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Purpose

Distal finger trauma, one of the most frequent emergencies in children, has the potential for functional and cosmetic damage to the hand. The Atasoy flap (AF) is a vascularized, subcutaneous pedicle V-Y advancement flap used to cover a loss of distal finger substance. Our hypothesis was that the AF is a safe, reliable flap that results in few complications and gives satisfactory functional and cosmetic results in children.

Material and methods

We retrospectively assessed children with distal finger trauma and AF pulp reconstruction in our pediatric orthopedic department between 2008 and 2017. The lesion zone was classified and we also evaluated necrosis, infection, the shape of the pulp, pulp sensitivity (Weber test), hyponychial scarring, and the presence of a hook nail deformity. Lastly, we compared patients who developed a hook nail group with those who did not.

Results

Thirty children were included (mean age at trauma: 6.4 years (1.3-15.7). In 21 cases, the finger damage was located in Ishikawa subzone II. No cases of necrosis or infection were reported. Epicritic tactile sensitivity was good in 20 patients (67%). A hook nail deformity was observed in 15 children (50%) and hyponychial scarring in 22 patients (73%). The pulp had a normal shape in 13 children (43%). The hook nail group displayed more hyponychial scarring, greater nail dystrophy and lower pulp sensitivity.

Conclusion

The AF yielded contrasting results. High reliability, good coverage, and minimal donor-site morbidity were compromised by suboptimal tip length/shape, nail appearance, and sensitivity.

Level of evidence: Level IV

INTRODUCTION

Distal finger damage is one of the most frequent emergencies in children sustaining hand trauma [START_REF] Kubus | Fingertip injuries in children treated in Department of Pediatric Surgery and Oncology in the years 2008-2010[END_REF] .

Severe trauma with pulp loss and bone exposure can be treated in several ways, including wound healing by secondary intention and flaps; the main challenge is to provide good coverage and maintain pulp sensitivity [START_REF] Salazard | Fingertip injuries in children: 81 cases with at least one year follow-up[END_REF][START_REF] Lim | The spiral flap for fingertip resurfacing: shortterm and long-term results[END_REF][START_REF] Fitoussi | Thenar flap for severe finger tip injuries in children[END_REF] . Flaps are one option in this type of trauma, and local flaps are frequently used for pulp reconstruction.

The Atasoy flap (AF) is a V-Y advancement flap with a vascularized subcutaneous pedicle for covering a loss of pulp substance [START_REF] Atasoy | Reconstruction of the amputated finger tip with a triangular volar flap. A new surgical procedure[END_REF][START_REF] Thoma | Making the V-Y advancement flap safer in fingertip amputations[END_REF] . Our hypothesis was that the AF is a safe, reliable technique with few complications and satisfactory functional and esthetic results in children. The objective of the present study was to evaluate the functional and esthetic performance of the AF in the treatment of distal finger trauma in children.

MATERIAL AND METHODS

This was a retrospective, single-center case series. The inclusion criteria were age under 18, distal finger trauma, and pulp reconstruction using the AF between 2008 and 2017. Cases with other reconstructive approaches, missing data or patients with less than one-year follow-up were excluded from the study. The surgical procedure consisted of the creation of a triangular flap with the base of the triangle at the edge of the amputation and with the apex of the triangle being at the distal interphalangeal (DIP) flexion crease (Figure 1). The full thickness skin flap was then advanced into the defect and sutured to the nail bed with preservation of the vascular supply and digital nerves. The donor site was primarily repaired with closure as a Y or allowed to granulate. Post-operative care consisted of sterile dressings with no immobilization.

The review of the patients' medical records was approved by the local investigational review board, and all the patients' parents gave their written consent. For each patient included, demographic data were analyzed (age at the time of the trauma, sex, finger involved, and dominant side). We reviewed the initial radiographs and the surgical reports in order to evaluate the area of the finger lesion according to Ishikawa's four-subzone classification (Figure 2): subzone I corresponds to the distal end of the finger (beyond the distal phalanx, P3), subzone II (the most frequently affected by trauma) corresponds to the elements located between the distal end of the P3 and the lunula, subzone III corresponds to the root of the nail, and subzone IV corresponds to the base of P3 [START_REF] Ishikawa | A new classification of the amputation level for the distal part of the finger[END_REF][START_REF] Jackson | The V-Y plasty in the treatment of fingertip amputations[END_REF] . Any reported complications (necrosis, infection, etc.) were also noted.

At last follow-up, a standardized protocol was applied to collect all the data. An independent observer measured the length of P3 for the operated finger (from the flexion fold of the DIP joint to the distal end of the pulp) and the uninjured side, and measured the DIP joint's range of motion with a goniometer.

We noted the presence of nail dystrophy (excess ridging or thicker nail compared to the healthy side), hyponychium scarring, a hook nail deformity, and difficulty in cutting the nails. We also noted the percentage of the total nail surface on a lateral view (less than 30% of the surface, between 30%-60% or more than 60%) affected by hook damage. The shape of the pulp was classified as normal, flat or oblique and scarring at the donor site was reported. Pulp tactile sensitivity was assessed by two-point discrimination test rated on a three-point scale: normal (for discrimination <3 mm), intermediate (between 3 and 6 mm) or poor (≥6 mm). Sensitivity to cold and pain was noted, as was discomfort in everyday life by asking the question to the patient or parents.

Loss of bone substance was assessed with an X-ray of the finger at last-follow-up.

We compared groups with and without a hook nail deformity in terms of the P3 length, in order to identify factors (normal vs. short P3) potentially associated with the hook deformity. We also compared the two groups for the presence of hyponychium scarring, the shape of the pulp, pressure sensitivity, cold sensitivity, nail cutting difficulty, and nail dystrophy. We also compared groups with injuries in Ishikawa subzone I and Ishikawa subzone II/III.

RESULTS

During the study period, 47 children underwent an AF procedure. Thirty of these (17 girls (57%) and 13 boys (43%)) were included in the study. Seventeen patients were excluded because of incomplete data. The mean (range) age at the time of trauma was 6.4 years (1.3-15.7), and the mean (range) follow-up was 4.7 years (1.1-9.5 years). There were 11 right-side injuries (37%) and 19 left-side injuries (63%). The dominant side was injured in 15 patients (50%), and 80% of the children were right-handed. The middle finger was most frequently affected (12/30, 40%), following by the index finger in six cases (20%), the little finger in six cases (20%), the ring finger in three cases (10%) and the thumb in three cases (10%) (Table 1).

With regard to the mechanism of injury, 24 children had crushed their fingers in a door, and six had their fingers injured by another mechanism. In all cases, the AF was performed in the operating room. Four patients had a striated nail, and 15 (50%) had a thicker nail than on the contralateral uninjured side. The shape of the pulp was normal for 13 children (43%), flat for 12 children (40%), and oblique for 5 children (17%). Hyponychium scarring was observed in 22 patients (73%), and seven patients had difficulty cutting their nails (23%). A hook nail deformity was observed in 15 children (50%) (Figure 2); on average, more than 30% of the nail surface area was affected.

Epicritic pulp sensitivity was rated as good for 20 children (67%), intermediate for seven children (23%), and poor for three children (10%). Twelve children (40%) presented with cold sensitivity, and nine (30%) reported pain. Five patients experienced discomfort in everyday life (17%).

Concerning the radiographic results (not available for two patients), 23 patients (82%) had a shortened P3 due to a loss of bone substance. When comparing the hook deformity group (n=15) with the nonhook-deformity group (n=15), we observed a larger number of hyponychium scarring (15 vs. 7, respectively), a larger number of flat and oblique shapes (12 vs. 5), and a greater likelihood of decreased epicritic sensitivity (7 vs. 3), cold sensitivity (7 vs. 5), nail dystrophy (3 vs. 1) and cutting difficulty (5 vs. 1) in the former group. The sample size was too small to make statistical comparisons.

When comparing the Ishikawa subzone I (n= 8) group and the Ishikawa subzone II/III (n=22) group, we observed that all hook deformities were in the Ishikawa subzone II/III group.

DISCUSSION

Reconstruction of the shape of the pulp and restoration of normal sensitivity in cases of distal finger amputation remain a challenge for the surgeon. Although most of the earlier studies have described fingertip injuries in adults [START_REF] Thoma | Making the V-Y advancement flap safer in fingertip amputations[END_REF][START_REF] Jackson | The V-Y plasty in the treatment of fingertip amputations[END_REF][START_REF] Vasseur | Qualitative retrospective study comparing 43 advancedrotated flaps to 19 island type Venkataswami-Subramanian flaps[END_REF][START_REF] Díaz | Double V-Y Flap to Cover the Fingertip Injury: New Technique and Cases[END_REF] , a few have reported the use of the AF in children. Nevertheless, the value of this surgical procedure in children has yet to be established. These lesions are very frequent during childhood but most of the time, they are treated non-operatively [START_REF] Fetter-Zarzeka | Hand and fingertip injuries in children[END_REF][START_REF] Ljungberg | Hand injuries in young children[END_REF][START_REF] Yorlets | Fingertip Injuries in Children: Epidemiology, Financial Burden, and Implications for Prevention[END_REF][START_REF] Macgregor | Fingertip trauma in children from doors[END_REF][START_REF] Holm | Fingertip lesions. An evaluation of conservative treatment versus free skin grafting[END_REF][START_REF] Das | Management of Lost Finger Tips in Children[END_REF] .

Our results confirmed the hypothesis that the AF is a safe, reliable flap because we did not observe any instances of necrosis or infection. Donor site morbidity is low, and immobilization is not required.

Other advantages include ease of performance and the absence of a need for microsurgery skills. In our opinion, the AF might therefore be easily implemented by surgeons with limited experience of hand surgery.

In contrast, the cosmetic results observed here were not very good; the pulp was flat or oblique in most cases, and half the patients had a hook nail deformity. The functional outcomes were also mixed, with the frequent presence of sensitivity disorders, pain or discomfort on a daily basis, despite a full range of motion in the DIP joint. Vasseur et al. compared several local flaps, including the AF in a group of 31 adults and 9 children [START_REF] Vasseur | Qualitative retrospective study comparing 43 advancedrotated flaps to 19 island type Venkataswami-Subramanian flaps[END_REF] . They noted a hook nail deformity in two children (22%), normal joint mobility in all children, no cold intolerance, increased thermal sensitivity in two children (22%), decreased thermal sensitivity in one child (11%), stress hyperesthesia in one child (11%), and excellent tactile sensitivity in all cases. The AF's main limitation concerns the restoration of the loss of pulp substance with a short phalanx. Indeed, in proximal Ishikawa subzone II/III injuries, the AF cannot restore a sufficient volume of pulp tissue. The lack of support for the nail bed may lead to a hook nail deformity.

It has been previously reported that children presented large tissue regeneration properties allowing spontaneously healing [START_REF] Holm | Fingertip lesions. An evaluation of conservative treatment versus free skin grafting[END_REF][START_REF] Das | Management of Lost Finger Tips in Children[END_REF][START_REF] Choi | The strategy and method in modulating finger regeneration[END_REF] . Wound healing by secondary intention is an alternative option which offers good results, especially in children, but should be reserved to the Ishikawa I and Ishikawa II without bone exposure [START_REF] Holm | Fingertip lesions. An evaluation of conservative treatment versus free skin grafting[END_REF][START_REF] Das | Management of Lost Finger Tips in Children[END_REF][START_REF] Martin | Controversies in the treatment of fingertip amputations. Conservative versus surgical reconstruction[END_REF] .

Other local flaps, such as the homodigital and thenar flaps, could also be used [START_REF] Fitoussi | Thenar flap for severe finger tip injuries in children[END_REF][START_REF] Wang | The homodigital neurovascular antegrade island flap for fingertip reconstruction in children[END_REF][START_REF] Barr | Pediatric thenar flaps: a modified design, case series and review of the literature[END_REF] . Wang et al. used the homodigital flap with good outcomes (good pulp sensitivity and no complications) in all children in their study. The homodigital flap may be a good choice for moderate pulp loss but has limitations in cases of more severe damage [START_REF] Wang | The homodigital neurovascular antegrade island flap for fingertip reconstruction in children[END_REF] . Fitoussi et al. used a distal thenar flap to treat 12 children (aged from 18 months to 11 years) with distal finger trauma. There were no complications, most patients were satisfied with the outcome, only two children had cold intolerance (17%), and only one patient had a hook nail deformity [START_REF] Fitoussi | Thenar flap for severe finger tip injuries in children[END_REF] . In 2013, Barr et al. reported on the use of a modified (proximal) thenar flap technique in 16 children; no cold intolerance was noted, and a full range of joint motion and excellent esthetic results were obtained [START_REF] Barr | Pediatric thenar flaps: a modified design, case series and review of the literature[END_REF] . The latter studies confirmed that the thenar flap enables the transfer of larger volumes of tissue than do local advancement flaps [START_REF] Barr | Pediatric thenar flaps: a modified design, case series and review of the literature[END_REF] . The cosmetic results were good, and morbidity was low in the children -suggesting that the thenar flap might be preferred to the AF in cases of damage to Ishikawa subzones II and III. One of the disadvantages of the thenar flap is the need for a second intervention to divide the flap.

The present study presented several limitations. Firstly, we performed a retrospective study of 30 patients and 17 patients were excluded because of incomplete data and/or insufficient follow-up. The retrospective nature of the study may also limit the complete collection of data and specifically the collection of complications, and some evaluations were subjective. Longer follow-up, probably into adulthood, is required.

In conclusion, use of the AF produced contrasting results. It is a reliable, safe flap associated with few complications. However, the functional and cosmetic outcomes are suboptimal, and the AF may not be appropriated in children with damage to Ishikawa subzones II and III. 

  The most commonly affected zone was Ishikawa subzone II (21 children, 70%). Eight injured fingers were in Ishikawa subzone I (26%) and one (4%) was in Ishikawa subzone III. No occurrences of flap necrosis or infection were observed.The clinical length of P3 was shorter on the injured side with a mean (range, standard deviation (SD)) difference of 4.2 mm (0-11, SD ±2.3mm) and no scar abnormalities were observed at the apex of the flap. The DIP joint range of motion was normal for all patients.
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