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ABSTRACT

Knee flexion contracture is the most common lower limb deformity among patients with cerebral palsy, with a prevalence
of 47%-53%. Its prolonged persistence leads to marked functional impairments, such as increased energy expenditure dur-
ing walking and decreased motor activity in children, and the emergence of secondary orthopedic complications, which
significantly affects patients’ quality of life. This review analyzed published scientific data on current surgical methods
for the correction of knee flexion contracture in patients with cerebral palsy, evaluating their clinical effectiveness, deter-
mining frequency of complications, and identifying factors influencing the choice of optimal treatment strategy. The studies
were determined using PubMed, Google Scholar, Cochrane Library, Crossref, and eLibrary. The search was conducted without
language restrictions, covering the period from 1952 to 2024. Seventy-four sources were reviewed, including original articles
and systematic reviews on surgical treatment of knee flexion contracture in patients with cerebral palsy. The primary sur-
gical correction methods for knee flexion contracture in children with cerebral palsy are hamstring lengthening and distal
femoral extension supracondylar osteotomy. Hamstring lengthening is considered the main surgical procedure and most
appropriate option for patients of all age groups. Notably, femoral osteotomy has shown high clinical effectiveness in older
patients, particularly in those with marked distal femoral deformities. Both methods yield favorable outcomes, but may be
associated with certain complications. Furthermore, this review discusses alternative techniques, including tendon transfers
and temporary hemiepiphysiodesis, and combined approaches. The conducted scientific data review confirmed the effective-
ness of surgical treatment of knee flexion contracture in patients with cerebral palsy. However, in selecting a particular surgi-
cal procedure, individual anatomical and clinical features, the degree of contracture, and age-related patient characteristics
should be considered.
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Xupypruyeckoe nevyeHue NaLMeHTOB C JETCKUM
LepebpanbHbIM NapanuuoM co crubarenbHoM
KOHTPaKTYpoi KoneHHoro cyctaBa. 063op nutepartypbl

A.P. Mycradaesa, B.A. Hosukos, B.B. YmMHos, C.B. BuccapmoHos

HaumoHanbHbIA MEAVLIMHCKUIA MCCEA0BATENbCKUIA LIEHTP AETCKOW TpaBMatonorumn u optoneamu umenn [N. TypHepa, CaHkT-leTepbypr, Poccus

AHHOTALUA

CrubatenbHas KOHTpaKTypa KONMEHHOrO CycTaBa 3aHMMAaeT Befyllee MecTo Cpeny Bcex AedopMaumii HUKHUX KOHEYHOCTEN
Yy NaLUMEHTOB C LETCKUM LiepebpasnbHbIM NapaanyoM ¢ YacToToi BCTpedaeMocT B 47-53% HabnioaeHuit. JnuTensHo cyllecTsy-
foLLee MaTofIorMyeckoe COCTOSIHWE MPMBOAMT K 3HAUUTEIbHBIM (DYHKLMOHAbHBIM HapYLUEHWAM: YBEIMYEHWIO SHepro3aTpar
npu xofbbe, CHUKEHWUIO ABUraTesIbHOW aKTUBHOCTM pebeHKa W pasBUTUI0 BTOPUUHBIX OPTONEAMYECKUX OCNOMHEHWH, 4TO CY-
LLECTBEHHO YXYALLIAeT KayecTBO XM3HU NaLMeHToB. B cTatbe npoaHanu3upoBaHbl 0nybaMKoBaHHbIE TUTEPATYpHbIe AaHHbIe
0 COBPEMEHHBIX XUPYPTrUYECKUX METOAX KOPPEKLMM crubaTenbHOM KOHTPAKTYpbl KONIEHHOO CYCTaBa Y MaLMeHTOB C LETCKUM
LepebpanbHbIM NapanuyoM, a TakKe [laHa OLEHKa KIMHWUYECKON 3Q(EKTUBHOCTM 3TUX METOAOB, BbISIBNEHA 4acToTa OC/IOX-
HeHWIA U onpeneneHns HaKTopoB, BAMAKLIMX HA BbIBOp ONTUManbHON NeyebHol TakTukK. [poBeaeH aHanu3 nybnuKauwii
13 6a3 faHHbIx PubMed, Google Scholar, Cochrane Library, Crossref u eLibrary. lMouck nposoaunu 6e3 orpaHuyeHuii no A3biKy,
oxBatbias nepuog ¢ 1952 no 2024 r. B utoroBbIi 0630p BOLLAKM 74 UCTOYHMKA, BKIIOYasA OpUrMHabHbIE CTaTbu M CUCTEMA-
TU4YecKkue 0630pbl, MOCBALLEHHbIE XUPYPTUYECKOMY JIEYEHMIO CrBaTeNlbHON KOHTPAKTYpbl KOJIEHHOMO CycTaBa Y NaLMeHTOoB
C LeTcKuM LiepebpanbHbiM napanuyoM. OCHOBHBIMW METOAaMW KOpPeKUMM CrubaTenbHOM KOHTPaKTYpbl KONEHHOro CycTaBa
y AeTeil ¢ LepebpanbHbIM NapanuM4yoM NpusHaHbl YAJMHEHWe crubaTeneil roneHu M KOppUrupyiolas pasrubatenbHas Haf-
MBbILLLE/IKOBas 0CTe0TOMUSA befpeHHOI KOCTW. YanuHeHve crubatenei cuMTaloT 0CHOBHOM onepaLyeit, Haubonee onTMManbHoM
ANs NaUMEeHTOB BCeX BO3pacTHbIX rpynn. OQHOBPEMEHHO C 3TUM He0BX0AMMO NOAYEPKHYTb, YTO 0CTEOTOMUS BEAPEHHOM KOCTH
AEMOHCTPUPYET BbICOKYH KIMHMYECKY0 3 dEKTUBHOCTb Y NaLMEHTOB CTapLUero Bo3pacTa, 0C06eHHO Mpu BbIpaXKeHHbIX fe-
dopMauuax guctanbHoro otaena begpa. 06a noaxofa LEMOHCTPUPYIOT NONOXUTENbHBIE Pe3yNbTaTbl, 04HAKO MOTYT COMPOBO-
AATbCA PALOM OCNOXHEHMIA. B 0630pe nuTepaTypbl TakXKe paccMOTpeHbl U anbTepHaTUBHbIE METOAbI, BKIIKOYas NepecasiKy
CYXOXWINIA, BPEMEHHBIA reMuanudm3nones U KoMOMHUPOBaHHbIE MeTOAMKW. [poBefeHHbIA 0630p NMTepaTypbl NOATBEPIK-
[A€eT, YTO XUPYPruyecKoe NleyeHne crubatenbHOM KOHTPaKTYpbl KOIEHHOMO CYCTaBa Y MALMEHTOB C LETCKUM LiepebpanbHbiM
napanuyoM — 310 3G (eKTUBHBIA METOA, OLHAKO BbIOOP KOHKPETHOMO 0NEpPaTUBHOMO BMeLLATeNIbCTBA A0/IKEH OCHOBLIBATLCA
Ha MHOMBMOYaNbHbIX aHaTOMO-KIIMHUYECKUX XapaKTEPUCTUKAX, BbIPAXKEHHOCTW KOHTPAKTYpbl U BO3PACTHbIX 0COBEHHOCTAX
naumeHTa.

KnioueBble cnoBa: JeTCKWIM LiepebpasbHbIi napanuy; crubatesibHasn KOHTPAKTYpa KONEHHOrO CyCTaBa; yJIMHeHWe crubatenen
rofieHu; KOppUrMpyioLLas HaaMbILLeNIKoBasi 0CTe0TOMUs GeapeHHOM KOCTH; MoxoaKa npuceaas.

Kak umtupoBatb

Myctadaesa A.P, Hosvkos B.A., YMHoB B.B., BuccapuoHos C.B. Xvpypritdeckoe neyeHne NaLmeHToB ¢ ETCKUM LiepebpasibHbIM NapannyoM co cribatenbHom
KOHTPaKTypoit KoneHHoro cycTasa. 063op nuTepatypsl // OpToneams, TpaBMatonorus U BOCCTaHOBUTENbHAs XUpypriist AeTckoro Bospacta. 2025. T. 13. N° 2.
C. 202-214. DOI: 10.17816/PTORS678129 EDN: ACUWZJ

Pykonucb nonyyena: 04.04.2025 Pykonucb opo6peHa: 12.05.2025 Ony6numkoBaHa online: 25.06.2025
Vs
3K0 e BEKTOP Cratba noctynHa no nmuen3mn CC BY-NC-ND 4.0 International

© 3Ko-Bextop, 2025


https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru
https://doi.org/10.17816/PTORS678129
https://elibrary.ru/acuwzj
https://doi.org/10.17816/PTORS678129
https://elibrary.ru/acuwzj

Pediatric Traumatology. Orthopaedics

BHEVRL Vol 13 (2) 2025 and Reconstructive Surgery -
Rl A
DOI: https://doi.org/10.17816/PTORS678129 EDN: ACUWZJ

RO A8 ) LIRSS R 2R AR RIS MRHEYT. SCBRERIE

Alina R. Mustafaeva, Vladimir A. Novikov, Valery V. Umnov, Sergei V. Vissarionov

H. Turner National Medical Research Center for Children’s Orthopedics and Trauma Surgery, Saint Petersburg, Russia

HHE

BRI e 2R 4 7E i WE B LATE R B T2 o B 32 A7, R AR R AT% - 53% . 1R KA R
BT E FIIRERTERS : 2PATREEVEFEY I, JLEIZBNEE )T N FF gk R VBB ACRE, M s A
TR AT 1 R R SCHRRTERE, AR R e i LI OC1 e th 22 48 AR A MM IR 7 14,
PPAL T IX L7 VR R RS R, Fa T IR RRE I R AR AR, FE B 1 52 i A 10 T SR IS e B AH 5%
K. #ZPubMed. Google Scholar. Cochrane Library. CrossrefflleLibrary##E/E . £ 2 q]
JEFE N19524F 32 20244F, ANBIE S PRI N4k STk, ELFERIGTF FE MR G ok, 39N
e B LR O SR M 22 4 A MEHAT T R e WUE R AR AN & o A B 2 R A B R\ e i
e A LR 1T S Hh 22 4 1 = B E 7 V5 JENUE R AR A EEMFARTT A, il T &k
B (RIS N o, i A AR 3, JCHE i izt v ™ e 2 38 B B s i i
PRIT 38 WM 135 0 n R IFEE R, (AT ReAERE—E HEACRE S SCRRH IR bt 7B A7 12, 4
JWUBBE G AT I B 1A~ B BEL A AR A B B yR T TS o SCHR ZR iR 3R B, Mo B ) LA 5 1 e th 22 48 14 MEHA
ST —MA B 7, A BARTFARTT P85 T 83 AR R PR e s 2R 12 B S 4
WEHRFIE

BRIl MR ROCT R 2R 4E; IR BN KA a8 LHTE A A, RS,

Ell:E s

Mustafaeva AR, Novikov VA, Umnov VWV, Vissarionov SV. fiife ) LI T 8 M 2245 0 AMEHATT. SCHRSEIR. Pediatric Traumatology, Orthopaedics
and Reconstructive Surgery. 2025;13(2):202-214. DOI: 10.17816/PTORS678129 EDN: ACUWZ)J

B 04.04.2025 52 12.05.2025 RAHHA: 25.06.2025
V-2
ECOeVECTOR The article can be used under the CC BY-NC-ND 40 license

© Eco-Vector, 2025


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/PTORS678129
https://elibrary.ru/acuwzj
https://doi.org/10.17816/PTORS678129
https://elibrary.ru/acuwzj

SCIENTIFIC REVIEWS

INTRODUCTION

Cerebral palsy (CP) is a group of permanent disorders
of motor development and postural control caused
by nonprogressive injury or abnormality of the developing
fetal or neonatal brain. CP is one of the leading causes
of childhood disability [1]. Epidemiological data indicate
a prevalence of CP of 1.5-5.2 cases per 1000 live
births [2, 3].

As children with CP grow older, their neurological condition
generally improves and stabilizes. However, secondary
orthopedic complications tend to develop and progress over
time, leading to persistent upper and lower limb contractures
and deformities (Fig. 1).

Knee flexion contracture (KFC) is the most common lower
limb deformity among patients with CP, with a reported
prevalence of 47%-53% [4, 5].

As children with KFC grow and gain weight, walking
becomes increasingly energy-consuming. Thus, they
tend to avoid prolonged standing, which may gradually
lead to a decrease and eventual loss of motor skills
and, consequently, to an increase in time spent in a seated
position. Moreover, studies have shown that KFC may
contribute to the development of contractures in adjacent
joints and increase the risk of spinal deformities [6, 7].

Surgical treatment is indicated in patients with CP
and KFC when the contracture is fixed and conservative
treatment is ineffective. Considering the high prevalence
of KFC and its significant negative impact on patients’
quality of life, there is a need for a systematic scientific
review of current surgical correction methods
and the rationale for their use.

This study analyzed published scientific data
on current surgical techniques for the correction of KFC
in patients with CP, providing an assessment of their clinical
effectiveness, the frequency of complications, and the factors
for choosing the optimal treatment strategy.

Publications dedicated to the surgical treatment of KFC
in patients with CP were investigated. Data search was con-
ducted in the scientific databases PubMed, Google Scholar,
Cochrane Library, Crossref, and eLibrary without language re-
strictions. The following keywords and phrases derived from
them were searched: neTckuit LepebpabHbIiA Napanuy/ce-
rebral palsy, crubatenbHas KOHTPaKTypa KONIEHHOrO cycTaBa/
knee flexion contracture, yanuHenne crubatenei ronexu/
hamstring lengthening, Koppurupylowas HagMbiLLenKoBas
ocTeotoMust beapeHHon Koctu/distal femoral extension os-
teotomy, noxoaka npucepas/crouch gait, HaaMbILWenKoBas
ocTeotoMmus benpeHHoi Koctu/supracondylar femoral oste-
otomy, Tyroe koneHo/stiff knee, ykopoueHue cobcTBEHHOIA
CBA3KM  HapKoneHHuka/patellar tendon shortening,
and nepeaHuii remmanuduseones AWCTanNbHOMO OTAena
benpeHHoit Koctu/anterior hemiepiphysiodesis of the dis-
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Spasticity of the hamstring muscles

W

Tonic knee flexion contracture

L

Fixed knee flexion contracture
(hamstring muscle shortening)

<

Associated musculoskeletal disorders
(crouch gait and weakness of the knee extensor mechanism)

U

Bony and articular changes of the knee joint

Fig. 1. Mechanism of knee flexion contracture development in patients
with cerebral palsy.

tal femur. Boolean operators “OR” for any of the keywords
and “AND” for combination of all keywords were
applied.

The inclusion criteria were randomized controlled trials,
cohort studies and case series with 1-4 evidence levels,
publications describing surgical treatment of patients
with CP and KFC, and sources reviews. The exclusion criteria
included clinical studies involving <10 patients, publications
focused on conservative treatment of KFC in patients with CP,
and commentary articles.

The initial search yielded 120 publications, including
reviews and original research. After removal of duplicates
and exclusion of non-eligible articles, 74 publications
dated 1952-2024 were selected. These studies focused
on soft-tissue methods for KFC correction, such as ten-
don transfers and hamstring lengthening, and bony
methods for KFC correction, such as temporary hemiepi-
physiodesis and distal femoral extension supracondylar
osteotomy.

Surgical Treatment Methods

KFC is a major orthopedic issue in patients with CP [8].
Several studies have shown that KFC severity correlates
with motor abilities according to the Gross Motor Function
Classification System (GMFCS), particularly in children
at levels IlI-V [9].

Although the development of KFC, similar to other
contractures in CP, is polyetiological, the predominant cause
of their development is prolonged muscle spasticity. According
to the theory proposed by Hof [10], persistent hypertonia
during a child's growth causes a mismatch between the length
of the tendons and muscles relative to the adjacent bony
structures of the knee joint. Consequently, KFC manifests
as shortening of the flexor muscles, such as the hamstrings
(biceps femoris, semitendinosus, and semimembranosus
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muscles) and gracilis muscle. With long-standing joint
contracture, the heads of the gastrocnemius muscle,
knee joint capsule, patella with its tendon, and femur
and tibia alter gradually. Therefore, the surgical correction
of this pathological condition is required to address the main
pathophysiological components involved in the development
of KFC.

Modern surgical treatments for KFC are divided
into soft-tissue procedures, namely, tendon transfers
and hamstring lengthening, and bony procedures, such as
temporary hemiepiphysiodesis and distal femoral extension
supracondylar osteotomy.

Tendon Transfer

In 1952, Eggers [11] was the first to propose
correcting KFC through tendon transfer of the hamstring
muscles (i.e., semitendinosus, semimembranosus,
and biceps femoris) to the femoral condyles. The author
hypothesized that hamstring transposition would improve
movement coordination and decrease contracture
by converting biarticular muscles into monoarticular
ones [11, 12]. However, various complications were
reported with this surgical technique, including genu
recurvatum, restricted knee flexion, hamstring muscle
weakening, increased lumbar lordosis, and KFC
recurrence. Among the most significant complications
were genu recurvatum and restricted knee flexion, which
prompted other researchers to develop and propose their
modifications of the hamstring transposition technique.
Pollock [13] recommended transferring only the medial
hamstring tendons, combining this with biceps femoris
tenotomy in severe cases of flexion contracture. Evans
and Julian [14] refined the original tendon transfer method.
The modification involved partial transfer of the tendons
(gracilis and semitendinosus muscles) and a change
in their fixation points. Moreover, in his study, Reimers [15]
concluded that distal or proximal hamstring lengthening
does not lead to the previously reported complications
and is therefore more effective.

KFC is often accompanied by internal rotation of the femur
at the hip joint. Selber et al. [16] and Sung et al. [17] proposed
simultaneously addressing both issues by transferring
the distal tendons of the hamstring muscles. However, this
technique was not widely adopted, as it proved ineffective
in correcting internal femoral rotation and led to knee joint
instability in some cases.

Currently, tendon transfer procedures are used
infrequently owing to the complexity of the technique and high
risk of postoperative complications. Consequently, Miller [8]
and De Mattos et al. [18] preferred alternative methods, such
as hamstring lengthening, which is considered more effective
than tendon transposition and is associated with fewer
complications.

Tom 13, Ne 2, 2025
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Hamstring Lengthening

Hamstring lengthening is considered the primary
surgical procedure for treating patients with CP-related
KFC, as it aligns with the pathophysiological principles
underlying its development. The classic open technique
involves Z-lengthening or complete transection of the distal
tendinous portion of the biceps femoris, semitendinosus,
semimembranosus, and gracilis muscles (Fig. 2).
Additionally, a closed (percutaneous) technique may be
used, which involves tenotomy of the aforementioned
tendons through one or several skin punctures. Hamstring
tenotomy is suitable for patients of any age. However,
according to scientific data, children aged <5 years are
at an increased risk of complications such as contracture
recurrence or, conversely, hyperextension of the knee
joint [19].

This method is applicable for KFC of any severity
[8, 20, 21]. According to current guidelines, this procedure
is indicated in a fixed knee flexion contracture of >10°
and in a popliteal angle (PA) <120° [22].

Review of the scientific medical data revealed that
surgeons using this correction method adhere to different
treatment strategies: some prefer to lengthen only the medial
hamstring tendons, whereas others address both the medial
and lateral portions. According to several studies, open
lengthening of the medial and lateral hamstring tendons
demonstrates greater effectiveness and lower recurrence rate
compared to isolated medial lengthening. Chang et al. [23]
performed lengthening of the medial and lateral hamstring
tendons and reported an increase in the PA from a mean
of 128 + 12° to 137 + 16°, along with a decrease in KFC from
8.9 + 4.6° to 4.6 + 5.7°. Similarly, Dreher et al. [19] observed
a 28° improvement in knee extension.

Despite these findings, most surgeons prefer medial
hamstring lengthening alone, avoiding lateral intervention
owing to a perceived higher risk of complications such as
genu recurvatum, anterior pelvic tilt, and external torsional
deformity of the lower leg bones [22, 24]. However, a definitive
consensus on this issue remains unclear, given the limited
number of high-level evidence studies comparing these two
approaches.

Several studies have demonstrated favorable outcomes
following medial hamstring lengthening alone, without
intervention on the lateral group. Nazareth et al. [25] found
that after open medial hamstring lengthening, knee flexion
contracture during stance phase decreased by 11.2° during
initial contact and by 6.7° during midstance. Similar results
were reported by Haberfehlner et al. [26], who observed
an increase in the PA by 25° from a preoperative range
of 100°-120° and a decrease in KFC by 19° from a preoperative
range of 15°-45°.

Several of the reviewed publications recommended
the Z-lengthening technique for tendon elongation.

DOI: https://dal.org/10.17816/PTORS6/8129
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Fig. 2. Stages of the hamstring lengthening technique. a, Exposure of the medial and lateral hamstring tendons; b, Lengthening of the medial and lateral
hamstring tendons: 7, gracilis tenotomy; 2, semimembranosus tenotomy; 3, semitendinosus tenotomy; and 4, biceps femoris tenotomy; c, Diagram
of Z-lengthening of the medial group: 5, Z-lengthening of the semitendinosus muscle.

However, a number of studies described complete
transection of the distal portion of the tendons responsible
for knee flexion. In their research, Bekmez et al. [27], Damron
et al. [28], and Bozinovski et al. [29] concluded that hamstring
tenotomy yields outcomes comparable to Z-lengthening,
decreasing the degree of KFC by 14.4° and increasing the PA
by 45°. However, Damron et al. [28] reported the development
of an extension contracture (stiff knee) after KFC correction
in 13% of cases, which subsequently required surgical
intervention. Other authors did not report deterioration
in knee flexion postoperatively.

In recent decades, despite the proven efficacy of the open
technique, percutaneous hamstring lengthening has been
increasingly employed. According to the literature, this
approach is comparable in effectiveness to the open
technique. However, the closed technique for correcting KFC
may be appropriate only in cases of mild contracture.

In a study, Mansour et al. [21] applied a percutaneous
technique involving fractional lengthening of the medial
hamstrings in the mid- and distal thigh and reported a 12°
increase in PA from a preoperative range of 110°-154°.
In a separate study, Khaje Mozafari et al. [30] also used
a percutaneous lengthening method, achieving a 34°
increase in PA from a preoperative range of 110°-124°. Their
approach involved tenotomy of the medial hamstring group
and, in some cases, the distal portion of the lateral group,
potentially contributing to better KFC correction outcomes
compared to those reported by Mansour et al. [21]. Similar
results were obtained by Nazareth et al. [25] and Thompson
et al. [31].

Moreover, several studies emphasized that the mini-
mally invasive nature of the procedure allows for preserv-
ing muscle strength, which in turn shortens the duration
of postoperative rehabilitation [25, 31, 32]. In a study by
Hachache et al. [32], muscle strength in the lower limbs
was measured using a handheld dynamometer before and
9 months after surgery, revealing only a 16.7% decrease

in the strength of muscles responsible for knee flexion. In
contrast, in a study, Seniorou et al. [33] reported a 57.6%
decrease in muscle strength after classic open hamstring
lengthening.

Hamstring tenotomy is often combined with other surgical
procedures on the lower extremities as part of a treatment
based on the principles of single-event multilevel surgery
(SEMLS) [31].

The concept of SEMLS was first described by William
Little in 1862; since then, this approach has been
used to treat this patient population globally [34-35]
and in Russia [36]. SEMLS can be applied to both
the upper and lower limbs and involves the simultaneous
correction of all contractures and deformities
of the operated limb in patients with CP. This approach
aims to normalize biomechanical relationships within
the joints and reduce immobilization time and allows
for complete rehabilitation within a single recovery
session, thereby improving treatment outcomes [37].

According to scientific data, in some cases of severe
KFC, hamstring lengthening is combined with posterior
capsulotomy of the knee joint. Beals [38] performed com-
bined surgery on 11 knee joints (6 patients) and reported
clinically significant improvement in 7 joints, whereas
4 knees demonstrated unsatisfactory outcomes in the up-
right position. The author attributed these poor results
to weakness of the knee extensor mechanism. In a study
by Woratanarat et al. [20], this method was applied
in cases of contracture >20°, with postoperative improve-
ment observed as a decrease in KFC from 26.5° + 15.4°
to 17.0° £ 15.5° and an increase in the PA from
110.4° + 18.7° to 131.8° + 19.9°. Later, Umnov combined
hamstring lengthening with posterior capsulotomy in cas-
es of KFC exceeding 30° and, in certain cases, performed
gastrocnemius head resection, achieving complete correc-
tion of contracture in 131 patients [12]. Despite the positive
clinical effect of combining the abovementioned surgi-
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cal techniques, this intervention is associated with a high
risk of complications that can offset the achieved posi-
tive outcomes. These potential complications include in-
jury to the neurovascular bundle, posterior subluxation
of the tibia, posterolateral instability of the knee joint,
and increased risk of contracture recurrence due to the in-
tervention on the joint capsule [8, 12, 20, 39].

Notably, complete intraoperative correction of KFC
by single-event hamstring tenotomy is not always feasible.
In cases of KFC >10°, single-event correction carries a high
risk of traction neuropathy [12, 40]. To address this, Umnov
recommended performing staged correction with plaster
casts in the postoperative period to eliminate residual
KFC, which allows for complete contracture correction
and reduces the risk of traction neuropathy [12]. Similar
approaches have been reported by other authors. Long
et al. [40] and Westberry et al. [41] performed staged
correction with plaster casting to eliminate residual
KFC after surgical treatment, continuing until mild
hypercorrection was achieved.

Staged corrections in plaster casts decrease the risk
of traction neuropathies in the postoperative period; however,
they are also associated with several complications, including
severe pain syndrome, skin damage in the area of the patella
and/or calcaneal tuberosity, and scar changes in the knee
joint capsule [42].

Although hamstring lengthening is a common procedure,
scientific data also show a considerable number of associated
complications. The most frequent among them is injury
to the common peroneal nerve and its branches [12, 24,
40, 42].

Kay et al. [24] described genu recurvatum as
a complication resulting from excessive lengthening
of the muscles responsible for knee flexion. Some studies
also noted that hamstring lengthening may lead to muscle
weakening [8, 24, 43]. However, Haberfehlner et al. [26]
argued that the procedure does not affect muscle strength.
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A relatively common complication of KFC correction
is stiff knee, which is characterized by limited knee flexion
when walking [8, 44, 45]. This may be related to increased
tone in the knee extensor mechanism, altered muscle-
tendon balance, and insufficient postoperative rehabilitation.
Although many researchers consider this a complication,
Popkov et al. [37] reported that in patients with CP,
walking with extended knees increases their functional
capacity and is more favorable than walking with knee
flexion.

According to scientific data, the recurrence rate
of KFC after hamstring lengthening is approximately 17%.
Repeat correction using the same method is technically
challenging because of the scar tissue formation. In addition,
prolonged KFC leads to changes in the hamstring muscles
and in the knee joint capsule, distal femur, and proximal
tibia. Therefore, alternative surgical interventions should be
considered and implemented.

Guided Growth Technique

Temporary hemiepiphysiodesis, also called the guid-
ed growth technique, involves placing metal implants
in the anterior metaphyseal—epiphyseal region of the dis-
tal femur. This approach allows for temporary deceleration
of growth in this zone, thereby enabling flexion defor-
mity correction. In 2001, the method was first described
by Kramer and Stevens [46]. The authors used staples
in patients with neuro-orthopedic condition and observed
a decrease in KFC from 0° to 11° within 1.5 years af-
ter surgery. However, loosening of the staples was
noted in some cases. In 2008, Klatt and Stevens [47]
modified the technique by introducing the use of plates
with screws, which eliminated the previously reported
complication (Fig. 3). The efficacy of the technique has
been confirmed by several subsequent studies. Al-Aubaidi
et al. [39] reported an average KFC correction rate of 0.3°
per month using plates, with a mean correction duration

LiH

Fig. 3. Radiographs of the knee joint after temporary anterior distal femoral hemiepiphysiodesis: a, lateral view; b, anteroposterior view.
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of 20 months. At the time of plate removal, the residu-
al contracture averaged 10° (ranging from 0° to 30°),
whereas the initial preoperative deformity was 10°-40°.
In a study by Stiel et al. [48], the average correction rate
of KFC was 0.2° per month. The mean correction period
was 38 months, with a residual contracture of 11° (from
a preoperative range of 10°-50°). However, in some chil-
dren with CP, the use of plate-and-screw constructs was
associated with intermittent anterior knee pain. To mini-
mize this complication, Kay et al. [49] proposed a percu-
taneous technique using cannulated screws. This approach
decreased the incidence of persistent pain syndrome, mini-
mized the invasiveness of the procedure, and facilitated
earlier verticalization of patients. Scientific data do not re-
port recurrences of KFC following temporary hemiepiphys-
iodesis; however, studies by Al-Aubaidi et al. [39] and Stiel
et al. [48] noted KFC recurrence in patients with significant
remaining growth potential.

Temporary anterior distal femoral hemiepiphysiodesis
is the preferred surgical method for correcting KFC
in patients with open growth plates and CP. However,
it should be considered that this surgical technique
targets the osseous component of the deformity,
whereas in patients with CP, KFC is primarily caused
by hamstring muscle shortening, particularly in younger
children. Therefore, given the pathogenesis mechanism,
in this group of patients, it is more appropriate to correct
the contracture through soft tissue surgery. In contrast, this
method is ineffective in older patients (with closed growth
plates), in whom bony changes in the knee joint have
already begun.

In addition, the guided growth technique requires
a long period to achieve correction (ranging from 6 to
42 months, depending on the degree of contracture
and the child’s growth rate), and during this time,
in the presence of existing KFC, patients with CP may
develop contractures in adjacent joints, foot deformities,
and sagittal spinal profile disorders, which may require
complex multilevel surgical correction. Thus, clinicians tend
to prefer other surgical methods that are faster and more
effective [50].

Distal Femoral Supracondylar Osteotomy

Distal femoral supracondylar extension osteotomy
(DFSO) is a main surgical method for correcting KFC
in patients with CP. Although the indications are similar
to those for hamstring lengthening, DFSO is often
considered an alternative treatment, especially in cases
wherein the soft tissue component of the contracture is not
predominant [51]. According to the 2022 Delphi consensus,
the main indications for DFSO include knee flexion
contracture of 10°-45° in older patients (aged =10 years);
contracture recurrence after hamstring lengthening;
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avulsion fractures of the patella; and the combination
of KFC and femoral torsional deformity, which frequently
coexists with and exacerbates knee flexion in older
children [52]. DFSO is classified into extension osteotomy,
shortening osteotomy, and extension-shortening osteotomy,
although the indications for these approaches are identical.
Studies have confirmed that mixed techniques are often
used in clinical practice to correct KFC.

Extension femoral osteotomy aims to eliminate
the preexisting flexion deformity of the distal femur, which
should theoretically contribute to contracture correction.
However, scientific data do not discuss this deformity as
a possible surgical indication nor its presence at all. This
raises several unresolved clinical questions: Does flexion
deformity of the distal femur actually occur in KFC? Is its
severity associated with the degree of KFC? Is it reasonable
to perform DFSO in the absence of significant femoral
flexion deformity? Further studies are required to answer
these questions and to develop more precise criteria
for the indications for this corrective technique.

Simultaneous correction of flexion and torsional
deformities of the femur can be achieved using DFSO, which
aligns with the principles of SEMLS.

DFSO presents various technical challenges. For KFC
up to 30°, wedge-shaped extension osteotomy of the femur
is recommended. In particular, Morais Filho et al. [53]
modified the wedge osteotomy technique by preserving
the posterior cortical bone, which increases the stability
of the osteotomy site. In cases of severe contracture (>30°),
trapezoidal femoral shortening is preferred, as it is beneficial
for minimizing the risk of traction injury to the neurovascular
bundle during single-event correction of KFC (Fig. 4).
The degree of femoral shortening corresponds to the severity
of the contracture [52-55].

Fig. 4. Lateral knee radiographs: a, preoperative radiograph showing a 30°
knee flexion contracture; b, postoperative radiograph following distal fem-
oral supracondylar extension-shortening osteotomy. The arrow indicates
the angular deformity of the distal femur.
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Shortening of the distal femur is an effective surgical
technique that helps prevent traction-related complications;
however, unlike wedge osteotomy, it does not limit knee
flexion, which is crucial for preserving the range of motion.
Bleck et al. [51] recommended performing DFSO in cases
of recurrent contracture when hamstring lengthening
and posterior capsulotomy of the knee joint proved
ineffective. Later, a similar approach was described by Morais
Filho et al. [53], and Miller [8] emphasized the effectiveness
of DFSO for KFC >15° in older patients.

The effectiveness of DFSO has been confirmed in several
studies employing various modifications of the technique.
Morais Filho et al. [53] performed extension DFSO
in 21 patients and extension-shortening DFSO in 1 patient,
reporting a decrease in KFC from 16° to 5°. Salami et al. [56]
applied extension DFSO in 15 patients and observed an average
reduction in contracture of 8.5°, which is comparable
to the results reported by Morais Filho.

More pronounced outcomes were determined
in studies using shortening DFSO. Park et al. [45]
performed shortening DFSO in 28 patients and combined
it with extension of the distal femoral fragment in 5 patients,
which resulted in a decrease of contracture by 26° + 6°
and an increase in the PA by 22° + 5°, improving gait
biomechanics. Klotz et al. [57] reported a decrease in KFC
from 19° to —2° and an increase in the PA from 118° to 137°
following extension-shortening DFSO.

Moreover, in a study, Geisbiisch et al. [58] performed
extension-shortening DFSO with a mean follow-up period
of 38 months (range: 24-55 months), reporting a decrease
in KFC by 12° and an increase in the PA by 34°, which was
less pronounced but clinically significant. Erdal et al. [59]
confirmed the effectiveness of the method by obtaining
comparable results.

Nabian et al. [55] performed shortening and extension
DFSO in 15 patients within a single group without stratifying
them by technique and confirmed the high effectiveness
of the technique.

A comprehensive review of scientific data was
conducted; no studies that performed a differentiated
comparative analysis of the outcomes of extension
and shortening femoral osteotomies were found.
Existing data demonstrate high clinical effectiveness
of both techniques for KFC correction; however, shortening
osteotomy may provide more favorable functional
outcomes owing to better joint congruence preservation
and decreased risk of traction neuropathy. This assumption
requires further investigation.

Despite its high effectiveness, DFSO is associated
with the risk of complications. The recurrence rate of KFC
varies from 3% to 27% [53, 54, 60, 61]. The main cause
of recurrence in patients with open growth plates is in-
complete skeletal growth. Additionally, Ezzat and lobst [62]
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and Liou et al. [63] reported postoperative valgus or var-
us deformity of the femur in this age group. The authors
explained the possible causes of these complications
as the retention of the posterior bony prominence dur-
ing femoral wedge osteotomy, improper alignment
of bone fragments, and osteosynthesis using angled plates.
As a preventive measure, surgeons recommend a wedge
resection of the bone fragment and using modern angular-
stable plates, which can significantly reduce the incidence
of complications [54, 61, 64].

Following DFSO, as with any osteotomy procedure, pa-
tients with CP may experience difficulties in achieving sta-
ble fixation of bone fragments due to reduced bone mineral
density, particularly in individuals with higher GMFCS lev-
els (llI-V). Limited mobility, forced prolonged sitting pos-
ture, and repeated surgical interventions with extended
immobilization during growth contribute to the develop-
ment of osteopenia, increasing the risk of delayed bone
consolidation, nonunion, and hardware migration with sub-
sequent loss of surgical correction [54, 60, 65]. Several
studies have demonstrated a direct correlation between
the severity of motor impairment according to the GMFCS
scale and decreased bone density, which in turn increases
the possibility of low-energy fractures [66, 67]. Traditional
methods of osteosynthesis, such as wire-based fixation
with external immobilization and standard AO-type inter-
nal fixation devices, were not originally designed for use
in conditions of decreased bone density and spastic de-
formity of the distal femur. Consequently, the use of long-
leg casting becomes necessary, which restricts the scope
of rehabilitation and adversely affects patients’ quality
of life.

In this context, a promising direction is the development
of specialized fixation devices tailored to the anatomical
and biomechanical characteristics of patients with neuro-
orthopedic disorders. Such a device provides enhanced
fixation stability in decreased bone mineral density,
minimizes the risk of implant migration and nonunion,
and accounts for flexion deformities and the anatomical
features of the supracondylar region in this patient
population. Optimizing implant design based on anatomical
and radiographic data (e.g., MSCT of the femur) improves
its congruency with the bone, reduces implant-related
discomfort, and decreases pressure on the surrounding soft
tissues, thereby reducing the need for prolonged external
immobilization, accelerating rehabilitation, and improving
functional treatment outcomes. This is crucial for enhancing
the quality of life of patients with CP.

One of the most common complications is traction
injury to the neurovascular bundle on the posterior
thigh. However, currently, this risk has been almost
entirely mitigated through femoral shortening, although
the execution of this technique may be hampered
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by limited access to specialized equipment and implants
and insufficient surgical expertise [54, 64, 68].

Distal Femoral Supracondylar Osteotomy
and Extensor Mechanism Correction
of the Knee Joint

In the presence of KFC, weakness of the knee extensor
mechanism develops, particularly involving the quadriceps
femoris muscle. In such cases, surgical contracture
correction may restore only passive knee extension,
whereas persistent knee flexion remains during weight-
bearing, ambulation, and upright posture [69, 70]. This
results in overstretching of the quadriceps muscle
and superior displacement of the patella—patella alta [8].
Thus, a vicious cycle develops, further exacerbating KFC,
weakening the extensor mechanism, and increasing ankle
dorsiflexion, a phenomenon called lever arm dysfunction.
Notably, crouch gait can arise from excessive Achilles
tendon lengthening (leading to loss of active plantarflexion
and excessive dorsiflexion of the foot) and from the natural
progression of crouch, as previously described. According
to the literature, 21% of patients in this category exhibit
persistent anterior knee pain, which may be associated
with excessive load on the patellofemoral joint. In addition,
prolonged tension on the patellar tendon may lead
to avulsion of the distal pole of the patella and chondropathy
of the tibial tuberosity [8, 71]. These complications
significantly impair quality of life, limit the child’s mobility,
and lead to loss of independent ambulation [72].

Based on this analysis, a combined approach was
recommended for the treatment of longstanding KFC
in patients with CP. This includes DFSO and correction
of the knee extensor mechanism. The most commonly used
methods for such correction are patellar tendon advancement
(for patients with open growth plates) and tibial tubercle
distalization (for patients with closed growth plates).

In a retrospective study, Stout et al. [54] analyzed
the treatment outcomes of 73 patients and found that the use

Vol 13 (2) 2025

Pediatric Traumatology. Orthopaedics
and Reconstructive Surgery

of combined surgical methods led to better long-term results
compared to isolated DFSO.

In a subsequent study, Boyer et al. [73] reported
improvements in gait and a decrease in KFC in 51 patients
treated using a combined approach. However, the outcomes
were comparable to those achieved with the isolated
technique.

In a study by Aroojis et al. [74] involving 26 patients,
a decrease in KFC from 21° to 1° was observed. All patients
markedly demonstrated improved function of the quadriceps
femoris muscle.

In a study by Nabian et al. [55], significant correction
of KFC and improvement in knee extension during all
phases of gait were determined with the use of combined
surgical techniques. These results support the rationale
for a comprehensive treatment approach in patients
with CP.

Modern surgical techniques, such as hamstring
lengthening, temporary anterior distal femoral
hemiepiphysiodesis, and DFSO, have demonstrated high
clinical efficacy in restoring the range of motion in the knee
joint. However, the indications for these interventions and their
postoperative outcomes often overlap, which complicates
the choice of the optimal technique in a specific clinical
case. Both hamstring lengthening and DFSO may be
indicated for similar degrees of KFC; however, their
effects on biomechanics and long-term outcomes remain
insufficiently studied. Therefore, comparative studies are
warranted to clarify the indications for each surgical method
(Table 1).

CONCLUSION

Scientific data review confirmed that KFC is a major
orthopedic issue in patients with CP, significantly limiting their
motor function and quality of life. The choice of treatment
should be based on individual anatomic and clinical features,
contracture severity, patient age, and GMFCS level. Surgical
treatment should aim to eliminate KFC and correct lower

Table 1. Summary of modern surgical methods for the treatment of knee flexion contracture in patients with cerebral palsy

Treatment method Patient age Indications Recurrence rate Complications
(degree of contracture)

Hamstring lengthening Any age group No restrictions 7% Traction neuropathy, genu recurvatum,
and stiff knee gait

Temporary With open 5°-30° In patients Pain, hardware migration,

hemiepiphysiodesis growth plates Recurrence after distal femoral with high growth premature physeal closure,

osteotomy potential and recurrence in patients with high

growth potential

Distal femoral From 10 years 10°-45° 3%-271% Valgus/varus femoral deformity,

supracondylar extension
osteotomy

Recurrence after hamstring
lengthening or femoral
supracondylar osteotomy

instability at the osteotomy site,
hardware migration, and traction
neuropathy
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limb joint biomechanics, which is particularly important
in CP patients whose spasticity and muscle imbalance hinder
normal gait restoration. One of the key factors that may
influence the selection of the treatment method is the sagittal
balance of the trunk and its changes following KFC correction.
Special attention should be paid to the long-term effects
of correction methods on sagittal alignment and its role
in preventing secondary spinal deformities. Further studies
are warranted to evaluate the impact of different approaches
on spinopelvic relationships. The application of SEMLS
combined with refined indications for correction techniques
can improve treatment outcomes by enabling comprehensive
deformity correction and optimization of biomechanical
parameters. Another promising direction is the development
of specialized metal fixation devices tailored to the anatomical
and biomechanical characteristics of this patient population.
These implants, optimized based on radiological data
(e.g., multi-slice CT), may provide enhanced fixation stability
under decreased bone density, minimize complication risks,
and shorten rehabilitation periods—factors particularly
important for improving functional outcomes.

Despite the considerable number of publications
on this topic, several issues remain unresolved. The lack
of randomized controlled trials, limited long-term outcome
data, and insufficient comparative analyses hinder
the development of a standardized treatment algorithm.
Addressing these gaps requires further research, including
long-term follow-up, comparative studies of different KFC
correction techniques, clarification of their indications
with consideration of sagittal balance, and clinical evaluation
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