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Transfer of distal peroneus longus tendon to tibialis anterior by retrograde fixation to treat spastic equinovarus foot in adults: Surgical Technique and Preliminary Results
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We describe a retrograde transfer of the distal tendon of the peroneus longus (PL) onto the tibialis anterior (TA) tendon to treat spastic equinovarus foot (SEVF) in adults. The fact that the distal tendon insertions of the PL and TA are a mirror image makes them antagonists. The aim is to divert the distal tendon in front the inactive distal PL tendon, by fixing to the TA in the middle third of the lower leg. This transforms it into a dorsiflexor and reinforces its eversion ability. The suture level helps to avoid skin impingement when wearing shoes, and the complications inherent to transosseous fixation. In a preliminary case series of 10 patients, we found no complications at a mean follow-up of 4.7 years. The Foot Posture Index-6 improved by an average of 2.4 points. Four patients had regained active dorsiflexion. All patients reduced their use of orthotics. All patients improved according to Goal Attainment Scaling.

Introduction

Treatment of spastic equinovarus foot (SEVF) in adults aims to restore stable walking and a plantigrade foot position. Various tendon transfers have been used in the past to achieve this. The main ones are tibialis anterior (TA) transfer, hemi-TA transfer, and retrograde fixation of the distal peroneus brevis (PB) tendon onto the TA [START_REF] Denormandie | Surgical treatment of orthopedic deformities due to spasticity in the lower limb[END_REF]. Use of the peroneus longus (PL) has never been described in the literature. Yet, imbalance between TA hypertonicity and fibular muscle weakness is one of the main factors leading to forefoot supination. The goal of this work is to describe this transfer of the PL's distal tendon with retrograde fixation on the TA, to expose its anatomical and physiological bases and to evaluate the outcomes from a pilot series of cases.

Materials and Methods

Surgical technique

The patient is supine with a support under the buttocks. The first incision is 1 cm long, horizontal and 2 cm behind the base of the fifth metatarsal (Fig. 1). It is used to isolate the PL, which courses behind, then under the PB. Light traction is placed on the tendon to make it easier to palpate its proximal trajectory. A second vertical, lateral incision about 4-cm long is made about two-thirds of the way down the lower leg (15 cm above the tibiotalar joint line) and used to do a PL tenotomy as proximally as possible after having released any adhesions. The tendon is placed on the traction suture and easily retrieved through the first incision. The PL externalized distally is 18 to 20 cm long (Fig. 2,(2.1)). One then simulates its transfer as proximally as possible on the TA while holding the tendon outside the skin incision. This is done to determine the location of the third incision (longitudinal and about 5 cm long) on the lateral side of the tibial crest. The third incision is used to isolate the TA tendon. Long, blunt instruments (scissors, curved forceps) are used to develop an atraumatic subcutaneous tunnel, which is superficial relative to the extensor retinaculum.

The tendon on the traction suture is transferred subcutaneously distally to proximally.

If the Achilles tendon is retracted, it must be lengthened beforehand. If this procedure is not done at the start, it is vital to do it before setting the tension on the tendon transfer, as the latter is done with the foot held by the surgical assistant in 10° dorsiflexion and maximum eversion. Maximum traction is placed on the PL, which has been passed through the TA via a small longitudinal midline incision (Fig. 2.2). Two cross stitches of non-absorbable 3-0 suture are placed. This is supplemented by an edge-to-edge suture over about 3 cm to achieve a long and flat transfer area with two rows of three other cross stitches [START_REF] Brown | Mechanical strength of the side-to-side versus Pulvertaft weave tendon repair[END_REF]. Keeping maximum tension on the PL, while slightly relaxing the TA, results in a Y anastomosis (Fig. 3).

Tenotomy of the toe flexors is often added to the procedure. If the varus is not fully reducible, one can consider adding valgus-inducing osteotomy of the calcaneus.

Postoperatively, immobilization is done with a resin walking cast, with the foot in 10° dorsiflexion and -most importantly -maximum eversion for 6 weeks. Full weight bearing is allowed. The patients are seen again after 6 weeks to remove the walking cast. Rehabilitation is started immediately on an outpatient basis.

Clinical study

A single-center retrospective study was done of 10 patients operated by the same surgeon between January 2006 and April 2016.

The inclusion criteria were a varus and supination deformity due to TA hypertonicity, which was reducible, whether or not associated with equinus. TA hypertonicity was diagnosed with Strumpell's maneuver. This clinical sign reveals involuntary TA recruitment during resisted triple flexion of the hip, thigh, and knee.

Potential associated procedures were a valgus-inducing osteotomy of the calcaneus, Achilles tendon lengthening or tenotomy of the toe flexors; however, none were done in this case series on the TP.

The main endpoint was the Foot Posture Index (FPI)-6 as described by Keenan [START_REF] Keenan | The Foot Posture Index: Rasch Analysis of a Novel, Foot-Specific Outcome Measure[END_REF][START_REF] Mcbride | The relationship between supination resistance and the kinetics and kinematics of the foot and ankle during gait[END_REF]. This is a clinical assessment of the foot's position during weightbearing with items on the rear-foot, midfoot and forefoot. Satisfaction was evaluated with Goal Attainment Scaling (GAS) where the goal was defined by the patient, surgeon, and rehabilitation specialist during the preoperative consultation (5).

Results

Ten procedures were done on 10 patients with this technique. The patients had a mean age of 56.2 years (min-max 30-80). The mean follow-up was 4.7 years (min 18 months, max 11 years). There were 6 women and 4 men who were all ambulatory; 9 had sequelae of a stroke and 1 had cerebral palsy. Four patients had their gait recorded on video after the surgical procedure.

All but one patient improved on the FPI-6, with a mean of -3.5 postoperatively versus -5.9 preoperatively (Table 1). Heel-toe gait was restored in 7 patients (Fig. 4.1, 4.2). The equinus was improved overall and completely corrected in 4 patients. Four patients recovered active dorsiflexion (Fig. 5).

Two patients who had not gotten tenotomy of the toe flexors were hindered by claw toe deformity, thus required another surgical procedure. At the final assessment, none of the patients had excessive talus.

The use of orthotic devices was reduced in all patients and all of them improved their walking distance (Table 2). None of the patients reported rubbing of their surgical scars with footwear.

At the final assessment, there were no instances of suture failure or recurrence.

All patients improved their GAS by at least 1 point (Table 1), and all would recommend this procedure to a family member or close friend who had the same pathology.

Discussion

Three techniques have been described for SEVF in adults: transfer of hemi-TA to lateral side of foot (6-10), complete TA transfer with transosseous fixation on the cuboid [START_REF] Ponseti | The classic: observations on pathogenesis and treatment of congenital clubfoot[END_REF] and transfer of the distal tendon of the PB on the tibialis anterior, first described by Bardot then Curvale [START_REF] Bardot | Orthopedic surgical corrections of spastic disorders[END_REF][START_REF] Curvale | Treatment of spastic equinovarus foot in the hemiplegic adult by retrograde fixation of the peroneus brevis tendon onto the anterior tibialis tendon[END_REF].

Hence, PL transfer has several advantages and gets around some of the complications associated with the above techniques:

-It preserves the TA in its entirety and its strength. It is commonly accepted that a tendon transfer reduces the muscle's strength by one grade level (out of five) [START_REF] Omer | Evaluation and reconstruction of the forearm and hand after acute traumatic peripheral nerve injuries[END_REF]. This is even more problematic in patients experiencing spasticity and paresthesia. This technique allows us to get around any weakness secondary to TA transfers. Also, an appreciable loss of tension in the TA has been described when the entire tendon is transferred [START_REF] Ponseti | The classic: observations on pathogenesis and treatment of congenital clubfoot[END_REF].

-Because suture fixation is very proximal, it prevents rubbing of the skin scars with orthotic devices or shoes. This is one of the complications of the Bardot transfer with keloid scars over the tendon suture, which is subcutaneous, and impingement on the anterior side of the ankle when wearing shoes.

-It provides a good quality transplant because of the use of an entire tendon, and thus reduces the risk of suture failure associated with transfer of half-TA tendon.

-It gets around the mechanical complications of bone fixation typically found in 5% of cases in older patients with limited activity level and often osteoporosis (fracture, anchor failure, etc.) [START_REF] Tracy | Operative treatment of the plantar-flexed inverted foot in adult hemiplegia[END_REF][START_REF] King | Spastic foot and ankle deformities: evaluation and treatment[END_REF][START_REF] Asencio | Surgery of the foot in equinus deformity in hemiplegic adults[END_REF].

-Lastly, using the PL is a major anatomical asset. In fact, its distal insertion is made on the plantar side of the 1st metatarsal and the medial cuneiform. Thus, it has a plantar flexion action in addition to its eversion action. It is a perfect mirror image with the TA insertion, which occurs on the dorsal side of the 1st metatarsal and cuneiform.

After the transfer, when the TA is recruited, it became a dorsiflexor and foot evertor.

In some patients, parameters related to the midfoot and hindfoot were improved. This is probably because an action on the TA causes derotation of the calcaneopedal unit [START_REF] Seringe | Le concept de bloc calcanéo-pédieux[END_REF].

We only use Watkins' technique [START_REF] Watkins | Transplantation of the posterior tibial tendon[END_REF] of transposing the terminal tendon of the tibialis posterior muscle for purely posterior varus feet.

Conclusion

This technique yields good results on the varus and the equinus. It is a viable alternative to half-TA transfer, the procedure that is currently used the most as a surgical treatment of spastic feet. It has several advantages. With a follow-up that was more than 10 years in some patients, we found no loss of tension or recurrences. However, the benefit of this surgery is modest in hemiplegia cases.

The aim is not to restore normal walking ability but to reduce the use of orthotic devices. These findings must be confirmed in a larger study where the patients undergo gait analysis. A tenotomy is done through the second incision [START_REF] Brown | Mechanical strength of the side-to-side versus Pulvertaft weave tendon repair[END_REF]. The end of the tendon is retrieved distally (1) then transferred subcutaneously (a') to the TA (c) and sutured through a third incision (3). The foot is then held in eversion and dorsiflexion to suture the PL tendon under maximum tension. If needed, percutaneous Achilles tendon lengthening (d) can be added. 
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 1 Figure 1. Surgical approach to the PL; tenotomy by the proximal lateral approach; intraoperative view

Figure 2 : 1 /Figure 3 .

 213 Figure2:1/ Distal tendon of the PL is externalized by the distal surgical approach; 2/ TA is sutured through the proximal and medial approach while the foot is held in 10° flexion and eversion. Intraoperative view Figure3. The first incision is submalleolar (1) to locate the PL tendon (a) behind the PB (b). A tenotomy is done through the second incision[START_REF] Brown | Mechanical strength of the side-to-side versus Pulvertaft weave tendon repair[END_REF]. The end of the tendon is retrieved distally (1) then transferred subcutaneously (a') to the TA (c) and sutured through a third incision (3). The foot is then held in eversion and dorsiflexion to suture the PL tendon under maximum tension. If needed, percutaneous Achilles tendon lengthening (d) can be added.
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 415 Figure 4: 1/ Preoperative equinovarus and supination; 2/ Postoperative results: Recruitment of graft during voluntary TA contraction Figure 5. Postoperative results: Recruitment of graft during voluntary TA contraction and active dorsiflexion

Table 1

 1 Clinical outcomes (FPI-6) determined before and after the surgery

	Results of Goal Attainment Scaling
	X: Missing data

Table 2

 2 Changes in technical and human aids for walking after this transfer surgery OS: orthopedic shoes

Table 1

 1 

	P1		P2	P3	P4	P5	P6	P7	P8	P9	P10
	Pre	Post	Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post

Table 2
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		P1	P2	P3	P4	P5	P6	P7	P8	P9	P10
	reoperative assistance	OS Cane outsider OS Cane	OS Cane	Cane OS Orthotics Cane OS	OS	Cane	OS Cane	OS Orthotics outsider
	ostoperative assistance	OS	OS	None	None Orthotics	None	OS	None	OS	OS Cane
	ostoperative barefoot walking Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	No
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