of walking). Footprint, as a tool for
gait evaluation, was used as follows:

Chalk paper, as a straight walkway and
colored powder were used. The walkway is
about 10 meters long and about 50-cm width.
The middle 6 meters of these walkways is red
to be the area of measurement, as the first 2
meters and the last 2 meters were neglected
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during measurements. This walkway sheet was
located in the gait evaluation area and was
fastened from both ends to prevent slipping off
the ground. Stop watch, tape measurement,
and protractor were used to measure the
outcome of gait parameter tests.
Oxygen consumption

Fox et al.,”* protocol was conducted to
measure oxygen consumption. The procedure
required the child to walk unassisted on a level
treadmill. Treadmill speed was carefully
checked both before and during each walking
trial. The subject was asked to mouthly breath
while applying a nose clip, so the expired air
passed through the gas meter and the amount
of oxygen consumed will be computed and
printed out. The resting VO, /Kg/min was
determined while the subject standing on the
immobile treadmill. The cycling reeve of the
treadmill was adjusted at the least speed. No
oxygen consumption measurements were
taken at this time, since the steady state period
has not been reached yet. Once the steady state
is reached (usually within 3 to 4 minutes after
walking is started) oxygen consumption was
measured over 2 minutes. The difference
between the VO,/Kg/min value at the steady
state and the VO,/Kg/min at the resting state
was considered as the amount of oxygen
consumption per kilogram per minute (oxygen
uptake--VO,/Kg/min).The amount of oxygen
consumed per Kkilogram per meter was
calculated and was defined as (oxygen cost--
VO,/Kg/meter).

Muscle strength

This was done through evaluating the
isometric muscle force (in Newton) of hip
abductors. We measured muscle strength using
a hand-held electronic dynamometer (HHD).
Three attempts were made for the hip
abductors with the make test technique, where
resistance is gradually built up for about 5
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seconds. Fifteen minutes for rest was given
between trials to allow muscular recovery.
Children were tested in supine lying position
with extended hips and knees. Stabilization
was applied manually on the contralateral
pelvis by the examiner as well as by asking the
child to hold on to the bench. The HHD was
placed distally on the femur at a place that was
comfortable for the child. Encouragement to
maximum effort was given in a standardized
way.

Hip abduction range of motion

While the child was in supine lying
position, active and passive hip abduction
ranges were measured using a protractor
goniometer with the knee in maximum
extension. Fulcrum was placed in line with the
anterior superior iliac spine. The moving arm
of the goniometer was aligned with the
midline of the patella, the stationary arm with
the anterior superior iliac spine of the opposite
side. The child was asked to move his leg out
to the side as far as he can.

The same evaluation protocol of
functional abilities was conducted for every
child in DDH groups as well as the control
group. Recording data was based on an
average of three measurements, conducted by
three physiotherapists who were well trained
in this evaluation protocol rather than the
researchers.

Statistical Analysis

The collected data was statistically
treated to show the mean, range, standard
deviation, and standard error of mean for all
sets of measurements, in all groups (DDH and
normal children). Least-significant difference
(LSD) one way analysis of variance (ANOVA)

was used to analyze all data and to show
differences in all parameters between all
groups. P-value <0.05 was considered
significant.

| RESULTS |

Table 1 presents a summary of
demographic data and clinical characteristics
of all children. The groups were well matched
for age, gender, height, weight, and sides to be
evaluated and no significant differences were
detected in respect to these data.

Gait parameters

When the treated and untreated DDH
groups compared to the normal children,
results showed statistically significant decrease
in step length, cadence, and speed of walking
in both DDH groups (P = 0.000). No
significant difference was detected between
DDH groups (treated and untreated) and the
control group in respect to step width (P =
0.11, P = 0.79 respectively). Measurements of
foot angle showed significant increase in the
untreated DDH group (P = 0.000) and no
difference in the treated DDH group (P =0.44)
when compared to normal children (Table 1).
On comparing between the treated and
untreated DDH groups, there was a
statistically significant increase of step length
and decrease in foot angle in the treated DDH
group (P = 0.001, P = 0.000 respectively). No
significant difference was detected between
both groups in respect to step width, cadence,
and speed of walking (P =0.07, P =0.013, P =
0.14 respectively) (Table 1, Figure 1).
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Table (1): Clinical data of DDH and normal children.
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Variables DDH Children qumal P P
Treated | Untreated P Children Treated Untreated
Number (n) 25 13 - 15 - -
Gender (M/F) 7/18 4/9 - 4/11 - -
DDH side (Right/Left) 6/19 3/10 - - - -
Evaluated side | (Right/Left) 6/19 3/10 - 4/11 - -
Age Months mean (SD) 74+10 72,6116 | 0.91 73.3¥9.3 | 0.83 0.93
Weight Kg mean (SD) 21.744.3 | 22.345 0.79 20.1+4.8 | 0.67 0.91
Height Cm mean (SD) 115+12 | 112+10 0.82 11449 0.52 0.73
Step length Cm mean (SD) 41.1+4.6 | 35.8+2.4 0.001* | 47.2+4.8 | 0.000* 0.000*
Foot angle Mean (SD) 8.8£3.1 | 17.8+2 0.000* | 843 0.44 0.000*
Step width Cm mean (SD) 7.9+2 9+1.2 0.07 8.8+£1.6 0.11 0.79
Cadence Steps/min mean (SD) 89+6.3 84.316.2 0.13 139.7+13.4 | 0.000* 0.000*
Speed Eg‘g;e” minute) mean 56.1+3.3 | 53.8¢3.4 | 0.14 | 66.846.7 | 0.000* | 0.000*
VO, uptake (ml/Kg/min) mean (SD) | 11.7+1.4 | 12.3+1.2 | 0.89 9.7+1.9 | 0.000* | 0.000*
VO, cost Eg‘l'jl;(g/ meter) mean 3'3210'0 0.34:0.02 | 0.98 | 0.27+0.04 | 0.000* | 0.000*
Muscle N mean (SD) 145548 | 1379451 | 0.004* | 184.2+5.4 | 0.000% | 0.000*
strength 9
Passive range mean (SD) 44.6+0.8 | 40.2+4 0.000* | 45+1.5 0.51* 0.000*
Active range mean (SD) 37.3t4.7 | 36.5+4.6 0.53 45+1.5 0.000* 0.000*
(P) Alpha level of significance when comparing between the treated and untreated DDH children.
(P Treated) Alpha level of significance when comparing between the treated DDH and normal children.
(P untreatea) Alpha level of significance when comparing between the untreated DDH and normal children.
( N) Newton.
(*) Values significant at P<0.05.
O Cadence
140- B Speed
22 120]
EE
S5 100
TE
5% o]
S 2 40
g% 20
0,
Treated DDH Untreated DDH Normal
Subjects
Fig. (1): Comparison between measurements of Cadence and speed of walking in all children.
Oxygen consumption 12.3+1.2 ml/kg/minute respectively) than
Children with untreated DDH displayed treated DDH children (mean 0.32+0.03
higher energy cost of walking and oxygen ml/kg/meter, 11.7+1.4 ml/kg/minute
uptake  (mean  0.34+0.02  ml/kg/meter, respectively) or normal children (mean
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0.27£0.04 ml/kg/meter, 9.7£1.9 ml/kg/minute
respectively). Least significance post-hoc
analyses of variance revealed significant
differences between each of the DDH groups
and the group of normal children in respect to

the energy cost of walking and oxygen uptake
(P = 0.000), while no significant difference
was detected between the two DDH groups ( P
=0.98, P = 0.89 respectively) (Table 1, Figure
2).

0.351
0.31
0.251
0.21
0.154
0.11
0.051

Mean VO2 cost
(ml/Kg/meter)

Treated DDH

Untreated DDH Normal
Subjects

OVO2 cost

Fig. (2): Comparison between measurements of VO, cost in all children.

Muscle strength

Our results revealed marked decrease of
isometric hip abductors muscle strength in the
untreated DDH children (mean 137.9+5.1
Newton) compared to the treated DDH
children (mean 145.5+8.9 Newton) or
compared to the normal children (mean
184.2+5.4 Newton). Analyses of variance

revealed that the difference exist between each
of the DDH groups and the group of normal
children was statistically significant (P =
0.000). Similarly, the difference exist between
the two DDH groups was found also to be
statistically significant (P = 0.004) (Table 1,
Figure 3).

O Isometric force

N
o
S

i
o
=]

3
(=]

Mean isometric force
(Newton)
=
o
o

o

Treated DDH

Untreated DDH

Subjects

Normal

Fig. (3): Comparison between measurements of isometric muscle force of hip abductors in all children.

Hip abduction range
Comparing between DDH groups and
control group, passive hip abduction range was

significantly lower in the untreated DDH
group with mean degrees of 40.2+4 compared
to mean degrees of 45+1.5 in normal children
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(P = 0.000). Passive hip abduction range was
significantly higher in treated DDH cases than
in untreated cases with mean degrees of
44.6x0.8 and 40.2+4 respectively (P = 0.000).
On the other hand, the active hip abduction
range was significantly low in treated and
untreated DDH groups with mean degrees of
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37.3+4.7 and 36.5+4.6 respectively when
compared to mean degrees of 45.0£1.5 in
normal children (P = 0.000). While no
significant difference in active hip abduction
range was detected between the treated and
untreated DDH groups (P = 0.53) (Table 1,
Figure 4).

O Passive range

W Active range

50
40
30
201

101

Mean abduction range
(degrees)

Treated DDH Untreated DDH Normal

Subjects

Fig. (4): Comparison between measurements of passive and active hip abduction range in all children.

\ DISCUSSION \

Several studies approved that gender,
age, weight and height may influence the
kinematics of gait??, oxygen consumption®,
and muscle strength?* and this necessitated that
the control group to be comparable to the
DDH groups with respect to these parameters.
Furthermore, our data analysis did not show
any significant difference between these
groups in respect to these data.

Gait parameters Our study showed that
important kinematics parameters (step length,
foot angle, cadence, and speed of walking)
measured during walking differ significantly
in patients with DDH and normal children. It
has been speculated that pain and pathologic
changes caused the gait deviations in the DDH
children®®. In agreement with our results,
Cavagna et al.,”® and Tesio et al.,?’ stated that
painful hip conditions like hip dysplasia or
arthritis may produce asymmetry in stride (two

successive steps), especially in unilateral hip
pathologies. Also, they concluded that pain
may increase muscle tone and compel the
patient to shorten the length of his step.
Similar to our results of increased foot
angle, in the untreated DDH children only,
Matovinovic et al.,?® attributed the asymmetric
intoeing or outtoeing observed in his study to
the medial and lateral rotation in the extended
hip as a result of abnormal femoral
anteversion. Our results revealed decreased
cadence in both DDH groups and this was in
contradiction with Cavagna et al., and Tesio et
al., findings' which states that patient
compensates for short step by increasing the
stepping frequency at a given speed.
Additionally, only the step length and foot
angle was significantly improved in the treated
DDH group compared to the untreated group.
It is probable that femoral and/or pelvic
surgeries e.g. periacetabular osteotomy and
Salter’s osteotomy performed to our treated
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DDH group can partly normalize the gait
pattern of those children. However, this
hypothesis remains to be adequately tested in a
future studies.

Oxygen consumption Bowen et al.®
reported oxygen cost to be a more reliable
oxygen-use  measurement  of  energy
expenditure than VO, alone. The oxygen cost
measure takes into account the oxygen
requirement on a per-meter basis and provides
a means for comparing individuals or the same
individual over time despite differences in
walking velocity. In accordance with other
studies, our DDH children has been shown to
consume much more oxygen than normal
children®*!, A study conducted by Veicsteinas
et al.,® recorded an increase of up to 20% in
the energy cost of locomotion in patients
affected by minor foot lesions with an
apparently normal gait. Based on clinical
observation of our DDH children, we can
attribute this increase in energy cost to pain
experienced during walking as well as to gait
deviations but not to limitation of hip joint
range of motion or to joint pathogenesis
evaluated radiographically®®. The mechanism
by which pain and gait deviations contribute to
an increased energy cost of locomotion could
be explained as follow:

Walking is characterized by a continual
transformation of potential energy (a rise in
the center of gravity) into kinetic energy. This
transformation yields a substantial saving of
energy with each step. When, for various
reasons, this transformation is impaired, an
increase in muscle activity is necessary; hence,
a greater quantity of oxygen is consumed>>=".
Asymmetry in stride length results is an
unbalanced transformation from potential to
kinetic energy and consequently an increase in
the external mechanical work performed by
the unaffected limb®?’. As a consequence of
pain and gait deviations (short step; increased

foot angle; decreased cadence and speed) the
DDH child attempts to correct these deviations
actively by increasing the amount of activity
per minute during walking resulting in
increased energy expenditure and oxygen
consumption?®2"3%,

Muscle strength and hip abduction ROM
Comparing the ROM data in DDH and normal
children, our untreated DDH children did
demonstrate limitation in active and passive
hip abduction range while the treated children
demonstrated limitation in active range only.
This was in agreement with Jari et al.,** who
confirmed that unilateral limitation of hip
abduction is a valuable clinical sign for DDH.
Jari et al., reported that dislocated hips seen
after the age of six months, presented with
unilateral limitation of hip abduction. His
results revealed that all major (Graf type II)
and 44.5% of minor (Graf type II) dysplastic
hips presented with this sign. Information
about strength issue or muscle weakness in
DDH children is still limited however, our
results revealed significant decrease of
isometric hip abductors muscle strength in
DDH children compared to normal children.
The reduction of muscle strength observed in
our DDH groups could be attributed to the
mechanical disadvantage of the gluteus medius
muscle. This mechanical disadvantage is
caused by reducing the distance between the
muscle origin and insertion in the dislocated
hip.

It is important to mention that, in our
study no significant difference was found
between the treated and untreated DDH groups
with respect to step width, cadence, speed,
VO, uptake, VO, cost, and active hip
abduction range. This may support the claim
of Ryan et al.,33 who reported that the natural
history of untreated dislocation is more
favorable than history of treated dislocation by
open reduction with or without osteotomy.
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In conclusion children with hip dysplasia
impaired during walking, not only

because of the accompanying gait deviations
and pain, but also because the energy required
for walking was increased. Our findings also
demonstrated limitation of hip abduction range
and muscle strength on the affected side in
DDH children. Treated cases of the DDH were
better than the untreated cases in respect to
step length, foot angle, muscle strength, and
passive hip abduction range.

REFERENCES \

1.

Storer, S.K. and Skaggs, D.L.: Developmental
Dysplasia of the Hip. Am Fam Physician. 74:
1310-1316, 2006.

Sink, E.L.: Developmental dysplasia of the hip.
Practice Update,
www.thechildrenshospital.org.

Klisic, P.J.: Congenital dislocation of the hip--
a misleading term. J Bone Joint Surg [Br]. 71:
136, 1989.

Aronsson, D.D., Goldberg, M.J., Kling, T.F.
and Roy, D.R.: Developmental dysplasia of the
hip. Pediatrics. 94(2 pt 1):201-8, 1994.
[Published erratum in Pediatrics. 94(4 pt 1):
470, 1994.

Hartofilakidis, G., Karachalios, T. and Stamos,
K.G.: Epidemiology, demographics, natural
history of congenital hip disease in adults.
Orthopedics. 23: 823-827, 2000.

Catterall, A.: The early diagnosis of congenital
dislocation of the hip [Editorial]. J Bone Joint
Surg [Br]. 76: 515-516, 1994.

Langkamer, V.G., Clarke, N.M. and Witherow,
P.: Complications of splintage in congenital
dislocation of the hip. Arch Dis Child. 66:
1322-1325, 1991.

Asher, M.A.: Screening for congenital
dislocation of the hip, scoliosis, and other
abnormalities affecting the musculoskeletal
system. Pediatr Clin North Am. 33: 1335-1353,
1986.

Suzuki, S.: Reduction of CDH by the Pavlik
harness. JBJS. 76-B. 460-462, 1994.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

185

Suzuki, S.: Ultrasound and the Pavlik harness
in CDH. JBJS. 75-B. 483-487, 1993.

Song, K.M. and Lapinsky, A.: Determination
of hip position in the Pavlik harness.
J Pediatr Orthop. 20(3): 317-319, 2000.
Kashiwagi, N., Suzuki, S. and Kasahara, Y.:
Prediction of reduction in development
dysplasia of the hip by MRI. J. Pediatric
Orthopaedics. 16(2): 254-258, 1996.

Malvitz, T.A. and Weinstein, S.E.: Congenital
hip dislocation: Review of 152 closed
reductions with 31 year follow up. Orthop
Trans. 12: 573, 1988.

Stoffelen, D., Urlus, M., Molenaers, G. and
Fabry, G.: Ultrasound, radiographs, and
clinical  symptoms in  developmental
dislocation of the hip: a study of 170 patients. J
Pediatr Orthop. 4: 194-199, 1995.

French, L.M. and Dietz, F.R.: Screening for
Developmental Dysplasia of the Hip. Am Fam
Physician. 60: 177-188, 1999.

Abdurrahman, K., Cafer, A., Tunc Cevat, O.,
Kapicioglu, S.M.l. and Mahmut, M.:
Preliminary Traction as a Single Determinant
of Avascular Necrosis in Developmental
Dislocation of the Hip. Journal of Pediatric
Orthopaedics. 20(5): 579-584, 2000.

Zadeh, H.G., Catterall, A. and Hashemi-Nejad,
A.: Test of stability as an aid to decide the need
for osteotomy in association with open
reduction in developmental dysplasia of the
hip. A Long-Term Review. J Bone Joint Surg
[Br]. 82: 17-27, 2000.

Blockey, N.J.: Derotational osteotomy in the
management of DDH of the hip. JBJS. 66: 485,
1984.

Pemberton, P.A.: Pericapsular osteotomy of the
ilium for treatment of congenital subluxation
and dislocation of the hip. JBJS. 47: 65, 1965.
Bohm, P. and Brzuske, A.: Salter Innominate
Osteotomy  for  the  Treatment  of
Developmental Dysplasia of the Hip in
Children. Results of Seventy-three Consecutive
Osteotomies After Twenty-six to Thirty-five
Years of Follow-up. The Journal of Bone and
Joint Surgery (American). 84: 178-186, 2002.

Bull. Fac. Ph. Th. Cairo Univ.,:
Vol ,11 No (2) Jul. 2006


http://www.thechildrenshospital.org/

186

21. Fox, E., Bowers, R. and Foss, M.: The 27. Tesio, L., Civaschi, P. and Tessari, L.: Motion

Physiological Basis for Exercise and Sport. of the center of gravity of the body in clinical
Madison, Brown & Benchmark, 1993. evaluation of gait. Am J Phys Med., 64: 57-70,
22. Stansfield, B.W., Hazlewood, M.E. and 1985.
Hillman, S.J.: Gait is predominantly 28. Matovinovic, D., Nemec, B. and Gulan, G.:
characterized by speed of progression in 5 to Comparison in regression of femoral neck
12 year old normal children. Gait and Posture. anteversion in children with normal, intoeing
10(1): 57, 1999. and outtoeing gait--prospective study. Coll
23. Norman, J.F., Bossman, S., Gardner, P. and Antropol. 22(2): 525-32, 1998.
Moen, C.: Comparison of the Energy 29. Bowen, T.R., Lennon, N., Castagno, P., Miller,
Expenditure Index and Oxygen Consumption F. and Richards, J.: Variability of energy-
Index During Self-Paced Walking in Children consumption measures in children with
with Spastic Diplegia Cerebral Palsy and cerebral palsy. J Pediatr Orthop. 18: 738-742,
Children Without Physical Disabilities. Pediatr 1998.

Phys Ther., 16: 206-211, 2004. 30. Gussoni, M., Margonato, V. and Ventura, R.:
24. Andrews, AW., Thomas, MMW. and Energy Cost of Walking with Hip Joint
Bohannon, R.W.: Normative Values for Impairment. Phys Ther., 70: 295-301, 1990.

Isometric  Muscle Force  Measurements 31. Veicsteinas, A., Aghemo, P. and Margaria, R.:
Obtained With Hand-held Dynamometers Energy cost of walking with lesion of the foot.
Physical Therapy. 76(3), 1996. J Bone Joint Surg [Am]. 61: 1070-1076, 1979.
25. Pedersen, E.N.G., Simonsen, E.B., Alkjer, T. 32. Jari, S., Paton, RW. and Srinivasan, M.S.:
and Sgballe, K.: Walking pattern in adults with Unilateral limitation of abduction of the hip a
congenital hip dysplasia: 14 women examined valuble clinical sign for DDH? Journal of Bone
by inverse dynamics. Acta Orthop Scand. and Joint Surgery [Br]. 84(1): 104-107, 2002.
75(1): 2-9, 2004. 33. Ryan, M.G., Johnson, L.O. and Quanbeck,
26. Cavagna, G.A., Tesio, L. and Fuchimoto, T.: D.S.: One stage treatment of congenital
Ergometric evaluation of pathological gait. J dislocation of the hip in children 3 to 10 years
Appl Physiol., 55: 606-613, 1983. old. Functional and radiographic study. JBJS.

80(3): 337, 1998.
| g gedld) |

&5l Juaba adiy Cbiaall JULYY A A3 o)) anidil)

QXS5 elaal) JEkY) 5 &) ol et adiy Culiaall JUlBU ik o) o laN1 (s 4 5la o) ) sa Alall 2l jall Caa
54l (e Cand) A gane <S5 agiadles o l JUilal 5 Adliae dual (5 ke agiallae < JULY i gl e laY) Al
de sane ) Ao senall @lli Cuand | Bacluse 050 el e g i) 5 aaly caila e @) gl deate ali Clad) (e Slaka (530
e Gaed (e dajlall de penall CupSE L Giad) ol ja) iy s cladle gl Al ol de sana s ddlide dalja ok Leadle o
il gl oY) 8 5 (sl eJshall ¢ yaall) Aaladl (alladll Cua (e Cand) Ao gane Ciliial s (i agd elanal) JULY) (e ik
8 @l shall s 5 laall Calall e asill Cal ad) Ay gl 5 5 shadl) ase 5 ibaall Calall 5 shad Jgha) el il (lay Lo
5 @Y Soall saall 5 dliasll 3l 5 aanSYT Dlgiul Jare (el Lyl a3 5 adill daiay 3y sk e @iy ((oiiall de yu 5 A28
alias) 3 sa gl elana¥l i yall de gana &5l il oLl | (slawal 5 i ya) A all ol il JS @l g &) ) Jeaial (5 puadl
Aliasll 3 8l 5 il de yu g dadall 8 ol ghall sae g5 shadll Joh cululiy Glas Lok @lld g im yall Ao gaaa 8 Ailias) AV 5
gl i ek Lad o yall Ao gana (8 Autlan] A2 53 g i) 3 pm ) Lol <yl 5 ) gl e (521 Y (Sl sl
i ) A ganall w8 Juzadl S gk o)) oY) LS o i pall e same A3l 5 LT i A annsY)
sl Jeatal (5 geail) Sl el g dgliaal) 5 gall g adall il Ay ) 55 shadd) sk ol (laty Lag Glld 5 Liadles

Bull. Fac. Ph. Th. Cairo Univ.,:
Vol ,11 No (2) Jul. 2006



/pmid:9887609
/pmid:9887609
/pmid:9887609

