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Introduction

Prevalence of radiological osteoarthritis following distal radius fractures (DRF) has been described in the literature to be high with a rate of 50% after 9.2 years of follow-up [START_REF] Lameijer | Prevalence of posttraumatic arthritis and the association with outcome measures following distal radius fractures in non-osteoporotic patients: a systematic review[END_REF].

Posttraumatic cartilage injury or articular step-off are known to induce osteoarthritis [START_REF] Giannoudis | Articular step-off and risk of post-traumatic osteoarthritis. Evidence today[END_REF].

Although rarely painful, a range of surgical procedures has been described to manage symptomatic radiocarpal osteoarthritis, ranging from wrist denervation, arthroplasty, total wrist arthrodesis or partial wrist fusion [START_REF] Garcia-Elias | Partial arthrodesis for the treatment of radiocarpal osteoarthritis[END_REF].

Partial wrist fusion is a viable surgical procedure for achieving pain relief and correcting deformities in wrists with symptomatic radiocarpal osteoarthritis due to DRF [START_REF] Garcia-Elias | Partial arthrodesis for the treatment of radiocarpal osteoarthritis[END_REF][START_REF] Bach | Radiocarpal fusion[END_REF][START_REF] Mcguire | Radioscapholunate fusions[END_REF].

The advantage is that it maintains some range of motion (ROM) of the wrist while improving functional outcomes [START_REF] Mcguire | Radioscapholunate fusions[END_REF][START_REF] Nagy | Long-term results of radioscapholunate fusion following fractures of the distal radius[END_REF][START_REF] Bain | Radioscapholunate arthrodesis -a prospective study[END_REF][START_REF] Linscheid | Radiolunate arthrodesis[END_REF].

Several studies have reported the medium-to long-term outcomes of RSL fusion, with variable results [START_REF] Nagy | Long-term results of radioscapholunate fusion following fractures of the distal radius[END_REF][START_REF] Montoya-Faivre | Clinical and radiological outcomes following radioscapholunate fusion[END_REF][START_REF] Mühldorfer | Medium-term results after radioscapholunate fusion for post-traumatic osteoarthritis of the wrist[END_REF][START_REF] Hug | Treatment of radiocarpal degenerative osteoarthritis by radioscapholunate arthrodesis: long-term follow-up[END_REF][START_REF] Kilgus | Radioscapholunate fusion: long-term results[END_REF]. Although the clinical outcomes were often acceptable, some of the radiological findings were alarming: midcarpal osteoarthritis frequency ranged from 0% to 100% and non-union rates were 0% to 29% [START_REF] Montoya-Faivre | Clinical and radiological outcomes following radioscapholunate fusion[END_REF][START_REF] Hug | Treatment of radiocarpal degenerative osteoarthritis by radioscapholunate arthrodesis: long-term follow-up[END_REF][START_REF] Kilgus | Radioscapholunate fusion: long-term results[END_REF][START_REF] Garcia-Elias | Treatment of radiocarpal degenerative osteoarthritis by radioscapholunate arthrodesis and distal scaphoidectomy[END_REF][START_REF] Mühldorfer-Fodor | Results after radioscapholunate arthrodesis with or without resection of the distal scaphoid pole[END_REF][START_REF] Ha | Radioscapholunate fusion with triquetrum and distal pole of scaphoid excision: long-term follow-up[END_REF]. Based on cadaver studies, additional procedures were developed to improve wrist motion and avoid bone impingement [START_REF] Bain | RSL fusion with excision of distal scaphoid and triquetrum: a cadaveric study[END_REF][START_REF] Pervaiz | Range of motion effects of distal pole scaphoid excision and triquetral excision after radioscapholunate fusion: a cadaver study[END_REF].

Distal scaphoid excision (DSE) was suggested to increase flexion and radial deviation while reducing the risk of scaphotrapeziotrapezoid (STT) osteoarthritis [START_REF] Montoya-Faivre | Clinical and radiological outcomes following radioscapholunate fusion[END_REF][START_REF] Garcia-Elias | Treatment of radiocarpal degenerative osteoarthritis by radioscapholunate arthrodesis and distal scaphoidectomy[END_REF][START_REF] Mühldorfer-Fodor | Results after radioscapholunate arthrodesis with or without resection of the distal scaphoid pole[END_REF]. Excision of the triquetrum (TE) has been proposed to improve motion in extension and ulnar deviation while treating the ulnocarpal impaction [START_REF] Bain | Radioscapholunate arthrodesis -a prospective study[END_REF][START_REF] Ha | Radioscapholunate fusion with triquetrum and distal pole of scaphoid excision: long-term follow-up[END_REF].

Although several clinical studies have reported good clinical results after RSL fusion combined with DSE with or without TE, only Ha et al. compared the three procedures in 15 patients [START_REF] Ha | Radioscapholunate fusion with triquetrum and distal pole of scaphoid excision: long-term follow-up[END_REF]. Despite the long-term follow-up (mean 14.8 years), the authors did not find significant differences in clinical outcomes, likely due to the small sample size.

The aim of our study was to compare the clinical and radiographic outcomes of posttraumatic RSL fusion with or without DSE and TE. The secondary objective was to assess the survival rate of RSL fusion without total wrist fusion.

Materials and methods

Patients

We retrospectively included all patients who had posttraumatic radiocarpal osteoarthritis and who underwent RSL fusion at two university hospitals between 1995 and 2015 and had at least 1 year of follow-up. Patients in the institutional database were identified by using Current Procedures Terminology (CPT) codes. All patients still had wrist pain after wellconducted conservative treatment for at least 6 months including anti-inflammatory medication, physiotherapy, resting splints, and modification of daily activities. Radiocarpal osteoarthritis was confirmed on preoperative CT arthrogram. We excluded patients with radiocarpal osteoarthritis due to inflammatory disease and Kienböck's disease. Clinical and radiographic evaluations were performed by an independent examiner at the last follow-up.

The study was approved by the institutional review board and patients' written consent was obtained. The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines were followed for the study.

Surgical technique

All surgical procedures were performed by senior surgeons trained in hand surgery with patients receiving regional anesthesia. A midline dorsal approach was used. The extensor retinaculum was incised over the third and fourth compartments, the posterior interosseous nerve was resected to achieve partial denervation of the wrist and a Berger's capsulotomy was performed to expose both the radiocarpal and midcarpal joints. The first step of the procedure was to inspect the midcarpal joint to ensure that it was not damaged. Articular surfaces of the radiocarpal joint were then denuded of cartilage down to cancellous bone (Fig. 1C). The joint was temporarily fixed with a K-wire, with correction of any malalignment under fluoroscopy. The primary aim of the technique was to restore congruency of the distal surfaces of the proximal row with the proximal surfaces of the distal row [START_REF] Garcia-Elias | Partial arthrodesis for the treatment of radiocarpal osteoarthritis[END_REF] (Fig. 1D). In 63 patients, the joint was filled with a cancellous bone graft harvested in the distal radius (n=50) or a cortico-cancellous graft from the iliac crest (n=13) depending on surgeon preferences.

Fixation was achieved with a locking T-plate (n=13), screws (n=42) and/or memory staples (n=48) (Fig. 1E) and/or K-wires (n=23). DSE was performed in 42 patients at the surgeon's discretion and TE was done in combination with DSE in 16 patients. Indications for TE were ulnocarpal impaction syndrome in 9 cases (over 16), and without specific criteria in the remaining cases. In 24 cases, concurrent distal radioulnar joint (DRUJ) arthroplasty was performed with the Darrach procedure for ulnocarpal impaction syndrome, distal radioulnar dislocation, or osteoarthritis. Finally, the dorsal capsular flap and extensor retinaculum were closed, leaving the extensor pollicis longus under subcutaneous tissue, and the skin was closed.

Postoperative care

All wrists were immobilized with a forearm plaster cast for a mean of 6.7 weeks (range 2-14), depending on the surgeon. After cast removal, active and passive mobilization (i.e., without strength training) was performed to prevent wrist stiffness.

Clinical analysis

Patients' characteristics assessed included age, sex, limb dominance, heavy manual labor, and workplace accidents. Pain was assessed with a visual analog scale (VAS, /10) at rest and during daily living activities. Active ROM (in degrees) was assessed using a standard goniometer for wrist motion in flexion, extension, radial and ulnar deviation. ROM in flexionextension (ROM FE) and radioulnar deviation (ROM RUD) were then calculated. Grip strength (expressed in Kg/F and as a percentage of the opposite side) was averaged over three consecutive measurements using the Jamar hydraulic hand dynamometer (Kit Baseline1™, Arex®, Palaiseau, France). Patient satisfaction was self-evaluated as not satisfied, moderately satisfied, satisfied and very satisfied. Patient-reported outcomes included the short version of the Disabilities of the Arm, Shoulder and Hand questionnaire (QuickDASH, /100, 0=best), Patient-Related Wrist Evaluation score (PRWE, /100, 0=best), and Modified Mayo Wrist Score (MMWS, /100, 100=best).

Radiography

Radiographic analysis involved strict anteroposterior and lateral views at the last follow-up evaluated by two specialized hand surgeons (B.D. and D.M.F.). Radiocarpal fusion and degenerative osteoarthritis were rated as present/absent for both criteria. Fusion was considered achieved when clear trabecular bone could be seen crossing from the radius to both the scaphoid and lunate [START_REF] Bain | Radioscapholunate arthrodesis -a prospective study[END_REF]. Degenerative changes were described as joint space narrowing and/or localized subcortical sclerosis changes and/or osteophytes and/or subchondral cysts. The latter were described as affecting the STT joint or the medial part of the midcarpal joint (scaphocapitate and/or lunocapitate and/or lunohamate and/or triquetrohamate). Total wrist osteoarthritis included both STT and midcarpal degenerative changes.

Complications

Postoperative complications (e.g., non-union) and surgical revisions (e.g., bone grafting for non-union) were counted separately. Implant discomfort was not considered a complication but was counted as a surgical revision.

Statistical methods

Patients who underwent total wrist fusion were included in the radiographic assessment but excluded from the clinical one. Patients were classified into three groups: those who underwent RSL fusion alone, those with RSL fusion and DSE and finally, those with RSL fusion, DSE and TE.

Categorical variables were expressed as frequencies (%) and compared by Chisquare or Fisher's exact test depending on the data distribution. The distribution of the continuous data was evaluated using the Shapiro test. Continuous data were described with mean and standard deviation (SD) or range and were compared by Student's t test for normally distributed data, Mann-Whitney test if not or ANOVA. The Kaplan-Meier method was used to estimate radiocarpal fusion survival without total wrist fusion. Time to total wrist fusion was compared by a Log rank test. The significance threshold was set at p < 0.05.

Significant values are presented with mean difference and 95% confidence interval (CI).

Results

We included 85 consecutive patients (74 males, 11 females). Procedures were performed for articular malunion of DRF in 73 cases, dislocation-fracture of the distal radius in 9 and scapholunate advanced collapse (stage 2) in 3. Ten patients (12%) were lost to follow-up (4 deaths, 4 untraceable and 2 refusals). The remaining 75 patients were included for radiographic assessment. Eleven (13%) underwent total wrist fusion for early midcarpal osteoarthritis at a mean time from surgery of 24.6 months (SD 18, range 9-74), with no significant differences between groups (p = 0.42, Table 1). Finally, 64 patients were included for clinical examination; 23 had DSE and 12 had both DSE and TE. The mean follow-up was 9.1 years (SD 6.7, range 1-21.4) and mean age at revision 52.6 years (SD 13.2, range 19-78). The three groups did not differ in patient characteristics or follow-up (Table 2, p > 0.05).

Complications and revisions before final follow-up

In total, 12 patients (19%) had complications and 35 (47%) required surgical revision (Table 3). Altogether, 36 patients (48%) had a complication and/or underwent surgical revision after RSL fusion, with no significant differences between groups (p = 0.46). Complications and surgical revisions did not significantly differ between groups. No infection was noted.

Clinical outcomes

At the last follow-up, the mean VAS pain score was 1.78 (SD 1.9) at rest and 4.1 (SD 2.3) during activity, with no significant differences between groups (Table 4, p = 0.37 and p = 0.18 respectively). Overall, 47 patients (73%) were satisfied or very satisfied with the procedure, with no significant differences between groups (p = 0.25). Grip strength was statistically lower after RSL fusion alone than the other procedures (p = 0.005). No other statistical differences were found between groups in terms of wrist motion or patient-reported outcome measures.

Compared to RSL fusion alone, patients who had RSL fusion with DSE had significant better grip strength (33.1 vs 22.1 kg/F, p=0.001, 95% CI [-17.5; -4.8]). The two groups did not differ statistically in terms of wrist motion especially in flexion (p = 0.14) or radial deviation (p = 0.33). Compared to RSL fusion with DSE, RSL fusion with DSE and TE did not differ statistically in terms of grip strength (p = 0.30) or wrist motion, especially in extension (p = 0.093) or ulnar deviation (p = 0.79) 3.3. Radiography outcomes (Fig. 2)

The total wrist osteoarthritis rate after RSL fusion was 61%. Patients with RSL fusion and DSE, with or without TE, had significantly lower incidence of STT and total wrist osteoarthritis (p < 0.001, Table 5). At the final follow-up, grip strength was lower for patients with STT osteoarthritis than without (22.7 vs 29.5, p = 0.044, 95% CI [0.2-13.4]). Wrist motion was greater but not significantly in flexion (25° vs 20°, p = 0.09) and ROM FE (56° vs 48°, p=0.09) in patients without STT osteoarthritis. Compared to patients without midcarpal osteoarthritis, those with midcarpal osteoarthritis had significantly lower ROM FE (47° vs 57°, p = 0.032, 95% CI [0.9-19.7]) and grip strength (21.9 vs 30.3 kg/F, p = 0.01, 95% CI [2. 1-14.7]).

The fusion rate was 76%. Non-unions were limited to the radioscaphoid joint in nine cases, the radiolunate joint in two cases and extended to the entire radiocarpal joint in seven cases. The fusion rate was better after RSL fusion with DSE (with or without TE) than with RSL alone (p = 0.004, Table 5).

Survival rate without total wrist fusion

The overall survival rate after radiocarpal fusion was 85%. Survival rate without total wrist fusion was better with RSL fusion and DSE than the other procedures but not significantly (p = 0.42, Fig. 3). Time to total wrist fusion did not differ among groups (p = 0.52).

Discussion

Because it involves fusion of pathological joints only, partial radiocarpal fusion has been proposed as a treatment option to achieve pain relief while preserving motion [START_REF] Watson | Limited wrist arthrodesis. Part II: Intercarpal and radiocarpal combinations[END_REF][START_REF] Minami | Limited wrist fusions[END_REF][START_REF] Bach | Proximal row fusion as a solution for radiocarpal arthritis[END_REF][START_REF] Taleisnik | Subtotal arthrodeses of the wrist joint[END_REF][START_REF] Watson | One thousand intercarpal arthrodeses[END_REF]. Here, we report the results of the largest clinical series of RSL fusion in two university hospitals with a mean follow-up of 9.1 years. After surgery, the three groups-RSL fusion alone, with DSE and with DSE and TE-did not differ in terms of pain or wrist motion. Patients with RSL fusion alone had significant lower grip strength than the others. DSE significantly reduced the progression of STT osteoarthritis and promoted radiocarpal fusion. The remaining cases of STT osteoarthritis after DSE were most likely caused by insufficient initial resection; Garcia-Elias advised removing the distal third of the scaphoid to avoid recurrence of STT impingement [START_REF] Garcia-Elias | Partial arthrodesis for the treatment of radiocarpal osteoarthritis[END_REF][START_REF] Garcia-Elias | Treatment of radiocarpal degenerative osteoarthritis by radioscapholunate arthrodesis and distal scaphoidectomy[END_REF]. Midcarpal osteoarthritis was more frequent but not significantly with RSL fusion with DSE and TE than with other procedures. The survival rate of radiocarpal fusion without total wrist fusion was better with RSL fusion and DSE.

RSL fusion has been extensively described in the literature, and several authors emphasized that DSE increased motion in both flexion and radial deviation [START_REF] Garcia-Elias | Treatment of radiocarpal degenerative osteoarthritis by radioscapholunate arthrodesis and distal scaphoidectomy[END_REF][START_REF] Mühldorfer-Fodor | Results after radioscapholunate arthrodesis with or without resection of the distal scaphoid pole[END_REF][START_REF] Ha | Radioscapholunate fusion with triquetrum and distal pole of scaphoid excision: long-term follow-up[END_REF]. In our study, we did not find a significant improvement in motion after DSE, but even with limited wrist motion, RSL fusion led to a high satisfaction rate, with 73% of patients being satisfied or very satisfied with the procedure. Moreover, the importance of the dart thrower's motion, which consists of a movement in an oblique direction from radial extension to ulnar flexion, has been emphasized [START_REF] Crisco | In vivo radiocarpal kinematics and the dart thrower's motion[END_REF][START_REF] Wolfe | The dart-throwing motion of the wrist: is it unique to humans?[END_REF]. Saffar and Semaan stated that this motion mainly involves the midcarpal joint [START_REF] Saffar | The study of the biomechanics of wrist movement in an oblique plane-a preliminary report[END_REF]. Crisco et al. drew similar conclusions from a kinematics analysis of 160 wrists [START_REF] Crisco | In vivo radiocarpal kinematics and the dart thrower's motion[END_REF]. Thus, RSL fusions allow the dart thrower's motion to be performed [START_REF] Crisco | In vivo radiocarpal kinematics and the dart thrower's motion[END_REF][START_REF] Saffar | The study of the biomechanics of wrist movement in an oblique plane-a preliminary report[END_REF].

Garcia-Elias emphasized that radiocarpal fusion may result in less motion than intercarpal arthrodesis but provides a much more natural and efficient wrist motion [START_REF] Garcia-Elias | Partial arthrodesis for the treatment of radiocarpal osteoarthritis[END_REF]. Therefore, although they limit wrist motion, radiocarpal fusions are not necessarily functionally detrimental.

The non-union rate after RSL fusion ranges from 0% to 25% depending on the study [START_REF] Nagy | Long-term results of radioscapholunate fusion following fractures of the distal radius[END_REF][START_REF] Mühldorfer | Medium-term results after radioscapholunate fusion for post-traumatic osteoarthritis of the wrist[END_REF][START_REF] Kilgus | Radioscapholunate fusion: long-term results[END_REF]. This worrisome rate could be explained by several factors such as lack of bone graft or rigid bone fixation, especially with the use of K-wires in most older studies [START_REF] Nagy | Long-term results of radioscapholunate fusion following fractures of the distal radius[END_REF][START_REF] Mühldorfer | Medium-term results after radioscapholunate fusion for post-traumatic osteoarthritis of the wrist[END_REF][START_REF] Minami | Limited wrist fusions[END_REF][START_REF] Watson | One thousand intercarpal arthrodeses[END_REF]. Recent studies highlighted requirements for effective compression to achieve fusion with a locking plate or memory staples [START_REF] Bain | Radioscapholunate arthrodesis -a prospective study[END_REF]. Moreover, several authors highlighted that DSE could promote fusion. Among the 103 published cases of RSL fusion with DSE, only 4 (4%) reported non-unions [START_REF] Bain | Radioscapholunate arthrodesis -a prospective study[END_REF][START_REF] Montoya-Faivre | Clinical and radiological outcomes following radioscapholunate fusion[END_REF][START_REF] Garcia-Elias | Treatment of radiocarpal degenerative osteoarthritis by radioscapholunate arthrodesis and distal scaphoidectomy[END_REF][START_REF] Mühldorfer-Fodor | Results after radioscapholunate arthrodesis with or without resection of the distal scaphoid pole[END_REF][START_REF] Ha | Radioscapholunate fusion with triquetrum and distal pole of scaphoid excision: long-term follow-up[END_REF][START_REF] Quadlbauer | Volar radioscapholunate arthrodesis and distal scaphoidectomy after malunited distal radius fractures[END_REF]. We found that DSE promoted radiocarpal fusion in a statistically significant manner. In agreement with the literature [START_REF] Garcia-Elias | Treatment of radiocarpal degenerative osteoarthritis by radioscapholunate arthrodesis and distal scaphoidectomy[END_REF][START_REF] Ha | Radioscapholunate fusion with triquetrum and distal pole of scaphoid excision: long-term follow-up[END_REF][START_REF] Quadlbauer | Volar radioscapholunate arthrodesis and distal scaphoidectomy after malunited distal radius fractures[END_REF], we recommend performing at least cancellous bone grafting (from the distal radius or the resected scaphoid) to promote fusion [START_REF] Degeorge | Radioscapholunate fusion for radiocarpal osteoarthritis: prognostic factors of clinical and radiographic outcomes[END_REF]. Extrinsic factors such as smoking or previous corticosteroid therapy could have contributed to non-union but were not investigated in this study.

As shown in most studies, the progressive development of midcarpal osteoarthritis is not unusual and is found in 0% to 100% of cases after RSL fusion alone [START_REF] Nagy | Long-term results of radioscapholunate fusion following fractures of the distal radius[END_REF][START_REF] Montoya-Faivre | Clinical and radiological outcomes following radioscapholunate fusion[END_REF][START_REF] Mühldorfer | Medium-term results after radioscapholunate fusion for post-traumatic osteoarthritis of the wrist[END_REF][START_REF] Hug | Treatment of radiocarpal degenerative osteoarthritis by radioscapholunate arthrodesis: long-term follow-up[END_REF][START_REF] Kilgus | Radioscapholunate fusion: long-term results[END_REF][START_REF] Ha | Radioscapholunate fusion with triquetrum and distal pole of scaphoid excision: long-term follow-up[END_REF]. STT osteoarthritis can be explained by excessive mechanical strain between the scaphoid and distal row [START_REF] Garcia-Elias | Treatment of radiocarpal degenerative osteoarthritis by radioscapholunate arthrodesis and distal scaphoidectomy[END_REF]. Authors describing RSL fusion with DSE reported only 15 cases of midcarpal osteoarthritis among 69 patients (23%) [START_REF] Montoya-Faivre | Clinical and radiological outcomes following radioscapholunate fusion[END_REF][START_REF] Garcia-Elias | Treatment of radiocarpal degenerative osteoarthritis by radioscapholunate arthrodesis and distal scaphoidectomy[END_REF][START_REF] Mühldorfer-Fodor | Results after radioscapholunate arthrodesis with or without resection of the distal scaphoid pole[END_REF][START_REF] Quadlbauer | Volar radioscapholunate arthrodesis and distal scaphoidectomy after malunited distal radius fractures[END_REF]. Bain et al. and Ha et al. did not report the midcarpal osteoarthritis rate at the last follow-up [START_REF] Bain | Radioscapholunate arthrodesis -a prospective study[END_REF][START_REF] Ha | Radioscapholunate fusion with triquetrum and distal pole of scaphoid excision: long-term follow-up[END_REF]. We found different results: 18 midcarpal osteoarthritis cases among 42 patients with DSE (43%). However, the previous studies mostly had a short-term follow-up (<5 years) or few cases, which could have lessened the reports of midcarpal osteoarthritis. Montoya-Faivre et al. reported a 37% midcarpal osteoarthritis rate (7/19 patients) after RSL fusion and DSE at a mean follow-up of 4.4 years [START_REF] Montoya-Faivre | Clinical and radiological outcomes following radioscapholunate fusion[END_REF]. In a cadaver study, Holleran et al. highlighted increased contact pressure in the lunocapitate joint after RSL fusion with DSE as compared with RSL fusion alone [START_REF] Holleran | Radioscapholunate arthrodesis with excision of the distal scaphoid: comparison of contact characteristics to the intact wrist[END_REF]. Our midcarpal osteoarthritis rate was not higher with RSL fusion and DSE than with RSL fusion alone (35% vs 49%).

Additional TE has been promoted by a few authors to increase wrist motion and treat ulnocarpal impaction syndrome [START_REF] Bain | Radioscapholunate arthrodesis -a prospective study[END_REF][START_REF] Berkhout | The effect of radioscapholunate fusion on wrist movement and the subsequent effects of distal scaphoidectomy and triquetrectomy[END_REF]. We did not find a significantly increased ROM in FE or RUD in patients with RSL fusion, DSE and TE compared to others. Moreover, the midcarpal osteoarthritis rate was higher with both additional procedures (DSE and TE) than with DSE alone (50% vs 26%) but not significantly. Because we did not observe significantly better ROM after TE, we believe this procedure should be limited to treating ulnocarpal impaction syndrome. Thus, it should be considered an alternative to DRUJ arthroplasty (Darrach's procedure in our experience). In this context, Keuchel-Strobl et al. proposed shifting the carpus more distally to treat ulnocarpal impaction syndrome and avoid any procedure at this level (i.e. DRUJ arthroplasty or TE) [START_REF] Keuchel-Strobl | Salvage procedure after malunited distal radius fractures and management of pain and stiffness[END_REF]. Cancellous bone graft harvested from the radius and the distal scaphoid was used to fill the arthrodesis site. However, we recommend compressing the joint to promote radiocarpal fusion and performing DRUJ arthroplasty in case of ulnocarpal impaction syndrome.

Only Ha et al. compared the three types of RSL fusion in a small case series (n = 15) with a mean follow-up of 15 years (minimum 10 years) [START_REF] Keuchel-Strobl | Salvage procedure after malunited distal radius fractures and management of pain and stiffness[END_REF]. The authors reported good clinical outcomes but less wrist motion in both FE and RUD as compared with our results. These authors concluded that excising the distal scaphoid with or without TE would increase ROM more in RUD than FE, which is more functional [START_REF] Crisco | In vivo radiocarpal kinematics and the dart thrower's motion[END_REF]. They did not describe osteoarthritis changes but measured the narrowing of midcarpal joint. The lunocapitate joint was narrower with RSL fusion with DSE and TE than with only DSE (0.8 vs 1.7 mm). We observed similar radiographic results with a greater midcarpal osteoarthritis rate in patients with additional TE versus only DSE (42% vs 26%).

We found a very high cumulative rate of complications/surgical revision after RSL fusion (56% in our series). In 1997, Nagy and Büchler concluded that RSL surgical techniques should be improved before they could be considered reliable [START_REF] Nagy | Long-term results of radioscapholunate fusion following fractures of the distal radius[END_REF]. Because RSL fusion with DSE seems to yield fewer complications and a better outcome-with 38% osteoarthritis, 8% non-union and 11% total wrist fusion-we strongly believe that it is the better procedure for managing radiocarpal osteoarthritis. Additional TE seems to be detrimental for midcarpal osteoarthritis and total wrist fusion rate, but not significantly.

Key technical points must be checked to ensure a good functional outcome: 1) first, inspection of the midcarpal joint is essential to ensure that it is free of osteoarthritis; 2) an appropriate fusion technique must be used that includes dynamic compression; 3) the use of bone graft, either iliac crest or distal radius, is encouraged to avoid non-union.

This study has several limitations, including its retrospective design, the lack of randomization, the disparate follow-up period, and the small number of participants, in particular for rare events (such as complications or surgical revision). Splitting the RSL population into three different groups greatly decreased the statistical power but allowed us to assess the clinical and radiographic impact of doing the additional procedures (DSE and TE). The small sample size invites caution in interpreting the findings. Moreover, this was a dual-center study in which several surgeons with different skills performed RSL fusions. The different techniques for stabilization could have influenced radiocarpal fusion. We did not assess the clinical impact of the Darrach procedure, which may have skewed the results.

Further clinical studies are needed to draw conclusions about the real impact of TE on radiographic results and confirm our results for RSL fusion and DSE.

Conclusion

RSL fusion is an effective procedure for maintaining some wrist motion and achieving pain relief in patients with posttraumatic radiocarpal osteoarthritis. DSE seems to be associated with reduced osteoarthritis and increased fusion rate. Because of a related increase in midcarpal osteoarthritis rate, we believe that TE should be avoided and should be considered an alternative to DRUJ arthroplasty to prevent ulnocarpal impaction syndrome. 

Figure legends

Fig. 1 .

 1 Fig. 1. Radioscapholunate (RSL) fusion procedure. Preoperative X-rays (A) and CT arthrogram (B) showing degenerative changes after articular malunion of the distal radius. Surgical procedure with inspection of the midcarpal joint and excision of the radiocarpal cartilage (C), temporary fixation with K-wires (D) and final fixation with memory samples associated with K-wires, distal scaphoid excision, and triquetrum excision (E). Postoperative X-rays showing good compression and alignment of the radiocarpal joint (F, G).

Fig. 2 .

 2 Fig. 2. X-rays after RSL fusion with distal scaphoid excision (DSE) and no degenerative changes in the midcarpal joint (A), midcarpal osteoarthritis (B) or non-union at the radioscaphoid joint (C).

Fig. 3 .

 3 Fig. 3. Kaplan-Meier analysis of the survival of radioscapholunate fusion without total wrist fusion for each group. RSL: radioscapholunate; DSE: distal scaphoid excision; TE: triquetrum excision.

  

Table titles Table 1 .

 titles1 Comparison of total wrist fusion rate in each group RSL: radioscapholunate; DSE: distal scaphoid excision; TE: triquetrum excision

Table 2 .

 2 Baseline characteristics of the patients RSL: radioscapholunate; DSE: distal scaphoid excision; TE: triquetrum excision; SLAC:

	scapholunate advanced collapse

Table 3 .

 3 Number and types of complications and revisions for patients with radioscapholunate (RSL) fusion alone, with distal scaphoid excision (DSE) and with DSE and triquetrum excision (TE).

	CRPS: complex regional pain syndrome; DRUJ: distal radioulnar joint; TWF: Total wrist
	fusion
	Indications for tenoarthrolysis were wrist and finger extension stiffness after well-conducted
	conservative treatment. Indications for DRJU arthroplasty were ulnocarpal impaction
	syndrome.

Table 4 .

 4 Comparison of clinical results at last follow-up RSL: radioscapholunate; DSE: distal scaphoid excision; TE: triquetrum excision; PROMs: patient-reported outcome measures; ROM: range of motion; FE: flexion-extension; RUD: radioulnar deviation; QuickDASH: short version of the Disabilities of the Arm, Shoulder, and

	Hand questionnaire; PRWE: Patient-Related Wrist Evaluation; MMWS: Modified Mayo Wrist
	Score; *: statistically significant value.

Table 5 .

 5 Radiography results during follow-up and at review

RSL: radioscapholunate; DSE: distal scaphoid excision; TE: triquetrum excision; STT: scaphotrapeziotrapezoid; TWOA: total wrist osteoarthritis; *: statistically significant value.

Table 1 .

 1 Comparison of total wrist fusion rate in each group.

	RSL: radioscapholunate; DSE: distal scaphoid excision; TE: triquetrum excision
		RSL fusion alone	RSL fusion	RSL fusion	P value
		(n=33)	+ DSE	+ DSE + TE	
			(n=26)	(n=16)	
	Total wrist	4 (12%)	3 (11%)	4 (25%)	0.42
	fusion				

Table 2 .

 2 Baseline characteristics of the patients RSL: radioscapholunate; DSE: distal scaphoid excision; TE: triquetrum excision; SLAC:

	scapholunate advanced collapse			
		RSL fusion	RSL fusion	RSL fusion	P value
		alone	+ DSE	+ DSE + TE	
		(n=29)	(n=23)	(n=12)	
	Age (years)				
	mean (SD)	54	48	56	0.162
		(SD 12)	(SD 14)	(SD 11)	
	Gender (male)				
	n (%)	24 (83)	20 (87)	10 (83)	0.912
	Dominant limb affected				
	n (%)	16 (55)	14 (61)	8 (66)	0.780
	Heavy manual labor				
	n (%)	20 (69)	14 (61)	8 (67)	0.827
	Work-related accident				
	n (%)	12 (41)	9 (39)	5 (42)	0.983
	Indication: n (%)				
	Articular malunion	25 (86)	20 (87)	9 (75)	
	Dislocation-fracture	4 (14)	2 (9)	2 (17)	0.612
	SLAC wrist	-	1 (4)	1 (8)	
	Follow-up (years)				
	Mean (SD)	8.9	8.0	11.7	0.298
		(SD 7.2)	(SD 5.9)	(SD 6.6)	

Table 3 .

 3 Number and types of complications and revisions for patients with radioscapholunate (RSL) fusion alone, with distal scaphoid excision (DSE) and with DSE and triquetrum excision (TE).

	CRPS: complex regional pain syndrome; DRUJ: distal radioulnar joint; TWF: Total wrist
	fusion				
	Indications for tenoarthrolysis were wrist and finger extension stiffness after well-conducted
	conservative treatment. Indications for DRJU arthroplasty were ulnocarpal impaction	
	syndrome.				
		RSL fusion alone	RSL fusion + DSE	RSL fusion	P
		(n=33)	(n=26)	+ DSE + TE	value
				(n=16)	
	Complications	2 CRPS	1 non-union	1 non-union	0.75
		1 non-union	1 stiffness		
		1 stiffness			
	Total: n (%)	4 (12)	2 (8)	1 (6)	
	Revisions	5 DRUJ arthroplasty	1 dorsal	1 bone grafting	0.58
		6 implant removals	tenoarthrolysis	3 implant removals	
		1 dorsal	1 bone grafting	4 TWF	
		tenoarthrolysis	5 implant removals		
		1 bone grafting	3 TWF		
		4 TWF			
	Total: n (%)	17 (51)	10 (38)	8 (50)	

Table 4 .

 4 Comparison of clinical results at last follow-up RSL: radioscapholunate; DSE: distal scaphoid excision; TE: triquetrum excision; PROMs: patient-reported outcome measures; ROM: range of motion; FE: flexion-extension; RUD: radioulnar deviation; QuickDASH: short version of the Disabilities of the Arm, Shoulder, and Hand questionnaire; PRWE: Patient-Related Wrist Evaluation; MMWS: Modified Mayo Wrist Score; *: statistically significant value.

			RSL fusion	RSL fusion	RSL fusion	P value
			alone	+ DSE	+ DSE + TE	
			(n=29)	(n=23)	(n=12)	
	ROM (°)	Flexion	22 ± 12	27 ± 12	21 ± 12	0.25
		Extension	28 ± 12	29 ± 10	38 ± 18	0.08
		ROM FE	49 ± 17	55 ± 20	59 ± 18	0.28
		Radial	11 ± 9	14 ± 9	11 ± 6	0.56
		deviation				
		Ulnar	19 ± 7	19 ± 9	20 ± 10	0.95
		deviation				
		ROM RUD	30 ± 12	32 ± 14	31 ± 11	0.78
	Grip strength Kg/F	22 ± 10	33 ± 13	28 ± 14	0,005*
	Patient-	QuickDASH	42.7 ± 21.6	35.7 ± 20.1	34,8 ± 20 1	0.40
	reported	PRWE score	40.7 ± 21.9	32.8 ± 20.4	33,6 ± 19,2	0.38
	outcomes	MMWS	61.1 ± 21.0	71.1 ± 18.1	75,9 ± 18,3	0.07

Table 5 .

 5 Radiography results during follow-up and at review RSL: radioscapholunate; DSE: distal scaphoid excision; TE: triquetrum excision; STT: scaphotrapeziotrapezoid; TWOA: total wrist osteoarthritis; *: statistically significant value. All patients with non-union noted during follow-up underwent reoperation for bone grafting or conversion to total wrist fusion in case of concurrent midcarpal osteoarthritis. The same patient had an early non-union treated by bone grafting with persistent non-union at review.

			RSL fusion	RSL fusion	RSL fusion	P value
			alone	+ DSE	+ DSE + TE	
			(n=33)	(n=26)	(n=16)	
	Osteoarthritis	STT	21 (64)	1 (4)	2 (12)	<0.001*
	(n, %)	Midcarpal	16 (49)	9 (35)	9 (56)	0.34
		TWOA	25 (76)	10 (38)	11 (69)	0.011*
	Non-union	During follow-up x	5 (5)	1 (4)	1 (13)	0.79
	(n, %)	At review	9 (31)	2 (9)	1 (8)	0.072
		Total	14 (42)	2 (8) y	2 (12)	0.004*

x y

x All patients with non-union noted during follow-up underwent reoperation for bone grafting or conversion to total wrist fusion in case of concurrent midcarpal osteoarthritis.y The same patient had an early non-union treated by bone grafting with persistent non-union at review.
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