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The aim of this study was to evaluate the results of multilevel interventions in patients with spastic diplegia and crouch gait. Materials and 
methods The study cohort consisted of 39 patients (10 females, 29 males). The average age of the patients was 16.3 ± 4.29 years (range, 7 
to 26 years). In 19 cases, the GMFCS level was III, in 16 cases it corresponded to level II and in 4 cases to level I. The gait study data were 
analyzed in two groups of patients. In group 1, patients did not have any previous orthopedic interventions, and the crouch gait pattern was 
considered to have developed naturally (15 patients). In group 2, patients underwent previous operations on the tendon-muscular apparatus (in 
other medical institutions) such as fibromyotomy (16 patients) or open lengthening of the Achilles tendon (8 patients). The crouch gait pattern 
in group 2 was considered iatrogenic. Gait analysis using the Edinburgh Scale and 3D analysis was performed before surgery, and at one to 2 
years after the interventions. Results Upon comparing the pre- and postoperative indicators of the Edinburgh scale, there was an improvement 
in the indicators of movements in the ankle joint both in the supporting and in the non-supporting phases of the stride cycle for both groups: a 
decrease in the maximum dorsal flexion of the foot under load, an improvement in the maximum extension in the knee joint during the support 
phase, practically complete elimination of the pathological orientation of the foot relative to the motion vector, as well as improvement of the 
position in the knee joint immediately before the initial contact with the supporting surface. Computer gait analysis showed that multilevel 
surgical interventions improved the parameters of the knee flexion angle at the time of initial contact, increased the amplitude of knee joint 
extension in the support phase of the stride, normalized the orientation of the foot relative to the motion vector, reduced or completely 
corrected the pathological values of the dorsal flexion of the foot in the support phase of the stride and reduced the energetic intensity of 
movements. There was no significant increase in the indicators reflecting the strength characteristics of the plantar flexors, which reflects a 
pronounced suppression of the function of these muscles in the development of crouch gait. GPS changed from 17.1 ± 3.01 to 13.4 ± 3.19 
for natural crouch gait and from 15.9 ± 6.16 to 14.8 ± 4.6 for iatrogenic one. Conclusion The crouch gait pattern is not homogeneous, both 
in terms of natural and iatrogenic development, and in terms of orthopedic disorders. The iatrogenic pattern develops with excessive surgical 
weakening of the plantar flexors of the foot, even if there is no pathological rotation of the lower limb segments in younger patients and with 
lower GMFCS levels. The planning of multilevel surgical treatment is based on 3D gait analysis and should be aimed at eliminating orthopedic 
components of the pathology that determine the crouch gait pattern. Surgical treatment enables to improve the kinetics and kinematics in the 
knee joint and the kinematic indicators of the ankle joint and, in general, increase the gait profile indicator.
Keywords: cerebral palsy, single-event multilevel orthopedic surgery, crouch gait

INTRODUCTION

Cerebral palsy is one of the most frequent causes of 
movement deviations [1, 2]. One of them, the crouch gait 
pathological pattern (gait with permanent knee joint flexion 
and foot dorsiflexion) prevails in older children, adolescents, 
and adults with the level of global motor functions GMFCS 
I-III [3–7]. This gait disorder stands out as a separate pattern 
IV in the classic work of Rodda JM et al. [8]. This pattern is 
characterized by flexion of the knee joint more than 15° at 
the moment of initial contact of the support phase (stance) 
of the stride [4, 8–10], as well as permanent dorsiflexion of 
the foot, flexion of the hip, which is often combined with 
intratorsional deformity of the femur (excessive anteversion 
of the femoral neck), external rotational position of the 
foot relative to the patient's motion vector caused by its 
severe planovalgus deformity with extremely pronounced 
abduction of the anterior foot and/or external torsional 
deformity of the lower leg bones [11–13].

This pattern of pathological gait in spastic diplegia is 
considered as the final stage in the evolution of gait disorders 
observed in older children and adults [8]. In the natural 
course of events, after this type of gait has developed, its 
constituent components aggravate: an increase in foot 
deformity in the middle and hind part and an increase in 

the degree of foot dorsiflexion in the supporting phase, as 
well as flexion contractures of the knee and hip joints [14–
17]. This degradation is facilitated by the progressive high 
position of the patella (patella alta) and torsional deformities 
of the limb segments, which are the cause of the dysfunction 
of the levers that reduce the amount of forces generated by 
the muscle contraction [9, 18, 19]. The negative phenomena 
of crouch gait progression are the development of pain 
associated with arthrosis of the joints of the foot, early 
femoro-patellar arthrosis, apophysitis of the lower pole 
of the patella, a gradual decrease in the ability to move 
independently up to a complete loss of the ability to walk 
independently, even with assistive devices [2, 11, 20, 21].

Currently, the standard surgical orthopedic treatment 
of crouch gait is simultaneous multilevel orthopedic 
interventions that provide correction of primary and 
secondary orthopedic disorders due to this gait pattern [5, 
22–25]. This approach eliminates the outdated method 
of frequent, even annual, separate interventions [20, 26, 
27]. Simultaneous multilevel interventions significantly 
reduce the total number of operations, reduce the time of 
postoperative recovery and rehabilitation, and have economic 
advantages [8, 15, 27, 28]. However, the planning of such an 
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approach requires a 3D Gait Analysis and comparison of its 
results with clinical and radiological studies [23, 29].

Patients with crouch gait are not a homogeneous group. 
Their individual orthopedic elements requiring surgical 
correction may vary [5, 8, 22, 30, 31]. There is also a 
naturally developed pattern of crouch gait, which is usually 
observed during puberty and is associated with an increase 
in body weight and muscle weakness, and iatrogenic 
crouch gai, caused by lengthening of the Achilles tendon, 
aponeurotomy of the calf muscles without correction of 

disorders at the proximal level, and early interventions of 
the fibromyotomy type on still spastic muscles before the 
onset of their retraction [10, 22, 32, 33].

The aim of this study was to evaluate the results of 
multilevel orthopedic interventions in children and adults 
with spastic diplegia and crouch gait type, as well as to 
compare the features of natural and iatrogenic crouch 
gait patterns in the preoperative period and to compare 
the results of their correction in terms of changes in gait 
characteristics.

MATERIAL AND METHODS
The present study included patients with spastic 

diplegia, capable of independent movement with or without 
support aids, whose gait pattern was classified as crouch 
gait. Those patients underwent multilevel single-event 
orthopedic interventions; observational and computerized 
gait analysis was performed before surgery, and also after 
a follow-up period of at least 12 months.

The study did not include patients with spastic diplegia 
but with other types of gait disturbance, patients with a 
functioning baclofen pump, cases of botulinum therapy 
with an interval of less than 6 months before surgery, as 
well as patients with ataxic, dystonic forms of cerebral 
palsy, and patients with hereditary spastic paraplegia.

Finally, the study cohort consisted of 39 patients (10 
females, 29 males). The average age of the patients was 
16.3 ± 4.29 years (range, 7 to 26 years).

In the entire sample, 19 cases had the GMFCS level 
III, 16 cases corresponded to level II and 4 cases to level 
I according to GMFCS. The level of movement disorders 
was assessed clinically, as well as according to medical 
records and anamnestic data.

The gait study data were analyzed in two patients’ 
groups. In group 1, patients had not previously undergone 
any orthopedic interventions on the lower extremities, and 
the crouch gait pattern was considered to have developed 
naturally (15 patients). In group 2, patients had previous 
operations on the tendon-muscular apparatus (at other 
medical institutions according to medical documents), 
which involved single or multiple fibromyotomy (16 
patients), open lengthening of the Achilles tendon (8 

patients). The crouch gait pattern in group 2 was considered 
iatrogenic.

Gait analysis using the Edinburgh scale [32] was 
performed before surgery, 1–2 years after surgery in all 
patients. In addition, the patients underwent a computer 
analysis of gait parameters at the Ilizarov Gait Analysis 
Laboratory [29].

The study of kinematics and kinetics of patient movements 
used 6 Oqus cameras of Qualisys and 1 AMTI (Advanced 
Mechanical Technology Inc., Watertown, MA) platform with 
passive marker video capture technology. Patients walked 
barefoot, if necessary supported by the hands, at their usual 
speed on a 7-meter track. When placing markers, the IOR 
model was used [21], which is suitable for analyzing a patient's 
walking at a low speed and reduces artifacts of skin movement.

The AtteStat 12.0.5 software was used for statistical data 
processing. Descriptive statistics was applied for mean values 
and standard deviations. To determine the significance of 
differences and clinical assessment of gait before surgery and 
in the long-term period within the groups according to the 
Edinburgh Scale, the Wilcoxon T-test was used for associated 
samples. To compare the groups with each other according 
to the quantitative criteria of 3D gait analysis, the Wilcoxon 
W-test was used for independent samples. Differences were 
considered significant at p less than 0.05. To compare the 
incidence of the ability to walk without aids (allowing for the 
combination of cases corresponding to GMFCS levels I and 
II) and using canes or crutches (GMFCS III) in the groups of 
natural and iatrogenic crouch gait pattern, the chi-square test 
was used for binary samples.

RESULTS

Table 1 shows the distribution of patients by age, 
gender, and level of global motor functions.

We should note a significant difference between the indicators 
of age at operation implementation (p = 0.013), which apparently 
indicates an earlier development of orthopedic complications 
characteristic of iatrogenic crouch gait that required surgical 
correction. Moreover, there is a significant difference between 
the groups in the chi-square test (p = 0.0301) in the incidence 
of motor function disorders corresponding to GMFCS level III. 
It indicates a significantly higher probability of the crouch gait 
pattern development after open lengthening of the Achilles tendon 
or percutaneous fibromyotomy, even with a more favorable level 
of disorders of global motor functions (GMFCS I-II) than with 
the natural evolution of orthopedic disorders.

On average, 10.1 surgical elements per intervention 
were performed in each patient in both group 1 and group 
2 (Table 1), which reflects the multiplicity of interrelated 

orthopedic problems that arise in older children and young 
adults by the development of crouch gait.

It should be noted that in the group of iatrogenic 
pathological gait, shortening of the Achilles tendon and 
transfer of the tendon of the peroneus longus muscle to the 
heel bone in order to enhance the function of plantar flexion 
become necessary elements of the intervention in many 
cases. Moreover, there were practically no indications for 
lengthening the triceps of the lower leg. Both features of 
surgical treatment in group 2 were due to previous surgical 
interventions.

The average values for each of the indicators of the 
Edinburgh scale, studied in the pre- and postoperative 
period, are presented in Table 3. In general, there was 
an improvement in the kinematic parameters of gait in 
patients after the operations and in the subsequent period 
of rehabilitation.
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By comparing pre- and postoperative indicators, we 
noted a clear improvement in the indicators of movements 
in the ankle joint both in the support and in the non-
support phases of the gait cycle in both groups (Fig. 1 
and 2): a decrease in the maximum foot dorsiflexion 
under load, an improvement in the maximum knee 
joint extension in the support phase, almost complete 
elimination of the pathological orientation of the foot 
relative to the motion vector, and improvement of 

the knee joint position immediately before the initial 
contact with the supporting surface. Thus, surgical 
treatment improved the interrelated kinematics in the 
ankle and knee joints after eliminating joint contractures 
and leverage dysfunction associated with deformities 
in the horizontal plane. However, the improvements in 
movements in the hip joints were not so pronounced. 
There were practically no improvements in the position 
of the trunk at different moments of the gait cycle.

Table 1
Distribution of patients by age, gender, and level of global motor functions

Group Number of patients Females/Males Age, years 
GMFCS; number of cases

I II III
1 15 4/11 18.9 ± 4.75 – 4 11
2 24 6/18 14.8 ± 3.07 4 13 7

Table 2
Elements of surgical interventions, number

Element of intervention Group 1 Group 2
Lengthening of the medial group of knee flexors 30 48
Lengthening of adductors 8 4
Aponeurotomy of the gastrocnemius muscle, lengthening of the Achilles tendon 28 7
Shortening of m. tibialis posterior tendon 18 28
Supracondylar extension and detorsion osteotomy 8 18
Bringing the patella down 22 42
Detorsion osteotomy of the femur 6 8
Distal transfer of m. rectus femoris 2 8
Lengthening of m. iliopsoas 4 -
Detorsion osteotomy of the lower leg bones 2 1
Talonavicular arthrodesis 8 8
Foot deformity correction according to Evans 4 12
Triple arthrodesis 6 16
Peroneus longus tendon transfer on to the heel bone – 7
Shortening of the Achilles tendon – 12
Dissection of retinaculum extensorum /lengthening of the tendon of the anterior tibial muscle – 2
Hallux valgus correction, including arthrodesis of first phalangeal joint 11 20
Total 155 241

Table 3
Mean values of the Edinburgh scale before the operation and after 1-2 years after the intervention

Parameter 
Group 1 Group 2

Before treatment 1–2 years after treatment Before treatment 1–2 years after treatment
Initial contact 1.4 ± 0.50 0.7 ± 0.52 1.2 ± 0.51 0.67 ± 0.50
Heel lift 1.3 ± 0.53 0.9 ± 0.25 1.02 ± 0.5 0.75 ± 0.38
Maximum ankle dorsiflexion 1.4 ± 0.50 0.3 ± 0.53* 1.5 ± 0.54 0.21 ± 0.42*
Hind-foot varus/valgus 1.5 ± 0.68 0.27 ± 0.45* 1.35 ± 0.73 0.2 ± 0.32*
Foot progression angle 1.7 ± 0.58 0.23 ± 0.50* 1.44 ± 0.69 0.3 ± 0.55*
Knee progression angle 1.1 ± 0.63 0.53 ± 0.51 0.88 ± 0.69 0.4 ± 0.48
Peak knee extension 1.8 ± 0.38 0.47 ± 0.57* 1.7 ± 0.47 0.27 ± 0.49*
Peak hip extension 1.5 ± 0.57 0.8 ± 0.81 1.17 ± 0.79 0.58 ± 0.51
Pelvic obliquity at Mid-Stance 0.97 ± 0.41 1.03 ± 0.32 1.13 ± 0.74 0.96 ± 0.48
Pelvic rotation at Mid-Stance 0.6 ± 0.72 0.33 ± 0.48 0.71 ± 0.73 0.46 ± 0.55
Trunk Peak Sagittal Position 1.1 ± 0.48 1.17 ± 0.83 1.2 ± 0.68 1.04 ± 0.67
Trunk maximum lateral shift 1.5 ± 0.51 1.4 ± 0.5 1.9 ± 0.23 1.6 ± 0.54
Clearance 1.1 ± 0.45 0.43 ± 0.50 0.78 ± 0.62 0.5 ± 0.51
Maximum ankle dorsiflexion 0.77 ± 0.68 0.1 ± 0.31 0.94 ± 0.87 0.19 ± 0.40
Peak knee flexion 1.2 ± 0.75 0.7 ± 0.58 1.1 ± 0.71 0.63 ± 0.59
Knee terminal swing position 1.7 ± 0.47 0.47 ± 0.63* 1.6 ± 0.49 0.52 ± 0.50*
Peak hip flexion 1.1 ± 0.78 0.5 ± 0.51 0.79 ± 0.88 0.33 ± 0.48
Total 43.7 ± 7.54 20.9 ± 8.98* 40.8 ± 10.91 19.2 ± 6.05*

Note: * – significant difference with the initial total indicator according to the paired Wilcoxon test (p < 0.05)



328

Genij Ortopedii, Vol. 26, no 3, 2020

Original Article

Fig. 1 Gait of patient O., 18 years old, GMFCS II, top row – before treatment, bottom row – 2 years after surgery: a – initial 
contact (on the whole foot before treatment, on the heel after it); b – middle stance (increased foot dorsiflexion before treatment, 
pathological excessive flexion in the knee joint; normalization of the kinematic parameters of maximum dorsal flexion of the 
foot and maximum extension in the knee joint after treatment; c – toe-off, stride length became clearly longer after surgery; 
d – mid swing, normalization of knee flexion and step clearance after surgery; e – position of the knee joint before the foot 
contact with the surface, normalization of knee flexion after surgery; f, g - external deviation of the bearing limb foot and 
normal orientation of the bearing foot after treatment

Fig. 2 Gait of patient C., 14 years old, GMFCS II, top row – before treatment, bottom row – 1.5 years after surgery: a – initial 
contact (before treatment on the whole foot, on the heel after it); b – mid stance (increased foot dorsiflexion before treatment, 
pathological, excessive flexion in the knee joint; normalization of the kinematic parameters of the maximum dorsal flexion of 
the foot after treatment and improvement of knee joint extension); c – foot-off (toe-off), stride length did not increase after the 
operation; d – mid swing, normalization of knee flexion, sufficient step clearance before and after the operation; e – position 
of the knee joint before contact of the foot with the surface, improvement of knee joint flexion after surgery; f, g – external 
deviation of the bearing limb foot and normal orientation of the bearing foot after treatment

Computer analysis of gait revealed the following changes 
in kinematic and kinetic parameters (Tables 4, 5, 6).

The results presented in Table 4 show, first of all, a 
significant decrease in the angle of maximum dorsal flexion of 
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the foot in the support phase of the gait (decrease, on average, 
by 39 % for the first group and by 32 % in the second). In 
addition, normalization of the foot orientation relative to the 
walking direction vector was achieved in both groups.

Surgical treatment reliably improved the indicators of 
movements in the knee joint, reducing the flexion angle 
at the initial moment of the support phase and, what is 
extremely important, in the mid stance almost a twofold 
decrease in the flexion angle was observed. In addition, the 
appearance of the moment of force of flexors also showed 
normalization of the work of the antagonist muscles of the 
knee joint which found themselves in biomechanically 
favorable conditions after surgical treatment.

In general, an improvement in the kinematics of 

movements in the knee and ankle joints, an improvement in 
the orientation of the foot relative to the vector of walking 
movement is clearly visible. There was a significant decrease 
in knee flexion at the time of initial contact in both groups. 
Moreover, the improvement in knee extension during the 
stance phase was accompanied by a decrease in effort and 
energy generation, which reflects a decrease in the energy 
consumption by walking. On the other hand, no significant 
changes in the kinetic parameters of foot movements 
were found when comparing the parameters in the pre- 
and postoperative period. However, the magnitude of the 
moment of the force of the plantar push and the power of 
plantar flexion in the group of the natural crouch gait pattern 
were higher than in the iatrogenic pathological gait.

Table 4
Changes in the kinematic and kinetic parameters of the ankle joint, duration of the support phase of the gait cycle

Parameter
Natural crouch gait pattern Iatrogenic сrouch gait pattern

Before operation After operation Before operation After operation 
Foot position at onset of the 
stance ; ° 14.8 ± 2.99 3.50 ± 0.36 Р = 0.002 12.7 ± 6.03 6.1 ± 5.70 Р = 0.008

Maximum foot dorsiflexion angle 
in stance; ° 27.3 ± 5.33

16.8 ± 8.03 positive 
dynamics by 39 % 

Р = 0.015
26.5 ± 10.3

18.2 ± 10.33 positive 
dynamics by 32 % 

Р = 0.003
Foot position at the toe-off 
moment; ° -1.35 ± 6.30 -0.23 ± 6.60 -0.8 ± 7.49 -1.88 ± 6.50

Duration of the stride phase, % 68.7 ± 7.86 65.9 ± 5.72 66.1 ± 8.80 68.6 ± 7.67
Angle of foot orientation relative 
walking vector; ° -33.5 ± 27.2 -18.8 ± 22.7 -25.1 ± 18.2 -11.9 ± 19.2

Force moment of plantar flexors; 
Nm/kg 0.95 ± 0.26 0.92 ± 0.14 0.88 ± 0.37 0.86 ± 0.26

Power of plantar push; W/kg 1.27 ± 0.72 1.35 ± 0.44 1.21 ± 0.57 1.31 ± 0.99

Table 5
Change in knee joint kinematic and kinetic parameters

Parameter
Natural crouch gait pattern Iatrogenic сrouch gait pattern

Before operation After operation Before operation  After operation
Knee flexion angle at onset of the 
stance; ° 45.7 ± 3.92 27.0 ± 6.78 Р = 0.004 39.2 ± 12.28 26.1 ± 14.9 

Р = 0.0008
Angle of peak knee extension in 
stance; ° 38.4 ± 11.38 20.1 ± 8.98 Р = 0.004 28.3 ± 18.7 13.4 ± 18.8 

Р = 0.0002
Angle of maximum flexion in 
swing; ° 66.0 ± 14.7 47.8 ± 5.64 56.5 ± 13.5 49.1 ± 15.83

Moment of maximum flexion in 
swing (% gait cycle) 81.3 ± 6.25 78.8 ± 7.87 82.9 ± 4.96 80.9 ± 5.05

Moment of extensors force; Nm/kg 1.08 ± 0.55 0.77 ± 0.22 0.96 ± 0.50 0.61 ± 0.42 Р = 0.001
Moment of force, flexors; Nm/kg 0.03 ± 0.08 0.15 ± 0.07 Р = 0.004 0.12 ± 0.17 0.36 ± 0.28 Р = 0.0005
Extension capacity; W/kg 0.65 ± 0.43 0.66 ± 0.43 0.68 ± 0.42 0.61 ± 0 .55

Table 6
Changes in kinematic and kinetic parameters of the hip joint, pelvis and GPS

Parameter
Natural crouch gait pattern Iatrogenic сrouch gait pattern

Before surgery After surgery Before surgery After surgery
GPS 17.1 ± 3.01 13.4 ± 3.19 15.9 ± 6.16 14.8 ± 4.6
Femur position at initial contact;° 43.6 ± 12.1 37.1 ± 4.45 39.5 ± 10.8 41.1 ± 14.7
Maximum angle of femur 
extension in support phase ; ° 14.6 ± 12.8 9.1 ± 9.74 10.0 ± 10.1 10.8 ± 16.6

Rotation of the femur in support 
phase;° 26.3 ± 11.48 14.1 ± 18.2 19.2 ± 16.7 17.3 ± 14.87

Pelvic tilt;° 14.4 ± 9.53 20.8 ± 5.18 17.8 ± 10.6 22.4 ± 12.7
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DISCUSSION

The work of Rodda et al. [8] presented a classification 
that has become generally accepted and is a starting 
point for deeper studies of pathological gait patterns in 
children and adolescents with spastic diplegia, based 
on the kinematics in the sagittal plane. The crouch gait 
pattern is defined as a symmetrical gait where the foot is in 
dorsiflexion throughout the stance phase of the gait cycle, 
there is excessive flexion in the knee and hip joints, and the 
pelvis may be in the normal position or tilted posteriorly. 
The crouch gait pattern is seen with other types of gait 
within the flexed knee gait, where the knee joint is flexed 
more than 15° at the initial contact (it corresponds to more 
than 1 SD for a 6-year-old child), which may include 
jump gait, apparent patterns equinus and crouch gait [5, 
9, 22]. However, the crouch gait pattern is defined with 
an excessive flexion position in the knee joint and dorsal 
flexion of the foot throughout the entire stance phase [5, 8].

The abnormalities found in the crouch gait are well 
documented and include spasticity/retraction of the knee and 
hip flexors, torsion deformities of the hip, external rotational 
foot position usually associated with severe planovalgus 
deformity, patella alta [8, 11, 36 ]. Such changes lead to the 
pathology of biomechanical levers and gradual displacement 
of the direction of the support reaction vector to a permanent 
position posterior to the axis of rotation in the knee joint, 
which aggravates the situation [11, 12, 20, 37]. That is, 
biomechanical disorders are found not only in the sagittal 
plane, but also in the horizontal and frontal planes [19].

This type of pathological gait pattern is usually 
observed in children over 12 years of age, is associated 
with the completion of growth, with an increase in body 
weight, puberty and is considered as the evolution of other 
types observed at an earlier age (equinus gait, jump gait) [8, 
14, 21 ]. In addition, computerized gait analysis may detect 
abnormal activity of the quadriceps (m. rectus femoris) in 
the non-supporting phase of the gait cycle, characteristic of 
stiff knee gait [6, 8, 17, 38].

The development of weakness of the lower leg triceps 
and a decrease in the force of knee extension is considered 
critical in the development of the crouch gait pattern, since 
these two elements form an important interdependent 
biomechanical couple by walking to achieve extension of 
the knee joint and reduce the energy intensity of walking 
[8, 20, 33, 39, 40] ...

Moreover, in addition to the natural development of this 
gait pattern, the iatrogenic crouch gait pattern is detected 
after unjustified fibromyotomies and isolated lengthening 
of the Achilles tendon performed at an early age [22, 33]. 
The subsequent inevitable weakening of the lower leg 
triceps leads to a loss of function of the soleus muscle, 
contracting eccentrically, absorbing the kinetic energy of 
the bearing limb, and pathological flexion of the knee joint 
in the support phase [40–43]. As shown by Rose et al. [39], 
only aponeurotomy of the gastrocnemius muscles allows 
preserving the push force in plantar flexion of the foot and 
prevents the development of triceps weakness.

As a rule, the available publications consider the issues 
of population, orthopedic aspects, methods and results of 
correction of this type of pathological gait together, both 

for naturally developed crouch gait and for iatrogenic 
one, indicating that there is no reliable effect of age on the 
result of multilevel interventions in children [14, 31 , 36, 
44, 45]. However, our study revealed that in the group of 
iatrogenic gait disorders, the age of the surgical treatment 
was significantly lower than in the group with naturally 
developed gait pathology. At the same time, with the natural 
development of crouch gait, GMFCS level II disorders are 
more common, while GMFCS level III is characteristic for 
patients without previous surgical treatment.

At the moment, there is no need to prove the feasibility of 
performing multilevel simultaneous surgical interventions 
in the correction of orthopedic complications in cerebral 
palsy. This is also true for the crouch gait pattern [23, 30, 
31, 46–48].

As our study showed, multilevel correction of 
orthopedic deformities and joint contractures in the crouch 
gait pattern improves the parameters of foot dorsiflexion 
and extension of the knee joint in the support phase of 
the gait cycle, rotational orientation of the knee joint and 
foot relative to the patient's motion vector. These main 
biomechanical disorders that cause not only persistence 
but also progression of this pathological type of gait were 
eliminated. As a result, the overall Gait Profile Score 
improved in both groups.

The literature does not report on the comparison of the 
surgical methods of correction depending on the natural 
or iatrogenic development of crouch gait [15, 30, 37, 48]. 
Our study showed that the elements of intervention are 
different for these two clinical situations: shortening of the 
Achilles tendon was required to correct excessive dorsal 
flexion of the foot in iatrogenic disorders, and, often, in 
combination with transfer of the peroneal longus muscle 
to the heel bone. We also note the need for correction of 
foot deformity simultaneously with an attempt to enhance 
active plantar flexion using various types of arthrodesis to 
eliminate the pathology of biomechanical levers in order to 
shift the support reaction vector anteriorly from the axis of 
rotation of the knee joint.

Today, the 3D gait analysis is an integral part of the 
diagnosis and planning of orthopedic surgery in patients 
with cerebral palsy, allowing the determination of 
pathological values and gait patterns in patients with 
cerebral palsy [7, 47].

Our research revealed the peculiarities of the iatrogenic 
crouch gait development as opposed to the natural one. An 
iatrogenic disorder develops due to a serious postoperative 
weakening of the triceps of the lower leg without 
significant rotational deviations of the foot from the vector 
of motion in the support phase of the gait cycle. At the 
same time, the pathological values of the motion range 
and angles in the joints in the sagittal plane are close in 
these two groups of patients. We should note the tendency 
towards a smaller flexion angle in the non-support phase 
in patients with iatrogenic pattern, which is an element of 
stiff knee gait. The strength indices of the plantar flexors 
were equally weakened in both groups; however, the push 
power, while remaining pathologically low, was higher in 
the iatrogenic group. The latter is due to a lesser severity of 
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neurological disorders observed in our sample in patients 
with the iatrogenic crouch gait pattern

Thus, the negative effect of early interventions on plantar 
flexors (fibromyotomy according to the Ulzibat method, 
open lengthening of the Achilles tendon in children with 
spastic diplegia [32, 33, 43, 49]) is obvious and manifests 
itself in the early development of a pathological crouch gait 
pattern in children without torsional deformities (without 
disorders of biomechanical levers in the horizontal plane) 
and in children with initially high levels of motor activity 
and not prone to develop this complication.

Computer gait analysis showed that multilevel 
surgical interventions in both groups enable to improve 
the parameters of the knee flexion angle at initial contact, 
to increase the magnitude of knee joint extension in the 
support phase of the gait cycle, to normalize the orientation 
of the foot relative to the motion vector, to reduce or 
completely correct the pathological dorsal flexion of the 
foot in the support phase of the gait and reduce the energy 
consumption of movements in the support phase of the 

gait cycle. However, there was no significant increase in 
the parameters reflecting the strength characteristics of the 
plantar flexors, which apparently reflects the pronounced 
suppression of the function of this muscle group in the 
development of crouch gait. We emphasize once again that 
a pronounced decrease in the functional capabilities of the 
plantar flexors in natural crouch gait is a natural evolution 
of the situation characteristic of patients with GMFCS 
level III, less often with level II. While in iatrogenic 
crouch gait, the loss of leg triceps function is the result of 
staged or even single fibromyotomies or lengthening of the 
Achilles tendon performed at an early age in patients with 
a less severe level of impairment of global motor functions 
(GMFCS level I-II).

In any case, stabilization of foot position in the 
horizontal plane along with an improvement in the kinetic 
and kinematic parameters for the knee joint is sufficient 
to reduce the energy consumption in the support phase 
of the stride and, in general, to increase GPS even in a 
pronounced decrease in the function of the plantar flexors.

CONCLUSION

The crouch gait pattern is not homogeneous, both in 
terms of natural and iatrogenic development, and in terms 
of orthopedic disorders. The iatrogenic pattern develops 
with excessive surgical weakening of the plantar flexors 
of the foot, even in the absence of pathological rotation of 
the lower limb segments at an earlier age and in patients 
with a lower level of global motor disorders according 

to GMFCS. Planning of multilevel surgical treatment 
is based on 3D gait analysis and should be aimed at 
eliminating all, both primary and secondary, orthopedic 
components of the pathology that determine the crouch 
gait pattern. Surgical treatment improves kinetic and 
kinematic parameters in the knee joint and the kinematics 
of the ankle joint.
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