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INTRODUCTION

Unstable comminuted articular fractures of the distal radius in elderly patients with osteoporosis constitute a therapeutic conundrum. Although internal fixation with an anterior locked plate has become the treatment of choice for most distal radius fractures, this technique is not always indicated in patients with marked comminution and osteoporosis, as the screws may not have sufficient purchase in the epiphyseal cancellous bone [START_REF] Ginn | Use of a distraction plate for distal radial fractures with metaphyseal and diaphyseal comminution. Surgical technique[END_REF][START_REF] Hanel | Bridge plating of distal radius fractures: the Harborview method[END_REF].

Unicompartmental prostheses are often used to treat osteoporotic fractures of the elderly at other sites such as the hip [START_REF] Kwok | A retrospective study of Moore and Thompson hemiarthroplasty. A review of 599 surgical cases and an analysis of the technical complications[END_REF], shoulder [START_REF] Neer | Fractures of the proximal humeral epiphyseal plate[END_REF], and elbow [START_REF] Burkhart | Distal humerus hemiarthroplasty of the elbow for comminuted distal humeral fractures in the elderly patient[END_REF]. Extension of this concept to the distal radius has been suggested [START_REF] Roux | Biomechanical considerations for wrist arthroplasty[END_REF][START_REF] Herzberg | Prospective study of a new total wrist arthroplasty: short term results[END_REF][START_REF] Ichihara | Distal Radius Isoelastic Resurfacing Prosthesis: A Preliminary Report[END_REF] based on the argument that unicompartmental prostheses immediately reconstruct the joint surface and rapidly restore self-sufficiency in the elderly.

The objective of this study was to evaluate the clinical and radiological outcomes of treatment with an isoelastic resurfacing prosthesis (Prosthelast ® , Argomedical, Cham, Switzerland) in 24 patients with at least 2 years of follow-up. The working hypothesis was that outcomes with Prosthelast ® are as good in the mid-term as in the short term.

MATERIAL AND METHODS

The local ethics committee approved the study. All patients who had surgery at our department for a distal radius fracture between 2011 and 2017 were identified. Among these patients, 42 were managed using an isoelastic resurfacing prosthesis. Of these 42 patients, 10 had died and 8 were lost to follow-up. The remaining 24 patients form the basis for this study.

Patients

Table 1 reports the main features of the 24 patients with distal radius fractures managed using an isoelastic resurfacing prosthesis. Mean age was 78 years (range, 60-91).

There were 22 females. The dominant side was affected in 33% of cases. All 24 fractures were type C in the AO classification. Three of the fractures were open. None of the patients had median nerve contusion. The concomitant lesions included 2 fractures of the contralateral radius, 5 fractures of the proximal humerus, and 1 fracture of the distal humerus. One patient (#12) had previously had a fracture of the same distal radius.

Operative technique

All patients had surgery under local and regional anaesthesia, using the same technique [START_REF] Ichihara | Distal Radius Isoelastic Resurfacing Prosthesis: A Preliminary Report[END_REF]. The level of experience of the surgeons assessed according to Tang and Giddins [START_REF] Tang | Why and how to report surgeons' levels of expertise[END_REF] was 5 for 1 surgeon, 3 for 1 surgeon, and 2 for 3 surgeons. The isoelastic resurfacing prosthesis Prosthelast ® was used in all patients. The Prosthelast ® implant is composed of a monobloc that replaces the radial metaphysis and glenoid surface and of a centromedullary elastic nail. The monobloc portion, which is coated with titanium and hydroxyapatite, has holes directed horizontally at the junction of the metaphysis and glenoid cavity to allow the reinsertion of the capsule and ligaments if desired. It also has a vertically directed hole that receives the radial nail, which is fixed by a screw. Modularity is ensured by the availability of two sizes, standard (Sd) and small (Sm). The skin is closed without drainage. The joint is immobilised post-operatively for 2 weeks to prevent pain. Postoperative rehabilitation is not prescribed routinely.

Assessment

Pre-operative and post-operative criteria were recorded, and the clinical and radiographic outcomes at last follow-up were analysed. Among pre-operative criteria, we recorded the tourniquet time in minutes and the size of the implant. The post-operative criteria were the complications if any (infection, complex regional pain syndrome type II) and revision surgery (proximal row carpectomy, Darrach's procedure, radio-carpal arthrodesis, or implant exchange).

For the evaluation at last follow-up, the clinical criteria included range of motion at the wrist in flexion, extension, pronation, and supination, measured in degrees. The results were expressed as the percentage of the value measured on the unaffected side. Pain was assessed on a 10-point visual analogue scale (VAS: 0, no pain and 10 worst pain imaginable). Overall hand function was evaluated by determining the QuickDASH, which can range from 0 (normal use of the upper limb) to 100 (unable to use the upper limb) [START_REF] Gummesson | The shortened disabilities of the arm, shoulder and hand questionnaire (Quick DASH): validity and reliability based on responses within the full-length DASH[END_REF], and the Patient-Rated Wrist Evaluation (PRWE), which can range from 0 (normal function) to 100 (unable to use the upper limb) [START_REF] Macdermid | Patient rating of wrist pain and disability: a reliable and valid measurement tool[END_REF]. Overall grip strength was measured in Kg using a Jamar ® dynamometer placed in position 2 (Sammsons Preston Ryolan™, Bolingbrook, IL, USA). The results were recorded as the percentage of the value on the unaffected side. The presence or absence of painful motion limitation at the elbow was noted.

Among radiological criteria noted at last follow-up, we recorded the presence or absence of radial head perforation by the centromedullary nail, periprosthetic osteolysis, proximal row osteoarthritis (scapholunate or lunotriquetral), and impingement of the prosthesis on a carpal bone (lunate bone or scaphoid bone). We measured the ulnar variance [START_REF] Palmer | Functionnal wrist motion: a biomechanical study[END_REF] and looked for periprosthetic bone remodelling.

Statistics

The statistical analysis consisted in comparing the mean values of nine unpaired quantitative variables between two groups of surgeons, namely, level 5 and level 2 or 3. The nine variables were the tourniquet time, range of motion of the wrist in flexion, extension, pronation, and supination, the VAS pain score, the QuickDASH score, the PRWE score, and grip strength.

Given our small sample size, frequency-based methods that yield p values would have little statistical power. We therefore turned to Bayesian statistics, in which the distribution of the coefficient T in the model is observed and the probability of observing a difference is computed. This method offers greater statistical power. The result is obtained as a probability between 0 and 1, which is more accurate than a binary response with p<0.05 or p>0.05. If the interval of the T coefficient does not contain 0 and the probability is greater than 95%, the difference is considered significant.

All analyses were performed using R software (R2japgs).

RESULTS

Procedures

Between 2011 and 2017, 3197 distal radius fractures were managed surgically in our department, including 42 (1.3%) by isoelastic resurfacing prosthesis.

Table 2 reports the results of our analysis of the 24 included cases. Two primary ulnar head resections were performed.

Mean tourniquet time was 61.9 minutes (37-126). Six patients experienced postoperative complications, which consisted in all cases in complex regional pain syndrome type II. Revision surgery was performed in 5 patients proximal row carpectomy, n=2; Darrach, n=1; radio-carpal arthrodesis, n=1; and implant exchange, n=1). Mean follow-up was 55.2 months (24-97).

Clinical outcomes

Clinically, mean ranges of motion were as follows: flexion, 39° (54.8% relative to the unaffected side); extension, 49° (72.8%); pronation, 74° (97%); and supination, 68° (88%).

Mean VAS pain score was 2.1 (0-7). Mean QuickDASH was 39.8 (9.09-77) and mean PRWE. was 42.7 (5-95). Finally, mean grip strength was 38 kg, or 65.5% compared to the unaffected side (25-150). Painful motion range limitation was noted in a single patient, who had a total elbow prosthesis implanted during the same operation (patient #23). Proximal row carpectomy was performed secondarily in 2 patients who complained of pain and in whom the prostheses were deemed excessively tight.

Radiographic outcomes

The radiographs showed radial head perforation in 8 patients. No patient had periprosthetic osteolysis or proximal row osteoarthritis. Impingement of the prosthesis on the lunate bone was noted in 2 patients and on the scaphoid bone in 1 patient. Mean ulnar variance was +0.17 mm (-1 to 7.5). Periprosthetic bone remodelling was visible in 22 of the 24 patients.

Statistical comparisons (Table 3)

The level 5 surgeon obtained significantly better results for tourniquet time and the QuickDASH score. The difference in grip strength was almost significant in favour of the level 5 surgeon.

DISCUSSION

High failure rates have been reported with internal fixation of articular distal radius fractures in elderly osteoporotic patients managed using an anterior locked plate, an external fixator, or non-operative treatment [START_REF] Gehrmann | Distal radius fracture management in elderly patients: a literature review[END_REF][START_REF] Schneppendahl | Distal radius fractures: current concepts[END_REF]. Arora et al. [START_REF] Arora | A prospective randomized trial comparing nonoperative treatment with volar locking plate fixation for displaced and unstable distal radial fractures in patients sixty-five years of age and older[END_REF] reported that locked plates were not superior over reduction and immobilisation in this population. Unicompartmental prostheses have been developed recently, including Sophia ® , Cobra ® , and Prosthelast ® . Data are still scarce on these new devices.

The results of our study suggest that resurfacing prostheses for distal radius fractures are only very rarely indicated, in about 1% of cases. This exceptionally used technique is reserved for comminuted articular fractures in elderly osteoporotic patients. As with femoral prostheses for hip fractures, mortality is high. Thus, of our 42 patients, 10 had died and 8 were lost to follow-up.

All published cohort studies of resurfacing prostheses for distal radius fractures report a mean patient age of about 75 years (Table 4). The results across studies are highly consistent regarding the operative time (about 1 hour), the complications (complex regional pain syndrome type II), and the range of motion in flexion-extension (about 80°) and in pronation-supination (about 145°). However, some of the results differ depending on the type of prosthesis.

The results obtained with the Sophia ® prosthesis show little difference between the original work by the inventor [START_REF] Arora | A prospective randomized trial comparing nonoperative treatment with volar locking plate fixation for displaced and unstable distal radial fractures in patients sixty-five years of age and older[END_REF][START_REF] Roux | Replacement and resurfacing prosthesis of the distal radius: a new therapeutic concept[END_REF] and the studies by other authors [START_REF] Roux | Treatment of intra-articular fractures of the distal radius by prosthetic replacement and resurfacing[END_REF][START_REF] Vergnenègre | Treatment of comminuted distal radius fractures by resurfacing prosthesis in elderly patients[END_REF]. Pain was less marked but the results on the QuickDASH and on grip strength were less good. This prosthesis required extensive resection of epiphyseal bone and is no longer available on the market.

With Cobra ® , in contrast, the results reported by the inventor [START_REF] Vergnenègre | Hemiarthroplasty for Complex Distal Radius Fractures in Elderly Patients[END_REF][START_REF] Herzberg | Primary Wrist Hemiarthroplasty for Irreparable Distal Radius Fracture in the Independent Elderly[END_REF][START_REF] Herzberg | Hemi-arthroplasty for distal radius fracture in the independent elderly[END_REF] differ considerably from those obtained by others [START_REF] Herzberg | Wrist hemiarthroplasty for irreparable DRF in the elderly[END_REF]. The pain score was nearly 4-fold higher, the QuickDASH more than 2-fold higher, and grip strength 2-fold lower in the second caseseries. Given these poor results, the authors concluded that this prosthesis should not be used. However, follow-up for the second case-series is only about half that of the inventor, and the level of surgeon experience is not specified, whereas the inventor was level 5.

Radial head perforation was noted in 8 of our patients but caused neither pain nor motion range limitation at the elbow. We have no explanation to this absence of clinical repercussions, and a longer follow-up of these prostheses is therefore necessary. The only patient with range of motion limitation at the elbow had had a total elbow prosthesis implanted during the same operation for a fracture of the distal humerus (patient #23). An important complication in our population was complex regional pain syndrome type II, which occurred in 6 patients and may be ascribable to the fact that the prosthesis was 'tight'.

Nevertheless, this complication had no adverse effect on the functional outcomes in these 6 patients.

We believe that a breach in the skin is not a contraindication to surgery. No infection occurred in our 3 patients with open fractures.

Peri-prosthetic osteolysis of the distal radius is often reported as a complication of total wrist prostheses [START_REF] Anger | Results of wrist hemiarthroplasty for comminuted distal radius fractures in independent elderly people: A retrospective study on eleven patients[END_REF][START_REF] Boeckstyns | Periprosthetic osteolysis after total wrist arthroplasty[END_REF]. No osteolysis was noted in our population, and peri-prosthetic bone remodelling was visible in 22 of the 24 patients. No proximal row osteoarthritis occurred. However, impingement of the prosthesis on the proximal row was visible radiographically in 3 patients, the carpal bone involved being the lunate bone in 2 patients and the scaphoid bone in 1 patient. None of these three impingements induced symptoms but it should be noted that all 3 patients received the standard-sized implant, which was probably too large.

Ulnar variance was positive in our population. Most of the radial head perforations developed when the ulnar variance was +4 mm on average, compared to +1.2 mm in the other cases. Therefore, one of the reasons for these perforations is probably proximal migration of the prosthesis due to unstable primary fixation.

The presence of a fracture of the neck or diaphysis of the ulna also affected the ulnar variance. Thus, ulnar variance was 0.83 when the ulnar neck was fractured, 2.8 when the ulnar styloid was fractured, and 2.5 when the ulna was not fractured. In any case, the clinical repercussions were minimal.

It is worth noting that the tourniquet time, VAS pain score, and QuickDASH score were significantly and inversely related to the level of surgeon experience.

In conclusion, resurfacing prostheses still have a role to play in the treatment of comminuted articular distal radial fractures in elderly patients with osteoporosis.
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Figure 1 .

 1 Figure 1. Isoelastic resurfacing prosthesis for a distal radius fracture (patient #1)

Table 1 . Casuistry of 24 patients presenting distal radius fractures treated by Prosthelast® Isoelastic Resurfacing Prosthesis

 1 

	Patient	Age	Gender Dominance Injured side Ao classification	Ulna fracture	Complication	Associated lesions
	(n)	(year)	(M/F)	(R/L)	(R/L)	(A/B/C)	(N/Sy/Ne/Sh)	(O)	
	1	74	F	L	R	C3.2	Ne		
	2	62	F	R	L	C3.1	St		
	3	78	F	R	L	C3.2	N		
	4	81	F	R	L	C3.2	Ne	O	
	5	60	F	L	L	C3.2	St	O	Distal radius fracture R, Proximal humerus fracture L
	6	74	F	R	L	C3.2	St		
	7	81	F	R	R	C3.2	Ne		Proximal humerus fracture L
	8	85	F	R	L	C2.1	N		
	9	78	F	L	L	C3.2	N		
	10	91	F	R	R	C2.1	St/Sh		
	11	80	M	R	L	C2.1	St		
	12	82	M	L	R	C2.1	St		Distal radius malunion R/Proximal humerus fracture L
	13	72	F	R	L	C2.1	N		
	14	74	F	R	R	C2.1	St		
	15	67	F	R	R	C3.2	N		Distal radius fracture L
	16	71	F	R	L	C3.2	N		
	17	87	F	R	L	C3.2	St		
	18	85	F	R	L	C3.2	St		
	19	89	F	R	L	C3.2	St		
	20	88	F	R	R	C3.1	St		
	21	81	F	R	R	C3.2	Ne		
	22	75	F	R	L	C2.1	N		
	23	77	F	R	L	C3.3	Ne	O	Proximal & distal humerus fracture L
	24	81	F	R	L	C3.2	N		Proximal humerus fracture L
	M male. F female. R right. L left. O open fracture. N no. Sy Styloid. H Head. Ne neck. Sh Shaft			

Table 2 . Results at more than 2 years of 24 patients presenting distal radius fractures treated by Prosthelast® Isoelastic Resurfacing Prosthesis

 2 NA non applicable. Sd standard. Sm small. CRPS complex regional pain syndrome. I Infection. PRC proximal row carpectomy. F radiocarpal fusion. Im new Implant. D Darrach. % = % compared to contralateral healthy side. F = flexion. E = extension. P = Pronation. S = Supination. Y yes. N no. PR carpus proximal row. S scaphoid. L lunate.

	Patient	Surgeon	Tourniquet	Implant	Complication	Revision	Follow-up		Active		Pain	Quick DASH	PRWE	GRIP	Elbow	Radial head	Periprothetic	PR	Carpus	Ulnar	Bone
		level	time	size					motion					Strength	limitation	perforation	osteolysis	arthritis	Conflit	variance	Remodeling
	(n)		(min)	(Sd/Sm)	(CRPS/I		(months)		%			(0-10)	(0-100)	(0-100)	%	(Y/N)	(Y/N)	(Y/N)		(S/L/N)	(mm)	(Y/N)
								F	E	P	S											
	1	5	52	Sd	N	N	97	41.7	120	126	82.4	0	29.55	43	86.9	N	N	N	N	L	-1	Y
	2	5	53	Sd	CRPS	N	92	55.6	100	114.3	82.4	1	36.36	51	50	N	N	N	N	L	NA	Y
	3	5	41	Sd	CRPS	N	85	61.5	35.7	100	75	2	52.27	51	66.6	N	N	N	N	N	0	Y
	4	5	34	Sd	CRPS	N	82	66.6	100	80	88.2	0	59.09	61	60	N	N	N	N	N	0	Y
	5	5	50	Sd	CRPS	N	81	62.5	75	68.8	100	0	13.64	8	80	N	N	N	N	N	0	Y
	6	5	50	Sd	N	N	78	60	78.6	100	123.1	3	25	17	150	N	N	N	N	N	+1	Y
	7	5	46	Sd	N	N	67	57.1	57.1	92.3	76.5	3	59.09	61	36.4	N	N	N	N	N	+1	Y
	8	5	45	Sd	N	N	66	50	61.5	87.5	100	3	52.27	43	66.6	N	N	N	N	N	+4	N
	9	5	91	Sd	CRPS	PRC	65	37.5	100	100	62.5	5	56.28	47	53.3	N	Y	N	N	N	0	Y
	10	5	48	Sd	N	N	63	66.6	100	93.3	100	0	34.09	43	66.6	N	Y	N	N	N	+3.5	Y
	11	5	48	Sd	N	N	58	46.6	35.7	106.6	66	3	13.64	17	150	N	N	N	N	N	0	Y
	12	2	107	Sd	N	N	46	87.5	83.3	112.5	100	1	20.45	28	71.4	N	N	N	N	N	+7.5	Y
	13	5	34	Sd	N	N	46	35.7	46.6	86.6	88.8	1	27.27	45	25	N	N	N	N	N	-1	Y
	14	2	86	Sd	N	N	46	38.8	44.4	100	88.8	1	29.55	24	50	N	N	N	N	S	-1	Y
	15	5	46	Sd	N	PRC/F	46	0	0	93.8	87.5	1	36.36	52	66.6	N	N	N	N	N	NA	N
	16	5	46	Sd	N	N	42	57.1	157.1	123.1	82.4	0	20.45	18	66.6	N	Y	N	N	N	+ 6.5	Y
	17	2	40	Sm	N	N	39	45	75	82.4	35.3	4	61.36	52	25	N	Y	N	N	N	+ 4.5	Y
	18	2	39	Sd	N	N	39	60	53.3	100	93.3	1	20.45	19	100	N	Y	N	N	N	+ 4.5	Y
	19	5	37	Sd	N	N	36	50	116.6	73.3	100	2	9.09	5	100	N	N	N	N	N	+ 5.9	Y
	20	5	45	Sd	N	D	35	30	50	100	93.3	7	63.64	95	55.6	N	N	N	N	N	NA	Y
	21	2	75	Sd	N	N	34	80	50	78.6	64.3	4	63.64	28	50	N	Y	N	N	N	+2.5	Y
	22	3	98	Sd	CRPS	Im, D	33	62.5	100	100	64.7	5	72.73	90	50	N	Y	N	N	N	NA	Y
	23	2	126	Sm	N	N	24	50	83.3	88.8	76.1	3	38.64	49	40	Y	N	N	N	N	-1	Y
	24	2	84	Sm	N	N	24	66.6	83.3	100	100	0	77	77	83.3	N	Y	N	N	N	+ 6.5	Y

Average

Cal calcification. CRPS complex regional pain syndrome. F = flexion. E = extension. P = Pronation. S = Supination.