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Abstract  

Introduction: The aim of this study was to analyze the radiological changes and 

determine the clinical and functional outcomes of proximal row carpectomy (PRC) 

over the long term.  

Hypothesis: Radiological changes after PRC occur in every patient while the clinical 

and functional outcomes remain stable over time.  

Methods This was a retrospective single-center study of patients who underwent 

PRC between January 2004 and December 2014. A clinical assessment (range of 

motion, grip strength), functional assessment (Mayo Wrist score and QuickDASH) 

and radiographic assessment (radiocapitate osteoarthritis, radiocapitate congruency) 

was done in every patient at the longest follow-up.  

Results: Thirty-one patients were reviewed with a mean follow-up of 97.9 months. 

The indications for PRC were SLAC (n=10), SNAC (n=5), Kienböck disease (n=9) 

and other conditions (n=7). The radiocapitate index, which is the radius of curvature 

of the tip of the capitate divided by the mean radius of curvature of the lunate fossa, 

went from 0.68 immediately postoperative to 0.74 at the final assessment (p = 0.035). 

The mean flexion/extension arc was 93°. The mean grip strength was 25 kg. The 

mean QuickDASH was 29 and the mean Mayo Wrist score was 69. Fifteen patients 

had radiocapitate osteoarthritis. Seven patients (22%) required revision surgery for 

wrist fusion after a mean of 18.6 months. 

Conclusion: Radiological adaptation in the radiocapitate joint after PRC was found 

in this study. PRC is a reliable solution and yields stable outcomes over time for 

treating radiocarpal osteoarthritis, except in young adults and manual laborers who 

had a notable early revision rate.  

 

Level of evidence: IV - retrospective study 

Keywords: proximal row carpectomy; SLAC; SNAC; Kienböck; osteoarthritis  
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1. Introduction 

Degenerative conditions of the carpus are not very common [1]. The main cause is 

carpal collapse due to scapholunate ligament lesion and scaphoid nonunion, along 

with Kienböck’s disease, Preiser disease or sequelae of complex wrist injuries. Pain 

is the main reason that patients consult a surgeon. Several surgical techniques, often 

palliative, may be offered to patients to eliminate wrist pain and provide sufficient 

function for day-to-day activities. The technique is selected based on the patient’s 

age, hand dominance, occupation, functional complaint, osteoarthritis stage and the 

surgeon’s preferences. When no degeneration is present in the midcarpal joints, 

some surgeons prefer doing proximal row carpectomy (PRC), first described by 

Stamm in 1944 [2]. Others prefer scaphoid excision combined with partial intracarpal 

fusion as described by Watson [3]. Several studies confirm the good outcomes of 

PRC in degenerative wrists in the context of SLAC, SNAC, Kienböck’s disease and 

Preiser’s disease  [4–6]; some also describe its use as emergency management of 

perilunate carpus dislocation [7]. More recent techniques such as partial wrist fusion, 

arthroplasty or pyrocarbon implant interposition have started to compete with the 

more established techniques, with no evidence that one is better than the others 

[4,8–13].  

In PRC, the lunate fossa of the radius articulates with the proximal pole of the 

capitate forming a neo-radiocapitate joint. However, the articulating surfaces at the 

lunate fossa of the radius and the proximal pole of the capitate must be completely 

intact (no chondral lesions) [14]. A comprehensive clinical and radiological 

preoperative assessment is done to look at the radiocarpal and midcarpal articular 

surfaces and to propose the most suitable surgical technique [15,16]. In some cases, 

the decision may hinge on meticulous intraoperative examination of these surfaces 
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[17]. Some authors always perform arthroscopy and choose the procedure based on 

the arthroscopic findings [18,19]. In fact, substantial loads will be applied to the future 

radiocapitate joint; Hogan et al. reported a 57% increase in pressure on the lunate 

surfaced of the radius after PRC [20]. Progression to radiocapitate osteoarthritis after 

PRC is a well-known complication, although the clinical and functional outcomes do 

not appear to be correlated to these radiographic changes [21–23]. The aim of this 

study was to evaluate the functional, clinical, and radiological outcomes of proximal 

row carpectomy (PRC) over the long term. The primary hypothesis was that 

radiological changes after PRC occur in every patient while the clinical and functional 

outcomes remain stable over time.  

 

2. Method  

2.1. Type of study 

 This was a retrospective single-center study of all patients who underwent PRC 

between January 2004 and December 2014. Inclusion criteria were adult patients 

with symptomatic wrist osteoarthritis without involvement of the midcarpal joint or the 

lunate fossa of the radius who had undergone primary or secondary PRC and had a 

minimum of 3 years’ follow-up. Exclusion criteria were patients with rheumatoid 

arthritis, neuromuscular disease, or cognitive disorders. All the patients who were 

reviewed provided written consent to participate in this study.  

 

2.2. Study population 

We identified 59 eligible patients between 2004 and 2014; 13 declined to 

participate in the study, 10 were lost to follow-up and 5 had died, leaving 31 patients 

for analysis at a mean follow-up of 97.9 months (± 42.7). The patients were a mean 
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of 40.5 (± 13.6) years old at the time of the primary intervention; there were 18 men 

and 13 women. Eighteen patients were manual workers and 17 underwent the 

procedure on their dominant side. The main reason for consultation was pain and 

functional disability. The causes of osteoarthritis were SLAC in 10 patients, SNAC in 

5 patients, Kienböck’s disease in 9 patients, complex wrist trauma in 5 patients, 

carpal collapse in 1, lunate and triquetrum necrosis in 1 patent (Table 1, Figure 1).  

 

2.3 Surgical technique 

The patients were operated under general or regional anesthesia through a 

dorsal longitudinal or oblique surgical approach. The extensor retinaculum was 

incised longitudinally between the 3rd and 4th extensor compartment. The posterior 

interosseous nerve was resected to reduce pain. An H-shaped arthrotomy was done. 

After evaluating the surfaces of the lunate fossa of the radius and proximal pole of 

the capitate, PRC was done starting at the lunate, taking all the bones at once when 

possible. The pisiform was left in place. Joint mobility was then checked to ensure 

there was no radiocarpal impingement. The arthrotomy was closed with tensionless 

interrupted sutures—this is a determining factor for the stability of the future 

radiocapitate joint. Lastly, the extensor retinaculum was closed, and the skin closed 

over a suction drain. Postoperative immobilization consisted of a removable short-

arm splint for an average of 3 weeks.  

2.4. Clinical evaluation 

All patients were reviewed by a surgeon who was not involved in the initial surgical 

procedure. The clinical assessment was done bilaterally to compare the healthy and 

operated sides. It consisted of joint range of motion measured in degrees using a 

goniometer with grip and pinch strength measured using a Jamar® dynamometer. 
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Pain was determined on a visual analog scale (VAS) at rest and during activity, along 

with the need to take analgesics. The functional outcomes were evaluated using the 

QuickDASH [24], Mayo Wrist Score [25], and overall satisfaction (very satisfied, 

satisfied, somewhat satisfied, not satisfied). Some patients underwent wrist fusion 

secondarily; only the postoperative radiographs and the one made at the last visit 

before the fusion procedure were analyzed. The clinical outcomes were evaluated 

only in patients who did not undergo wrist fusion after the PRC.  

 

2.5. Radiographic evaluation 

2.5.1. Preoperative  

All patients had a preoperative imaging assessment consisting of standard AP 

and lateral views of the wrist. The stages of SLAC and SNAC were determined using 

Watson’s classification [1,26]. Patients also underwent a CT arthrogram to assess 

the ligaments and cartilage. Lichtman’s classification [27] was used to classify the 

cases of Kienböck’s disease, while the lunate’s vascularity was evaluated using MRI. 

2.5.2. Postoperative  

The radiographic evaluation consisted of standard AP and lateral views of the 

wrist made immediately after surgery and at the final visit. Measurements were done 

using  iSight PACS software (Philips, Eindhoven, Netherlands) or on standard 

radiographic films (patients operated before 2010) [28]. 

The radiographs were used to look for degenerative lesions in the neo-

radiocapitate joint based on the Culp and Jebson classification [29,30] (Figure 2), the 

Youm index (normal value between 0.51 and 0.57 [31]), ulnar or radial translation of 

the carpus in the frontal plane as described by Chamay (normal value between 0.25 

and 0.31 [32]), and radiocapitate congruency in the sagittal plane captured by the 
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radiocapitate index: radius of curvature of the capitate tip divided by the radius of 

curvature of the lunate fossa. In a perfectly congruent joint, the radiocapitate index 

will be near 1. An index near 0 corresponds to poor articular congruency between the 

capitate and lunate fossa of the radius [21,33] (Figure 3).  

2.5.3. Statistical analysis 

The qualitative data were summarized by their counts and percentages. The 

quantitative data were summarized by the mean and standard deviation. The 

normality of the numerical variables was verified graphically and using the Shapiro-

Wilk test. A survival analysis with “revision” as the endpoint was done, with the 

Kaplan-Meier curve shown in Figure 4. Since a few patients underwent revision, the 

following analyses were done only with the patients who did not require revision: the 

change in clinical and radiographic measures between the immediate postoperative 

time point and the final assessment was evaluated using a paired Student’s t test or a 

paired Wilcoxon test. The significance threshold was set at 5%. The statistical 

analysis was performed using SAS software (version 9.4, SAS Institute, Cary, NC, 

USA). 

 

3. Results  

3.1. Clinical outcomes (Patients who did not undergo secondary fusion) 

In the 24 patients who did not undergo secondary fusion, the mean pain level 

was 1.4 (± 2) at rest and 3.6 (± 2.5) during activity. Five patients took analgesics daily 

or occasionally. All the joint motions were reduced relative to the healthy contralateral 

side, with the flexion-extension and radioulnar deviation arcs being significantly less. 

The pinch and grip strength were less on the operated side, but not significantly 

(Table 2).  
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3.2. Functional outcomes 

Twenty patients said they were satisfied or very satisfied with the procedure, 

while one was somewhat satisfied and three were not satisfied. The mean 

QuickDASH was 29 (± 25) and the mean Mayo Wrist Score was 69 (± 23), 

corresponding to a satisfactory result (Table 2). 

 

3.3. Radiographic outcomes 

In these 24 patients, 15 patients (62.5%) had radiocapitate osteoarthritis graded 

as stage 1 in 5 patients, stage 2 in 5 patients and stage 3 in 5 patients. The carpal 

height, Youm index and Chamay index were not statistically different at the final 

assessment relative to the immediate postoperative values. The radius of curvature 

of the lunate fossa of the radius did not change statistically since it averaged at 10.27 

mm (± 1.83) immediately postoperative and was 10.47 mm (± 1.65) at the final 

assessment (p = 0.655). There was a statistically significant difference in the radius 

of curvature of the capitate head which averaged 6.94 mm (± 1.08) immediately 

postoperative and was 7.75 mm (± 1.95) at the final assessment (p = 0.028). The 

radiocapitate index was 0.68 (± 0.1) immediately postoperative and 0.74 (± 0.1) at 

the final assessment, which was a significant change (p = 0.035) (Table 3).  

 

3.4. Complications 

Of the 31 patients who underwent PRC, 7 subsequently underwent total wrist fusion. 

The mean time to revision was 18.6 months (± 6.8) and the mean age of these 

patients was 34.2 years (± 7.5). Five of these seven patients did manual labor. The 

reason for revision was disabling pain. The initial indication for PRC was SLAC in 2 
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patients, SNAC in 2 patients and Kienböck’s disease in 3 patients, with one of these 

patients having received a Swanson-like implant before the PRC and two patients 

having Lichtman stage IV disease. Of the 24 patients who did not undergo secondary 

fusion, two had complex regional pain syndrome: one resolved spontaneously, and 

one had continuing neuropathic pain at 50 months’ follow-up, with no signs of 

radiocapitate osteoarthritis at the final assessment. One patient underwent wrist 

extensor tenolysis because of scar adhesions and one patient underwent secondary 

radial styloidectomy due to radiotrapezial impingement, with a satisfactory outcome.  

 

Discussion 

In this study of patients with post-traumatic wrist osteoarthritis (SNAC or SLAC) 

or advanced Kienböck’s disease, PRC results in wrists that were only mildly painful, 

graded less than 4 on VAS during activity. The range of motion was significantly 

lower than the healthy side for flexion-extension and radioulnar deviation. Pinch and 

grip strength were not significantly less than the healthy contralateral side at the final 

assessment. The functional outcome scores were satisfactory at a minimum 4 years’ 

follow-up. And based on the radiographs, 15 patients had radiocapitate osteoarthritis 

at the final assessment, the radius of curvature of the capitulum had significantly 

increased and the radiocapitate index had also increased. Most studies report a 

slight decrease in postoperative joint motion, which our findings are consistent with, 

even when the PRC is followed by an early postoperative mobilization protocol 

[34,35]. In a study of 18 patients with Kienböck’s disease, Croog et al. found the 

flexion-extension range of motion was 12° better than in our study, with 105° at more 

than 10 years’ follow-up [36]. Our pinch and grip strength findings are like other 

published studies. Ali et al. were the only team to report a large decrease in 
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postoperative grip strength (48%) in the operated wrist relative to the healthy 

contralateral side. This difference relative to the other studies can be explained by 

the fact that it included patients who had rheumatoid arthritis and neuromuscular 

diseases. As for the functional outcomes, the QuickDASH corresponded to very low 

functional disability while the Mayo Wrist score corresponded to satisfactory results. 

Most authors concur that the functional scores stabilize in the long term, which is 

what we found [22,23,30,36–41]. 

Radiologically, we found long-term progression towards osteoarthritis of the 

new radiocapitate joint, like several other authors. However, the clinical and 

functional outcomes did not appear to deteriorate, even with more than 20 years of 

follow-up [22]. The joint congruency between the capitate head and the lunate fossa 

of the radius has not been studied extensively. According to Imbriglia et al., the 

radius of curvature of the capitate head corresponds to between 60% and 64% of 

that of the lunate fossa of the radius. This difference tends to improve over time, 

reaching 67% to 72% [21]. Like Chedal-Bornu et al., we observed that the ratio 

between these two radiuses of curvature (radiocapitate index) tends to get closer to 

1, and had changed significantly by the final assessment [23]. On radiographs, the 

lunate fossa of the radius tends to become deeper and the capitate tends to flatten 

and become wider. This contributes to the morphological adaptation of this new joint 

over time and may explain the good long-term clinical and functional outcomes. The 

architectural changes in the new radiocapitate joint seen on radiographs could be an 

osteoarthritis progression or simply remodeling in the joint space. It would be 

interesting to do an MRI or bone scan in patients who have higher Culp scores or a 

radiocapitate index near 1, to further evaluate the joint space. 
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In our study, the PRC failure rate was 22% (7/31 patients); these patients were 

revised by total wrist fusion. This percentage is similar to that reported in other 

studies [22,23,37,38]. According to Wagner et al, the revision rate is higher in 

patients less than 40 years of age, those who do manual labor and those whose 

osteoarthritis is secondary to Kienböck’s disease. These factors were found in our 

study. The revisions most often occur within 3 years of the PRC since the condition 

stabilizes itself afterwards [39].  

Our study has several limitations. The nature of this retrospective study led to a 

loss of patients and thus statistical power and may have contributed to certain 

findings not being statistically significant. We did not have any preoperative clinical 

and functional scores. Because of this, the findings at the final assessment were 

compared to the healthy contralateral side, limiting the scope of the conclusions 

about improving functional scores. 

 

Conclusion 

PRC is a reliable option that produces a minimally painful wrist with satisfactory 

motion in patients who have wrist osteoarthritis that does not affect the capitate head 

or lunate fossa of the radius. While radiographic changes over time were found in all 

patients, the clinical outcomes were stable, and the number of complications was 

low.  
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Figure legends  

Figure 1: Study flow chart 

Figure 2: Culp-Jebson classification  

• Stage 0: no osteoarthritis  

• Stage I: joint space narrowing < 50% 

• Stage II: joint space narrowing >50% + subchondral bone condensation  

• Stage III: complete loss of joint space, erosions, subchondral cysts, 

osteophytes  

Figure 3: Measurement of the radius of curvature on radiographs (according to 

Imbriglia et al.) and example of how ratio is calculated. 

Red circle and line: capitate radius of curvature; Green circle and line: radius of 
curvature of lunate fossa of radius  
 

Figure 4: Survival curve for PRC with “revision” as the endpoint  
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Tables 

Table 1 - Study population 
 

Patients 31 

Age (years) 40.5 (± 13.6) 

Sex  

Male 18 

Female 13 

Dominant side  

Right 24 

Left 4 

Ambidextrous 3 

Manual worker 18 

Procedure on dominant side  17 

Diagnosis  

SLAC 10 

SNAC 5 

Kienböck 9 

Trauma 5 

Other 2 
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Table 2 - Clinical and functional outcomes of patients who did 
not undergo secondary fusion 

 

Patients 24 

Pain on VAS at rest 1.4 (± 2) 

Pain on VAS during activity 3.6 (± 2.5) 

ROM Flexion/Extension (°)   

Operated 93 (± 37) p = 0.0001

Healthy 139 (± 36) 

ROM Radial/Ulnar deviation (°)  

Operated 28 (± 9) p = 0.0007

Healthy 39 (± 9) 

ROM Pronation/Supination (°)  

Operated 165 (± 43) p = 0.415

Healthy 171 (± 37) 

Grip strength (kg)  

Operated 25 (± 13) p = 0.096

Healthy 32 (± 16) 

Pinch strength (kg)  

Operated 9 (± 5) p = 0.903

Healthy 10 (± 7) 

QuickDASH 29 (± 25) 

MWS 69 (± 23) 

Overall satisfaction 
Very satisfied 

Satisfied 
Somewhat satisfied 

Not satisfied 

 
12 

8 
1 
3 
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Table 3 - Radiographic outcomes of patients who did not undergo secondary fusion  

Patients 24 

Carpal height (mm)  

Immediately postoperative 24.8 (± 2.3) p = 0.066

Last follow-up 24.1 (± 1.9)  

Youm index (mm)  

Immediately postoperative 0.38 (± 0.04) p = 0.332

Last follow-up 0.38 (± 0.03)  

Chamay index (mm)  

Immediately postoperative 0.36 (± 0.02) p = 0.3398

Last follow-up 0.36 (± 0.03) 

Radius of curvature lunate fossa of the 
radius (mm) 

 

Immediately postoperative 10.27 (± 1.83) p = 0.655

Last follow-up 10.47 (± 1.65) 

Radius of curvature capitate (mm)  

Immediately postoperative 6.94 (± 1.08) p = 0.028

Last follow-up 7.75 (± 1.95) 

Curvature ratio (congruency index) 

Immediately postoperative 

Last follow-up 

 

0.68 (± 0.1) 

0.74 (± 0.1) 

p = 0.035

 

 

 

 

 

 

 

 

 

 



  

59 patients eligible between 2004 

and 2014 

44 patients included 

10 lost to follow-up 

5 died 

31 patients reviewed 

13 patients refused to 

participate in study 

Figure 1 :  

24 patients evaluated 

7 patients underwent 

fusion 
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