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Abstract

Background: Crouch gait—walking with excessive knee bend during stance—is a common, disabling pattern in children with
spastic diplegic cerebral palsy. It raises the effort of walking, causes knee pain, and limits participation. Restoring a
more extended knee during stance often requires both bony correction and improvement of the extensor mechanism.

Methods and materials: We treated ambulatory children with severe crouch using a tailored combination of distal femoral
extension osteotomy (DFEQ) and patellar tendon advancement (PTA), adding selective soft-tissue releases when
needed. Preoperative assessment included clinical measures (popliteal angle, extensor lag), functional scoring, and
knee radiographs to measure patellar height. Surgery used growth-respecting fixation in immature patients and
standardized postoperative immobilization and rehabilitation.

Results: Patients showed improved knee extension on exam, lower patellar-height indices on radiographs, better short-distance
walking scores, and less anterior knee pain. Osteotomies healed without major complications and patients progressed
through rehabilitation to better function.

Conclusion: When crouch is caused by fixed knee flexion and extensor mechanism insufficiency, combining DFEO with
PTA—and following it with disciplined physiotherapy and orthotic support—produced reliable short-term gains in
alignment, pain, and walking ability in this series.
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Introduction

Cerebral palsy is a lifelong disorder of movement and posture
originating from early brain injury and frequently leads to
secondary musculoskeletal problems [1]. Clinicians use the
Gross Motor Function Classification System (GMFCS) to
describe a child’s mobility and to help plan treatment [2].
Among the gait patterns seen in diplegic cerebral palsy, crouch

gait—marked by persistently increased knee flexion during
stance—stands out for its negative impact on energy cost, pain,
andindependence [3].

Crouch usually develops or worsens during growth spurts,
when weak antigravity muscles and evolving soft-tissue
tightness fail to maintain an upright gait pattern [4]. The causes
are multiple and often act together: shortened or spastic
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hamstrings, weak quadriceps with patella alta and extensor lag,
torsional femoral abnormalities, fixed knee flexion
contractures, and foot deformities. Each element must be
assessed carefully before planning surgery [S]. While
instrumented gait analysis offers precise data, many centersrely
on clinical measures—popliteal angle, extensor lag, and
patellar-height ratios—together with validated function scales
to guide treatment [6].

The modern approach favors single-event multilevel surgery
(SEMLS) when multiple deformities contribute to poor gait,
because tackling relevant problems at once can reduce repeated
operations and speed rehabilitation [ 7]. For older children and
adolescents with a fixed crouch and clear extensor-mechanism
dysfunction, combining distal femoral extension osteotomy
(DFEO) to correct bony alignment with patellar tendon
advancement (PTA) to restore quadriceps mechanics
addresses the two main pathologies that maintain crouch. This
study describes our experience with that combined strategy and
its short-term outcomes.

Materials and Methods

We reviewed consecutive ambulatory patients under 18 years
with spastic diplegic cerebral palsy and clinical crouch treated
between October 2019 and October 2021. Inclusion required
functional ambulation with GMFCS II-1V and clinical
evidence of fixed knee flexion and/or patella alta with extensor
lag. Patients who were non-ambulant (GMFCS V) or medically
unfit for surgery were excluded. Institutional approval and
informed guardian consent were obtained [8].

Before surgery every child had a focused history and
standardized exam: measurement of popliteal angle, passive
knee range of motion, extensor lag, hamstring and
gastrocnemius tightness, and spasticity grading (Modified
Ashworth, Tardieu). Functional mobility was recorded using
the Functional Mobility Scale (S, 50, S00 m) and GMFCS to
establish baseline capacity. Plain AP and lateral knee
radiographs were used to measure patellar height (Koshino and
Insall-Salvatiindices) and to plan the need for PTA [9, 10].
Surgical planning was individualized. DFEO was performed
through a lateral approach using a wedge or V-shaped
osteotomy fixed with pediatric condylarlocking plates; care was
taken to protect the distal femoral physis in skeletally immature
patients. PTA was achieved by advancing the patellar tendon
with either a periosteal flap or bone-block technique depending
on skeletal maturity. Additional soft-tissue procedures
—hamstring fractional lengthening, gastrocnemius recession,
patellar plication, or rectus femoris procedures —were added
selectivelywhen clinical assessment indicated their benefit [4].
Postoperatively patients had an above-knee cast or long knee
brace for about six weeks, radiographs at follow-up intervals,
staged weight bearing afterimmobilization, orthoses as needed,
and a structured physiotherapy program emphasizing knee-
extension control, quadriceps strengthening, and gait re-
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training. Data were recorded prospectively when possible;
paired comparisons assessed pre- and postoperative changes
with significance setatp <0.05 [11,12].

Results

The study group comprised 16 patients (14 boys, 2 girls) witha
mean age of 11.6 + 3.5 years (range S-17), most classified as
GMFCS 1II (14 patients) and ambulant with assistance (15 of
16). All patients underwent distal femoral extension osteotomy
combined with patellar tendon advancement, with selective
soft-tissue procedures added as needed (hamstring releasein 11
patients, gastrocnemius/gastro soleus release in 2, patellar
plication in 9; bilateral supracondylar extension osteotomy in
14, bilateral varus-derotation osteotomy in 2). Fixed knee-
flexion deformity improved from a preoperative mean of ~36°
(right 37.5° £ 3.1, left 35.9° £ 3.7) to about 1° (right 1.56° +2.3,
left 0.63° £ 1.7). The popliteal angle fell markedly (overall from
roughly 61° to 28.4°), and lateral radiographs showed
correction of patella alta with Koshino index improving from
1.45 £ 0.06 to 1.27 £ 0.05 and Insall-Salvati ratio from 1.36 £
0.06 to 1.05 * 0.03. Functional Mobility Scale scores rose at
short distances—35 m from 3.0 to 4.0, and 50 m from 2.06 to
3.06—while 500 m remained unchanged at 2.0. At a minimum
follow-up of 12 months (radiographs at 1 month, 6 months, and
1year), most families reported less anterior knee pain and easier
transfers; there were no major intraoperative complications, all
osteotomies united uneventfully, hardware remained stable,
and only minor transient postoperative issues were seen that
resolved with conservative care and rehabilitation.

Discussion

Our experience supports the idea that fixing crouch often
requires correcting more than one problem at the same time.
DFEO straightens a fixed knee-flexion deformity, while PTA
brings the patella and tendon into a better mechanical position
so the quadriceps can work more efficiently. When both issues
coexist, treating only one may leave a residual gait problem [11,
13].

Stable fixation that protects growth plates is crucial in children;
locking plates offer secure correction and allow the team to start
rehabilitation sooner [15]. Adding selective soft-tissue
releases—hamstring or gastrocnemius lengthening, patellar
plication, or muscle transfers—depends on the child’s specific
contractures and motor control, and tailoring these choices
improves outcomes [16, 17, 18]. Non-surgical adjuncts such as
orthoses, functional electrical stimulation, or targeted
botulinum toxin injections can also help before or after surgery,
depending on the underlying deficits [ 12,9].

This study’s limitations include the small cohort size, single-
center design, and lack of instrumented gait laboratory data to
quantify kinematic change precisely. These caveats mean that
while early clinical and radiographic improvements are
encouraging, long-term follow-up with objective gait analysis
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would better define durability and any secondary changes at the
hip or pelvis [14, 20]. Nonetheless, the consistent
improvements seen here align with other series that report good
short-term gains when DFEO and PTA are combined in
appropriate patients [13,15].

Clinicalimplications

When a child with diplegic cerebral palsy walks in crouch
because of a fixed knee-flexion deformity combined with
patella alta and quadriceps inefficiency, a planned combined
operation that corrects the bone alignment and the extensor
mechanism—followed by disciplined rehabilitation and
orthotic support—can produce meaningful improvements in
pain and function. Preoperative planning should use simple,
reliable clinical measures and patellar-height indices to decide
which components require correction. Respecting growth
plates, ensuring stable fixation, and engaging a multi-
disciplinary team are essential to turn anatomic correction into
better every day walking.

Conclusion

In this series, combining distal femoral extension osteotomy
with patellar tendon advancement in selected ambulatory
children and adolescents with spastic diplegic cerebral palsy
and severe crouch gait produced reliable short-term
improvements in knee alignment, patellar height, pain, and
walking ability. The operation is safe when surgical technique
protects the growth plate and when a coordinated postoperative
program of immobilization, orthotic support, and
physiotherapy is followed. Larger studies with gait laboratory
follow-up are needed to confirm how long these benefits last
and to refine which adjunct procedures give the best long-term
results.

References

1. Rosenbaum P, Paneth N, Leviton A, et al. A report: the
definition and classification of cerebral palsy April 2006. Dev
Med Child Neurol Suppl.2007; 109:8-14.

2. Palisano R, Rosenbaum P, Walter S, Russell D, Wood E,
Galuppi B. Development and reliability of a system to classify
gross motor function in children with cerebral palsy. Dev Med
Child Neurol. 1997; 39(4):214-223. doi:10.1111/j.1469-
8749.1997.tb07414.x

3. Shore BJ, White N, Kerr Graham H. Surgical correction of
equinus deformity in children with cerebral palsy: a systematic
review. ] Child Orthop. 2010; 4(4):277-290.
doi:10.1007/s11832-010-0268-4

4. Das S, Pradhan S, Ganesh S, Sahu P, Mohanty R, Das S.
Supracondylar femoral extension osteotomy and patellar
tendon advancement in the management of persistent crouch
gaitin cerebral palsy. Indian ] Orthop.2012;46(2):221-228.
doi:10.4103/0019-5413.93677

S. Rodda JM, Graham HK, Nattrass GR, Galea MP, Baker R,

Journal of Medical Thesis

Wolfe R. Correction of severe crouch gait in patients with
spastic diplegia with use of multilevel orthopaedic surgery. J
Bone Joint Surg Am. 2006; 88(12):2653-2664.
doi:10.2106/JBJS.E.00993

6. Schutte LM, Hayden SW, Gage JR. Lengths of hamstrings
and psoas muscles during crouch gait: Effects of femoral
anteversion. ] Orthop Res. 1997; 15(4):615-621.
do0i:10.1002/JOR.1100150419

7.Kedem P, Scher DM. Evaluation and management of crouch
gait. Curr Opin Pediatr. 2016; 28(1):55-59.
do0i:10.1097/MOP.0000000000000316

8. Rosenberg M, Steele KM. Simulated impacts of ankle foot
orthoses on muscle demand and recruitment in typically
developing children and children with cerebral palsy and
crouch gait. PLoS One.2017; 12(7):0-1.
d0i:10.1371/journal.pone.0180219

9. Hastings-Ison T, Sangeux M, Thomason P, Rawicki B, Fahey
M, Graham HK. Onabotulinum toxin-A (Botox) for spastic
equinus in cerebral palsy: a prospective kinematic study. J Child
Orthop.2018;12(4):390-397.
doi:10.1302/1863-2548.12.180044

10. Abou Al-Shaar H, Imtiaz MT, Alhalabi H, Alsubaie SM,
Sabbagh AJ. Selective dorsal rhizotomy: A multidisciplinary
approach to treating spastic diplegia. Asian J Neurosurg. 2017;
12(3):454-465. doi:10.4103/1793-5482.175625

11. Morais Filho MC, Neves DL, Abreu EP, Juliano Y,
Guimaraes L. Treatment of fixed knee flexion deformity and
crouch gait using distal femur extension osteotomy in cerebral
palsy. ] Child Orthop. 2008; 2(1):37-43. doi:10.1007/s11832-
007-0073-x

12. Khamis S, Martikaro R, Wientroub S, Hemo Y, Hayek S. A
functional electrical stimulation system improves knee control
in crouch gait. ] Child Orthop.2015;9(2):137-143.
doi:10.1007/s11832-015-0651-2

13. de Morais Filho MC, Neves DL, Abreu FP, Juliano Y,
Guimarées L. Treatment of fixed knee flexion deformity and
crouch gait using distal femur extension osteotomy in cerebral
palsy. J Child Orthop. 2008; 2(1):37-43. doi: 10.1007/s11832-
007-0073-x

14. Nordmark E, Josenby AL, Lagergren J, Andersson G,
Stromblad L-G, Westbom L. Long-term outcomes five years
after selective dorsal rhizotomy. BMC Pediatr. 2008; 8:54.
doi:10.1186/1471-2431-8-54

15. Das S, Pradhan S, Ganesh S, Sahu P, Mohanty R, Das S.
Supracondylar femoral extension osteotomy and patellar
tendon advancement in the management of persistent crouch
gait in cerebral palsy. Indian ] Orthop. 2012; 46(2):221-228.
doi:10.4103/0019-5413.93677

16. Mallet C, Simon AL, Ilharreborde B, Presedo A, Mazda K,
Pennegot GF. Intramuscular psoas lengthening during single-
event multi-level surgery fails to improve hip dynamics in
children with spastic diplegia. Orthop Traumatol Surg Res.
2016;102(4):501-506.d0i:10.1016/J.OTSR.2016.01.022

Volume 10 ‘ Issue 1 ‘ January-June 2024 ‘ Page 62-65



GuptaR etal www.journalmedicalthesis.com
L

17. Thawrani D, Haumont T, Church C, Holmes L], Dabney 19. Aroojis A, Sarathy K, Doshi C. Clinical Examination of
KW, Miller F. Rectus femoris transfer improves stiff knee gaitin ~ Children with Cerebral Palsy.2019.

children with spastic cerebral palsy. Clin Orthop Relat Res. do0i:10.4103/ortho.IJOrtho_409 17
2012;470(5):1303-1311.d0i:10.1007/s11999-011-2215-1 20. Park H, Park BK, Park KB, et al. Distal Femoral Shortening
18. de Morais MC, Blumetti FC, Kawamura CM, Lopes JAF, Osteotomy for Severe Knee Flexion Contracture and Crouch
Neves DL, Cardoso M de O. Does rectus femoris transfer ~Gaitin Cerebral Palsy. ] Clin Med.2019;8(9).d

increase knee flexion during stance phase in cerebral palsy? doi:10.3390/JCM8091354

Acta Ortop Bras. 2016; 24(1):27-31. doi:10.1590/1413-

785220162401145765

Institute where Research was Conducted: Sancheti Institute of Orthopaedics and
Rehabilitation PG College, Sivaji Nagar, Pune, Maharashtra, India

University Affiliation: Maharashtra University of Health Sciences (MUHS), Nashik,
Maharashtra, India.

Year of Acceptance of Thesis: 2022

Conflict of Interest: Nil
Source of Support: None

How to Cite this Article: Gupta R, Patwardhan S, Sodhai V, Jaiswal R, Sonawane D, Shyam A, Sancheti P. Functional and

Radiological outcomes after Surgical Management of Crouch Gait in Spastic Diplegic Cerebral Palsy: A Prospective Cohort Study |
Journal of Medical Thesis. January-June 2024; 10(1):62-6S.

65 Journal of Medical Thesis ‘ Volume 10 ‘ Issue 1 ‘ January-June 2024 | Page 62-65



	Page 1
	Page 2
	Page 3
	Page 4

