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Introduction

The deformity first described by Madelung [START_REF] Madelung | Die spontane Subluxation der Hand nach Vorne[END_REF][START_REF] Arora | Madelung and the Recognition of Madelung's Deformity[END_REF] is a rare pathology. Vickers' ligament, an abnormal radio-lunate-triquetral structure [START_REF] Kim | Madelung deformity with Vickers ligament[END_REF], may cause premature epiphysiodesis. Several surgical remedies have been described [START_REF] Jouve | Orthopédie pédiatrique[END_REF]: mainly distal radial osteotomies (DRO), sometimes associate to ulnar osteotomy and Vickers' ligament resection (VR). Sometimes, other procedures are associated: asymmetric distal radial or ulnar epiphysiodesis [START_REF] Vickers | Madelung deformity: Surgical prophylaxis (physiolysis) during the late growth period by resection of the dyschondrosteosis lesion[END_REF], or osteotomy with external fixator realignment [START_REF] Houshian | Madelung deformity treated with Ilizarov technique: A report of two cases[END_REF][START_REF] Billy | Treatment of Madelung's deformity by lengthening and reaxation of the distal extremity of the radius by Ilizarov's technique[END_REF]. Indications and respective ideal ages remain to be defined. Farr et al. [START_REF] Farr | Radiographic Criteria for Undergoing an Ulnar Shortening Osteotomy in Madelung Deformity: A Long-term Experience From a Single Institution[END_REF] defined radiographic and severity criteria to guide treatment, notably between ulnar shortening osteotomy (USO) and distal ulnar epiphysiodesis (DUE) associated to radial dome osteotomy according to age. Various procedures are adopted on a case-by-case basis according to radiographic and clinical findings and surgeons' habits. There is no consensus. Many questions remain. Is VR effective and if so at what age? In children, does surgery provide functional benefit and correction of the deformity? The present national multicenter retrospective study assessed long-term postoperative radiographic and functional outcome. The study hypothesis was that early surgery provides better results.

Material and method

Among the 69 children with Madelung's deformity recorded in 6 hospital departments, 57 (82.6%) were operated on between 1998 and 2015. Forty could be contacted, and 36 patients (25 girls, 32 right-handed; 47 surgeries) with a minimum 2 years' follow-up were included. Data comprised demographic characteristics, family history, genetic screening, functional presenting symptoms and clinical signs. The series included 14 cases of Leri-Weil dyschondrosteosis (8 with SHOX gene mutation), none of Turner syndrome, and 22 idiopathic deformities. Mean age at diagnosis was 12 years (range, 2-17 years). Bone age was not recorded, but all patients were at end of growth by the time of data analysis. Results were analyzed according to surgical technique on subjective esthetic satisfaction, functional Mayo Wrist Score (MWS) and radiographic criteria. The first 4 radiographic criteria were those described by McCaroll et al. [START_REF] Mccarroll | Madelung's Deformity: Diagnostic Thresholds of Radiographic Measurements[END_REF] and Huguet et al. [START_REF] Huguet | Radiological and clinical analysis of Madelung's deformity in children[END_REF]: lunate fossa angle (LFA), radial height (RH), lunatum cover rate (LCR) by the radial glenoid, and dorsal ulnar head translation (UHT); to these, lunatum ascension (LA) was added (figures 1 to 5). Two age-groups were distinguished for analysis: 6-11 years (16 procedures) with 8 years' follow-up, and 12-17 years (31 procedures) with 6.8 years' follow-up.

Twenty-seven preoperative MRI or CT scans were performed in the 47 procedures. Vickers 

Results

There was no significant impact of age on the esthetic or functional outcome of any procedures (Table 2). The study hypothesis was thus not confirmed, as no benefit of early surgery was found. Only for isolated VR was there a non-significant improvement in functional results in 6-11 year-olds, which were excellent in 7 out of 8 cases compared to good-toacceptable in 3 out of 5 cases in 12-17 year-olds.

Choice of technique, on the other hand, seemed to be guided by age. In the 6-11 group, most procedures consisted in VR (8 wrists); children were highly satisfied and MWS was excellent in 7 out of 8 cases. Other procedures in this age-group also mainly gave satisfactory or very satisfactory esthetic results and good functional results; there was 1 poor functional outcome for distal radial disepiphysiodesis + VR, associated with not very satisfactory esthetic outcome.

In the 12-17 group, most procedures consisted in DRO + USO (10 wrists); 8 children were very satisfied, and 6 functional results were excellent. VR (5 wrists) and DRO (5 wrists) gave very satisfactory esthetic results and acceptable-to-good functional results; there were 5 poor functional results, but without correlation with esthetic results. Functional, esthetic and anatomic improvements could not be shown to correlate, with no significant association according to procedure. Isolated VR (Table 3) failed to correct the radial epiphyseal deformity: radial slope increased significantly (-3.5°; p=0.0036), as did LA (+3mm; p=0.0012) and RH (+2 ± 5.8 mm; p=0.0296).

In bone surgery, DRO+USO gave better anatomic results than DRO+USO+VR, isolated DRO or DUE. DRO + USO (Table 4) significantly improved LFA (+24.5°; p=0.0033) (although the angle never reached a normal value of 60°) and LCR (+ 36.2 %; p=0.0103). In contrast, DRO + USO + VR provided no significant radiographic improvement (Table 5).

Isolated DRO or DUE did not provide significant improvement on any radiographic parameter.

Discussion

Age at surgery had no significant impact on esthetic, functional or radiographic results. However, VR seemed to provide greater functional benefit when performed at 6-11 rather than 12-17 years of age; it was in point of fact more often performed early, with greater satisfaction and functional improvement even if differences were not significant. Choice of technique seemed influenced by patient age; DRO + USO was mainly performed in the 12-17 group, most of whom were very satisfied and showed good-to-excellent results.

As previously reported [11], isolated prophylactic VR in 9 wrists at a mean 11 years of age with mean follow-up of 3 years gave functional and esthetic results similar to those in the present series, while radiography showed disappointing progression; we report similar findings in the long term. The pathological nature of Vickers' ligament is a matter of debate, some authors suggesting that it may be a muscle-tendon structure originating in the pronator quadratus [START_REF] Brito | Déformation de Madelung de l'enfant liée à la présence d'un ligament radio-lunaire anormal : à propos de 4 cas[END_REF][START_REF] Gabert | Malformation de Madelung : le ligament de Vickers serait-il un tendon du carré pronateur ?[END_REF]. It is not possible to demonstrate that final deformity would have been worse without resection, which was not associated with radial disepiphysiodesis as in the original technique.

VR associated to DRO + USO gave no significant benefit in radiographic correction, and thus no conclusion can be drawn.

According to Farr et al. [START_REF] Farr | Radiographic Criteria for Undergoing an Ulnar Shortening Osteotomy in Madelung Deformity: A Long-term Experience From a Single Institution[END_REF], USO is indicated in first line as of 14 years of age in case of >5 mm ulnar variance, >4 mm lunate ascension and >22 mm carpal palmer translation. DUE is indicated in younger children (10-14 years), preventing progression of deformity. In the present series DUE and USO were more often associated to DRO in 12-17 year-olds. It seems to us to be important to propose double DRO + USO osteotomy and to avoid repeating the surgery at end of growth. Radiographic correction was significant for LFA (+24.5°) and LCR (+36.2%). RH, UHT and LA also diminished, although not significantly. This is in agreement with the literature, reporting functional and esthetic improvement [START_REF] Reis | Osteotomy of the radius and ulna for the Madelung deformity[END_REF][START_REF] Salon | Long-term follow-up of surgical correction of Madelung's deformity with conservation of the distal radioulnar joint in teenagers[END_REF][START_REF] Abid | Surgical correction of Madelung's deformity by combined corrective radioulnar osteotomy: 14 cases with four-year minimum follow-up[END_REF]. In the present series, this procedure was mainly performed after 12 years of age. DRO + VR gave much better functional results than DRO alone. Numbers were too small to analyze radiographic significance. Harley et al. [START_REF] Harley | Volar Ligament Release and Distal Radius Dome Osteotomy for Correction of Madelung's Deformity[END_REF] reported comparable findings for dome DRO associated to VR. Likewise, we were unable to draw any conclusion regarding DUE associated to DR or VR or not. The present series included no cases of external fixation [START_REF] Houshian | Madelung deformity treated with Ilizarov technique: A report of two cases[END_REF][START_REF] Billy | Treatment of Madelung's deformity by lengthening and reaxation of the distal extremity of the radius by Ilizarov's technique[END_REF],

or of cuneiform reverse-wedge osteotomy [START_REF] Dagrégorio | Réorientation de la glène radiale dans la déformation de Madelung par ostéotomie cunéiforme avec retournement[END_REF][START_REF] Mallard | Reverse wedge osteotomy of the distal radius in Madelung's deformity[END_REF].

The present study had certain limitations, notably due to its multicenter retrospective design.

Analysis was based on age, but in some cases follow-up was as long as 17 years. The study provided data on the esthetic and functional benefit of surgery with radiographic correction that did not achieve normal LFA. In conclusion, significant anatomic benefit was provided by a simple association of DRO and USO.

Conclusion

The present study confirmed that in Madelung's deformity in children surgery provides functional and esthetic benefit and improves wrist anatomy, regardless of age at surgery. We were unable to show benefit of early surgery, although its seemed that VR should be performed before 12 years of age.
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 12 Figure 1: Lunate fossa angle (LFA): axis between ulnar shaft and radial epiphyseal slope (taking account of the 20° anatomic obliquity of the radial slope). Normal value: > 60°

Figure 3 :Figure 4 :

 34 Figure 3: Lunatum cover rate (LCR) by radial glenoid: ratio of the value between the vertical axis through the radial edge of the lunatum and the parallel axis through the radial edge of the radioulnar joint on the one hand to the width of the lunatum on the other. Normal value: >70%

Figure 5 :

 5 Figure 5: Lunatum ascension (LA): lunatum height above a horizontal axis perpendicular to the ulnar shaft axis through the ulnar epiphysis slope inflection point. Normal value: 0 mm.

Table 1 . Esthetic and functional results according to procedure

 1 

		Esthetic		MWS	
	Procedure	Very	Not	Excellent Acceptab	Poor
		satisfied/s	very/not		le-to-	
		atisfied	satisfied		good	
	VR (n=13)	12	1	8	4	1
	DRO + USO (n = 11)					

Table 2 . No age impact on esthetic and functional results
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Table 3 . Comparison between pre-and post-operative radiographic parameters for isolated Vickers' ligament resection (VR) Parameters VR (n=13)
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Table 4 . Comparison between pre-and post-operative radiographic parameters for distal radial osteotomy + ulnar shortening osteotomy (DRO + USO)
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	Parameters

Table 5 . Comparison between pre-and post-operative radiographic parameters for DRO + USO associated to VR (DRO + USO + VR) Parameters DRO + USO + VR (n=6)
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