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C E R E B R A L  PA L S Y  ( C P )

• a BRAIN disease with musculoskeletal pathology 

• 2/1000 live births 

• Heterogeneous disorder of movement and posture 

• Characterized by changes in muscle tone, muscle weakness, involuntary 
movements, ataxia, or a combination 

• Three distinctive features common to all CP patients: 

1. Some degree of motor impairment 

2. Insult to the developing brain 

3. A neurological deficit that is NONPROGRESSIVE



G R O S S  M O T O R  F U N C T I O N  C L A S S I F I C AT I O N  S Y S T E M
T H E  “ G M F C S ”
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G M F C S :  C L I N I C A L  I M P O R TA N C E

M E A N  F E M O R A L  N E C K  
A N T E V E R S I O N  ( F N A )

M E A N  F E M O R A L  N E C K - S H A F T  
A N G L E  ( N S A )

R I S K  O F  H I P  
D I S L O C AT I O N

3 0 1 3 6 S A M E  A S  N O R M A L

3 6 1 4 1 1 5 %

4 0 1 4 9 4 1 %

4 0 1 5 5 6 9 %

4 0 1 6 3 9 0 %



M O T O R  D E V E L O P M E N T  M I L E S T O N E



G E O G R A P H I C  C L A S S I F I C AT I O N
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M O T O R  D I S T U R B A N C E  C L A S S I F I C AT I O N
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R I S K  FA C T O R S
M AT E R N A L  

• S E I Z U R E  D I S O R D E R  
• M E N TA L  

R E TA R D AT I O N  
• P R E V I O U S  

P R E G N A N T  L O S S  
F E T U S  

• G E N E T I C  D I S O R D E R  
( M O S T  C O M M O N )  

P R E G A N C Y  
• R H  I N C O M PAT I B I L I T Y  
• P O LY H Y D R A M N I O S  
• P L A C E N TA L  

R U P T U R E  
• D R U G  O R  A L C O H O L  

E X P O S U R E  
E X T E R N A L  FA C T O R S  

• T O R C H  S Y N D R O M E

D E L I V E RY  
• B I R T H  A S P H Y X I A  
• T R A U M A  
• O X Y T O C I N  A U G E M E N TAT I O N  
• U L B I L I C A L  C O R D  P R O L A P S E  
• B R E E C H  P R E S E N TAT I O N  
• L B W  <  1 5 0 0  G  ( I N C I D E N C E  

6 0 / 1 0 0 0 )  

F R A G I L I T Y  O F  T H E  
P E R I V E N T R I C U L A R  V E S S E L S

P E R I N ATA L  
( B I R T H - A  F E W  D AY S )

P R E N ATA L

H Y P O X I C  I S C H E M I C  E N C E P H A L O PAT H Y  
• M E C O N I U M  A S P I R AT I O N  
• P E R S I S T E N T  F E TA L  C I R C U L AT I O N  

I N F E C T I O N  ( G R O U P  B  S T R E P T O C O C C U S  &  H E R P E S )  
• E N C E P H A L I T I S  
• M E N I N G I T I S

S I G N I F I C A N T  M O T O R  D E V E L O P M E N T:  A G E  2  Y E A R S

P O S T N ATA L
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S P E C I A L  T E S T S  
• T R E N D E L E N B E R G E  
• S I LV E R S K I O D  
• T H O M A S  
• S TA H E L I  
• O B E R  
• D U N C A N - E LY  

P H Y S I C A L  E X A M I N AT I O N

O B S E R VAT I O N  
• G A I T  
• P O S T U R E  
• S P I N E  D E F O R M I T Y  
• P E LV I C  O B L I Q U I T Y  
• T O R S I O N A L  A B N O R M A L I T I E S A S S E S S M E N T  

• S O F T  T I S S U E  C O N T R A C T U R E :  
R O M  

• H I P  
• K N E E  
• A N K L E  

• T O N E  A N D  R E F L E X  
• S E N S O RY  E VA L U AT I O N
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D I A G N O S I S

• History: prenatal, perinatal and post natal 

• Developmental milestones 

• Physical examination



G O O D  A N D  P O O R  P R E D I C T O R S
P R O G N O S T I C  FA C T O R

A M B U L AT I O N  P R E D I C T I O N  

• Independent ambulation: sitting 
independently by age 2 years 

• unlikely Will ever walk wihtout 
assistance: cannot sit independently by 
age 4 years 

• Unlikely will ever walk at all: has not 
learned to walk by age 8 years

B L E C K ’ S  P O O R  P R O G N O S T I C  S I G N S  F O R  
WA L K I N G  

• An imposible asymmetrical tonic neck reflex 

• Persistent Moro reflex 

• Strong extensor thrust on vertical suspension 

• Persistent neck-righting reflex 

• Absence of normal parachute reaction after 
11 month.

P E R S I S T E N T  O F  P R I M I T I V E  R E L E X E S



G A I T  PAT T E R N  I N  C P
O B S E R VA T I O N  I :  G A I T

development of myotatic muscle con-
tractures (ie, fixed, anatomic shorten-
ing), persistent fetal alignment of the
long bones (eg, increased femoral
anteversion), and skeletal segmental
malalignments (eg, equinoplanovalgus
foot). Tertiary gait deviations are
compensations for the consequences
of primary or secondary gait devia-
tions involving either the ipsilateral or
contralateral limb and may be sub-
divided into deviations that are sus-
tainable (eg, can be used indefinitely,
such as vaulting for clearance) and
those that are not sustainable (eg, are
extremely energy inefficient; cause
anatomic damage over time, such as
knee hyperextension as a result of
excessive ankle plantar flexion or
quadriceps weakness; or become fixed
deformities over time).
Classification of gait deviations pro-

vides insight into the underlying causes
of gait disruption and may guide man-
agement.16,17 Primary gait deviations
are best managed by pharmacologic
and neurosurgical interventions that
directly address impairment elements
of the underlying CNS injury or
abnormality (eg, intrathecal baclofen

pump to control abnormal muscle
tone that causes a child with CP to
walk on his or her toes). Secondary
gait deviations are best managed by
orthopaedic surgery that directly ad-
dresses impairment elements, such as
myotatic muscle tendon unit con-
tractures and skeletal malalignments
(eg, fractional lengthening of the ankle
plantar flexor muscle group to correct
a contracture that causes a child with
CP towalk on his or her toes). Tertiary
gait deviations that are sustainable
should be recognized as efficient
methods of compensation and there-
fore embraced by the patient, family,
and care team. Tertiary gait deviations
will resolve spontaneously after iden-
tification and management of the
underlying primary or secondary gait
deviation (eg, resolution of increased
anterior pelvic tilt after lengthening of
the knee flexor muscle groups to cor-
rect a contracture that causes a child
with CP to walk with excessive knee
flexion). Surgical interventions selected
to directly address tertiary gait devia-
tions rarely succeed because the
underlying causes of the deviation
remain present.

Common Gait Disruption
Patterns

Sagittal Plane
Gait disruption patterns in the sagit-
tal plane are best classified in a hier-
archicalmanner, with the first level of
distinction being between stance
phase and swing phase (Figure 2). In
stance phase, the second level of
distinction is between normal, jump,
and crouch gait. The latter two gait
patterns are differentiated by the
foot contact pattern with the floor.
Jump gait is characterized by the loss
of heel strike at initial contact, with
a toe contact pattern for the duration
of the stance phase.5 Jump gait may
be further subdivided into true
equinus and apparent equinus pat-
terns. True equinus is characterized
by plantar flexion of the foot relative
to the tibia. In apparent equinus, the
foot appears to be in plantar flexion
(ie, relative to the floor) but is actu-
ally normally aligned relative to the
tibia.9 True equinus may be further
subdivided into three patterns based
on the sagittal plane knee and hip

Figure 2

Hierarchical classification of common gait disruption patterns in the sagittal plane. Surgical interventions are appropriate for
primary and secondary deviations associated with the patterns highlighted in green. Surgical interventions are not
appropriate for tertiary deviations associated with the patterns highlighted in red.
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Review Article

Identification of Common Gait
Disruption Patterns in Children
With Cerebral Palsy

Abstract

Identification and classification of common gait deviation patterns in
childrenwithcerebral palsy facilitatescommunicationbetweenhealthcare
providers, provides insight into thenatural historyof functional ambulation,
guides clinical decision making, and clarifies outcomes assessment.
Previous classification schemes have been based on experiential and
intuitiveapproachesorsystematicandanalytical approaches.Thecurrent
gait disruption classification system has been refined to incorporate the
mostclinicallyusefulaspectsofprevioussystems.Thisparadigmuses the
concept of primary versus compensatory deviations to identify common
patterns and common causes for these patterns. The primary sagittal
plane patterns include jump, crouch, and stiff gait. The primary transverse
plane patterns include internal, external, and neutral progression gait.
Apparent coronal planedeviationpatternsareusually theconsequenceof
sagittal and transverse plane deviations seen out of plane. Individualized
assessment is essential because of the great variation in and
combinations of possible patterns.

Human gait patterns are remark-
ably consistent within and

betweenpersons.These patterns reflect
the most energy-efficient locomotion
mechanisms, given the anatomic con-
straints of bipedal gait and the
mechanical constraints imposed by
gravitational and inertial forces.1 As
a result of this consistency, it is pos-
sible to identify the development and
mature characteristics of normal gait.2

An understanding of normal gait al-
lows for the definition of gait disrup-
tion patterns associated with a wide
variety of pathophysiologic processes.
Identification and classification of
common gait disruption patterns sup-
port clinical decision making and out-
comes assessment.Dual process theory
posits two systems of diagnostic rea-
soning: type 1, which is experiential
and intuitive; and type 2, which is sys-
tematic and analytical.3 Early efforts

to classify gait disruption patterns in
children with cerebral palsy (CP) were
based on type 1 processes.4-6 These
systemswere developed and have been
modified through pattern recognition
of data collected from the physical
examination, observational gait anal-
ysis, kinematics, kinetics, and dynamic
electromyography, and are typically
categorical and horizontally inte-
grated.7-9 However, application of
a hemiplegic gait pattern classification
system to other cohorts of patients
with hemiplegic CP failed to classify
23% to 43% of patients, reflecting
poorly defined classification logic
statements as well as the challenge of
applying categorical classification
across a continuous clinical spectrum
of gait patterns.10,11

Subsequent efforts to classify gait
disruption patterns in children with
CP have been based on type 2
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angle (ie, medial orientation of the
long axis of the foot relative to the line
of progression of gait). The external
progression pattern is characterized by
an external foot-progression angle (ie,
lateral orientation of the long axis of
the foot relative to the line of pro-
gression of gait). Both internal and
external progression patterns may be
subdivided into single-level and multi-
level patterns. The neutral progression
pattern is characterized by a neutral
foot-progression angle (ie, orientation
of the long axis of the foot that is
comparable to the line of progression
of gait) and can be divided into normal
and off-setting patterns (the latter is
also known as miserable malalign-
ment) (Figure 6).
Stance phase, internal progression,

single-level patterns and stance phase,
external progression, single-level pat-
terns may be the consequence of pri-
mary (eg, spasticity) or secondary (eg,
skeletal torsional and segmental mala-
lignments) deviations at the foot/ankle,
knee, or hip. Single-level surgical man-
agement (ie, tibial rotation osteotomy)
is appropriate for these gait deviation
patterns.30 Stance phase, internal
progression, multi-level patterns and
stance phase, external progression,
multi-level patterns may be the con-
sequence of primary (eg, spasticity) or
secondary (eg, skeletal torsional and
segmental malalignments) deviations

at more than one level. Stance phase,
external progression, multi-level pat-
terns may also be the consequence of
tertiary deviations related to body
habitus (eg, fat thighs resulting in hip
abduction and external rotation dur-
ing gait). Appropriate management of
the multi-level internal progression
pattern should include single-event
multi-level surgery that simulta-
neously addresses all of the identified
primary and secondary gait deviations.
Comprehensive surgical management
of the multi-level external progression
pattern is rarely considered because of
the inability to successfully address the
obesity component.
Stance phase, neutral progression,

off-setting pattern is usually the con-
sequence of secondary (eg, skeletal
torsional malalignments) deviations
at the hip (eg, increased internal hip
rotation as a result of increased fem-
oral anteversion) and knee (eg,
increased external knee rotation as
a result of increased external tibial
torsion). Appropriate management
of this pattern consists of single-event
multi-level surgery that simulta-
neously addresses all of the identified
secondary gait deviations.31

Coronal Plane
True coronal plane gait disruption
patterns in children with CP are

unusual and are generally of minimal
magnitude and functional signifi-
cance. Most of the visualized coronal

Figure 5

Hierarchical classification of common gait disruption patterns in the transverse
plane. Surgical interventions are appropriate for primary and secondary deviations
associated with the patterns highlighted in green. Surgical interventions are not
appropriate for tertiary deviations associated with the pattern highlighted in red.

Figure 6

Illustration of the stance phase,
neutral progression, gait disruption
pattern. The foot-progression angle
(dashed arrow) of the reference limb
is comparable to the line of gait
progression (solid arrow). Internal
rotation of the hip, related to increased
femoral anteversion (ie, transverse
plane), is offset by external rotation at
the knee, related to increased
external tibial torsion (ie, transverse
plane), resulting in a neutral foot-
progression angle. This gait disruption
pattern may compromise patellar
tracking and knee loading.
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P O S T U R E
O B S E R VA T I O N  

CHAPTER 33 CEREBRAL PALSY 1215

adduction deformity, although often both coexist in the same 
patient. Children with flexion-internal rotation deformity sit 
with a wide base of support in the W position: hips flexed 
90 degrees and maximally internally rotated, knees maxi-
mally flexed, and feet externally rotated (Fig. 33-8). With 
flexion-internal rotation deformity, femoral anteversion and 
external tibial torsion are increased, and planovalgus feet are 
present. With a true adduction contracture, these secondary 
deformities in the femoral neck, tibia, and feet are absent.

At the time of hip surgery, contractures around the 
knees and ankles also should be corrected. Single-stage 
multilevel procedures are preferable to staged single-level 
procedures because hospitalization, immobilization, and 
rehabilitation time and the number of anesthetic exposures 
are decreased. Single-stage procedures also minimize the 

effects of surgery on social interaction and education. Hip 
flexion contractures from 15 to 30 degrees usually are treated 
with psoas lengthening through an intramuscular recession 
over the pelvic brim, especially in ambulatory children in 
whom complete iliopsoas release at its insertion may lead 
to excessive hip flexion weakness and difficulties with clear-
ance of the foot during the swing phase of gait. Contractures 
of more than 30 degrees may require more extensive releases 
of the rectus femoris, sartorius, and tensor fasciae latae and 
the anterior fibers of the gluteus minimus and medius, in 
addition to the iliopsoas. Because they span two joints, 
Root suggested that the tensor fasciae latae and rectus femoris 
and the anterior fibers of the gluteus medius and minimus 
were the true cause of flexion deformity, rather than the 
iliopsoas. When he divided all of these structures, there 
was no recurrence of deformity; when he did not release 
them all, a flexion deformity of approximately 15 degrees 
persisted. This technique, because of its extensive nature, 
may be more suitable for large deformities, and isolated 
iliopsoas lengthening may be better suited for smaller ones.

ADDUCTION DEFORMITIES

Adduction is the most common deformity of the hip in chil-
dren with cerebral palsy. Adduction contractures can cause 
various difficulties, including scissoring of the legs during 
gait, hip subluxation, and, in severely affected children, dif-
ficulty with perineal hygiene. For mild contractures, an 
adductor tenotomy usually is sufficient; more severe contrac-
tures often require release of the gracilis and the anterior half 
of the adductor brevis. Adductor tenotomies usually are done 
bilaterally to prevent a “windswept” pelvis. Immediately after 
surgery, a program of physical therapy and abduction bracing 
is begun.

FIGURE 33-7 Typical crouch posture caused by flexion defor-
mities of hips or fixed flexion deformities of knees. 

FIGURE 33-8 W position. 

ADDUCTOR TENOTOMY AND RELEASE
Adductor tenotomy is indicated for a patient with a mild 
adduction contracture, as indicated by a scissoring gait or 
early hip subluxation. This procedure should be done early 
because damage to the developing acetabulum from 
abnormal hip muscle forces is greatest before 4 years of 
age. The ideal candidate for soft tissue lengthening is an 
ambulatory child younger than 8 years, and preferably 
younger than 4 years, who has hip abduction of less than 
30 degrees and a migration index of less than 50%. Neu-
rectomy of the anterior branch of the obturator nerve 
should be avoided to prevent iatrogenic hip abduction 
contracture. Miller et al. reported the results of adductor 
release in 147 hips (74 children) with hip abduction of less 
than 30 degrees or migration index of more than 25%. At 
an average follow-up of 39 months, 54% of hips were 
classified as good, 34% as fair, and 12% as poor based on 
the migration index. A longer-term study by Turker and Lee, 
with an 8-year average follow-up, showed that 58% of 
patients required a second surgical procedure, indicating 
that, although still beneficial, early soft tissue release alone 
may be insufficient to prevent long-term hip subluxation 
and dislocation. It may delay major bony surgery, however, 

ml CHAPTER 14 I CEREBRAL PALSY 

A B 

FIGURE 14-23. A and B: Sagittal and coronal views of a 1 0-year-old boy with spastic diplegia showing the characteristic 
musculoskeletal pathology. The sagittal view shows jump alignment widl mild equinus at the ankle and significant flexion 
deformities at the hip and knee. In the coronal plane, there is internal rotation of both femora, external rotation deformities in 
both tibiae resulting in a malignant malalignment• that is asymmetric. The external foot progression angle is a combination of 
external tibial torsion and pes valgus. 

both recurrence and overcorrection (95). The more proximal 
operations on the gasttocsoleus are the most stable and safest 
in terms of avoiding calcaneus (162, 179-181) (Fig. 14-23). 

Surgical Technique (Strayer). With the patient in the 
prone position, a posteromedial incision, 2 to 3 em long. is 
made, centered over the musculotendinous junction of the gas-
trocnemius. The deep fascia is divided longitudinally, and the 
sural nerve and lesser saphenous vein are identified and pro-
tected. The plane between the gastrocnemius and the soleus 
is identified from the mediaJ. side and developed by blunt 
dissection. Once the two layers have been separated, the apo-
neurosis of gastrocnemius is divided tra.nsversely, the muscle 
bellies are allowed to recess proximally and are then sutured 
in the appropriate position (ankle in neuttal, knee in exten-
sion). If the range of dorsifle:x:ion is still limited to less than 
plantigrade, with the knee in extension, the fascia overlying the 
muscle belly of soleus can be divided transversely. After wound 

closure, a below knee cast is applied, with the ankle at neuttal. 
This remains in place for 6 weeks and is then replaced by an 
ankle foot orthosis. This surgery is inherently stable and imme--
diate weight bearing is encouraged (133, 151, 162, 182, 183) 
(Flg. 14-24A,B). 

Foot and Ankle: Bony Surgery. Equinus leads to exces-
sive loading of the forefoot and with time may cause breaching 
of the midfoot. A series of complex segmental malalignments 
of the midfoot, hindfoot, and forefoot devdops refetted to 
as pes c:quinoplanovalgus, pes planoabductovalgus, or simply 
.. pes valgus." The component parts are valgus of the heel, pro-
nation of the midfoot with flattening of the medial. longitudi-
nal arch, pronation and abduction of the forefoot with hallux 
valgus (Figs. and Symptoms may include 
pain and callosities over the collapsed medial arch, particu-
larly the head of the talus. This leads to pain, inability to wear 
AFOs, and discomfort in shoes. Evaluation includes the usual 
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D U N C A N - E LY  T E S T
S P E C I A L  T E S T:  E X T E N S I O N  T H I G H N E S S

M E T H O D  
A. P R O N E  P O S I T I O N  
B. T H E  L O W E R  L E G  I S  B R O U G H T  I N T O  

F L E X I O N  
C. T H E  K N E E  F L E X I O N  A N G L E  I S  

M E A S U R E D  
• The point at which the hip rises or 

resistance is felt by the exminer 
I N T E R P R E TAT I O N  
• A S S E S S  R E C T U S  F E M O R I S  T H I G H N E S S

receiver operator characteristics (ROC) curves were evalu-
ated to determine sensitivity and specificity. Sensitivity was
the true positive rate and specificity was 1 minus false-posi-
tive rate of validity when the peak knee flexion in the
swing phase, the knee range of motion total, or timing of
peak knee flexion in the swing phase of gait analysis was
abnormal. The cut-off value was determined at the point
of trade-off between the highest sensitivity and specificity.
The ROC curve provides a graphical illustration of these
trade-offs at each cut-off for any diagnostic test that uses a
continuous variable.18 Physical examination findings were
compared at three key kinematic data points, which were
derived from the 3DGA and were commonly used for
determining the RFT outcomes: (1) peak knee flexion in
the swing phase; (2) knee range of motion total (i.e. the
range of motion from the maximum extension in the stance
phase to peak flexion in swing);19 and (3) timing of the
peak knee flexion in the swing phase (as a % of the swing
phase).20,21 A few days before surgery, 3DGA was per-
formed using a Vicon 370 system (Oxford Metrix, Oxford,
UK), which was equipped with seven cameras and two
force plates. Markers were placed by a single operator
according to the Helen Hayes marker set.22 Kinematic data
were corrected as patients walked barefoot on a 9m walk-
way during an interval of approximately 30 seconds. Three

trials were averaged to determine the values of the index
variables.

The measurement of each patient’s 3DGA was com-
pared with the data in normal23 gait to assess the cut-off
values for the peak knee flexion in the swing phase, knee
range of motion total, and timing of peak knee flexion in
the swing phase. Gait parameters were considered abnor-
mal at values of one standard deviation (SD) above or
below the mean of the normal value.

Statistical methods
Descriptive analysis of the entire data set was performed,
which yielded data, including the average and SDs or
proportions. The data were assessed for normality using
a Kolmogorov–Smirnov test. Prior precision power
analysis, which is used in studies estimating a parameter
at a fixed confidence level, was performed to identify the
minimal sample size required for the analysis. This study
was designed to enable the intraclass correlation coeffi-
cients (ICCs) of reliability to be calculated at a target
value of 0.8. In addition, we used the approximation by
Bonett.24 Accordingly, when we set the width of the
95% confidence interval (CI) to 0.2 for the three exam-
iners, the minimal sample size was calculated to be 36.
The ICCs and 95% CI were used to summarize the in-

(a)

(b)

(c)

Figure 1: The estimated knee flexion angle during the Duncan-Ely test. (a) With the patient in the prone position; (b) the lower leg is brought into flex-
ion; (c) the knee flexion angle (i.e. the point at which the hip rises or resistance is felt by the examiner) is measured.

Reliability and Validity of the Duncan-Ely Test Seung Yeol Lee et al. 965

ity by comparing it with 3DGA. Our findings indicate that
the Duncan-Ely test shows excellent reliability in fast knee
flexion velocity. In terms of validity, the Duncan-Ely test
shows good sensitivity and specificity compared with
3DGA as a preoperative assessment of rectus femoris spas-
ticity in patients with CP.
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S I L F V E R S K I O L D
S P E C I A L  T E S T S

cannot be increased by knee flexion the gastrocnemius is
not responsible for the impaired ADF.
Consequently, any clinical test investigating MGT

compares ADF with the knee extended to ADF with the
knee flexed. This procedure was first described in 1923
by Nils Otto Silfverskiöld, an Swedish orthopedic
surgeon [15].
In the literature, numerous tests are described to assess

ADF. These tests can be categorized into non weight-
bearing [3,16], weightbearing [17,18], and instrumented
[19,20]. In everyday practice non weightbearing measure-
ments are most commonly performed [21]. Nevertheless,
evidence suggests a higher intra- and interrater reliability for
weightbearing compared to non weightbearing measure-
ments [17,18,21-23]. Furthermore, maximum ADF signifi-
cantly differs from weightbearing to non weightbearing [23].
Independent of the test applied, no standard has been

defined for the degree of knee flexion needed to eliminate
the effect of the musculus gastrocnemius on ADF. Most
studies conducting non weightbearing measurements
applied a knee flexion of 90° [3,7,16]. On the contrary,
most weightbearing measurements do not control for
knee flexion [16,23]. Furthermore, weightbearing measure-
ments with 90° knee flexion are not feasible. Conse-
quently, it is of upmost importance to identify the
minimal required degree of knee flexion to eliminate the
effect of the musculus gastrocnemius on ADF.

To our best knowledge the degree of knee flexion
needed to eliminate the restraining effect of the gas-
trocnemius on ADF is unknown. Therefore, the aim of
this study was to identify the influence of varying
amounts of knee joint flexion on ADF.

Methods
Study design and population
The study was approved by the local ethics committee
of the University of Munich (# 007-14). Both ankles of
20 healthy individuals, aged 18 - 40 years, 50% female,
were tested according to a standardized protocol, follo-
wing screening and informed consent. The inclusion and
exclusion criteria are presented in Table 1.

Measurement procedure
ADF measurements were conducted both weightbearing
and non weightbearing at different degrees of knee flexion
and in a lunge position, following a standardized protocol.
Each measurement was performed by two investigators
(SFB, HP), blinded to each other’s results. A standard goni-
ometer (MDF Instruments USA, Inc. Malibu, CA, USA)
with 2° increments and 20 cm length was used. Anatomical
measurement landmarks were the long axis of the fibula
and the fifth metatarsal bone [16,24-27], which were
marked prior to testing [24,28]. A functional brace
(Medi M4, Medi GmbH & Co. KG, Bayreuth, Germany),

Figure 1 Schematic illustration of the anatomical and testing principles of the relation between ankle dorsiflexion and the knee position.

Table 1 Inclusion and exclusion criteria
Inclusion criteria Exclusion criteria

Age: 18 to 40 years Prior injuries to the knee, ankle or foot

Informed consent Knee, ankle or foot pain within the last 2 years

Subjects can read and understand German History of ankle trauma or surgery

Impaired knee range of motion

Conditions/systematic diseases possibly affecting the neuromuscular or musculoskeletal system

Pregnancy [anamnestic]

Cardiovascular diseases including thrombosis

Regular medication excluding contraceptives

Subject is unable to give informed consent

Baumbach et al. BMC Musculoskeletal Disorders 2014, 15:246 Page 2 of 7
http://www.biomedcentral.com/1471-2474/15/246
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General 

Permanent 

Focal 

RGURE 14-10. The spasticity compass as a guide to movement 
disorder management in CP. Interventions are classified on the north-
south axis according to whether they are ·general" or •toea!" in their 
action. They are also classified on the east-west axis as to whether 
they are "permanent" or "reversible." (From Gallagher C, Sheedy M, 
Graham HK. Integrated management with bobJiinum neurotoxin A. 
In: Panteliadis CP. ed. Cerebral palsy. A multidisciplinary approach. 
Munchen. Germany: Dustri-Verlag; 2011 :21 with permission.) 

spastic diplegia. The principal effects are on the lower limbs 
although there may be minor effects on the upper limbs. 
The position on the grid is therefOre permanent and half way 
between general and focal (87, 88) (Fig. 14-10). 

Oral medications used fur the management of spasticity 
in children with CP include diazepam, bado&n, danttolene 
sodium, and cizanidine • .Artane and vdopa are used in dysto-
nia. All are limited in usefulness by a combination of limited 
benefits and side effects. They have been extensively reviewed 
in several recent publications (84, 89). 

The limited lipid solubility ofbaclofen when administered 
orally can be overcome by intrathecal administration using a 
programmable, battery-operated implantable pump connected 
to a catheter and delivery system to the intrathecal space (86). 
This is an invasive procedure with associated morbidity and 

mortality (38, 39, 88). However, it is the most efrective cur-
rent method awil.able for the management of severe spasticity, 
dystonia, and mixed movement disorders in CP and a num-
ber of other conditions including spasticity of spinal origin 
and acquired brain injwy. The role of ITB has been reviewed 
extensively in several recent publications (86, 88). 

Chemodenervation is useful in the management of focal 
spasticity and dystonia. Phenol neurolysis was much more 
widely utilized before the introduction of Botulinum neuro-
toxin A (BoNT-A). The principal limitation on its use is pain 
at the site of injection and post injection dysesthesia. Phenol 
is not selective and has the same effect on sensory nerve fibers 
as motor fibers. The principal indications are neurolysis of the 
musculocutaneous nerve fur elbow flexor spasticity and the 
obturator nerve fur adductor spasticity. These nerves have lim-
ited sensory distribution (84, 90). 

BOnJLINUM NEUROTOXIN A IN CEREBRAL 
PALSY 
Injection of skd.etal muscle with BoNT-A results in a dose-
dependent, reversible chemodenervation, by blocking presyn-
aptic release of acetylcholine at the neuromuscular junctions 
(84). Because of the toxin's rapid and high-affinity binding to 
receptors at the neuromuscular junctions of the target muscle, 
little systemic spread occurs. Neurotransmission is restored 
first by sprouting of new nerve endings, fOllowed by the origi-
nal nerve endings regaining their ability to release acetylcholine 
(91, 92). BoNT-A may be useful in children with CP to man-

dynamic gait problems and to delay the need fur orthopae--
dic surgery until the child is older (Fig. 14-11). 

Spastic Equinus. The most conunon and most important 
indicu:ion for BoNf-A thaapy in children with CP is the injec-
tion of the gastrocsoleus for spastic equinus (93, 94). Before wide-
spread use ofBoNT-A for spastic equinus, the majority of children 
with CP who walked on their toes had a lengthening of their 
Ach.illes' tendons by age 4 to 6 years (95). This resulted in crouch 
gait that was much more disabling than the original equinus gait. 

RGURE 14-11. The CP musculoskeletal manage-
ment algorithm. Neurolytic blocks. botulinum toxin A. 
and phenol are used in younger children with spastic-
ity. Under the age of 6 years. the only surgery required 
is preventive hip surgery. Surgery for contracture and 
bony torsion is most often required between the ages 
of 6 and 12 years by which stage the role of Botulinum 
toxin is very limited. (From Gallagher C, Sheedy M, 
Graham HK. Integrated management with botulinum 
neurotoxin A. In: Panteliadis CP. ad. Cerebral palsy. 
A multidisciplinary approach. Munchen. Germany: 

CP: Musculoskeletal Management Algorithm 

Dustri-Verlag; with permission.! 
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• Early: Diagnosis, information 

• Young children: orthotics, walking 
aids, tone management 

• School age children: possible 
tendon or bone surgery in ambulatory 
patients 

• Nonambulators: hip surgery, scoliosis 
management
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children have greatly reduced levels of activity because of 
weakness and poor balance (30). In animal models of CP, 
such as the hereditary spastic mouse, there is failure of longi-
tudinal muscle growth, in relation to bone growth. Affected 
mice develop equinus deformities because of a failure of lon-
gitudinal gastrocsoleus muscle growth when compared to 
tibial growth (34). However, muscle growth can be enhanced 
by the injection of BoNT-A soon after birth (35). The new-
born child with CP does not have contracturcs or lower limb 
deformities, and most do not show signs of spasticity (29, 
30). With time, spasticity develops, activity levds remain 
low, the growth of muscle-tendon uniu (MI'Us) lags behind 
bone growth and contractures develop. Although the MTIJ is 
shon in CP. muscle fibers may not be shon (36, 37). Because 
of disordered growth and abnormal biomechanics, torsional 
abnormalities persist or devdop in the long bones and insta-
bility of joints including the hip and subtalar joint develop. 
Eventually, premature degenerative arthritis may develop 
(6, 30, 38-41). 

An important therapeutic window aists for spasticity 
management before the development of fixed conuac:rures 
(38, 39) (Fig. 14-3). A second therapeutic window emts for 
the correction of fixed musculoskeletal deformities, before the 
onset of decompensation (39). There are three imponant lon-
gitudinal studies of gait in children with spastic diplegia that 
confirm that the musculoskeletal pathology and the atten-
dant gait disorder are progressive during childhood. These 
studies provide an important insight into natural history and 
a framework to interpret the results of surgical intervention 
(16-18). 

• Physical Therapy 
• Orthotics 

Spe!licity 
Dynamic 
Contract\Jre 

• Botulin urn Neurut.nxi n A 

• Tendon lsngthaning 

CLASSIFYING CEREBRAL PALSY 
CP may be classified by the cause (when known) and the brain 
lesion as determined by MRI. Classification by movement dis-
order, topographical distribution, and gross motor function 
may be relevant to management, including orthopaedic 
surgery (13, 31, 42, 43) (Figs. 14-4 and 14-5A,B). 

Movement Disorder. The most common approach to 

classification by movement disorder divides the disorders into 
pyramidal (spastic) and atrapyramidal (dystonic, athetoid) 
types (44). The majority of children with CP show features of 
both pyramidal and c:nrapyramidal involvement. When there 
is involvement of both pyramidal and exttapyramidal systems, 
spasticity and dystonia may coexist to varying degrees (43). 

Spasticity. Spastic CP is by far the most common 
subtype and in most series comprises between 60% and 
85% of all cases (21, 29, 43-46) (Fig. 14-4). A large popu-
lation-based study of children with CP found that 85% of 
children had a primarily spastic movement disorder (21). 
Classically, spasticity is the result of a lesion affecting the 
pyramidal system and results in velocity-dependent increase 
in muscle tone with increased spastic tonic stretch reflexes. 
Spasticity is often associated with prematurity and the char-
acteristic lesion of periventricular leucomalacia (PVL) on 
MRI (31). 

Dystonia. Dystonia is the second most common fonn 
of movement disorder in CP and may not develop until late 

Fixed 
Musculotendinous 
Contracture 

• Tendon lsngthaning 

Spasticity 
Contractu res and 
Bony Torsion or 
Joint In stability 

• Rotational Osteotomies 
• Arth rndeses 

RGURE 14-3. Musculoskeletal pathology in children with CP is progressive. At Stage 1, children have spasticity but no fixed 
contractures and can be managed nonoperatively. At Stage 2, there are fixed contractures and at Stage 3 contmctures and 
bony deformities that may require corrective orthopaedic surgery. {Modified after Dr. Mercer Rang.) 
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General reason for surgery 

• Contracture resulting in 
decrease function, pain or 
interfere with daily living 
activities 

• To improve gait in 
ambulatory school-age child 

• GMFCS worsening in early 
adolescence

O P E R AT I V E  T R E AT M E N T  P R O C E D U R E S  

1. C O R R E C T  S TAT I C  O R  D Y N A M I C  
D E F O R M I T Y  

2. B A L A N C E  M U S C L E  P O W E R  A C R O S S  A  
J O I N T  

3. R E D U C E  S PA S T I C I T Y  ( N E U R E C T O M Y )  

4. S TA B I L I Z E  U N T R O L L A B L E  J O I N T S
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Birthday Syndrome: Mercer Rang 

?TAL ? HS ? Psoas ? Rectus femoris 

Equinus Crouch Flexion Stiff knee Okay 
FIGURE 14-20. The Binhday Syndrome as described by Mercer Rang. 

surgery (156). It will not be necessary if soft-tissue balancing is 
performed at the appropriate age and stage (133). 

GMFCS 11-Moderate Spastic Diplegia 
Movement Disorder Management The movement disor-
der is usually spastic, especially in those hom prematurely. If the 
spasticity is mild and mainly distal, it can be managed by mul-
tilevel injections of BoNT-A repeated at 6- to 12-month inter-
vals. SDR may be a better option when the spasticity is severe. 
generalized, and adversdy affi:cting gait and function (38, 88). 

Hip Displacement GMF£S II. In spastic diplegia. GMFCS 
level II, the shape of the proximal femur is abnormal with a 
mean FNA of 36 degm:s and a 15% risk of hip displacement 
(49, 50). The hip displaa:ment is generally mild and progresses 
slowly. Preventive surgery consisting of lengthening of the hip 
adductors is usually effective (148). Lengthening of the psoas at 
the pelvic brim may be required. (157, 158). Hip displacement 
and gait dysfunction can be successfully managed by intert.to-
chanteric proximal femoral osteotomy with derotation and a 
very small amount of varus. The hip abductors are frequently 
weak and correction of the NSA should therefore be to normal 
values. Excessive varus weakens the hip abductors and causes a 
Trendelenbw:g gait. 

Musculoskeletal Pathology. Musculoskeletal pathology 
in spastic diplegia GMFCS level II includes increased FNA and 
contractures of the two joint muscles, the psoas, hamstrings, 
and gasttocnemius (29, 30). There is usually pes valgus and in 

adolescents hallux valgus. There is sometimes excessive ETT 
resulting in lower limb malaligrunent. In asymmetric diplegia, 
pelvic retraction may make clinical estimation of rotational 
aligrunent during gait very difficult, without I GA (Fig. 14-20). 

The Birthday Syndrome and SEMLS. The natwal his-
tory of tkformities in the lower limbs at GMFCS levd II is fur 
gradual progression during childhood with more rapid deteri-
omtion dwing the adolescent growth spurt (29). The natwal 
history of gait is progressive deteriomtion including increasing 
stiffitess throughout the lower limb joints and increasing ten-
dency to flexed lmee gait and ultimately crouch gait (16-18). 
The transition from equinus gait to crouch gait is often accel-
emted by procedures that weaken the gastrocsoleus, especially 
lengthening of the Achilles tendons (95) (Fig. 

fur children with spastic diplegia used to start at 
the ankles with TALs fur equinus gait. This achieved fuot·flat 
but at the expense of rapidly incrc:asing hip and knee flc::z:ion 
(95). The second stage of swgery was then to lengthen the 
hamstrings in order to improve knee e:nension. This resulted 
in increased hip flexion and anterior pelvic tilt. so eventually 
the hip flexors were lengthened. Fmally; transfer of the rectUS 
femoris was considered for knee stiffuess. This approach was 
caricarured by Mercer Rang as the "Birthday Syndrome"' (148). 
Childn:n spent most of their birthdays in hospital, in casts, or 
in tehabilitu:ion. 

The curtent concept fur the management of musculo--
skdetal defunnities is SEMLS (40. 148). In this approach, 
the gait pattern is identified and evaluated by IGA as pan of 

M U LT I P L E  P R O C E D U R E S   
P E R F O R M E D  AT  D I F F E R E N T  T I M E S
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Psoas m. 

Adductor longus m. 

Rectus femoris m. 

Semitendinosus m. 

Semimembranosus m. 

Semitendinosus t.. 

Gastrocnemius m. 

Soleus m. 

RGURE 14-21. The most commonly used soft-tissue procedures in 
Single Event Multilevel Surgery. (From Bache CE. Seiber P. Graham HK. 
Mini-Symposium: cerebral palsy: the management of spastic diplegia. 

with permission.} 

the diagnostic matrix: (40, 68). A comprehensive plan is then 
developed for the correction of all muscle tendon contractures, 
torsional malalignments, and joint instabilities in one opera-
tive session (157, 159). Rehabilitation requires at least 1 year 
and improvements continue into the 2nd and 3rd yeats, post-
operatively. The GMFCS desc.ripto.rs for at level II, 
aged 12 to 18, include the need for assistive devices for lon-
ger distances (15). Children who have optimal biomechanical 
alignment of their lower limbs by multilevel surgery continue 
to function independendy throughout the second and third 

The principal components of a successful SEMLS pro-
gram are: 

1. Planning based on the diagnostic matrix, including gait 
analysis (68) 

2. Preparation and education of the child and family (157) 
3. Optimal perioper.uive care, including epidural analgesia (157) 
4. Carefully planned and supervised rehabilitation (159) 
5 • .Appropriate orthotic prescription (157) 

6. Close monitoring of functional recovery (63) 
7. Follow-up gait analysis at 12 to 24 months after the index 

surgery (159) 
8. Removal of fixation plates and other implants (159) 
9. Follow-up until skeletal maturity, for new or recurrent 

deformities (63). 

The surgical team should consist of two experienced surgeons 
and two assistants. None of the surgical procedures are par· 
ticularly complex, but a single surgeon is unable to perform 8 
to 16 consecutive procedures without fatigue and diminished 
performance (159). Expert anesthesia and pain management is 
essential. Epidur.d analgesia is required to make SEMLS accept-
able on social and hwnanitarian grounds (157). Postoperative 
nursing care must be vigilant. The use of epidural analgesia 
carries risks of masking the signs of compartment syndromes, 
nerve stretch palsies, and decubitus ulceration. The surgery 
is a series of steps that correct deformity. However, for 6 to 
9 months after surgery, children are more dependent and less 
functional than they were prior to surgery. A child who walks 
into hospital with a typical diplcgic gait pattern, leaves hospi· 
tal in a wheelchair with straighter legs but may be unable to 
walk independendy for weeks or even months. Only a care-
fully tailored and c:arefully monitored rehabilitation program 
can ensure that the child will reach a higher level of function 
(63, 157). 

Weight bearing should commence within a few days 
if there has been no bony surgery, or a femoral osteotomy 
with stable internal fixation. The maximwn acceptable delay 
to full weight bearing is 2 weeks, if there has been extensive 
reconstructive surgery at the foot·ankle level (157). Casts are 
only required after foot and ankle surgery. Removable cnen· 
sion splints may be used at the knee level after .hamstring-rec-
tus surgery. The goal is to achieve full ex:tension of the knee, 
combined with regaining full flexion, so that the transferred 
rectus femoris does not become scarred and adherent in its 
new site. New AFOs must be prepared for immediate fitting 
after cast removal, usually 6 weeks after surgery. The initial 
postoperative brace is either a Ground Reaction or Saltiel 
AFO (GRAFO) or a solid AFO. The orthotic prescription 
must be carefully monitored throughout the first year after 
surgery (63, 157). A less supportive AFO, such as a hinged 
or a posterior leaf spring, may be introduced when the sagit-
tal plane balance has been restored and the plantar-f'l.c:x:ion, 
knee-extension couple is competent. Functional recovery and 
orthotic prescription can be monitored by a gait laboratory 
visit every 3 months for the first yeax after surgery and yearly 
thereafter. 

Soft-1issue Surgery: Lengthening of Contracted 
Muscle-tendon Units (The Two Joint Muscles) 
1. Lengthening of the psoas "over the brim" (POTB) (158, 160) 
2. Percutaneous or open lengthening of adductor longus (157) 

(see Figs. 14-35 to 14-40) 
3. Medial hamstring lengthening (MHS) (161) 
4. Distal gastrocnemius J:eceSsion (Sttayer) (162) (Fig. 14-22) 

(see Figs. 14-14 and 14-15) 

FIGURE 14-22. The most commonly used bony procedures in single 
event multi level surgery; femoral derotation, supramalleolar osteotomy 
of the tibia, and stabilization of the midfuot (From Bache CE, Seiber 
P. Graham HK. Mini-Symposium: cerebral palsy: the management of 
spastic diplegia. Cu" Orthopaed2003;17:8!H 04, with permission.) 

Soft-Tissue Surgery: Tendon Transfers 
1. Transfer of rectus femoris to the semitendinosus or gracilis 

(163, 164) 
2. Transfer of the semitendinosus to the adductor tubercle. 
3. SPLAIT for the varus foot (154, 155) 

Bony Surgery: Rotational Osteotomies 
1. External rotation osteotomy of the femur (165, 166) 
2. Intern.al rotation osteotomy of the tibia (167-169) (Fig. 1422) 

Bony Surgery: Joint Stabilization 
1. Hip: varus derotation osteotomy (VDRO) (150, 169). 
2. Os cal.cis lengthening (170). 
3. Talo-navicular fusion. 
4. Subralar fusion (171). 

CHAPTER 14 I CEREBRAL PALSY EEl 
Occasional Procedures 
1. Pelvic osteotomy (172) 
2. Fusion first MTP joint for hallux valgus (173) 
3. Epiphysiodesis for ILD (157) 
4. •Guided Growth": Staples or "8" plates for knee flexion 

deformity (174, 175) 

Principles of Surgical Traabnent Dynamic Ankle 
Function. Contracrures of the gastrocnemius and soleus can 
be measured by comparing the range of ankle dorsiflexion with 
the knee flexed (soleus) and ex:tended (gastrocnemius). The 
Silfverskiold test should be performed both before surgery and 

for equinus in order to select the correct surgi-
c.al. "dose" (133). Hindfoot valgus in weight bearing is often 
associated with b.n:aching of the midfoot, lateral subluxation 
of the navicular on the talus, abduction of the forefoot, and 
an increasingly external foot progression angle. This .reduces 
stance phase stability and the GRF is also Dl21d.irecu:d out 
of the plane of progression, resulting in abnormal stresses on 
proximal joints (176). 

Standardiud weight-bearing radiographs of the foot 
and ankle mortise are required in all children ( 67). Excessive 
ETr is fiequendy found with the valgus/abducted foot, and 
careful clinical and radiologic assessment is required to deter-
mine how much of eac;h deformity is present (133). Accurate 
measurement of tibial torsion by physical cnmination is 
difficult. Three techniques have been described: the thigh-
foot-angle, the bimalleolar axis, and the "second toe test"' 
(176, 177). 

Foot and Ankle: Soft-Tissue Surgery. The gutrocnemius 
is always more contracted than the soleus in spastic diplegia, 
and sdeaive lengthening of the gastrocnemius is best for the 
majority of children (162). Even when a contr.lCti.U'e of the 
soleus is present, differential lengthening of the gastrocnemius 
and soleus by a combination of the Strayer procedure com-
bined with soleal fascial lengthening (SFL) is biomechanic.al.ly 
mo.re appropriate and safer than other procedures. Only very 
severe and neglected equinus deformity .requires lengthening 
of the Achilles tendons. The White slide technique, performed 
under direa: vision, is a much mo.re controlled and satisfactory 
procedure than the triple hemisection technique, performed 
percutaneously (133, 178). 

The main complication .is gradual failure of the plan-
tar-flexion, knee cnension couple, leading to c.al.caneus gait, 
which is more disabling and difficult to treat than the original 
equinus gait. In diplegia, '"a little equinus is better than c.al.-
caneus" (148). Isolated lengthening of the gastrocsoleus will 
result in the crouch gait in up to 40% of child.ren with spastic 
diplegia (95). The "overlengthening" is mediated by biome-
chanic.al. changes and growth. not surgical imprecision. When 
the GRF falls behind the knee, the soleus .responds ro the con-
tinual stretch by adding more sarcomeres in series. In time, 
the soleus beoomes functionally too long. biomcchanic.al.ly 
incompetent and calcaneus-crouch progresses rapidly (59). 
Deferring the surgery until age 6 to 8 years reduces the risks of 

M U LT I P L E  P R O C E D U R E S   
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H I P :  A D D U C T I O N  D E F O R M I T I E S
S U R G I C A L  M A N A G E M E N T

The most common deformity of the hip in 
children with CP causing; 

• Scissoring gait 

• Hip subluxation 

• Difficulty with perineal hygiene 

Procedures: adductor tenotomy and 
release 

• Usually bilateral preventing 
“windswept” pelvis 

• AVOIDS NEURECTOMY !!! 

• Immediate PT program and abduction 
bracing after surgery

Don’t be confused with 
“ P S E U D O A D D U C T I O N ”  

( F L E X I O N - I N T E R N A L  R O TAT I O N  D E F O R M I T Y )



A D D U C T O R  T E N O T O M Y  &  R E L E A S E

• Indications 
1. Mild contracture (scissoring 

gait or early hip subluxation) 

2. Younger than 8 yrs 
(preferably < 4 yrs) 

3. Abduction < 30 degree 

4. MP < 50% 

• Postoperative care 
• Abducted position for 1 

month (LLC, brace)

1

2

3

Goals: restoration > 60 degrees 
with the hip flexed & 45 degrees 
with the hips extended



H I P :  F L E X I O N  D E F O R M I T I E S
S U R G I C A L  M A N A G E M E N T

Crouched gait and posture 

• Flexion of the hip with or 
without flexion contracture 
around the hip, knee, and 
ankle 

• Compensated by 

• Lumbar lordosis 

• Knee flexion 

• Ankle DF

Procedures: 

1. Iliopsoas recession 

2. Iliopsoas release



I L I O P S O A S  P R O C E D U R E S
S U R G I C A L  M A N A G E M E N T:  F L E X I O N  D E F O R M I T I E S

1. Iliopsoas recession 
• Psoas lengthening procedure 

through an intramuscular recession 
over the pelvic brim 

• Indications: 
• Ambulatory child 
• Hip IR during walking 
• Flexion contracture 15-30 degrees 
• More extensive release if > 30 

degrees contracture 
2. Iliopsoas release at the lesser 

trochanter 
• Better for nonambulatory patients 
• Risk of excessive hip flexion 

weakness



H I P :  S U B L U X AT I O N
S U R G I C A L  M A N A G E M E N T

Hip at risks 

• Flexion contracture > 20 degrees 

• Abduction < 30 degrees 

• Increased neck-shaft angle 

• Increased femoral anteversion 

• Acetabular dysplasia 

• Abnormal migration index 

• Hip subluxation when MP > 33% 

• Ineffective of nonoperative 
treatments

Surgical Management 

1. Soft tissue procedures 

1. Adductor release 

2. Adductor transfer 

2. Bony procedures 

• VDRO and shortening 

• Acetabular osteotomies 

• Dega osteotomy 

• Shelf procedure



V A R U S  D E R O TAT I O N A L  ( E R )  O S T E O T O M Y
S U R G I C A L  M A N A G E M E N T  F O R  H I P  S U B L U X A T I O N :  V D R O

• For excessive anteversion 

• Often combined with soft tissue 
release and femoral shortening 

• To reduce anteversion and the neck-
shaft angle to 115 degrees in 
ambulators 

• Complications 

• Recurrence 

• Risk of AVN related to age and 
MP 

• Decubitus ulcers and Fx in high 
GMFCS



H I P :  D I S L O C AT I O N
S U R G I C A L  M A N A G E M E N T

• Common in CP, especially in 
quadriplegics 

• Related to high GMFCS level 

• Typically, superolateral dislocation 

• Posterosuperior acetabular 
deficiency 

• Poor remodeling potential of the 
acetabulum

Goals: improvement in quality of life, pain relief and improved hip motion

Drummond et al: 4 criterias for open 
reduction 

1. Moderately mature intellectual 

2. At least sitting potential 

3. Minimal or corrected pelvic 
obliquity 

4. Unilateral dislocation
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migration index (MI) >50% do not
reduce spontaneously; approxi-
mately one third will progress to
dislocation.3 The greatest risk of
dislocation occurs during middle
childhood ages (4 to 12 years).  Later
dislocation may be due to unrecog-
nized hydrocephalus or shunt dys-
function.7 As the hip progresses
from subluxation to dislocation, the
articular cartilage of the femoral
head is subjected to enormous pres-
sure from the surrounding soft tis-
sues and rapidly degenerates.
Dislocated hips are more painful
than hips that remain subluxated or
reduced; subluxated hips are only
slightly more painful than reduced
hips.3

Anatomy and
Pathophysiology

In children with spastic hip dyspla-
sia, the hip joint is normal at birth.8
With growth, excessive muscle tone
exerts a constant force on the devel-
oping hip, leading to deformation of
both the proximal femur and acetab-
ulum.  Because the spasticity or con-
tracture usually involves the adduc-
tor and iliopsoas muscles, most hips
subluxate in a posterosuperior direc-
tion.  The hipís center of rotation
gradually shifts from the center of the
femoral head to the lesser trochanter.

Femur
The abnormalities of the proxi-

mal femur, including dysplastic and
degenerative changes, persistence of
fetal anteversion, and coxa valga,
have been characterized both radio-
graphically and pathologically.  The
spastic hip adductors and flexors
drive the femoral head into the pos-
terolateral acetabular labrum.  The
capsule and superior rim of the ace-
tabulum cause focal deformation of
the femoral head.  This indentation
locks the femoral head at the lateral
acetabular margin, leading to pain
from cartilage erosion (Fig. 1).  The
epiphysis becomes wedge-shaped
and displaces superolaterally.  In
one study of three-dimensional
computed tomography (CT) scans,
all nonambulatory patients had
deformities of the femoral head that
ranged from mild medial flattening
to wedge-shaped defects.9 In most
hips, the lesser trochanter is en-
larged while the greater trochanter
maintains its normal proportions.

Most evidence suggests that in
spastic hip dysplasia, femoral ante-
version is increased.  The neck-shaft
angle also may be somewhat higher
in certain children, although most of
the coxa valga seen on radiographs
is caused by the anteversion.  Chil-
dren with spastic hip dysplasia
have normal anteversion at birth,
but the normal decrease in antever-
sion does not occur during early
childhood.

Acetabulum
Great progress has been made in

understanding the acetabular ab-
normalities in spastic hip dysplasia.
Computerized mathematical mod-
els demonstrate that a child with
spastic hip disease has a sixfold
increase in hip-force magnitude.10

This constant abnormal force causes
changes quite early.  The acetabular
index (AI) in affected children is
normal until 30 months of age, then
becomes notably higher.11 Studying
arthrograms, Heinrich et al12 found
that the bony maturation of the
acetabulum is retarded by deforma-

Table 1
Comparison of Spastic Hip Dysplasia and Developmental 
Dysplasia of the Hip

Developmental Dysplasia
Factor Spastic Hip Dysplasia of the Hip

Findings at birth Hip usually normal Hip usually abnormal
Age at risk Usually normal in the first Most often recognized in 

year of life; recognized the first year of life
after age 2 yr

Detection Radiographs needed in Physical examination in 
most cases most cases

Etiology Spastic muscles drive femoral Mechanical factors 
head out of an otherwise (eg, breech), ligamen-
normal acetabulum, pelvic tous laxity, abnormal 
obliquity acetabular growth

Childhood Progressive subluxation Progressive subluxation 
progression common rare

Natural history Pain in many subluxated or Pain in many subluxated 
dislocated hips by second hips by fourth or 
or third decade fifth decade

Acetabular Usually posterosuperior Usually anterior
deficiency

Early measures Muscle lengthening Pavlik harness or closed 
reduction

Missed or failed Hip osteotomies, often Closed or open reduction, 
early measures without open reduction often without osteoto-

mies (before age 18 mo)
Salvage Castle procedure osteotomy, Usually total hip

interposition arthroplasty replacement 
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Hip disorders are common in chil-
dren with cerebral palsy and cover a
wide spectrumófrom the hip at
risk to subluxation, dislocation, and
dislocation with severe degenera-
tion and pain.  Three principles
guide the management of these dis-
orders.  First, the pathophysiology
of spastic hip dysplasia differs from
that of developmental dysplasia of
the hip (Table 1).  In children with
cerebral palsy, the hips are usually
normal at birth; with growth, how-
ever, a combination of muscle im-
balance and bony deformity leads to
progressive dysplasia.  Second, the
natural history of hip dysplasia is
marked by increasing dysfunction.
With progression of hip subluxation
or dislocation, there is an increas-
ingly adverse effect on hygiene, sit-
ting, and gait, as well as pain by

early adulthood for many of those
affected.1,2 Third, salvage options
for the skeletally mature patient
with a neglected hip are limited.
The care of hip disorders in patients
with cerebral palsy has incorporated
early detection and comprehensive
treatment.  This has resulted in
greatly improved outcomes, al-
though certain aspects of the patho-
physiology and management remain
controversial.

Epidemiology and 
Natural History

The reported incidence of hip dys-
plasia in patients with cerebral palsy
varies widely, ranging from 2% to
75%.3 The children with the most
severe neurologic involvement tend

to have the worst hips,4 and patients
who never achieve the ability to sit
independently have the highest
risk.5 Lonstein and Beck6 found
hip subluxation or dislocation in
7% of independent ambulators but
in 60% of dependent sitters.  Chil-
dren who can pull themselves to a
standing position by age 3 years
have a better prognosis, with a
lower incidence of hip problems.5

The natural history of spastic hip
dysplasia varies, but many of the
children who progress to disloca-
tion develop a chronically painful
hip by early adulthood.1-3 This pro-
gression of dysplasia is gradual,
generally occurring over a period of
several years.  Once a hip begins to
subluxate, it rarely improves with-
out treatment.  Exceptions include a
hip that becomes the abducted side
in a windblown deformity or a hip
on the low side of the pelvic obliquity
caused by scoliosis.  Hips with a
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Abstract

Hip disorders are common in patients with cerebral palsy and cover a wide clin-
ical spectrum, from the hip at risk to subluxation, dislocation, and dislocation
with degeneration and pain.  Although the hip is normal at birth, a combination
of muscle imbalance and bony deformity leads to progressive dysplasia.  The
spasticity or contracture usually involves the adductor and iliopsoas muscles;
thus, the majority of hips subluxate in a posterosuperior direction.  Many
patients with untreated dislocations develop pain by early adulthood.  Because
physical examination alone is unreliable, an anteroposterior radiograph of the
pelvis is required for diagnosis.  Soft-tissue lengthening is recommended for
children as soon as discernable hip subluxation (hip abduction <30W, migration
index >25%) is recognized.  One-stage comprehensive hip reconstruction is
effective treatment for children 4 years of age or older who have a migration
index >60% but who have not yet developed advanced degenerative changes of
the femoral head.  Salvage options for the skeletally mature patient with a
neglected hip are limited.

J Am Acad Orthop Surg 2002;10:198-209

Management of Hip Disor ders in  
Patients With  Cer ebral Palsy

John  M. Flynn , MD, and Freeman Miller, MD



S A LVA G E  P R O C E D U R E S
S U R G I C A L  M A N A G E M E N T:  H I P  D I S L O C A T I O N

Options: 

1. Observation 

2. Relocation procedures 
(femur, acetabulum, both) 

3. Proximal femoral resection + 
soft tissue interposition 
arthroplasty 

4. Hip arthrodesis 

5. THR (selected cases)

C A S T L E  ( M O D I F I E D  B Y  
M C C A R T H Y )  P R O C E D U R E

P O S T  O P :  S K E L E TA L  
T R A C T I O N  6  W E E K S



S A N  D I E G O  P R O C E D U R E
S U G I C A L  M A N A G E M E N T:  H I P  D I S L O C A T I O N

• Combined one-stage correction of 
spastic diplegic hip 

• Includings: 

• Soft tissue lengthening 

• Open reduction with capsulorrhapy 

• VDRO 

• Periacetabular osteotomy 

• Post operative hip spica cast for 6 
weeks 

• Vigorous PT until 10 weeks



K N E E  F L E X I O N  D E F O R M I T I E S
S U R G I C A L  M A N A G E M E N T

• Most common knee deformity in CP 

• Serial stretching and bracing in mild deformities

Surgical options 

1. Fractional lengthening of hamstrings tendons 

2. Distal femoral extension osteotomy and patellar tendon 
advancement 

3. Rectus femoris transfer



H A M S T R I N G  L E N G T H E N I N G
S U R G I C A L  M A N A G E M E N T:  K N E E  F L E X I O N  D E F O R M I T I E S

Indication 

• A straight-leg rise of < 70 degress or 

• Popliteal angle of < 135 degrees in the 
absence of significant bony deformity 

• NOT TO OVERLENGHEN >> excessive 
weakness and knee hyperextension gait 

Procedure: medial to lateral !!! 

• Z-plasty of the gracilis and semitendinosus 
tendons 

• Fractional lengthening of the 
semimembranosus 

• Biceps femoris lenghthening if further 
correction is needed

P O S T  O P E R AT I V E :  L L C  F O R  3 - 4  W E E K S
+ I M M E D I AT E  S T R A I G H T- L E G  R A I S E S



D I S TA L  R E C T U S  F E M O R I S  T R A N S F E R
S U R G I C A L  M A N A G E M E N T:  K N E E  F L E X I O N  D E F O R M I T I E S

Indication 
• Stiff knee gait (co-contracture of quadriceps and hamstrings) 

• To help achieve balanced knee function during swing phase 

Procedure: 

• Rectus femoris is separated from vastus medialis, lateralis and intermedius 

• Transferred through medial intermuscular septum to sartorius and sutured to it

P O S T  O P E R AT I V E :  K N E E  
I M M O B I L I Z E R   

( L L C  F O R  3 - 4  W E E K S  I F  H A M S T R I N G  
I S  R E L E A S E D  A L S O )



A N K L E  A N D  F O O T
S U R G I C A L  M A N A G E M E N T

• 70%-90% of CP children 
affected 

• Deformities 

• Ankle equinus: the most 
common deformity 

• Equinovarus, equinovalgus 

• Small muscles spasticity >> 
hallux valgus, claw toes, and 
forefoot adduction 

Equinus treatment 

1. Conservative: stretching, 
bracing (***) , BTX-A and 
casting 

2. Surgery 

• No exact indication !!! 

• Typically indicated 
when the ankle cannot 
be brought into neutral 
position 



G A S T R O C N E M I U S - S O L E U S  L E N G T H E N I N G
S U R G I C A L  M A N A G E M E N T:  A N K L E  E Q U I N U S

Technical point: level of correction 

1. Mild to moderate 
contractures: musculotendinous 
junction 

2. More severe: Achilles tendon 
level (open or percutaneous)

C O M P L I C AT I O N :  C R O U C H  G A I T

P O S T  O P E R AT I V E  S H O R T  L E G  C A S T  
F O R  4  W E E K S

S T R AY E R ,  L AT E R A L  T O  M E D I A L



A C H I L L E S  T E N D O N  L E N G T H E N I N G
S U R G I C A L  M A N A G E M E N T:  A N K L E  E Q U I N U S

Z - P L A S T Y

P O S T  O P E R AT I V E  S H O R T  L E G  C A S T  F O R  6  W E E K S

P E R C U TA N E O U S



T H A N K  Y O U

1. Early diagnosis and prompt treatment 

2. Multidisplinary team 

3. Assessment of whole body 

4. SEMLS rather than “Birthday Surgery” 

5. Power of “Counseling”


