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Outcomes of isolated soft tissue surgery for in-toeing gait in patients with ambulatory cerebral palsy
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Background: Soft tissue surgery to address in-toeing gait in young cerebral palsy (CP) patients may be an alternative in some cases to femoral derotation osteotomy (FDO), which is the currently accepted treatment. The relative contribution of muscular contracture, spasticity and bone deformity is still controversial. In this study, we determined the outcomes of soft tissue surgery on hip internal rotation (HIR) when femoral anteversion was less than 45° and the soft tissues were identified as being the cause.

Methods: This prospective study included select adolescent patients who were operated in the context of single-event multilevel surgery. The soft tissues' contribution to the HIR was identified beforehand. The surgical procedures focused on the hamstrings, adductor magnus and gluteus minimus muscles.

Results: Over a 6-year period, 21 patients (mean age 14 years) and 25 lower limbs were treated. The HIR improved by an average of 17.4° ± 4.8° (95% CI). The gait deviation index and gait profile score also improved significantly. At a mean follow-up of 36 months, no loss of correction had occurred.

Discussion: In-toeing gait in CP patents is due to the action of retracted and/or spastic muscles and the presence of excessive bone torsion. When femoral anteversion < 45°, confirming soft tissue involvement allows us to do a surgical procedure on the soft tissues only to correct the dynamic aspect of HIR. Our findings suggest that, under the right conditions, soft tissue surgery can improve in-toeing gain in the long term. This technique has its place alongside FDO in certain CP patients who do not have severe femoral anteversion.

Introduction:

In-toeing gait due to hip internal rotation (HIR) is a common problem in adolescent children with ambulatory cerebral palsy (ACP). This functional disorder requires a corrective surgical procedure [START_REF] Rethlefsen | Causes of intoeing gait in children with cerebral palsy[END_REF][START_REF] Simon | A Descriptive Study of Lower Limb Torsional Kinematic Profiles in Children With Spastic Diplegia[END_REF]. Several causative factors have been described such as persistence of femoral anteversion (FA) along with contracture and/or spasticity of the muscles that internally rotate the leg [START_REF] Delp | Variation of rotation moment arms with hip flexion[END_REF][START_REF] Presedo | Correlation between transverse plan kinematics and foot progression angle in children with spastic diplegia[END_REF][START_REF] Rethlefsen | Prevalence of specific gait abnormalities in children with cerebral palsy revisited: influence of age, prior surgery, and Gross Motor Function Classification System level[END_REF]. These lesions get worse as the patient grows, but fortunately, they can be treated surgically.

The most used treatment is femoral derotation osteotomy (FDO), which achieves good results [START_REF] Carty | The effect of femoral derotation osteotomy on transverse plane hip and pelvic kinematics in children with cerebral palsy: a systematic review and meta-analysis[END_REF]. However, FDO has its risks (recurrence) and complications (bleeding, nonunion, underor over-correction, fixation failure); it also increases the duration and difficulty of postoperative rehabilitation [START_REF] Church | Persistence and Recurrence Following Femoral Derotational Osteotomy in Ambulatory Children With Cerebral Palsy[END_REF][START_REF] Dreher | Long-term outcome of femoral derotation osteotomy in children with spastic diplegia[END_REF][START_REF] Niklasch | Factors associated with recurrence after femoral derotation osteotomy in cerebral palsy[END_REF][START_REF] Shore | Proximal Femoral Varus Derotation Osteotomy in Children with Cerebral Palsy: The Effect of Age, Gross Motor Function Classification System Level, and Surgeon Volume on Surgical Success[END_REF][START_REF] Stasikelis | Rehabilitation after femoral osteotomy in cerebral palsy[END_REF]. The recurrence rate can be up to 40% when younger children are treated [START_REF] Church | Persistence and Recurrence Following Femoral Derotational Osteotomy in Ambulatory Children With Cerebral Palsy[END_REF]. Residual growth is compromised, along with persistence or recurrence of contractures and spasticity [START_REF] Presedo | Correlation between transverse plan kinematics and foot progression angle in children with spastic diplegia[END_REF][START_REF] Church | Persistence and Recurrence Following Femoral Derotational Osteotomy in Ambulatory Children With Cerebral Palsy[END_REF][START_REF] Dreher | Long-term outcome of femoral derotation osteotomy in children with spastic diplegia[END_REF][START_REF] Niklasch | Factors associated with recurrence after femoral derotation osteotomy in cerebral palsy[END_REF][START_REF] Shore | Proximal Femoral Varus Derotation Osteotomy in Children with Cerebral Palsy: The Effect of Age, Gross Motor Function Classification System Level, and Surgeon Volume on Surgical Success[END_REF][START_REF] Boyer | Long-term changes in femoral anteversion and hip rotation following femoral derotational osteotomy in children with cerebral palsy[END_REF]. Boyer et al. reported that FDO is not better than natural history of the disease at 5 years' follow-up [START_REF] Boyer | Long-term changes in femoral anteversion and hip rotation following femoral derotational osteotomy in children with cerebral palsy[END_REF].

The muscles implicated in the origin or recurrence are the medial hamstring (mHam), adductors (ADD) and tensor fascia lata (TFL) [START_REF] Aronson | Posterior transfer of the adductors in children who have cerebral palsy. A long-term study[END_REF][START_REF] Banks | Adductor myotomy and obturator neurectomy for the correction of adduction contracture of the hip in cerebral palsy[END_REF][START_REF] Chong | The assessment of the internal rotation gait in cerebral palsy: an electromyographic gait analysis[END_REF][START_REF] Lovejoy | The effects of hamstring lengthening on hip rotation[END_REF][START_REF] Majestro | Posterior transposition of the origins of the anatomic internal rotators of the hip[END_REF][START_REF] Steinwender | Assessment of hip rotation after gait improvement surgery in cerebral palsy[END_REF][START_REF] De Morais Filho | The effect of the Majestro-Frost procedure on internal hip rotation during gait in patients with cerebral palsy[END_REF]. Morais Filho et al. showed that the TLF and gluteus minimus (Gm) were involved [START_REF] Dreher | Long-term outcome of femoral derotation osteotomy in children with spastic diplegia[END_REF] using the technique described by Majestro and Frost [START_REF] Majestro | Posterior transposition of the origins of the anatomic internal rotators of the hip[END_REF][START_REF] De Morais Filho | The effect of the Majestro-Frost procedure on internal hip rotation during gait in patients with cerebral palsy[END_REF]. Steel et al. recommended transferring the gluteus medius (GM) and Gm, implicating these muscles in the pathogenesis of the dysfunction [START_REF] Steel | Gluteus medius and minimus insertion advancement for correction of internal rotation gait in spastic cerebral palsy[END_REF]. Conversely, Arnold et al. claim (based on a model) that the moment arm of the mHam is too short to act on [START_REF] Arnold | Do the hamstrings and adductors contribute to excessive internal rotation of the hip in persons with cerebral palsy?[END_REF] while Lovejoy et al. [START_REF] Lovejoy | The effects of hamstring lengthening on hip rotation[END_REF] reported that isolated lengthening of the mHam is not sufficient to correct the disorder significantly.

Very few authors recommend doing surgery solely on the soft tissues [START_REF] Aronson | Posterior transfer of the adductors in children who have cerebral palsy. A long-term study[END_REF][START_REF] Lovejoy | The effects of hamstring lengthening on hip rotation[END_REF][START_REF] Majestro | Posterior transposition of the origins of the anatomic internal rotators of the hip[END_REF][START_REF] Steinwender | Assessment of hip rotation after gait improvement surgery in cerebral palsy[END_REF][START_REF] De Morais Filho | The effect of the Majestro-Frost procedure on internal hip rotation during gait in patients with cerebral palsy[END_REF][START_REF] Steel | Gluteus medius and minimus insertion advancement for correction of internal rotation gait in spastic cerebral palsy[END_REF][START_REF] Jung | Effects of Soft Tissue Surgery on Pelvic and Hip Rotation in Patients with Spastic Diplegia: A Meta-Analysis[END_REF], primarily due to its reputation as having uncertain pathophysiology and high risk of recurrence [START_REF] Lovejoy | The effects of hamstring lengthening on hip rotation[END_REF]. The pathophysiology question is not resolved in the respective roles of excessive FA, dynamic internal rotation and pelvic rotation during gait. In the end, all of these causes are now accepted as contributing to the pathophysiology [START_REF] Rethlefsen | Causes of intoeing gait in children with cerebral palsy[END_REF][START_REF] Presedo | Correlation between transverse plan kinematics and foot progression angle in children with spastic diplegia[END_REF][START_REF] Aktas | Evaluation of rotational gait abnormality in the patients cerebral palsy[END_REF][START_REF] O'sullivan | Factors associated with internal hip rotation gait in patients with cerebral palsy[END_REF].

Analysis of the literature casts doubt on whether univocal treatment of this disorder by FDO is relevant. In patients with excessive FA, FDO appears to be the way to go; however, taking into consideration the soft tissue-related factors (contracture, spasticity) appears to be increasingly relevant for treating this problem. This analysis led us to propose doing isolated soft tissue surgery when the HIR appears to be mainly related to dynamic factors and minimal bone torsion, broadening the therapeutic options for HIR. The aim of this study was to verify the long-term benefits of this surgery on HIR during walking and to define which indications are best suited to this treatment.

Materials and Methods:

Study population and data collection

All the ambulatory CP patients who required single-event multilevel surgery (SEMLS) for orthopedic disorders and who met the inclusion criteria outlined below were enrolled between 2010 and 2016. Clinical data were collected, and gait analysis performed in every patient.

Any patients who had undergone an osteotomy (femoral and/or tibial) or foot surgery in the context of SEMLS were excluded. All the assessments were done by experienced clinicians (physicians, surgeons, physical therapists). Gait analysis was done using an 8-camera VICON TM system (Oxford, UK) and analyzed as recommended by the International Society of Biomechanics [START_REF] Niklasch | Factors associated with recurrence after femoral derotation osteotomy in cerebral palsy[END_REF]. This assessment was done preoperatively, 1 year postoperative and at the latest follow-up. There was no missing data.

The data of interest related to the hip, knee and ankle joints, bone deformity (torsional problems), muscle strength, spasticity (Modified Ashworth Scale -MAS), the Gross Motor Function Measure (GMFM) [START_REF] Boyce | Gross motor performance measure for children with cerebral palsy: study design and preliminary findings[END_REF] and Gross Motor Function Classification System (GMFCS) [START_REF] Palisano | Development and reliability of a system to classify gross motor function in children with cerebral palsy[END_REF]. The gait analysis data of interest were the HIR and foot progression angle (FPA) during the stance phase, along with spatiotemporal parameters, kinematics, kinetics and dynamic electromyography (EMG) measurements. The gait deviation index (GDI) [START_REF] Schwartz | The Gait Deviation Index: a new comprehensive index of gait pathology[END_REF] and gait profile score (GPS) [START_REF] Baker | The gait profile score and movement analysis profile[END_REF] were also calculated. All the collected data was computerized and deidentified. HIR was defined as the femur's relative position to the pelvis in the transverse plane (axial rotation). FPA was directly derived from the gait analysis: angular difference between the foot's axis and the direction of walking.

This study consisted of patients included prospectively in a cohort based on selected criteria and treated by a specific soft tissue surgical technique at the same time as SEMLS. The data were collected continuously.

Indications

The surgery was indicated within the multidisciplinary care program at our healthcare facility. Among the patients selected for SEMLS, those who had in-toeing gait and/or inward rotation of the foot underwent a specific evaluation to detect contracture and/or disabling spasticity of the mHam and Gm muscles. The FA was measured clinically by at least three different experienced observers [START_REF] Ruwe | Clinical determination of femoral anteversion. A comparison with established techniques[END_REF]. If the result was still uncertain, CT scan of the lower limbs was done to measure tibial and femoral torsion [START_REF] Sangeux | Do physical examination and CT-scan measures of femoral neck anteversion and tibial torsion relate to each other?[END_REF]. The FPA and HIR during single stance phase were calculated during the gait analysis. The aim was to determine how much muscle contracture and/or spasticity played a role versus bone deformity (FA). During the initial assessment, a second gait analysis was done 2 months after injecting botulism toxin in the involved muscles (mHam, Gm). The following criteria were used to confirm that soft tissues were involved in abnormal rotation:

-FA less than 45° -Passive external rotation of hip ≥ 30° during the clinical exam -Clinical contracture of the mHam and/or Gm -Level 2 clinical spasticity on the MAS for the mHam and/or Gm muscles (tested with patient prone on table: rapid knee extension for the mHam and hip external rotation for the Gm) -Pathological FPA and HIR in the gait analysis (FPA and HIR > 0°) -Reduction in HIR during gait analysis (even if small) after botulism test injection.

Patients who required both a surgical procedure on the soft tissue and FDO were excluded as this could have biased the analysis. Lastly, patients who had less than 12 months of follow-up after the surgery were not analyzed.

Surgical technique

The surgical procedure was one element of a scheduled SEMLS. This description only pertains to the procedure aimed at correcting internal rotation in the leg. It consisted of 1) distal tenotomy of the gracilis muscle, 2) distal tenotomy of the semitendinosus (ST) and its transfer onto the biceps femoris (intramuscular fixation by weaving -Fig. 1), 3) proximal intramuscular fasciotomy of the semimembranosus (2 or 3 transverse cuts) and 4) when the Gm muscle was identified as being spastic or retracted, distal tenotomy of this muscle (aponeurotic strip) at its insertion on the greater trochanter associated with a transverse cut over 1 cm of the lowest horizontal fibers of the GM. When the ADD muscles were retracted and negatively impacted function, they were lengthened until symmetric abduction of the hips in 90° flexion was achieved (mainly on the adductor magnus).

After this surgery, patients were admitted to the pediatric rehabilitation unit for 4-9 months, depending on their initial functional status and recovery rate. The rehabilitation consisted of: 1) wearing semi-rigid and/or rigid postural braces (day and/or night for about 12 months) and re-verticalization, 2) progressive mobilization of the joints and muscle stretching, 3) immediate and rapidly progressive loading (parallel bars, walker, balneotherapy), 4) use for 12-18 months of dynamic splints during walking (distal) or technical aids and 5) if necessary, injection of botulinum toxin in any spastic muscles interfering with rehabilitation.

Ethics

The patients and their families were informed about the study and that their de-identified health data would be stored for a future publication. Approval by the patients, their family and the local ethics committee was given (IRBN862018/CHUSTE).

Variables and statistical analysis

We analyzed FA, tibial torsion, clinical hip rotation and knee extension. The gait analysis data were analyzed in the transverse plane for the pelvis, hip, knee rotation and FPA direction at the end of the single-leg stance phase. This study used clinical data and gait analysis data collected over time. The statistical analysis used Student's t test with a significance threshold of 0.05 (p value) and 95% confidence intervals (CI). Correlations between variables were determined with Pearson's coefficient (P) with a significance threshold of 0.05 (p).

Results

Between 2010 and 2016, 59 patients with ambulatory CP underwent SEMLS; 21 of these patients were enrolled in the study: 12 had hemiplegia and 9 had diplegia. The mean age was 14 years [START_REF] Aronson | Posterior transfer of the adductors in children who have cerebral palsy. A long-term study[END_REF][START_REF] Banks | Adductor myotomy and obturator neurectomy for the correction of adduction contracture of the hip in cerebral palsy[END_REF][START_REF] Chong | The assessment of the internal rotation gait in cerebral palsy: an electromyographic gait analysis[END_REF][START_REF] Lovejoy | The effects of hamstring lengthening on hip rotation[END_REF][START_REF] Majestro | Posterior transposition of the origins of the anatomic internal rotators of the hip[END_REF][START_REF] Steinwender | Assessment of hip rotation after gait improvement surgery in cerebral palsy[END_REF][START_REF] De Morais Filho | The effect of the Majestro-Frost procedure on internal hip rotation during gait in patients with cerebral palsy[END_REF]. Five patients were GMFCS I, 12 were GMFCS II and 4 were GMFCS III. Data were collected over an average of 36 months. No patients were lost to follow-up. The popliteal angle measured in hip dorsal cubitus and knee flexion was 90° + 35.1° ± 15.6 preoperatively (hamstring muscle contracture) and in every case, the Gm was spastic or contracted. HIR and knee extension towards the end of the swing phase were significantly improved (Table 1). The gait analysis confirmed improvement in the FPA and the HIR of 17.4° ± 4.8 (95% CI), while transverse pelvis rotation was not altered (Table 2). The data at a mean follow-up of 36 months (Table 1 and2) show that these significant improvements are long-lasting clinically and during walking. GDI and GPS improved significantly in every patient: GDI from 74.2 (± 11.6%) to 79.7 (± 8.2%) (p = 0.01) and GPS from 11.54° (± 4.1°) to 9.5° (± 2.5°) (p=0.005).

There was no correlation between hip rotation and pelvis rotation (Table 3, supplemental online data) since these two parameters changed independently. Conversely, there was a correlation between FPA and HIR. Improved knee extension is evidence that transferring the ST did not negatively affect the range of motion.

None of the patients underwent additional surgical procedures and no complications were reported.

Discussion

The aim of this study was to define the role of isolated soft tissue surgery for treating intoeing gait in children with ambulatory CP, not to cast doubt on the indications for FDO. The role of the soft tissues and their effect on HIR (or excessively negative FPA) is now supported by several studies [START_REF] Rethlefsen | Causes of intoeing gait in children with cerebral palsy[END_REF][START_REF] Church | Persistence and Recurrence Following Femoral Derotational Osteotomy in Ambulatory Children With Cerebral Palsy[END_REF][START_REF] Niklasch | Factors associated with recurrence after femoral derotation osteotomy in cerebral palsy[END_REF][START_REF] Shore | Proximal Femoral Varus Derotation Osteotomy in Children with Cerebral Palsy: The Effect of Age, Gross Motor Function Classification System Level, and Surgeon Volume on Surgical Success[END_REF][START_REF] Boyer | Long-term changes in femoral anteversion and hip rotation following femoral derotational osteotomy in children with cerebral palsy[END_REF][START_REF] Chong | The assessment of the internal rotation gait in cerebral palsy: an electromyographic gait analysis[END_REF][START_REF] Majestro | Posterior transposition of the origins of the anatomic internal rotators of the hip[END_REF][START_REF] Steinwender | Assessment of hip rotation after gait improvement surgery in cerebral palsy[END_REF][START_REF] Steel | Gluteus medius and minimus insertion advancement for correction of internal rotation gait in spastic cerebral palsy[END_REF][START_REF] Aktas | Evaluation of rotational gait abnormality in the patients cerebral palsy[END_REF][START_REF] Lofterod | Changes in lower limb rotation after soft tissue surgery in spastic diplegia[END_REF]. Our findings confirm the relevance of the variables chosen, allowing us to define the share of responsibility between bone-related causes and soft tissue ones (contracture, spasticity).

We limited our analysis to criteria that best express the effects of HIR correction on gait and the FPA. In the selected patients, HIR during gait improved by more than 12° (17.4° ± 4.8), one of the best outcomes published after treatment of HIR, all surgical techniques combined.

While the study population differ between studies, ours was comparable to the one in which FDO has been evaluated [START_REF] Carty | The effect of femoral derotation osteotomy on transverse plane hip and pelvic kinematics in children with cerebral palsy: a systematic review and meta-analysis[END_REF]. We disagree with Lofterod et al [START_REF] Lofterod | Changes in lower limb rotation after soft tissue surgery in spastic diplegia[END_REF] about the involvement of the mHAM muscles in internal rotation. We believe that mHam shortening leads to 1) knee flexion, 2) hip adduction and 3) flexion-adduction of the hips. Arnold et al [START_REF] Arnold | Do the hamstrings and adductors contribute to excessive internal rotation of the hip in persons with cerebral palsy?[END_REF] suggested that the mHam and ADD have a short moment arm thus a small moment. In their analysis of three patients, they disregarded the well-known medial rotation function of these muscles, especially with the hip and knee flexed. Furthermore, clinical experience confirms the automatic worsening of the leg internal rotation and triple flexion, resulting in shortening of the implicated muscles.

However, the mHam muscles make up only part of the contracted or spastic muscles likely to be involved in gait abnormalities. We involve the Gm in HIR (as hip internal rotator) along with the horizontal fibers of the GM and the anterior fibers of the TFL. Knee rotation was used as a control variable for measurement reliability; the fact that hip and knee rotation changed in parallel confirms that the measurements we made are objective (gait analysis on the same segment). We found a positive correlation between hip rotation and FPA. The lack of correlation between hip rotation and knee rotation (Table 3) is due to the lower accuracy of the knee rotation criteria with a limited sample size.

Contrary to other studies, we consider the FA (not hip internal rotation) when we discuss doing FDO. This strategy allows us to take into consideration only the anatomical disorder, not the associated functional disorder. Moreover, when determining the indication, we consider the presence of positive passive external hip rotation and add it to the other selection criteria. By analyzing the disorders, we can assess the relative share of the soft tissues in the disorder and the true role of the bone deformity. Our results validate the selection criteria thus no bone-related procedures were necessary in the postoperative course.

The gait analysis confirmed the positive effect on the HIR and FPA, which normalized and remained normal at a mean follow-up of 36 months. We want to emphasize that this improvement is not related to changes in the pelvis' horizontal rotation. The magnitude of the mean HIR correction (>17°) shields us from incorrect interpretation. We analyzed the legs independently, considering the rotations segment by segment, relative to the superjacent segment. This allowed us to control the pelvic rotation effect. Like Steinwender et al. [START_REF] Steinwender | Assessment of hip rotation after gait improvement surgery in cerebral palsy[END_REF], we found no significant changes at this level. This aspect is controversial in the context of SEMLS [START_REF] Carty | The effect of femoral derotation osteotomy on transverse plane hip and pelvic kinematics in children with cerebral palsy: a systematic review and meta-analysis[END_REF][START_REF] Steinwender | Assessment of hip rotation after gait improvement surgery in cerebral palsy[END_REF][START_REF] Jung | Effects of Soft Tissue Surgery on Pelvic and Hip Rotation in Patients with Spastic Diplegia: A Meta-Analysis[END_REF], like in soft tissue surgery [START_REF] Steinwender | Assessment of hip rotation after gait improvement surgery in cerebral palsy[END_REF][START_REF] Lofterod | Changes in lower limb rotation after soft tissue surgery in spastic diplegia[END_REF].

We also found that the positive effects of this surgery persist through 36 months of follow-up.

One reason could be the prevention of recurrence after FDO provided by soft tissue surgery [START_REF] Church | Persistence and Recurrence Following Femoral Derotational Osteotomy in Ambulatory Children With Cerebral Palsy[END_REF][START_REF] Shore | Proximal Femoral Varus Derotation Osteotomy in Children with Cerebral Palsy: The Effect of Age, Gross Motor Function Classification System Level, and Surgeon Volume on Surgical Success[END_REF]. We hypothesize that the proposed treatment alters the expression of the spasticity at the hip, allowing the result to persist.

One of the benefits of this technique is early and easier rehabilitation (immediate verticalization) [START_REF] Lofterod | Changes in lower limb rotation after soft tissue surgery in spastic diplegia[END_REF]. Bone surgery is known to be an important contributor to postoperative pain and rehabilitation challenges in ambulatory CP patients [START_REF] Hoiness | Pain and rehabilitation problems after single-event multilevel surgery including bony foot surgery in cerebral palsy. A series of 7 children[END_REF].

Like all studies analyzing the outcomes of SEMLS, it is difficult to divide out which part of the results are related to the surgical technique studied. Nevertheless, we tried to limit as best possible the interpretation bias by carefully selecting variables in the transverse plane and by excluding patients who had undergone any other type of bone procedures. While the study population was heterogeneous (diplegia and hemiplegia), we limited this effect on the results by looking at each segment individually to control the impact of the pelvis, which turned out to be neutral.

Conclusion

HIR is one of the major causes of gait abnormalities in ambulatory CP patients. [START_REF] Gage | An update on the treatment of gait problems in cerebral palsy[END_REF]. One of the success criteria for SEMLS is the improvement of dynamic internal rotation. While a bone procedure is often recommended, evidence suggests that both the bones and soft tissues play a role in this disorder. We hypothesized that in selected patients, soft tissue surgery would be sufficient to correct the dynamic disorder. Our findings support our hypothesis and show the correction is maintained over the long term. This implies that isolated soft tissue surgery could be done instead of FDO in certain patients with specific indications. Our findings suggest that the treated muscles definitely play a role during in-toeing gait. However, other studies are needed to confirm this. FOD is still indicated in patients with excessive FA, which our team defines as 45° or more. We readily combine these two techniques in selected patients to prevent recurrence and to treat the soft tissues and muscle spasticity.
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  stance phase (mean) pelvic rotation (PR), hip internal rotation (HIR), knee internal rotation (KIR), foot progression angle (FPA) * Significant p value (p< 0.05)

Figure 1 :

 1 Figure 1: Intraoperative view of the surgical technique with drawing. Of note is the double proximal transection of the semimembranosus muscle and the intramuscular transfer of the tendon of the semimembranosus into the belly of the biceps femoris muscle

Table 1 :

 1 Data collected preoperatively, at 1 year postoperative and at 3 years' follow-up (negative value = external rotation) statistically significant (p < 0.05) FA= femoral anteversion, TT= tibial torsion (external), HIR= Hip Internal Rotation, HER= Hip External Rotation, KE= Knee Extension, FU = follow-up

		FA	TT	HIR	HER	KE
	Preoperative	31.6° ± 6 .1	20° ± 6.3	71° ± 5.6	11° ± 4.4	-15.8° ± -8.4
	1 year postop		22.4° ± 4.2	53° ± 2.5	30° ± 3.2	-6.1° ± -6.2
	p value		0.3	0.004*	0.006*	0.0001*
	36 months FU		20° ± 4.4	47° ± 6.4	36° ± 3.8	-5.5° ± -4.2
	p value		0.31	0.003*	0.005*	0.0001*

*

Table 2 :

 2 Gait analysis done preoperatively, at 1 year postoperative and at 3 years' follow-up (negative values = external rotation)

		PR	HIR	KIR	FPA
	Preoperative	1.9° ± 5.6	13.2° ± 4.3	9.8° ± 11.1	9.73° ± 7.3
	1 year postop				
		0.9° ± 4.2	-1.3°± -6.8	2.3° ± 5.3	-2.5° ± 6.4
	p value				
		0.55	0.0001*	0.02*	<0.0001*
	36 months FU	1.2° ± 3.1			
	p value	0.32			
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