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Abstract

Locomotion in subjects with Cerebral Palsy is complicated by a variety of deformities and their respective
compensatory mechanisms. Children presenting with cerebral diplegia have reduced range of motion in
their joints, short stride length, and increase in the energy requirement during standing and walking. In
this study instrumented gait analysis data of 14 subjects with cerebral diplegia, prior to intervention was
compared with data from similar analysis after multilevel soft tissue surgery and rehabilitation. Following
intervention there was an increase in the range of motion in the hip and knee joints; stride length, single
limb support and reduction in the energy cost of ambulation. Statistically significant differences were noted
only for the stride length data (p=0.004). Overall the gait was improved by multilevel soft tissue surgery, as
there was an increase in the degrees of freedom of movement in the kinetic chain.
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Introduction against theligament of Bigel ow, andthedomination of the

Cerebral palsy isacondition characterized by aberrant internal rotatorsof thefemur, adductorsof thehipandthe
control of skeletal musclesleadingtodeviationsinposture medial hamstringsover their antagoni stic musclescauses
and gait patterns. atorsiona stresswhichleadstoatorsional deformity over
Asthe body moves along in space, the theoretical center time. “Excessive anteversion of femoral head leads to
of gravity whichisnormally justanterior tothesecondsacral external tibial torsion and pes-valgusin thefoot. Since
vertebral body, moves along a sinusoidal curve with stability inavalgusfoot isreduced the patient |s_unableto
minimumdisplacementinboththevertical andthehorizontl ~ 9enerate adequate extensor moment for extension of the
planes. When the determinants of normal human gait are kneeinthelatter part of stance leadingto acrouch.®
abnormal, compensatory mechanismscomeintoplay. The The quadricepsworksto stabilize the knee mainly inthe
greater the compensation required, greater isthe energy first 20% of the stance phase. The plantar flexor- knee
cost of ambul ation. extensor couple produced by the powerful gastrosoleus
The walking cycle is used to describe the eventsin muscleachievessubsequent stability.

ambulation.* Evaluation of children with cerebral palsy Excessive knee flexion during stance phase leads to
requiresrecording of eventsat thehip, knee, andanklejoints displacement of theground reactionforce (GRF) posterior
inthe saggital plane. Excessivefemoral anteversion can tothekneejoint generating aflexor momentrather thanan
cause malrotation at the hip 2 (pseudo-adduction) leading extensor moment. Toresistthismoment, aninternal muscle
to compensatory changes in the proximal and the distal moment needs to be generated by the contraction of the
joints. quadricepsthroughout stance. Other compensationsthat
Three theories proposed for this are: The persistent fetal keepthecentreof massover thebaseof supportareflexion
alignment?caused by thelax ligament of Bigelow which atthehip, which dlsplaces_theGRF [ nfro_nt of thehipjoint
failsto derotate the progressive ante-version asthe child balanced by the generation of alarge internal muscle
starts weight bearing. Spasticity of the hip flexors and moment by thehip extensors. Innormal subjectswalking

adductors, restrictingthefemoral headfromextendingfully \tl)Vi t?}aself sel eclted speedl, ”_‘UC:: of the_pc;lwer isger;]erate(:
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for limbadvancementisusually contributed by the* pull of f”
by thehipflexors, andlimb stability isachieved by power
generation by the hip extensors.

Inanormal person, walkingand movement providesall the
stretch that is needed to add sarcomeres at the
muscul otendinous unit. 7 Chronic spastic paralysis of a
muscl el eadsto shortening of themuscul otendinousunits.
Theseprocessescontributetodeformitiesandtheinternal
muscle moment generation asacompensatory mechanism
increasestheenergy requirement aswell astheexcessive
loading of the hip and knee joints during standing and
walking.

Single event multilevel soft tissue surgery for spasticity
control 8isoneof theoptionsfor reducingthedeformities.
Following surgery, muscle strengthening exercises and
orthotic devicesareusedtoimproveambulation.

Objectives

Todeterminethechangesinthegait parametersof persons
with Spastic Diplegia, after single event multilevel soft
tissue surgical intervention and progressive training for
ambulation.

Materials and M ethods

Design: Retrospectivedatafrominstrumented (Sel spot &
Phase SpaceM otion Capturing Systems, MotionLabEM G
System and Kistler force plate) gait analysis of children
with spasticdiplegiaprior to, andfollowingintervention.

Inclusion criteria: Fourteen subjects diagnosed to have
spastic diplegia who underwent gait analysis at self
selectedwalking speed prior to, andfollowingintervention.

Intervention: (i) Singleevent multilevel selectivespasticity
control surgery: psoasand adductor longustenotomy and
gracillismyotomy at thehip; fractional lengthening of the
medial and lateral hamstrings and tenotomy of the
semitendinosusmuscleat thekneeand Hoke' slengthening
fortheTendo Achillesat theankleasindicated by clinical
evaluation, Gait Analysis and examination under
anaesthesia. (ii) Comprehensive rehabilitation with
occupational therapy, physiotherapy and specific tone
inhibiting orthosesasindi cated for each patient

Repeat gait analysis was done once independent
ambulationwasachieved.

Outcome measures: Stride length, single limb support,
range of movement at the Hip, range of movement at the
kneeand physiological costindex

Statistical analysis: Paired t test was used for continuous
normally distributed dataand Wil coxon’ssigned rank test
was used for the skewed data.

Results
Fourteen patientsfulfilled theinclusioncriteria(11 males,

3females). Thedetailsarepresentedin Table 1. Themean
ageat thetimeof interventionwas8years. Themeantime
togait analysisfollowing surgery was?2 years. Themean
difference in the outcome measures is depicted from
Figures1to4. Therewasanincreaseintherangeof motion
inthehipandkneejoints, stridelength, singlelimb support
andreductioninthephysiological costindex. Statistically
significant differenceswerenoted only for thestridelength
data(p=0.004).

Table 1 : Patient Details

Pa  Agedt Gait Gait
fient Inever Gaxlr Diagnoss  Andyss- Andyss-

No  tion Pre Interver+ Podt
(yeary Intever  tion Interven

tion Dde tion
1 B Mde Dipega 0908199 1310199 (BE20R
2 6 Mde Dipega 19199 1210199 06062001
3 3 Mde Dipega 22-12199 1901-2000 1010200
4 3 Mde Dipega 10832000 220832000 1607202
5 7 Mde Dipegga 22032000 20032000 30102001
6 4 Mde Digega 18122000 13062001 1603204
7 6 Farde Dipega 20042001 0BO52002 06032006
8 8 Mde Dipega 10062001 1506202 (104208
9 6 Mde Dipega 3062001 21062001 2706202
0 8 Farde Digega 19082002 21082002 1509204
n 8 Mde Digega 1300202 18092002 1103204
2 1 Farde Targlega 28112002 04122002  17-11-208
B 1 Mde Digegga 1906208 1106208 06062004
u 7 Mde Digegga 1206204 16062004 206206

Stride Length Normalised by Height
before and after intervention

0.80 -
0.59 0.57
0.47 0.5
EPre OP
0.40
O Post OP
0.00 T |
Right Side Left Side

Therewassignificant improvement (p=0.004) inthe stride
length normalized by height, after theintervention.

Single Limb Support (%) before and

after intervention
m Pre OP
20 - 0 Post OP
0
Right Side Left Side

(4)




Single limb support increased on the left and right side
following intervention but the changes observed were
not statistically significant.
Rangeof movement of thehip and thekneebefore
and after intervention

Range of Movement of Knee
(degrees)

Range of Movement of Hip (degrees)

il

Right Side

39 41

W

Right Side

25 26

E| Pre OP
[m] Post OP

Left Side

Left Side

Therewas an increase in the range of motion in both the
hip and the knee joints, however this increase was not
dtatistically significant.

Physiological cost index beforeand after theintervention

3.0 ~
2.10
2.0 A
1.45 mEPre OP
O Post OP
1.0 A
0.0 T )
Pre OP Post OP

The physiological cost index was cal cul ated by measuring
the difference in maximal heart rate after walking 25m
from resting heart rate divided by the walking speed.
Therewasreduction in the Physiological cost index after
the intervention but the change was not statistically
significant. (p=0.432)

Discussion

Subjectswith central motor dysfunction often demonstrate
decreased walking speed, decreased stride length, and
increased energy consumption. Early comprehensive
rehabilitation helpsto correct or prevent progression of
the fixed structural deformities in the muscul oskeletal
system. Thisinturnleadsto better anbulation and greater
independencein carrying out activities of daily living.
Singleevent, multilevel selective spasticity control surgery
helps in increasing the effective length of the
muscul otendinous unit and thereby resetsthe existing tone
in that specific muscle which in turn causes general
reductionintheirradiation of afferentsinthe spinal cord
helping overall reduction of spasticity.

This study supports the benefit of multiple soft tissue
releases in these subjects, as there was significant
improvement in their stride length and marginal
improvement in the other outcome measures. Thepossible
explanation for the increase in stride length but not hip
and knee range of motion isthat the small, insignificant
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changesin the hip and knee range of motion added up to
asignificant changein the stride length. Another possible
explanation is that in this study pelvic rotations in the
saggital plane were not measured and the change in the
stride length may have been largely due to pelvic
compensations. (The pelvic measurements were only
possible after we upgraded our equipment.) Single limb
support increased on the left and right side following
intervention, suggesting some improvement in balance
and voluntary control inthelower limbs asalso evidenced
by thedropinthephysiological costindex post operétively.
These results were not statistically significant because
of thesmall population studied. Though all of the subjects
were diagnosed to have cerebral diplegia, they had
variable degrees of spasticity, deformities, and voluntary
control and therefore the group was not completely
homogenous. M easurement errors® from inconsistencies
in the placement of the LED markers over bony
prominence of the subjects could have affected the
reliability of joint angle measurements. Thiswashowever
minimised by evaluating the range of motion at thejoint
instead of the peak values. The outcome in a particular
patient depends not only on the surgery done but also on
the effectiveness of therapy and compliance of the
subjectsin theuse of orthoses. Theseinterventionswere
not controlled in the study and so may explain thelack of
significant change in some of the gait parameters.

Further studiesare needed with larger, more homogenous
sample sizes and with controlled rehabilitation programs
to study the effectiveness of single event multilevel soft
tissue surgery in children with spastic diplegia.

Conclusion

Therewassignificant increasein stride length after single
event multilevel soft tissue surgery in childrenwith spastic
diplegia Therewasanincreasein theindividual range of
motion at the hip and kneejoints, single limb support and
the physiological cost index of walking. However these
changeswere not statistically significant.
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