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the patients was 56 years. The Canaletto® only was implanted in the first 21 cases (group I).

In the following 19 cases (group II), Dynavisc® gel was added to the protocol and applied around the median nerve when the Canaletto® was implanted.

At 12 months' follow-up (group I) and 11 months' follow-up (group II), the pre-versus postoperative difference between the average values of the DN4 neuropathic pain score was 0.55/10 in group I and 2.25/10 in group II; the pain score was 2.23/10 (in group I) and 2.52/10 (in group II); the Quick DASH score was 18.98/100 (group I) and [START_REF] Zieske | Revision carpal tunnel surgery: a 10-year review of intraoperative findings and outcomes[END_REF].06/100 (in group II); the hand grip strength was 19.55% (group I) and 28.53% (group II); the sensory nerve conduction velocity was 8.67 m/s (group I) and 10.27 m/s (group II); the distal motor latency was 1.05 m/s (group I) and 1.75 m/s (group II). Nine patients recovered from hypoesthesia in both groups, 5 patients regained satisfactory trophism of the thenar muscles in group I and 3 patients in group II. No improvement whatsoever was noted in 2 patients in group II, despite the electromyogram being normal. One patient from group II suffered an infection that required revision surgery to remove the Canaletto®; this led to a moderate improvement.

Our results show that when resistant or recurrent CTS is diagnosed, the combined treatment of an anti-adhesion gel such as Dynavics® around the median nerve with the 2 Canaletto® implant after performing secondary neurolysis leads to satisfactory postoperative outcomes. Compared to other techniques described in the current literature, our technique is less invasive, quicker and associated with minimal morbidity of the surgical site.

Résumé

Le but de ce travail était de tester l'intérêt d'associer un implant Canaletto® à un gel composé de carboxyméthylcellulose et de polyéthylène oxyde dans le traitement chirurgical des récidives de syndrome du canal carpien (SCC).

La série comprenait 39 patients soit 40 mains opérées pour la deuxième fois d'un SCC récidivant (28 cas) ou récalcitrant (12 cas) par neurolyse. L'âge moyen était de 56 ans.

Un implant Canaletto® a été mis en place chez les 21 premiers cas (groupe I). Un gel Dynavisc® a été appliqué autour du nerf médian, puis un implant Canaletto® a été mis en place chez les 19 derniers cas (groupe II).

Au recul moyen de 

Introduction

Failure of primary surgery in carpal tunnel syndrome (CTS) is not rare. Revision surgery rates range from 0 to 19% [START_REF] Botte | Recurrent carpal tunnel syndrome[END_REF][START_REF] Chang | Surgical management of recurrent carpal tunnel syndrome[END_REF]. Some authors have reported satisfactory postoperative outcomes when secondary release of the median nerve is performed in combination with a Canaletto® implant [START_REF] Duché | Retinaculum flexors: clinical and experimental anatomic bases in favor of reconstruction in carpal tunnel surgery[END_REF]. This implant is sutured on both margins of the transected flexor retinaculum; it widens the cross-section of the carpal tunnel and recreates a gliding space for the volar surface of the median nerve. Other authors have demonstrated the advantages of using an anti-adhesion gel (carboxymethylcellulose and polyethylene oxide) to reduce epidural postoperative fibrosis and improve the clinical efficacy of discectomy and laminectomy in spine surgery [START_REF] Fransen | Safety of carboxymethylcellulose/polyethylene oxide for the prevention of adhesions in lumbar disc herniation-consecutive case series review[END_REF].

The aim of our study was to determine whether it would be beneficial to combine the Canaletto® implant with a carboxymethylcellulose/polyethylene oxide gel in the surgical treatment of CTS recurrences.

The main hypothesis was that the difference between the neuropathic pain score assessed preoperatively and postoperatively through the DN4 is greater in the group treated with Canaletto® and Dynavisc® than in the group treated with the Canaletto® device alone.

The secondary hypothesis was that the difference between the preoperative and postoperative values of quantitative clinical outcomes (pain, grasp, Quick DASH), qualitative clinical outcomes (paresthesia, atrophy) and electromyographic variables (sensory conduction velocity and distal motor latency) is greater in the group treated with Canaletto® and Dynavisc® than in the group treated with the Canaletto® device alone.

Material and methods

The local ethics committee authorized this retrospective study. All the medical records of patients who had undergone revision surgery for recurrent or resistant CTS between 2014 and 2016 were reviewed. All patients who suffered complications (Type I complex regional pain syndrome, infection, iatrogenic nerve lesions) despite the resolution of paresthesia, all patients who had persistent paresthesia associated with cervical nerve compression syndrome, all patients younger than 18 years old or pregnant and any patients lost to followup were excluded from the study. Patients who had undergone revision surgery for recurrent or persistent CTS with a Canaletto® device (Eurymed™, Nîmes, France) were included in the study. During the primary surgery, all patients were operated through a 15-mm volar incision along a line crossing the third interosseous space.

Our case series included 39 patients and 40 hands (1 bilateral case) who had undergone revision surgery due to recurrent or resistant CTS (Tables 1 and2). The 28 recurrence cases were diagnosed after a symptom-free interval of 873 weeks on average and the 12 resistant cases had persistence of paresthesia after surgery. The patients' age ranged from 29 years to 82 years with an average of 56 years. Five patients presented with a polyneuropathy. The indication for revision surgery was made based on electroneuromyogram (ENMG) results.

All the patients in our case series were operated under regional anesthesia in a day surgery setting and with use of an arm tourniquet. The primary scar was excised and the carpal tunnel was approached through a 25-mm volar incision. The new flexor retinaculum appeared macroscopically thickened on exploration in all cases except three, especially in its distal segment. After longitudinal section of the new retinaculum over its entire length and accessing the carpal tunnel, the position of the median nerve in the tunnel was found to be normal in 11 cases, deviated radially in 25 cases and superficial in 1 case. The macroscopic appearance of the median nerve was normal in 5 cases and was congested, flattened or opaque in the remaining cases. Flexor tendon synovitis was found in the majority of the cases (30/40). Extrafascicular release of the median nerve was carried out next. Flexor tendon synovectomy was not performed.

In the first 21 cases (group I), a Canaletto® device (Eurymed™, Nîmes, France) was implanted. The silicone surface on the deep portion of this device was placed in direct contact with the median nerve. Both margins of the device were then sutured to both margins of the neoretinaculum with two 3/0 nylon sutures. In the last 19 cases (group II), a carboxymethylcellulose/polyethylene oxide gel (Dynavisc®, Fziomed™, San Luis Obispo, group I). The skin was closed with three 4/0 nylon suture points. No postoperative splinting was prescribed, and all patients were encouraged to move their wrist and fingers immediately. Strenuous movements were allowed 6 weeks after the surgery.

The outcomes assessment consisted of measuring sensory, motor and functional variables preoperatively and postoperatively and then comparing the magnitude of these differences between groups. The DN4 score is a questionnaire that determines whether or not the pain is neuropathic based on 10 variables. Four or more positive answers to the questionnaire are enough for the diagnosis of neuropathic pain [START_REF] Bouhassira | Comparison of pain syndromes associated with nervous or somatic lesions and development of a new neuropathic pain diagnostic questionnaire (DN4)[END_REF]. The pain intensity was assessed through a visual analog scale ranging from a score of 0 (no pain) to 10 (maximum intensity of pain). The Quick DASH score relevant to upper limb function was based on a questionnaire containing 11 variables: the total score ranges from 0 (no functional impairment) to 100 (nonfunctional upper limb). The grip strength was measured in Kg using a Jamar® dynamometer set on position 2 (Arex™, Palaiseau, France). Neurological impairment was assessed and diagnosed based on the presence of hypoesthesia in the median nerve area and thenar muscle atrophy. ENMG was used to measure the velocity of sensory nerve conduction in m/s and the distal motor latency in ms. Complications were documented in detail.

The objective of the statistical analysis was to establish whether a significant difference existed between the two groups between the preoperative and postoperative (documented at the very last follow-up appointment) values of each of the six matched quantitative variables (DN4, pain, Quick DASH score, grip strength, sensory nerve conduction velocity, distal motor latency) and for each of the matched qualitative variables (hypoesthesia and atrophy).

Given the limited sample size in our study, the classical "frequentist" statistical model based on the p value would not have been suitable for our data analysis. Thus our analysis was carried out using a Bayesian model, which calculates the likelihood of finding a difference. The likelihood of finding a difference was calculated as a value between 0 and 1 which provided more accurate information than the binary information of a p value (p < 0.05 or p > 0.05). A value of likelihood of a difference of credible intervals between the two groups higher than 90% was a strong difference, higher than 95% was a very strong difference, higher than 97.5% was a significant difference. All data were processed using version 3.1.0 of the "R" software and the JAGS software.

Results

All results are reported in Tables 3 and4. The average follow-up was 12 months in group I and 11 months in group II.

The difference between the preoperative and postoperative value of the DN4 score was on average 0.55/10 in group I and 2.25/10 in group II. Given the estimated difference of 76% and the average improvement difference of -1.863 [-3.59; -0.299], the likelihood that the preoperative/postoperative difference in the DN4 score in group II could be higher than the difference in group I was greater than 99%, which represents a significant difference.

The difference between the preoperative and postoperative value of the pain score was on average 2.23/10 in group I and 2.52/10 in group II. Given the estimated difference was 12% and the average improvement difference was -0.663 [-2.478; -0.994], the likelihood that the preoperative/postoperative difference in the pain score in group II could be higher than the difference in group I was greater than 77%, which represents a nonsignificant difference.

The difference between the preoperative and postoperative value of the Quick DASH score was on average 18.98/100 in group I and 19.06/100 in group II. Given the estimated difference was 0.80% and the average improvement difference was -14.503 [-26.809; -0.869], the likelihood that the preoperative/postoperative difference in the Quick DASH score in group II could be higher than the difference in group I was greater than 98%, which represents a significant difference.

The difference between the preoperative and postoperative value of the grip strength was on average 19.55% in group I and 28.53% in group II. Given the estimated difference was 31% and the average improvement difference was -7.168 [-6.5; 20.9], the likelihood that the preoperative/postoperative difference in the grip strength value in group II could be higher than the difference in group I was greater than 85%, which represents a significant difference.

The difference between the preoperative and postoperative value of sensory7 nerve conduction velocity was on average 8.67 m/s in group I and 10.27 m/s in group II. Given the estimated difference was 16% and the average improvement difference was 3.334 [-5.579; 12.133], the likelihood that the preoperative/postoperative difference in the sensory nerve conduction velocity in group II could be higher than the difference in group I was greater than 77%, which represents a non-significant difference.

The difference between the preoperative and postoperative value of the distal motor latency was on average 1.05ms in group I and 1.75ms in group II. Given the estimated difference was 40% and the average improvement difference was 0.043 [-1.692; 1.745], the likelihood that the preoperative/postoperative difference in distal motor latency in group II could be higher than the difference in group I was greater than 48%, which represents a nonsignificant difference.

Nine patients recovered from their hypoesthesia in group I and 9 patients in group II.

Given the difference estimated was -1.2% [-33.69; 30.8], the likelihood that the recovery rate from hypoesthesia in group II could be higher than group I was 53.4%, which represented a non-significant difference.

Five patients regained good trophism of the thenar muscles in group I and 3 patients in group II. Being the estimated difference 2.9% [-9.0; 67.1], the likelihood that the recovery rate from thenar atrophy in group II was higher than group I was 6.8%, which represented a non-significant difference.

For 2 patients from group II (13 and 19), revision surgery was not beneficial. In both cases, unexplained pain persisted despite a normal ENMG. One patient from group II [START_REF] Tung | Secondary carpal tunnel surgery[END_REF] suffered a surgical site infection from Staphylococcus aureus on the 6 th week after surgery.

The patient was reoperated for Canaletto® removal and thorough lavage of the infection site.

The infection resolved, and the CTS had a mild postoperative improvement from a clinical and electromyographic point of view.

Discussion

Failure of surgical treatment for CTS is due to two main causes: resistant syndromes (clinical signs and symptoms persist after primary surgery) and recurrent syndromes (signs and symptoms reappear after a 3-month symptom-free interval after the primary surgery) [START_REF] Tung | Secondary carpal tunnel surgery[END_REF].

The most frequent cause of resistant syndrome is incomplete transection of the flexor retinaculum; less frequently the cause is an iatrogenic nerve lesion [START_REF] Stütz | Revision surgery after carpal tunnel release-analysis of the pathology in 200 cases during a 2-year period[END_REF]. The most frequent cause for recurrent syndrome is perineural fibrosis [START_REF] Raimbeau | Recurrent carpal tunnel syndrome[END_REF].

Regardless of the reason why the primary nerve release failed, it is widely accepted that secondary nerve release should be combined with a procedure to reduce postoperative perineural fibrosis. Multiple techniques have been described such as the use of biomaterials [START_REF] Bilasy | Canaletto implant in revision surgery for carpal tunnel syndrome: 21-case series[END_REF] and a "wrapping" flap aimed at restoring a gliding plane for the nerve [START_REF] Strickland | The hypothenar fat pad flap for management of recalcitrant carpal tunnel syndrome[END_REF]. Regardless of the technique, the postoperative outcomes are often poor or unpredictable after multiple surgeries, as 43 to 90% of patients undergoing secondary surgery have persistent symptoms and among those, 20% cases have treatment failure [START_REF] Cobb | Outcome of reoperation for carpal tunnel syndrome[END_REF][START_REF] Craft | Management of recurrent carpal tunnel syndrome with microneurolysis and the hypothenar fat pad flap[END_REF]. The best results described in literature were associated with the use of the Canaletto® device [START_REF] Duché | The Canaletto®™ implant for reconstructing transverse carpal ligament in carpal tunnel surgery. Surgical technique and cohort prospective study about 400 Canaletto cases versus 400 cases with open carpal tunnel surgery[END_REF].

Our study combined the Canaletto® device with absorbable Dynavisc® gel.

The Canaletto® device was placed through a relatively small incision, which was sufficiently long to allow accurate release of the median nerve and sufficiently short to avoid extensive dissection. Whenever the median nerve was found on exploration to be radially deviated in the carpal tunnel, secondary nerve release brought it to a less radial position. The Canaletto® implant has two major advantages. First, it prevents median nerve elongation by recreating a gliding surface (made of silicone) that protects its deeper aspect. Secondly, it prevents anterior nerve subluxation by recreating a wider retinaculum [START_REF] Duché | Retinaculum flexors: clinical and experimental anatomic bases in favor of reconstruction in carpal tunnel surgery[END_REF]. The two main disadvantages of the Canaletto® device are the risk of migration in the carpal tunnel when fixation to the neoretinaculum margins is carried out with absorbable sutures and the risk of impingement between the knots and the adjacent soft tissues when the fixation is performed with non-absorbable sutures. The latter complication was never observed in our case series.

Secondly the anti-adhesion surface of the device is only present on its palmar aspect. For this reason, we believe combining it with Dynavisc® gel could be beneficial.

The Dynavisc® gel is a compound of two polymers: polyethylene oxide and carboxymethylcellulose. Polyethylene oxide is a high molecular weight polymer that prevents tissue adhesions thanks to its biochemical characteristics. It blocks fibrosis formation by inhibiting fibroblast recruitment and activation. Carboxymethylcellulose is a polymer that blocks adhesions by acting as a physical barrier [START_REF] Liu | Adhesion Barriers of carboxymethylcellulose and polyethylene oxide composite gels[END_REF]. The main advantage of this gel is its absorbability in 1 month by hydrolysis. Clinical studies in spine surgery [START_REF] Rhyne | Oxiplex reduces leg pain, back pain, and associated symptoms after lumbar discectomy[END_REF] and gynecology [START_REF] Young | Reduction of postoperative adhesions after laparoscopic gynecological surgery with Oxiplex/AP Gel: a pilot study[END_REF] have confirmed these properties. Another advantage of this gel is that its application around the median nerve recreates a circumferential gliding space which cannot be recreated with the Canaletto® alone. The price difference between Canaletto® and Dynavisc® is minimal; each one costs about 200 euros.

Among the weaknesses of our study is that the limited sample size affected the data interpretation. From a descriptive point of view, the two groups were not completely comparable. Four percent of the patients in group I and 21% of group II presented with a polyneuropathy. The diabetes comorbidity, a frequent cause of polyneuropathy, is associated with poor postoperative outcomes in secondary carpal tunnel surgery according to current literature [START_REF] Al-Quattan | Outcome of carpal tunnel release in diabetic patients[END_REF][START_REF] Karthik | Recurrent carpal tunnel syndrome -analysis of the impact of patient personality in altering functional outcome following a vascularized hypothenar fat pad flap surgery[END_REF]. None of our diabetic patients had poor outcomes. Three patients had persistent CTS in group I, and 7 in group II. Persistent CTS with no underlying iatrogenic cause or associated cervical compression syndrome is assumed to lead to worse postoperative outcomes compared to recurrent CTS [START_REF] Zieske | Revision carpal tunnel surgery: a 10-year review of intraoperative findings and outcomes[END_REF]. Nevertheless, this was not observed in our 10 cases of resistant CTS.

Five patients in group I (patient 3, 4, 10, 13 and 20) did not improve after revision surgery. These patients did not have a past medical history of specific risk factors except for three patients for whom the CTS was an occupational disease (patients [START_REF] Duché | Retinaculum flexors: clinical and experimental anatomic bases in favor of reconstruction in carpal tunnel surgery[END_REF][START_REF] Fransen | Safety of carboxymethylcellulose/polyethylene oxide for the prevention of adhesions in lumbar disc herniation-consecutive case series review[END_REF][START_REF] Djerbi | Revision surgery for recurrent and persistent carpal tunnel syndrome: Clinical results and factors affecting outcomes[END_REF]. The diagnosis of occupational disease is a negative prognostic factor itself for surgery [START_REF] Djerbi | Revision surgery for recurrent and persistent carpal tunnel syndrome: Clinical results and factors affecting outcomes[END_REF].

The main hypothesis of our study was proven since the difference between the preoperative and postoperative neuropathic pain assessed with the DN4 score in the group of patients who underwent revision surgery with the combination of Canaletto® and Dynavics® was higher than the difference in patients treated with Canaletto® alone.

The secondary hypothesis relevant to the difference between the preoperative and postoperative Quick DASH score was proven, since the difference in the Canaletto® and Dynavisc® gel group was higher compared to the group treated with Canaletto® alone. The remaining secondary hypothesis relevant to the other quantitative clinical variables (pain, strength), qualitative variables (paresthesia, amyotrophy) and ENMG variables (sensory nerve conduction velocity and distal motor latency) were not proven. In general, our findings suggest that when a resistant or recurrent CTS is diagnosed, secondary nerve release with combined application of Dynavics® gel around the median nerve and a Canaletto® implant lead to satisfactory clinical and functional results. Compared to other techniques described in the literature, our technique had the advantage of using a small incision which avoids the local morbidity associated with harvesting a wrapping flap for the median nerve. The advantages of using the Dynavisc® gel alone are still to be demonstrated. 
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  12 mois (groupe I) et 11 mois (groupe II), la variation pré/postopératoire du DN4 était en moyenne de 0,55/10 dans le groupe I et de 2,25/10 dans le groupe II, de la douleur 2,227/10 (groupe I) et 2,52/10 (groupe II), du score Quick DASH 18,98/100 (groupe I) et 19,06/100 (groupe II), de la force de poigne de la main 19,55% (groupe I) et 28,53% (groupe II), de la vitesse de conduction nerveuse sensitive de 8,67m/s (groupe I) et 10,27m/s (groupe II), de la latence motrice distale de 1,05m/s (groupe I) et 1,75m/s (groupe II), 9 patients ont récupéré une hypoesthésie dans les 2 groupes, 5 patients ont récupéré une bonne trophicité des muscles thénariens externes dans le groupe I et 3 patients dans le groupe II. Deux patients du groupe II n'étaient pas améliorés alors que les signes électromyographiques étaient normalisés. Un patient du groupe II a présenté une infection qui a nécessité l'ablation de l'implant Canaletto® avec une légère amélioration finale. Nos résultats semblent montrer qu'en présence d'un syndrome récidivant ou récalcitrant du canal carpien, l'association d'un gel anti-adhérant Dynavics® autour du nerf médian à la mise en place d'un implant Canaletto® après neurolyse donne de bons résultats.
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 1 Fig. 1. Median nerve release, nerve isolated with a vascular loop (a). Dynavisc® gel injected
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 3 Post-operative outcomes in a case series of 21 carpal tunnel syndrome revision surgeries treated with Canaletto® Delay: time elapsed between primary and revision surgery; DN4: neuropathy score; NCV: nerve conduction velocity; Y: yes; N: no;
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