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INTRODUCTION

Injuries to the deep flexor of the fingers are common and should be managed as an emergency. The repair is demanding and complex and will impact the clinical outcome as much as the associated lesions and postoperative rehabilitation. Today, there is no consensus on the ideal repair technique [START_REF] Bigorre | Primary flexor tendons repair in zone 2: Current trends with GEMMSOR survey results[END_REF].

In Zone 2, excessive exposure of the flexor tendon and sheath by the standard Bruner or midlateral incisions increases scarring in the skin and adhesion formation at the repair site [START_REF] Wong | Minimizing trauma over 'no man's land' with flexor tendon retrieval[END_REF]. It is therefore desirable to avoid skin incisions over this region and use a minimally invasive approach (3) (4).

Mantero et al.( 5) described a pull-out suture for the repair of the flexor digitorum profundus (FDP) tendon in the distal part of the finger as an alternative method of treatment of Zone 1 and distal Zone 2 tendon divisions with less surgical exposure of the Zone 1 sheath and less suture material in this restricted space. This technique was based on an earlier publication of Brunelli [START_REF] Brunelli | La suture tendineuse avec lancet de nylon appuye sans pull out[END_REF] and has been well described by Spingardi et al. [START_REF] Spingardi | Mantero's technique for tendon repair[END_REF]. Dargai and Kassir (8) modified the technique of Mantero for repair of FDP divisions in Zones 2B and 2C by using a distal cannula with a lasso through the pulp and distal FDP tendon rather than two cannulas. The procedure is performed through minimal incisions, limiting adhesion formation and with a suture strong enough for early mobilization.

The aim of this retrospective study was to investigate the outcomes of the modified Mantero technique for repair of FDP lacerations in Zone 2.

MATERIEL AND METHODES

Patient selection (Table 1)

From January 2010 to January 2017, 84 complete FDP divisions in Zone 2B and 2C were treated using the modified Mantero technique Flexor tendon injuries were classified into subzones based on the classification of Tang [START_REF] Tang | Flexor Tendon Repair in Zone 2C[END_REF]. Two patients did not complete the rehabilitation programme and were lost to followup and one patient was unavailable for the long-term assessment. Therefore, the outcomes are based on the 81 patients who completed the study. There were 63 men and 18 women with a mean age of 36 years (range 15-70). The patients were re-examined at a mean of 62 months (range 30-96) after operation. Fiftyone patients also had injuries to the neurovascular bundle that required repair. Flexor tendon injuries with associated fractures, major skin loss or disruption of the superficial flexor tendon were excluded. 

Technique

Surgeons with expertise Level 3 according to the criteria of Tang and Giddins [START_REF] Tang | Why and how to report surgeons' levels of expertise[END_REF] carried out the procedures, with assistance from other junior surgeons.

We have adopted the 'wide awake surgery' technique, under local anaesthesia with epinephrine and without a tourniquet, and this allows full flexion and extension of repairs to be checked [START_REF] Lalonde | Wide-Awake Flexor Tendon Repair[END_REF].

If the proximal end of the tendon is not visible, we immediately make a proximal transverse incision from the level of the A1 pulley. A size 10 drain catheter is then passed into the sheath. Once the drain catheter is pushed down the sheath, it can be seen and withdrawn at the proximal incision. A core suture using the 2-strand Kessler A 20-gauge cannula is passed through the tip of the finger pulp, through the distal tendon stump to the level of the laceration site. Unlike the original Mantero technique, we use a single cannula instead of two cannulas and we pass a 3-0 PDS II suture through this cannula as a loop, which is retrieved at the site of the injury. The distal core suture is placed in the loop and slipped through the cannula and externalized at the fingertip (Figure 1(c)).

The cannula is removed, tendon stumps are apposed and the pull-out suture is tied over a piece of drain catheter. A continuous epitendinous suture of 6-0 polypropylene is inserted in the usual way, followed by skin closure (Figure 1(d)).

When the distal end of the tendon and the area of skin injury are not at the same level, the cannula is removed leaving the lasso in place. Finger flexion brings the distal tendon stump into the area of the laceration, with the lasso strands emerging from the distal tendon stump. The core suture ends are then placed within the lasso and brought to the finger pulp (Figure 2). The injured and adjacent pulleys (the A2 pulley and adjacent C1 pulley) are opened to expose the cut tendon for a mean length of 4 mm according to the site of flexor profundus laceration. In Zone 2B part of C1 and the distal part of the A2 pulley are opened and in Zone 2C the A2 pulley is opened proximal to the laceration.

All nerve and vessel damage is repaired under the microscope.

Postoperative management

The repairs are protected in a dorsal blocking splint from 6-8 cm above the wrist to the tip of the fingers with the wrist in 20°-30° of flexion, the metacarpophalangeal joints in 30°-50° of flexion and the interphalangeal joints fully extended. Active flexion without resistance is begun on the first postoperative day. A combined passive-active motion protocol is used. The patient is instructed to carry out these exercises several times a day and supervised by a physiotherapist three times a week. The patient is asked to actively fully extend the interphalangeal joints within the splint. The patient then actively flexes all fingers about two-thirds of the arc of flexion. Finally, the patient uses the contralateral hand to complete the flexion arc passively. The splint is removed at 4 weeks and active flexion and extension of all joints of the hand are allowed against no resistance. At 6 weeks, exercises against resistance are started. The splint and the Mantero suture are removed 6 weeks after surgery. Full tendon load is allowed 12 weeks after surgery regardless of the patient's occupation.

When there is a fixed flexion deformity of the proximal interphalangeal a dynamic splinting programme using either a Capener or low-profile outrigger splint is used. The splint applies a 0.25 kg force to the distal end of the middle phalanx. Each patient is instructed to wear the splint for 8 to 12 hours per 24 hours for 8 weeks, followed by a 2-to 3-week weaning period. This protocol is also used in patients with neurovascular lesions. The pull-out sites are cleaned daily with normal saline and a new dressing applied.

Functional outcome assessment

The range of motion (ROM) of the proximal interphalangeal joints (PIPJs) and distal interphalangeal joints (DIPJs) were measured using a goniometer. The sum of the ROM of PIPJs and DIPJs was recorded for the injured digits. Functional outcomes were assessed using the original Strickland and Glogovac ( 12) criteria (Table 1) and by using DIPJ ROM alone as proposed by Moiemen and Elliot [START_REF] Moiemen | Primary Flexor Tendon Repair in Zone 1[END_REF]. Using the latter assessment, DIP joint ROM after flexor tendon repair between 85% and 100% of the average (77°-91°) is considered excellent, between 70% and 84% (64°-76°) is considered as good and results between 50% and 69% (46°-63°) as fair. Results between 0% and 49% (0°-45°) are regarded as poor. Patients requiring secondary surgery due to complications arising from the tendon repairs were also noted.

Grip strengths were measured using a Jamar hand-held dynamometer (Sammons Preston, Bolingbrook, IL, USA) and compared with the contralateral normal hand.

Statistical analysise

Normality was tested using the Shapiro-Wilk test. The distribution of data was not normal, therefore the Wilcoxon and Mann-Whitney non-parametric tests were used and the results were expressed as medians with interquartile ranges (IQR). A p-value of ≤0.05 was considered to indicate a significant difference.

RESULTS

The results are presented in Table 2.

Table 2 : Comparisons of ranges of motion, distal interphalangeal joint (DIPJ) flexion and QuickDASH scores of fingers between different groups by demographics and injury characteristics. Median values with interquartile ranges.

Functional outcome and complications

The overall median grip strength was, respectively, 38 kg (IQR 34-50) and 45 kg (IQR 40-56) for the injury side and the contralateral uninjured hand respectively (p = 0.007).

Assessment of the ROM showed overall 54 excellent results, 22 good results and five fair results using the original Strickland and Glogovac criteria and 22 excellent results, 27 good results, 15 fair results and 16 poor results using the measurement of DIPJ motion alone.

There were no patients who had a repair for tendon rupture. There was no skin necrosis at the fingertip or other complications. One healthy 20-year-old gardener developed a deep abscess that was treated surgically and had a fair outcome. This infection was at the site of the injury that was contaminated with soil-borne organisms.

The other case was a superficial infection also at the site of injury, which healed with local care without antibiotics.

Three patients required secondary tenolysis. One of these (Zone 2B injury) was not compliant with rehabilitation. We have no explanation for the stiffness of the fingers of the other two patients (Zone 2C injuries), but one had undergone delayed primary repair. These three patients were in the group with fair results using the Strickland and Glogovac criteria.

DISCUSSION

Methods of primary repair and rehabilitation of the digital flexor tendon, developed over the past two decades, include strong repair techniques and early postoperative active motion (1) (14) (15) (16) [START_REF] Tang | Strong Digital Flexor Tendon Repair, Extension-Flexion Test, and Early Active Flexion[END_REF]. The key developments in Zone 2 repairs reported by these authors are the use of 4-or 6-strand repairs.

The current study reports another technique for flexor tendon repair in Zone 2. The results were good and excellent in 91% of treated fingers with no ruptures. Similar or even better results have been observed using other high-strength multi-strand repairs.

For example, Osada et al. ( 18) treated 27 fingers with a 6-strand repair and obtained 96% good or excellent results and no ruptures. Al Qattan [START_REF] Mm | Isolated flexor digitorum profundus tendon injuries in zones IIA and IIB repaired with figure of eight sutures[END_REF] published a series of 36 fingers with isolated FDP injuries in Zones 2A and 2B, repaired with three 'figure of eight' sutures. The outcome was excellent and good in 100%, with no ruptures.

In our series, only three patients (3.7%) required secondary tenolysis. In recent reports, the incidence of tenolysis is typically 5%-10% (4). Dy et al. [START_REF] Dy | The Epidemiology of Reoperation After Flexor Tendon Repair[END_REF] showed that further surgery for rupture or adhesions is required in around 6% of cases of flexor tendon repairs. The explanation for the lower rate of tenolysis in our series is that there is less invasion of the Zone 2 sheath and less suture material in this restricted area compared with the standard techniques and as the load is transferred from the suture site to the fingertip, the modified Mantero technique permits immediate active exercises postoperatively without resistance.

In several biomechanical studies, the pull-out suture technique is reported as being stronger than 4-strand or 6-strand core sutures. However, these data were obtained from cadaver or in vitro studies and the values are much lower than those obtained in vivo. The gap formation forces in 4-strand or 6-strand core suture are measured as between 44 N and 64.2 N (21) (22) (23) [START_REF] Viinikainen | The Strength of the 6-Strand Modified Kessler Repair Performed With Triple-Stranded or Triple-Stranded Bound Suture in a Porcine Extensor Tendon Model: An Ex Vivo Study[END_REF]. In a recent publication, the measurement of the gap formation force was 98 N in the Brunelli technique associated with a modified Kessler suture [START_REF] Başar | Modified Brunelli pull-out suture technique in zone II flexor tendon rupture: a fresh human cadaver study[END_REF]. Rigo and Røkkum (26) found most functional problems with injuries located between the A4 and A2 pulleys (subzones 1C to 2C), as in our series. Subzone 2C, which is the narrowest part of the sheath, is considered the most problematic (Tang and Shi, ( 27)) as movement of both the repaired flexor digitorum superficialis (FDS) and FDP tendons within the rigid A2 pulley is more difficult. The flexor tendons under the A2 pulley tend to adhere to one another, and the FDP tendon gliding is consequently restricted by the excursion of the repaired FDS tendon.

Our results were better when the pulley was vented but we have never needed to open the A2 pulley more than a fifth of its length, namely about 4 mm. As in other techniques, the peripheral sutures serve to tidy up the repair site and prevent gapping. But this suture in the modified Mantero procedure is less bulky than in other techniques, allowing a full passive ROM of the repair, without the need for venting of the pulleys excessively.

The major problems encountered with pull-out techniques are patient tolerance and potential infections owing to the external material that is subject to displacement during motion (Marin-Braun et al., [START_REF] Braun | Repair of the flexor digitorum profundus and the flexor pollicis longus by the "rope down" technique. Results in a series of 77 cases[END_REF]). However, like Wülle (29), Guinard et al. [START_REF] Guinard | The Mantero Flexor Tendon Repair in Zone 1[END_REF] and Baer et al. [START_REF] Baer | The Mantero technique for flexor tendon repair -an alternative?[END_REF] we did not encounter such complications. Both the infections in the series were localized at the site of the injury but not at the pull-out material. All patients were strongly advised to observe strict hygiene.

One of the questions is the technical difficulty of the procedure. It is important to position the cannula and the lasso in the middle of the distal tendon stump section and then ensure that the tendon slides easily during the finger flexion-extension test to ensure that there is no sheath snagging, once the cannula has been removed, leaving the lasso in place. This lasso trick avoids an enlargement of the scar when the skin wound and tendon division are at different levels (Figure 2). We did not record the operating-room time, but it was often less than 45 minutes in our experience.

The advantages of the wide awake local anaesthesia no tourniquet (WALANT) technique here are undeniable in allowing accurate preoperative assessment of the adequacy of repair, gapping or triggering of the tendon during active flexion and extension of the finger (32); [START_REF] Lalonde | Epinephrine in Local Anesthesia in Finger and Hand Surgery: The Case for Wide-awake Anesthesia[END_REF]; [START_REF] Moriya | Incidence of tenolysis and features of adhesions in the digital flexor tendons after multi-strand repair and early active motion[END_REF].

We acknowledge that this study is limited by its retrospective nature. The strengths of this study are the simplification of the original Mantero technique for FDP tendon injuries in Zone 2 with a fairly large number of patients. The procedure is done through minimal incisions, limiting adhesion formation and with a low tenolysis rate. Limiting the length of incision also decreases gliding resistance to the tendon and postoperative oedema (4). The good results and absence of ruptures suggest that the tendon healing and strength of repair are adequate for immediate postoperative motion. Unlike Mantero, who considers that the two-tunnel technique better distributed the forces across the repair site [START_REF] Spingardi | Mantero's technique for tendon repair[END_REF], we think that the forces are transferred to the pulp by the pull-out suture, and a single-tunnel repair technique is sufficient. The use of a single cannula is technically simpler, reducing the risk of placement error and impingement on the pulley or sheath by cannula or suture. We believe that the modified Mantero repair can be recommended as an alternative for the repair of tendon divisions in Zone 2.

CONCLUSION

Suturing the deep flexor is still considered one of the most demanding procedures in hand trauma, where the expertise of the hand surgeon is of real benefit to the patient and his functional prognosis. Zone 2 repair brings together the difficulties related to the flexor but also the digital canal. In contrast to the current concept of "bulky surgical repairs", this work reveals that suturing the deep flexor tendon in zone 2 using a modified montero technique gives encouraging clinical results, proposing a minimally invasive strategy that could be similar to percutaneous repair and could be integrated as a surgical option in the therapeutic arsenal.

Modification de la technique de Mantero pour la réparation des lésions du fléchisseur profond des doigts en zone 2 Résumé

Introduction : Dans la zone 2, l'exposition excessive du tendon fléchisseur et de la gaine par des incisions standard de Bruner ou médio-latérales augmente le risque de formation d'adhérences. Il est donc souhaitable d'éviter les incisions cutanées dans cette région et d'utiliser une approche peu invasive. [START_REF] Mantero | Il pull-out in 'no man's land' e al canale digitale nelle lesioni dei flessori (metodo personale)[END_REF] ont décrit une suture pull-out pour la réparation du tendon du flexor digitorum profundus (FDP) dans la partie distale du doigt comme une méthode alternative de traitement des section du tendon en zone 1 et de la zone 2 distale avec abord chirurgicale moindre de la gaine et moins de matériel de suture dans cet espace restreint. [START_REF] Dargai | Modified Mantero technique for flexor digitorum profundus laceration repair in Zone 2[END_REF] ont modifié la technique de Mantero pour la réparation des divisions du FDP dans les zones 2B et 2C en utilisant une canule distale avec un lasso à travers la pulpe et le tendon distal du FDP plutôt que deux canules. La procédure est réalisée par des incisions minimales, limitant la formation d'adhérences et avec une suture suffisamment solide pour une mobilisation précoce. L'objectif de cette étude rétrospective était d'examiner les résultats de la technique de Mantero modifiée pour la réparation des lacérations du FDP dans la zone 2.

Méthode : De janvier 2010 à janvier 2017, 81 ruptures complètes du tendon du flechisseur profonde des doigts dans les zones 2B et 2C ont été traitées par la technique de Mantero modifiée. Les patients ont été réexaminés en moyenne 62 mois (intervalle 30-96) après l'opération. Nous avons analysé les résultats en fonction de l'âge, du sexe, de l'intégrité de la poulie, des blessures associées et de la durée du suivi. L'amplitude des mouvements (ROM) des articulations interphalangiennes proximales et distales a été mesurée à l'aide d'un goniomètre. La somme des ROM des PIPJ et DIPJ a été enregistrée pour les doigts blessés.

Résultats : La force de préhension médiane globale était, respectivement, de 38 kg (IQR 34-50) et de 45 kg (IQR 40-56) pour le côté blessé et la main contralatérale indemne (p=0,007). L'évaluation de la ROM a montré globalement 54 excellents résultats, 22 bons résultats et cinq résultats passables en utilisant les critères originaux de Strickland et Glogovac. Il n'y a pas eu de nécrose cutanée à l'extrémité du doigt ni d'autres complications. Un jardinier de 20 ans en bonne santé a développé un abcès profond qui a été traité chirurgicalement et a eu un résultat moyen. Trois patients ont dû subir une ténolyse secondaire. Ces trois patients faisaient partie du groupe dont les résultats étaient satisfaisants selon les critères de Strickland et de Glogovac.

Conclusion : La réparation de Mantero modifiée est recommandée comme alternative dans la réparation des ruptures de tendon dans la zone 2B-2C. Les bons résultats et l'absence de ruptures suggèrent que la cicatrisation du tendon et la force de la réparation sont adéquates pour un mouvement postopératoire immédiat. Un problème est la difficulté technique de la procédure. Il est important de positionner la canule et le lasso au milieu de la section distale du moignon du tendon, puis de s'assurer que le tendon glisse facilement lors du test de flexion-extension des doigts, une fois la canule retirée, en laissant le lasso en place.

Discipline : Chirurgie orthopédique et traumatologique, chirurgie de la main

Mots-Clés : Technique de Mantero ; réparation primaire du tendon ; mobilisation active précoce ; résultats ; libération de la poulie.

Flexor digitorum profundus tendon injuries in Zone 2 repaired with a modified Mantero technique

Abstract

Background : Mantero et al. (1973) described a pull-out suture for the repair of the flexor digitorum profundus (FDP) tendon in the distal part of the finger as an alternative method of treatment of Zone 1 and distal Zone 2 tendon divisions with less surgical exposure of the Zone 1 sheath and less suture material in this restricted space. Dargai and Kassir (2019) modified the technique of Mantero for repair of FDP divisions in Zones 2B and 2C by using a distal cannula with a lasso through the pulp and distal FDP tendon rather than two cannulas. The procedure is performed through minimal incisions, limiting adhesion formation and with a suture strong enough for early mobilization. The aim of this retrospective study was to investigate the outcomes of the modified Mantero technique for repair of FDP lacerations in Zone 2.

Method : From January 2010 to January 2017, 81 complete flexor digitorum profundus tendon disruptions in Zones 2B and 2C were treated using the modified Mantero technique. The patients were re-examined at a mean of 62 months (range 30-96) after operation. We analysed outcomes against ages, gender, pulley integrity, associated injuries and follow-up times. The range of motion (ROM) of the proximal interphalangeal joints and distal interphalangeal joints were measured using a goniometer. The sum of the ROM of PIPJs and DIPJs was recorded for the injured digits.

Results : The overall median grip strength was, respectively, 38kg (IQR 34-50) and 45kg (IQR 40-56) for the injury side and the contralateral uninjured hand respectively (p=0.007). Assessment of the ROM showed overall 54 excellent results, 22 good results and five fair results using the original Strickland and Glogovac criteria. There was no skin necrosis at the fingertip or other complications. One healthy 20-year-old gardener developed a deep abscess that was treated surgically and had a fair outcome. Three patients required secondary tenolysis. These three patients were in the group with fair results using the Strickland and Glogovac criteria Conclusion : The modified Mantero repair is recommended as an alternative in the repair of tendon disruptions in Zone 2B-2C. The good results and absence of ruptures suggest that the tendon healing and strength of repair are adequate for immediate postoperative motion. One issue is the technical difficulty of the procedure. It is important to position the cannula and lasso in the middle of the distal tendon stump section and then ensure that the tendon slides easily during the finger flexion-extension test, once the cannula is removed, leaving the lasso in place. 
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 182 Figure 1 : Zone 2C FDP tendon laceration caused by broken glass in the ring finger of a 36-year-old man. (a) The steps in retrieving the flexor tendons using a drain catheter. (b) The proximal tendon stump was sutured. (c) A 20-gauge cannula with a lasso was passed through the distal FDP tendon and the suture was pulled out of the fingertip. (d) Completion of surgery. ........................................................................... 8

  technique with a 3-0 polydioxanone monofilament suture (PDS II; Ethicon, Somerville, NJ, USA) is placed in the proximal end of the FDP tendon. No knot is tied. Both ends of the core suture are passed into the drain catheter (Figure 1(a)). The tendon can be delivered distally by pulling the suture, with gentle flexion and extension of the digit (Figure 1(b)).

Figure 1 :

 1 Figure 1 : Zone 2C FDP tendon laceration caused by broken glass in the ring finger of a 36-year-old man. (a) The steps in retrieving the flexor tendons using a drain catheter. (b) The proximal tendon stump was sutured. (c) A 20-gauge cannula with a lasso was passed through the distal FDP tendon and the suture was pulled out of the fingertip. (d) Completion of surgery.

Figure 2 :

 2 Figure2: Lasso trick used when the distal tendon end and the skin wound are not in the same area. The cannula is removed but the lasso is left in place. Finger flexion delivers the distal tendon stump to the laceration site with the strands of the lasso emerging from the substance of the distal tendon stump.
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Mon premier souci sera de rétablir, de préserver ou de promouvoir la santé dans tous ses éléments, physiques et mentaux, individuels et sociaux.

Je respecterai toutes les personnes, leur autonomie et leur volonté, sans aucune discrimination selon leur état ou leurs convictions.

J'interviendrai pour les protéger si elles sont affaiblies, vulnérables ou menacées dans leur intégrité ou leur dignité.

Même sous la contrainte, je ne ferai pas usage de mes connaissances contre les lois de l'humanité.

J'informerai les patients des décisions envisagées, de leurs raisons et de leurs conséquences.

Je ne tromperai jamais leur confiance et n'exploiterai pas le pouvoir hérité des circonstances pour forcer les consciences.

Je donnerai mes soins à l'indigent et à quiconque me les demandera.

Je ne me laisserai pas influencer par la soif du gain ou la recherche de la gloire.

Admis dans l'intimité des personnes, je tairai les secrets qui me seront confiés.

Reçu à l'intérieur des maisons, je respecterai les secrets des foyers et ma conduite ne servira pas à corrompre les moeurs.

Je ferai tout pour soulager les souffrances. Je ne prolongerai pas abusivement les agonies. Je ne provoquerai jamais la mort délibérément.

Je préserverai l'indépendance nécessaire à l'accomplissement de ma mission.

Je n'entreprendrai rien qui dépasse mes compétences. Je les entretiendrai et les perfectionnerai pour assurer au mieux les services qui me seront demandés.

J'apporterai mon aide à mes confrères ainsi qu'à leurs familles dans l'adversité.

Que les hommes et mes confrères m'accordent leur estime si je suis fidèle à mes promesses : que je sois déshonoré et méprisé si j'y manque."