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Single-Event Multilevel Surgery for Crouching Cerebral Palsy
Children: Correlations with Quality of Life and Functional
Mobility
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ABSTRACT

Objectives: Crouch gait in cerebral palsy (CP) is characterized by excessive knee flexion throughout stance. Single-event multilevel orthopedic
surgery is the standard of care to improve gait and function through correcting lever arm deformities in children with CP. A limited number of
prospective studies on single-event multilevel orthopedic surgery for crouching CP children are available. We intended to evaluate the effectiveness
of single-event multilevel surgery (SEMLS) regarding functional mobility, energy consumption during gait, and the mental, attitudinal, and
lifestyle status of CP children with crouch gait on the short term. Methods: Thirty-four limbs in 18 children with bilateral spastic and crouching
CP were enrolled prospectively and subjected to SEMLS. The mean age was 12 years (range, 5.5-18). Outcome measures included clinical couch
examination parameters, walking speed, physiological cost index (PCI), functional mobility scale (FMS), and the World Health Organization
Disability Assessment Schedule 2.0 (WHODAS 2.0). In addition, we used instrumented three-dimensional gait analysis as an outcome measure
for some participants. Results: At a mean follow-up of 16 months (range, 12-22), the couch examination parameters, FMS at 5, 50, and 500 m,
walking speed, PCI, and WHODAS 2.0 score showed a highly statistically significant improvement (P <0.01). Conclusions: SEMLS for CP children
and adolescents with crouch gait is effective for improving function, independence, energy consumption, and quality of life on the short term.

Keywords: Cerebral palsy, crouch gait, gait kinematics, health-related quality of life questionnaire, multilevel orthopedic surgery,
patient-reported outcome measures, World Health Organization Disability Assessment Schedule

INTRODUCTION include increased femoral anteversion, external tibial torsion,
ankle equinus, and foot deformities among others. Joint
contractures also cause lever arm dysfunction as they prevent
the adequate torque generation of muscles across joints and
the optimal use of the ground reaction force in controlling

Cerebral palsy (CP) is a major source of childhood disability
globally. Motor retardation is an all-embracing feature among
CP children.!'*) While the primary neural insult is permanent,
the secondary orthopedic manifestations are progressive,
with ankle equinus and hip dislocation being two of the
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joint movements.!** Surgical interventions for the treatment
of equinus deformity that weaken the triceps surae complex
and most importantly the soleus are another weighty cause
of crouch gait. For example, over-lengthening of the triceps
surae, an ill-timed Achilles tendon lengthening, or surgical
management of equinus without addressing the proximal limb
deformities can all precipitate or induce crouch gait. This is
usually referred to as iatrogenic or surgeon-induced crouch.!
This occurs through impacting the knee extension-ankle planter
flexion coupling mechanism.!*” In addition, crouch gait may
occur as a part of the natural history of gait progression in CP
children, especially around puberty. This is usually attributed
to the imbalance between body mass and muscle strength.!

Given that the cause of crouch gait is usually multifaceted
and difficult to identify accurately, treatment is debatable. The
dynamic deformities occurring with crouch gait are ideally
remedied by conservative options, such as muscle-strengthening,
spasticity reduction, and bracing.['! Single-event multilevel
surgery (SEMLS) may become necessary whenever
fixed/static deformities ensue.>%!"1 SEMLS is considered to
be the mainstay of care to improve gait and function through
correcting lever arm deformities. SEMLS allows for only one
prime period of rehabilitation, reduces the need for repeated
anesthetic sittings, and reduces hospital admissions.['*14!
Instrumented three-dimensional (3D) gait analysis (IGA)
plays a supplementary role to aid clinical decision-making. It
offers objective and quantifiable data in regard to kinematics,
kinetics, and dynamic electromyography (EMG).®

Two large systematic reviews of literature reports on the use of
SEMLS in crouching CP children revealed many shortcomings
in the study methodologies of the original studies and research
evidence extraction to inform decision-making.l*>!) The
objective physician-reported scales have been implemented at
the expense of subjective patient/parent-reported quality of life
scales, especially in orthopedic interventions in CP children.
Furthermore, there was a paucity of prospective studies.!516]
The first aim of this prospective study is to evaluate the
effectiveness of SEMLS on the functional mobility of CP
children with crouch gait on the short-term with the help of a
validated scale. Second, it aims to assess the effect of SEMLS
on energy consumption during gait. The third aim is to assess
the responsiveness of the patients mental, attitudinal, and
lifestyle status to orthopedic correction by SEMLS.

MATERIALS AND METHODS

Demographics

This institutional review board-approved prospective cohort
study initially included 20 patients, who had bilateral spastic
CP and walked with a crouch gait, who underwent SEMLS
between March 2015 and October 2016. Of the 20 patients,
two had lost follow-up, so the total number of patients who
completed the study was 18 (34 limbs). Of the 18 patients, two
underwent unilateral SEMLS. Ten patients (20 limbs) were
males (59%) and eight patients (14 limbs) were females (41%).

Mean age was 12 years (range, 5.5-18) and mean follow-up
was 16 months (range, 12-22). According to the Gross Motor
Function Classification System (GMFCS),!'7 five (28%)
patients were GMFCS 11, ten (55%) were GMFCS III, and
three (17%) were GMFCS IV. Two of the patients had an
inborn error of metabolism, namely, well-controlled maple
syrup urine disease.'® Inclusion criteria were ambulatory
children >5 years of age and adolescents with bilateral spastic
CP and walked in a crouch and exhibited fixed joint deformities
on couch examination. Crouch gait was defined as barefooted
walking with knee flexion gait throughout the stance phase
and crouch angle at the beginning of stance >15°, which may
often be accompanied by hip flexion and ankle dorsifiexion.
Exclusion criteria were botulinum toxin A injections within
the preceding 6 months, orthopedic lower limb surgery within
the preceding 12 months, noncommunicable patients. They
were indicated for SEMLS if they experienced deterioration in
gait implied by a reduction in speed or in walking distance or
increased knee flexion in stance phase in the past year and/or
pain, especially patellar pain and/or foot pain. In addition,
bracing/footwear intolerance was considered an indication.
The previous interventions are listed in Table 1.

Outcome measures

All patients received a standard orthopedic couch examination,
including standard goniometric measurements of existing
deformities. All goniometric measurements were performed
by the same researcher to avoid inter-rater disagreement.
We performed observational gait analysis with the patient
barefooted and appropriately exposed. Walking speed and
physiological cost index (PCI) were obtained in all patients
according to the following equation: PCI (beats/m) =
(final heart rate — resting heart rate)/speed of walking.

The functional mobility scale (FMS) was used for evaluation of
the patients’ mobility. FMS uses three distances (5, 50, and 500 m),
which represent typical distances walked by children at home, at
school, and in the community. For each distance, a rating of 1-6

Table 1: Previous interventions

Case number Intervention(s)

Case 3 Right hamstring lengthening and Botox injection

Case 5 Right varus derotation osteotomy

Case 7 Bilateral adductor tenotomy

Case 8 Bilateral hamstring lengthening, gastrocnemius
recession, and Botox injection

Case 9 Bilateral hamstring lengthening, adductor tenotomy
and sliding tendoachilles lengthening

Case 10 Bilateral adductor tenotomy

Case 11 Bilateral hamstring lengthening, gastrocnemius
recession and Botox injection

Case 12 Bilateral gastrocnemius recession

Case 13 Bilateral adductor tenotomy, rectus femoris
transposition, hamstring lengthening, and
gastrocnemius recession

Case 15 Bilateral adductor tenotomy and hamstring lengthening

Case 18 Bilateral adductor tenotomy and hamstring lengthening
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was assigned depending on the amount of assistance required
for mobility (6 being the highest ability).!'")

We used the World Health Organization Disability
Assessment Schedule 2.0 (WHODAS 2.0) 12-item,
interviewer-administered quality of life questionnaire to
assess the mental, attitudinal, and lifestyle status of CP
children.?” When children or adolescents were unable to
answer the questions independently, the parents or caregivers
were asked to provide answers to the questionnaire [Table 2].
Anteroposterior radiographs of the pelvis in a neutral hip
rotation and lateral were taken to exclude hip migration,
especially in children with low ambulatory capacity. We
obtained dead lateral radiographs of the knee in flexion from
30° to 90° to measure the patellar height in accordance with
Koshino index.!

IGA was done for 15 cases preoperative, nine of which did
postoperative gait analysis as well. Kinematics, kinetics, and
dynamic EMG were done in the same laboratory. However,
kinetics was not done for patients walking with a frame as
transmission of part of body weight though this walking aid
may impact the validity of the joint kinetics. IGA was retaken
after at least 1 year follow-up. We used Qualisys Track Manager
QTM®Goteborg Sweden software to capture the data and visual
3D program to analyze data and create models. The markers
necessary for analysis were set according to the modified lower
limb model of Leardini that were tracked with eight Qualisys
OQUS® infrared cameras and two video cameras, two AMTI
portable force plates, and passive retroreflective markers.

Operative procedures for crouch gait

We defined SEMLS as two or more soft-tissue or bony
surgical procedures at one or more anatomical levels. A total
number of 146 index procedures were done to the 18 patients,
92 of which were soft tissue procedures and 54 were bony
procedures [Table 3]. All surgeries were performed by two
authors (JA, TE). Supracondylar femoral extension osteotomy
was done in concordance with Novacheck et al., 2009, except
that we used thick K-wires for fixation.[?”! Patellar tendon
advancement was done according to Joseph et al.l**! Rectus

femoris transfer to iliotibial band was performed according to
Khouri and Desailly®! We performed tailored medial hamstring
release only. No lateral hamstring release was performed in this
series. Gastrocnemius-soleus recession was done according to
Vulpius technique.? Calcaneal-cuboid-cuneiform osteotomy
was performed according to Rathjen and Mubarak.?! We
performed intramuscular recession of the tibialis posterior at
the distal one-third of the medial leg and split tibialis anterior
transfer to the cuboid.

Planning single-event multilevel surgery
A surgical plan for each patient was established by correlating
the information of the couch examination, observational gait
analysis, and occasionally radiography with the results of IGA.
All patients were examined under general anesthesia (EUA)
in the supine and prone position. Parameters of EUA were
compared to preoperative couch examination to differentiate
between spasticity and contractures, and surgical decisions
were modified accordingly. The indications for SEMLS were
dependent on the following general guidelines.

a. Adductor tightness was defined as a limitation of hip
abduction to <45° with extended knees. If the tightness
persists in EUA, then all three adductors were released,
namely the adductor longus, adductor brevis, and gracilis.
If the tightness resolves partially in EUA, then the
adductor longus and gracilis only were released

b. Rectus femoris transposition was performed if two or more
of the following criteria were met: (1) a positive rectus
femoris stretch test on couch examination, (2) stiff knee
gait as per the observational gait analysis, (3) kinematic
data of reduced peak knee flexion during knee swing,
and (4) kinematic data of delayed peak knee flexion during
knee swing

c. Hamstring tightness was indicted by a popliteal
angle >40°. Hamstring tightness in the presence of
posterior pelvic tilt was managed by either a medial
hamstring release or femoral shortening in the context of a
supracondylar extension osteotomy. Hamstring tightness
in the presence of anterior pelvic tilt was managed
conservatively

Table 2: World Health Organization Disability Assessment Schedule 2.0 12-item interviewer-administered version??”

In the past 30 days, how much difficulty did you have in

None Mild Moderate Severe Extreme/cannot do

Standing for long periods such as 30 min?
Taking care of your household responsibilities?
Learning a new task, for example, learning how to get to a new place?

How much of a problem did you have joining in community activities (for example,

festivities, religious, or other activities) in the same way as anyone else can?
How much have you been emotionally affected by your health problems?
Concentrating on doing something for 10 min?

Walking a long distance such as 1 km (or equivalent)?

Washing your whole body?

Getting dressed?

Dealing with people you do not know?

Maintaining a friendship?

Your day-to-day work/school?

2 3 4 5

1
1
1
1
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d. Patellar tendon advancement was indicated either if
there was an extension lag >10° on couch examination
or if a supracondylar extension osteotomy was
contemplated

e. According to the Silfverskiold test, both gastrocnemius-
induced and gastrocnemius-soleus-induced ankle
equinus that persist in EUA were managed by a
gastrocnemius-soleus recession. If ankle motion exceeds
neutral dorsiflexion with an extended knee, no surgery
was undertaken

f.  Fixed flexion deformity of the knee (FFDK) >10° that
persists in EUA was managed by supracondylar extension
osteotomy. Femoral shortening was added in FFDK of
>30°. FFDK <10° can be subjected to minimal medial
hamstring release with or without serial casting

g. Internal femoral torsion was indicated if patellar squinting
was evident during observational gait analysis, with an
abnormal hip rotational profile in favor of an increased
internal rotation range measured in the prone position.

Rehabilitation regimen

All patients received a combined surgical and rehabilitation
program for the treatment of crouch gait. Rehabilitation of
children with CP after SEMLS was tailored according to each
patient condition. Patients were reassessed for all outcome
measures postoperatively at regular follow-up intervals:
6 and 12 weeks, then three monthly during the 1% year, and
6 monthly thereafter.

Statistical analysis

The collected data were revised, coded, tabulated, and
introduced to a PC using the Statistical Package for the Social
Science 20.0. Armonk, NY: IBM Corp. All parameters were
measured preoperatively and at the final follow-up visit. The
paired Wilcoxon signed-rank test was used to compare the
preoperative and postoperative physical examination findings,
walking speed, PCI, FMS, and WHODAS 2.0 score. The
values were given as the median and the interquartile range.
The significance level was defined by the probability (P value).
The statistical significance was set at P < 0.05 (significance)
and P <0.01 (highly significant).

REsuLTS

Generally, at the final follow-up visit, the values for the
physical examination parameters, FMS, walking speed,
PCI, and WHODAS 2.0, showed a highly statistically
significant improvement [Tables 4-6]. The improvement in
the measured values for IGA, namely stride, crouch angle
at initial stance, and peak knee flexion in mid-swing, did
not reach statistical significance [Figures 1-4 and Video 1
shows improvements in gait parameters following SEMLS].
Complications included one superficial surgical site
infection of patellar tendon advancement and one indolent
low-grade infection in relation to the plate of the distal
femoral osteotomy, presented by recurrent knee effusions.
Both cases resolved following local wound care and

Table 3: Index surgical procedures for 34 limbs
Procedure

Intramuscular psoas lengthening

Number of procedures/limbs
2 (2 unilateral)

21 (10 bilateral, 1 unilateral)
26 (11 bilateral, 4 unilateral)

18 (8 bilateral, 2 unilateral)

20 (10 bilateral)

15 (7 bilateral, 1 unilateral)

16 (7 bilateral, 2 unilateral)

Adductor tenotomy

Distal femur osteotomy*
Patellar tendon advancement
Rectus femoris transposition
Medial hamstring lengthening

Gastrocnemius-soleus
aponeurotic recession

Tibial derotation osteotomy 12 (5 bilateral, 2 unilateral)

Foot osteotomy** 16 (7 bilateral, 2 unilateral)
Total 146/34

*Includes supracondylar extension osteotomies with or without
shortening and/or derotation osteotomies **All foot osteotomies
consisted of calcaneocuboid-cuneiform osteotomy for valgus feet,
except for two feet in two patients that underwent intra-muscular tibialis
posterior recession and split tibialis anterior transfer to the lateral foot.
The two exceptions had varus feet

Table 4: Outcomes of couch examination parameters

Pre Post Wilcoxon signed
rank test
Median I1QR Median IQR P Significant

Hip Abd

Right 35 25-50 50 45-55 0.005 HS

Left 35 20-50 50 45-50  0.003 HS
FA

Right 225 1035 10 10-15  0.007 HS

Left 35 15-40 135 10-15 0.001 HS
Knee FFD

Right 5 0-15 0 0-3 0011 S

Left 8.5 5-15 0 0-3  0.001 HS
Pop A

Right 50 40-60 325 25-40 0.001 HS

Left 575  40-60 30 30-40  0.001 HS
EX Lag

Right 15 5-25 4 0-5  0.005 HS

Left 17.5 7-30 5 3-7  0.003 HS
Tib Ro

Right 15 15-25 15 15-15  0.042 S

Left 175 15-30 15 15-15  0.026 S

IQR: Interquartile range, Abd: Abduction, FA: Femoral anteversion,
FFD: Fixed flexion deformity, Pop A: Popliteal angle, Ex lag: Extension
Lag, Tib Ro: Tibial rotation, HS: Highly significant, S: Significant

plate removal 8 months postoperative. Tourniquet palsy
developed in one patient. It resolved over a period of
6 months. Two patients needed additional surgery at
6 months postoperative in the form of patellar tendon
advancement. This was secondary to deterioration of
extension lag that was 5° preoperatively.

DiSCcUSSION

Crouch gait is an eventually disabling gait pattern in bilateral
spastic CP children. The orthopedic management of crouching
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Table 5: Gains in functional mobility scale for 18 patients

No Decreased (%) Increased (%) Preoperative Postoperative Wilcoxon signed-rank
0,
change (%) Median  IQR  Median  IQR P Significant
EMS 5 8 (44.4) 0 10 (55.6) 4 2-6 5 3-6 0.004 HS
EMS 50 4(22.2) 1(5.6) 13 (72.2) 3.5 2-5 45 3-6 0.002 HS
FMS 500 7(38.9) 0 11 (61.1) 25 1-5 3.5 2-5 0.002 HS

FMS: Functional mobility scale, IQR: Interquartile range, HS: Highly significant

Table 6: Outcomes of walking speed, physiological cost index, and World Health Organization Disability Assessment

Schedule 20
Pre Post Wilcoxon signed-rank test
Median 10R Median IQR P Significant
PCI 145.5 70.45-250 118.95 43.9-211.1 0.003 HS
Speed 0.375 0.15-0.7 0.395 0.14-0.81 0.008 HS
WHODAS 2.0 51.5 43-56 445 35-48 <0.001 HS

PCI: Physiological cost index, WHODAS 2.0: World Health Organization Disability Assessment Schedule 2.0, IQR: Interquartile range
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Figure 1: Sagittal plane knee kinematics. (a) Preoperative data show an excessive crouch angle (knee flexion angle) at initial stance with a significantly
delayed peak of knee flexion during swing (double bump sign). (b) Postoperative data show restoration of crouch angle and improved peak knee flexion
in mid-swing and improved knee extension in late swing. Green = right, red = left, and grey represents the norm
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Figure 2: Sagittal plane kinematics of the pelvis (same patient). (a) Preoperative data show a posterior pelvic tilt. (b) Postoperative data show restoration

of the tilt

CP children is demanding because its exact pathomechanics
has not been fully unraveled. In addition, the multiplanar and
multilevel nature of skeletal deformities and the variability in

patients’ clinical profiles create decision-making difficulties
with regard to the choice and timing of the surgical
procedures.'®?”) The presence of a wide array of outcome
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Figure 3: Foot kinematics (same patient). (a) Preoperative data show a marked internal foot progression angle. (b) Postoperative shows restoration

of foot progression angle

Figure 4: A patient walking in crouch. Notice the dorsiflexion of the right
foot arising from a severe mid-foot break. Mark the elevated right heel
indicating a triceps surae contracture with valgus/pronated foot. Note the
excessive flexion attitude of the left knee and hip which are in the pre/early
swing phase of gait cycle

instruments used to evaluate the performance SEMLS may
also complicate the interpretation of the results and impact
the generalization of the conclusions.[>!!:1228]

Several authors have employed FMS to assess the outcome of
SEMLS in spastic CP children.['*?* Generally, they noticed a
significant improvement of FMS by 2 years postoperative.!'**!
Particularly, Terjesen et al. noticed that this improvement
was maintained at 5 years postoperative.?? In our study, we
reported a similar improvement in the FMS on the short term.
This corroborates the role of FMS as an important outcome
measure in SEMLS for ambulatory CP children. Contrastingly,
the GMFCS is mainly used as a categorization tool.’”! In our
study, the walking speed and PCI were used as a measure of
energy consumption. Both showed significant improvement
at the final follow-up.

Recently, the use of quality of life measures in CP children(**-34
and their caregivers.’*3”1 has become increasingly popular.
The use of quality of life measures aims at assessing how

they relate to impairments in CP children.!3? Besides,
they can be used as an outcome measure for health-related
interventions.*>*% We used the WHODAS 2.0 questionnaire,
12-item interviewer-administered version to assess the
responsiveness of the patients’ mental, attitudinal, and lifestyle
status to orthopedic correction by SEMLS. The WHODAS
2.0 has the advantages of being a short and simple instrument
that can measure health and disability in clinical practice. It
can produce standardized disability levels and profiles and is
directly linked at the level of the concepts to the International
Classification of Functioning, Disability and Health. To
our knowledge, this is the first study to use this score in CP
children. Our reported values at the short-term follow-up
showed significant improvements. Studies using quality of life
measures reported similar improvements in CP children and
their caregivers following multilevel surgery®®3* and major
spine surgery.>

Evidence suggests that gait improvements following SEMLS
are durable on the intermediate!**! and on the long term.[>123%40]
Nevertheless, the notion of SEMLS with a subsequent single
rehabilitation regimen has been challenged.['>2%4!-43] The
previous authors reported the need for additional surgeries as
early as l-year postoperative and in up to 65% of the study
participants in some series.!'>?*4-*] The reasons for additional
surgery varied from the emergence of new deformities to
relapsed deformities that had been promptly corrected at
index surgery, with some being minor in nature.!'>?*#-1 Tn our
series, we needed additional surgeries in four patients (22%)
because of the occurrence of new deformities that were
nonexistent at the time of index surgery. The findings of our
study conform to the observations of the previous authors.
SEMLS is thus an inaccurate nomenclature. A “multilevel
surgery” is a more representative term of orthopedic
interventions performed on crouching CP children.['>!*! In that
regard, various studies advocate strict adherence to clinical
assessment principles including observational gait assessment
as a cost-effective way to reduce the needed for additional
surgeries, improve decision-making, and improve outcome
evaluation.*>*! It seems plausible that we did not undergo
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any bony hip reconstruction because hip dislocation is usually
linked to children with low ambulatory capacity, especially
GMEFCS V.44 Likewise, the limited use of intramuscular
psoas lengthening in our series — 5% of operated limbs — goes
in line with recent studies, which demonstrated that it does not
yield additional biomechanical gains.’48!

Strengths and weaknesses

The strength of this study lies in its prospective nature and its
multidisciplinary team. This is because retrospective studies
usually have imperfect control over bias and confounding
variables.™ The diversity of the outcome measures used is
another source of study strength. Yet, our study had certain
weaknesses. The sample size was relatively small. The
follow-up period was short alike. Although the WHODAS
2.0 questionnaire used in our study can measure health and
disability in clinical practice, we have not specifically tested
its reliability and validity for CP children. Pain is one of the
most noteworthy symptoms in CP children and adolescents. "
Yet, it is frequently underreported by researchers. Generally,
validated and reliable assessment tools for pain are lacking.>!
We did not use a pain assessment tool in our study. We consider
this a study limitation because the negative impact of pain
can undercut the quality of life and motor capabilities of CP
children.

CONCLUSION

*  SEMLS for CP children with crouch gait is associated with
significant gains in functional mobility on the short term

* SEMLS impacts the quality of life of crouching CP
children positively as per the WHODAS 2.0 on the short
term

*  This study overemphasizes the role of a comprehensive
management approach to crouch gait, namely the
orthopedic surgery and the postoperative rehabilitation
regimen

* In the decision-making process and postoperative
follow-up alike, IGA was supplementary to the clinical
tools. Regardless of its perceived efficiency, IGA is no
substitute for a comprehensive clinical assessment

* This study suggests that using the term “multilevel
surgery” instead of “SEMLS” may be more practical to
describe the orthopedic intervention for crouching CP
children.

Recommendations

*  CP researchers are encouraged to conduct “prospective”
studies that allow for bias control and allow for reporting
of all actually and possibly relevant data

*  CP researchers are encouraged to integrate validated
quality of life scales into the outcome measures used for
SEMLS

* Because lack of adherence by patients to the
hospital-centered rehabilitation protocols might impact
the outcomes of surgery, the role of family-centered care
should be expanded.

Ethical approval and declaration of patient consent
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