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Purpose To evaluate the changes in gait parameters in patients over 16 years old with cerebral palsy who underwent 
detorsion osteotomy in the lower extremities as part of multilevel interventions. Materials and methods This retrospective 
study evaluated functional treatment results of 32 adolescents and adult patients (average age, 23.4 ± 6.5 years). Included 
were patients with cerebral palsy, able to move independently and having clinically significant torsion deformities of the 
lower limb bones. Exclusion criteria were age younger than 16 years, as well as patients with stiff knee gait and crouch gait. 
All patients underwent multilevel single-event surgical interventions, including detorsion osteotomy. Gait analysis using 
the Edinburgh visual gait score was conducted before surgery, and 1.5–2 years after the interventions. Patients were divided 
into group 1 who had no previous surgical interventions, or had undergone the Strayer operation, and group 2 after surgical 
interventions such as lengthening of the Achilles tendon or fibromyotomy in the early age. Results Before the operation in 
group 1, the changes in the parameters corresponded to true equinus gait or jump gait in combination with internal rotation 
of the lower extremities. Correction of torsion deformities of the femurs improved the orientation of the knee joints. In the 
support phase, improvements were recorded for initial contact, heel lift, maximum dorsiflexion of the foot, rotation and 
obliquity of the pelvis. In the non-support phase of the cycle, clearance, maximum dorsiflexion of the foot, and peak flexion 
of the knee joint improved. Before the operation in group 2, the changes corresponded to true equinus gait in combination 
with the internal rotation of the knee joints in the support phase in five subjects. In the remaining patients, torsion was 
combined with the initial contact produced by the forefoot due to excessive bending of the knee joint at the terminal swing 
of the non- support phase, followed by late heel lift and insufficient knee joint straightening in the support phase. It can 
be explained by weakening of the triceps due to previous operations. Correction of the femur significantly improved the 
orientation of the knee joint. In the support phase of the cycle, improvements were in the initial contact, heel lift, maximum 
dorsiflexion of the foot, and pelvic rotation. Lengthening of the knee flexors enabled to improve the maximum extension of 
the knee joint in the support phase of the gait cycle in all patients. No improvement in trunk balance was found in either the 
first or second group in the long-term period. Differences were statistically significant by comparing the parameters between 
the groups before surgery according to the Mann-Whitney criterion showing better results in patients of group 1. The result 
in the long-term period did not show statistically significant differences. Conclusion Correction of torsion deformities of 
the lower extremities in adolescents and adult patients with cerebral palsy as part of multilevel single-event interventions 
results in improvement in many gait parameters and the overall total score. During the follow-up period of 1.5-2 years after 
surgery, there was no improvement in the parameters of the trunk balance by walking. Patients who underwent early surgical 
interventions in childhood had worse walking parameters before surgery than the patients not operated previously.
Keywords: cerebral palsy, single-event multilevel orthopedic surgery, derotation osteotomy

INTRODUCTION

An internal rotation gait in patients with spastic 
cerebral palsy is a complex disorder of the motor 
function combining the torsion and dynamic 
components as well as lower limb joint contractures 
of varying severity [1, 2]. These disorders cause lever 
arm dysfunctions in the support phase of the gait and 
are indications for correction of torsion deformities 
within a procedure of multilevel interventions [3–5], 
which assist in improving the overall motor activity 
and social integration of children and adults [6].

Correction of torsion deformities in adolescents 
and adults is peculiar due to high correlation 

between the anatomical parameters and the 
quantitative gait analysis [7], in contrast to pediatric 
patients. However, the rehabilitation period after 
interventions in adults takes a longer period than 
in children [8], which, possibly, reflects less 
opportunities for the adult population to achieve 
previous motor activity lost due to developed and 
long-standing orthopedic complications of cerebral 
palsy [2, 9].

The available literature describes interventions on 
tendons and muscles in patients with cerebral palsy in 
childhood, and the correction of torsion deformities in 
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adulthood. However, the effects of torsion correction 
on gait parameters in adults, depending on the 
interventions on soft tissues previously performed or 
lack of such, as well as on the types of interventions 
have not been evaluated.

The purpose of this retrospective study was to 
evaluate the changes in gait parameters in patients 
with cerebral palsy older than 16 years who underwent 
detorsion osteotomy on the lower extremities as part 
of multilevel interventions.

MATERIAL AND METHODS

This retrospective study is evaluation of the 
functional treatment results of 32 patients (24 females, 
8 males) who were over 16 years of age and had a 
natural closure of the lower limb growth zones by the 
time of the operation. The study included patients who 
were able to move independently, who suffered from 
spastic diplegia and had clinically significant torsion 
deformities of the lower limb bones, and namely, 
torsion of the femur and lower leg bones of 20º or 
more (according to computed tomography performed 
on a Toshiba Aquilion-64 CT system, Japan; 
certificate No. FSZ 2007/00891 dated 12.24.2007). 
Of these, more than 80 % were patients with internal 
torsion of the femurs and lower leg bones and about 
20 % with external torsion.

Exclusion criteria were age under 16 years, as well 
as stiff knee gait and crouch gait.

The average age was 23.4 ± 6.49 years (range, 
16 to 37 years). Thirty patients had GMFCS level II 
and three had level III. Four patients underwent the 
Strayer surgery in the age over seven years. Fourteen 
patients underwent interventions in the early age: 
staged fibrotomy or fibromyotomy according to the 
Ulzibat “method” [10] or open lengthening of the 
Achilles tendon under the age of five years.

All patients underwent multilevel single-
event surgical interventions, including detorsion 
osteotomy. Sequential bilateral femoral osteotomy 
was performed in 20 patients, and eight had unilateral 
osteotomy but soft tissue interventions on both sides. 
Sequential bilateral osteotomies on the lower leg were 
performed in two patients, and two had unilateral 
osteotomy with simultaneous intervention on the soft 
tissues on both sides. A total of 54 operations were 

performed. On average, a single-event operation 
included 2.94 surgical elements. The elements of 
surgical interventions are presented in Table 1.

Table 1
Elements of surgical interventions

Element Number
Lengthening of the medial group of knee 
flexors, tenotomy m. gracilis 32

Lengthening of abductors 8
Aponeurotomy of m. gastrocnemius 36
Shortening of tendon of m. tibialis post. 4
Detorsion osteotomy of the femur 48
Detorsion osteotomy of the tibia 6
Achilles lengthening 1
Hallux valgus correction 10
Patella lowering 6
Talonavicular arthrodesis 4
Evans foot deformity correction 4
Total 159

Gait analysis using the Edinburgh visual gait 
score was done before surgery, and 1.5–2 years 
after the intervention [11]. Patients in whom torsion 
deformity had to be corrected were divided into two 
groups. Group 1 patients did not have any history of 
surgical intervention prior to our treatment, or had 
only the Strayer surgery. Group 2 patients were after 
early surgical interventions (open lengthening of the 
Achilles tendon or fibromyotomy). All patients in 
whom detorsion was done in the tibia were included 
into one group, given their small number.

AtteStat 12.0.5 program was used for statistical 
data processing. Descriptive statistics included the 
mean and its standard deviation. Mann-Whitney test 
was used to determine the significance of differences 
in Edinburgh gait scores between the groups.

RESULTS

In the groups compared, the average values for each 
of the 17 parameters of the Edinburgh visual gait score 
are presented in Tables 2 and Table 3, and in Table 4 
for the group of tibial torsion deformity correction. The 
kinematic parameters of gait significantly improved in 
the patients after the operations.

In group 1 before the operation, the changes in 
parameters corresponded to true equinus gait or jump 
gait combined with knee joint internal rotation in the 
support phase. At long term after the operation, the 
deviation from the normal values reduced by three times. 
Correction of femoral torsion significantly normalized 
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the parameter of knee joint orientation in the support 
phase. Moreover, improvements were observed in the 
initial contact, heel lift, maximum ankle dorsiflexion, 
pelvic rotation and pelvic obliquity. In the non-support 
phase, the improvements were clearance, maximum 
dorsiflexion of the foot and peak knee flexion. There 
was almost no improvement in the trunk balance in the 
sagittal and frontal planes at long term.

Table 2
Average Edinburgh score in group 1, the patients of which 
did not have surgical interventions, or had aponeurotomies 

of m. gastrocnemius in the age older than 7 years 

Parameter Before 
treatment

Follow-up in 
1.5-2 years

Initial contact 1.33 0.17
Heel lift 0.94 0.5
Maximum ankle dorsiflexion 1.06 0.06
Hind-foot varus/valgus 0.28 0.22
Foot progression angle 0.22 0.11
Knee progression angle 1.44 0.28
Peak knee extension 0.5 0.06
Peak hip extension 0.39 0.28
Pelvic obliquity at Mid‑Stance 0.78 0.33
Pelvic rotation at Mid‑Stance 0.39 0.06
Trunk Peak Sagittal Position 0.39 0.39
Trunk maximum lateral shift 1.0 0.89
Clearance 0.44 0.0
Maximum ankle dorsiflexion 1.1 0.06
Peak knee flexion 0.83 0.06
Knee terminal swing position 0.22 0.17
Peak hip flexion 0.22 0.22
Total 23.1±10.7 7.7±4.0*

Note: * – significant difference with the initial total value 
according to Mann-Whitney test (р < 0.001)

Table 3
Average Edinburgh scores in group 2, the patients of 

which underwent early surgical interventions before the 
age of five years

Parameter Before 
treatment

Follow-up in 
1.5-2 years

Initial contact 1.4 0.67
Heel lift 1.58 0.75
Maximum ankle dorsiflexion 1.33 0.17
Hind-foot varus/valgus 0.17 0.0
Foot progression angle 0.25 0.33
Knee progression angle 1.75 0.08
Peak knee extension 0.92 0.25
Peak hip extension 0.5 0.0
Pelvic obliquity at Mid-Stance 0.92 0.58
Pelvic rotation at Mid-Stance 0.42 0.17
Trunk Peak Sagittal Position 1.0 0.83
Trunk maximum lateral shift 1.33 1.1
Clearance 0.33 0.0
Maximum ankle dorsiflexion 1.17 0.33
Peak knee flexion 1.0 0.25
Knee terminal swing position 0.5 0.33
Peak hip flexion 0.5 0.0
Total 30.2±7.6 11.7±7.4*

Note: * – significant difference with the initial total value 
according to Mann-Whitney test (р < 0.001)

Table 4
Average Edinburgh scores in group of tibial detorsion

Parameter Before 
treatment

Follow-up in 
1.5-2 years

Initial contact 0.5 0.33
Heel lift 0.67 0.67
Maximum ankle dorsiflexion 0.67 0.0
Hind-foot varus/valgus 0.67 0.0
Foot progression angle 1.67 0.0
Knee progression angle 0.67 0.17
Peak knee extension 0.83 0.17
Peak hip extension 0.83 0.33
Pelvic obliquity at Mid-Stance 0.67 0.67
Pelvic rotation at Mid-Stance 0.83 0.17
Trunk Peak Sagittal Position 1.0 1.0
Trunk maximum lateral shift 1.0 1.0
Clearance 0.33 0.0
Maximum ankle dorsiflexion 0.33 0.0
Peak knee flexion 1.17 0.33
Knee terminal swing position 0.83 0.33
Peak hip flexion 0.67 0.0
Total 26.7±14.3 10.3±2.5*

Note: * – significant difference with the initial total value 
according to Mann-Whitney test (р < 0.05)

In five patients of group 2 before the operation, 
the changes in the parameters corresponded to 
true equinus gait (probable relapse of ankle joint 
contracture) in combination with the internal rotation 
of the lower extremities in the support phase. Several 
patients (seven patients) had internal rotation of 
the knee joint in combination with initial contact 
produced by the forefoot due to excessive bending 
of the knee joint at the terminal swing of the non-
support phase, combined with subsequent late lift of 
the heel and insufficient extension of the knee joint in 
the support phase of the stride (Fig. 1).

This condition is explained by weakening of the 
triceps due to previous operations. After surgery at 
a long-term follow-up, the deviation from normal 
values decreased by almost three times. Correction 
of torsion of the femur significantly normalized the 
parameter of the knee orientation in the support phase 
of the gait cycle. Moreover, in the support phase, 
improvements (only for equinus gait cases) were 
recorded in the initial contact, heel lift, maximum 
dorsiflexion of the ankle, and pelvic rotation. 
Lengthening of the knee flexors enabled to improve 
peak extension of the knee joint in the support 
phase and terminal extension of the knee joint in 
the non-support phase in all patients (Fig. 2). In the 
non-support phase of the gait cycle, the parameters 
of clearance and maximum dorsiflexion of the foot 
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improved. We also should note improvements in the 
trunk balance in the sagittal and frontal planes at 

long-term as well as in pelviс obliquity in the support 
phase of the gait cycle.

Fig. 1 Patient N., 18 years old, GMFCS level II, before surgery: a front view, mid stance of the support phase (on the left and 
right lower extremities), internal rotation, inclination of the pelvis towards the non-supporting limb; b initial contact of the 
right forefoot (beginning of the support phase for the right limb); c separation of the left limb from the supporting surface, 
dorsiflexion of the right foot more than 15°; d mid stance, bending of the right knee joint 25°; e delay in lifting the heel of the 
right foot; f middle of the non-support phase for the right limb, normal maximum flexion of the knee joint; g terminal position 
of the right limb in the non-support phase, pathological excessive flexion of the knee joint

Fig. 2 Patient N., 18 years old, GMFCS level II, 1.5 year after surgery: a front view, mid stance of the support phase (on the left 
and right lower extremities), normal rotation, inclination of the pelvis towards the support limb for compensation; b full initial 
contact of the right foot (beginning of the support phase for the right limb); c separation of the left limb from the supporting 
surface, dorsiflexion of the right foot 5°; d mid stance of the support phase, full extension of the right knee joint; e delay in 
lifting the heel of the right foot; f middle of the non-support phase (mid swing) for the right limb, normal maximum flexion of 
the knee joint; g terminal position of the right limb in the non-support phase, normal flexion of the knee joint
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By comparing the total scores between the groups 
before surgery according to the Mann-Whitney 
criterion, the differences were statistically significant 
in favor of the better results in patients of group 1, that 
is, the majority of which had not had earlier surgical 
interventions. We did not find statistically significant 
differences (p = 0.063) by evaluating the results in the 
long-term period; however, as before, the parameters 
were better in group 1. In group 2, the initial contact 
and heel lift remained changed.

There was no improvement in the trunk balance 
in either the first or second group in the long-term 
period: patients showed a significant trunk inclination 
forward and maintained frontal balance, significantly 
bending towards the supporting limb in the single 
support phase of the gait cycle.

In this group, the improvements mainly were foot 
position in the support phase and the improvement 
of the extension parameters of the knee joint in the 
support phase. The latter probably depended both on 
the lengthening of the flexors of the knee joint and 
on the elimination of the pathological orientation 
of the foot (elimination of lever arm dysfunction 
when a crouch gait begins to develop). However, the 
parameters of the trunk balance in the sagittal and 
frontal planes after the operations did not improve 
in both groups.

In general, multilevel interventions provided a 
significant improvement in the kinematic parameters 
of the gait in the long-term period in all three groups 
of patients.

DISCUSSION

In adolescents and adult patients with cerebral 
palsy, deterioration in functional and motor abilities, 
self-care, socialization, and quality of life is associated 
with the progression of orthopedic problems and the 
appearance of a pain caused by early degenerative 
arthritis [12-14].

In patients with a high motor activity corresponding 
to GMFCS level II, one of the orthopedic problems is 
torsion of the femur or lower leg bones. Detorsion 
osteotomies of the femurs are recommended as part 
of multilevel interventions in the event of a clinically 
significant internal rotational gait that causes daily 
difficulties in ambulation [1, 7].

Ounpuu S. et al. and Theologis T. pointed out the 
need to eliminate torsion deformities of the limbs in 
order to normalize the lever arm in the frontal and 
sagittal planes, which reduces energy consumption 
during motion [15, 16]. By performing correction, 
anatomical parameters in adults correlate with the 
grade of gait disorder, which facilitates the calculation 
and technical performance of the operation [1, 17]. 
We should note that in multilevel interventions, it 
is more expedient to perform corrective osteotomy 
in the distal part of the affected segment in order 
to reduce blood loss and operation time, as well as 
technical convenience for the surgical team during 
a multilevel surgical intervention on the femur and 
underlying segments [4].

Correction of internal torsion of the tibias facilitates 
patients’ walking while correction of external torsion 

of this segment prevents crouch gait as it eliminates 
dysfunction of lever arms [2, 18-20]. Finally, 
multilevel interventions that include correction of 
torsion improve the overall motor activity and social 
integration of patients [3, 21].

We observed a stable positive effect of improved gait 
parameters in our group of patients that were studied 
using the Edinburgh visual gait score. First of all it refers 
to the relationship in the knee and ankle joints as well 
as feet relative the patient’s motion vector by walking. 
Other improvements were changes in the parameters 
of motion in the sagittal plane due to simultaneous 
elimination of contractures in the lower limb joints.

The literature sources state that the rehabilitation 
period after surgical interventions in adolescents and 
adults with cerebral palsy runs longer and does not 
always end in the improvement of motion abilities 
that were lost due to orthopaedic complications in 
CP [1]. We suppose that the latter is one of the reasons 
of the condition after correction of orthopaedic 
disorders in the lower limbs but the improvement of 
trunk position and balance might be expected after 
continuous rehabilitation and observation of patients 
during the long term of more than two years. The 
same general improvement of gait and knee and 
ankle joint kinematics and lack of improvements in 
the gait parameters that characterize the trunk balance 
by walking was observed by some authors that 
performed multilevel interventions that also included 
detorsion osteotomies of femurs. 
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CONCLUSION
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previously operated. We believe that in our patient 
sample the crouch gait did not develop only due to high 
motor activity of patients and due to relatively mild 
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