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Introduction

Four-corner arthrodesis with scaphoid excision (FCA) and proxi-
mal-row carpal resection (PRC) are common operations for wrists with 
post-traumatic Scaphoid Non Union Advanced Collapse (SNAC) or 
Scapho-Lunate Advanced Collapse (SLAC) stage II [1,2]. The clinical 
results of both procedures are satisfactory, giving good recovery of 
strength, mobility and function, each with its advantages and limits 
[1,2]. Although controversial, some studies consider that FCA main-
tains strength and PRC provides better mobility [3,4]. Over the last 30 
years, the material used for FCA has developed considerably. Initially 
made with Kirschner wires in the 1990s, today osteosynthesis material 
is used that allows better stability (plates with locked screws, agraphs, 
etc.). The literature shows that PRC, compared to FCA, is 70–425% less 
expensive [5], has a shorter surgical time of 57 min versus 121 min [5], 
is technically less difficult and has a shorter duration of immobiliza-
tion ranging from 0 to 3.5 weeks [6–8] versus 2–8 weeks [6,9].

Aim of the study

Currently, there are no comparative studies showing the superiority 
of one of these two techniques. The main hypothesis of this study was 
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the superiority of FCA procedure compared to PRC procedure for 
strength, mobility, and function. The purpose of this study was to 
compare the clinical and radiographic results of these two proce-
dures in SNAC/SLAC stage II wrists [1,2].

Material and methods

This single-center retrospective comparative study included patients 
operated by PRC or FCA between January 1st, 2009 and January 1st, 
2019, who had follow-up. All patients were operated by the same 
surgeon. Data collection was performed by an independent 
observer.

General data

The following patient data were collected: age, sex, surgical history, 
dominant hand, occupation, etiology, operated side and type of 
operation: PRC or FCA all in SNAC/SLAC II, overall patient satisfaction 
(scale of 1–10) and subjective wrist mobility (scale of 1–10), and dura-
tion of time off work. Postoperative complications and repeat surger-
ies were reported.
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Specific data

All mobility measurements were performed bilaterally using a gonio
meter: radial and ulnar deviation angles, flexion and extension of the 
wrist. Strength measurements were performed by Grip test, using a 
Jamar® hydraulic hand dynamometer, and by Pinch test, using a 
Jamar® hydrolic pinch gauge. Function measurements were per-
formed using two validated questionnaires: Quick Dash (Quick disa-
bility of the arm, shoulder and hand) and the patient-rated wrist 
evaluation [10, 11] (PRWE).

Surgical technique

The patient was positioned supine on an arm table with a pneumatic 
tourniquet. The approach for FCA and PRC was similar. The incision on 
the dorsal aspect of the wrist was longitudinal and centered on the 
4th extensor compartment. The extensor retinaculum was totally 
opened. The 4th compartment was reclined ulnarly, the 3rd radially.

The neurectomy of the posterior interosseous nerve was 
performed 1 cm below the 4th compartment as described by van 
Hernen et al. [12]. The capsulotomy was longitudinal. For the four 
bone arthrodesis and scaphoidectomy, the scaphoid was removed in 
one piece. The cartilage between the capitate, hamate, lunate, and 
triquetrum was trimmed with a gouge. The scaphoid was cut to 
prepare the bone graft between the four bones. The Dorsal 
intercalated segment instability (DISI) was reduced with a transradial 
Kirshner wire. The LEIBINGER® plate (Stryker US) was placed with four 
screws of 2.3 cortical diameter, one screw in each bone with the graft 
(Figure 1). During the resection of the first carpal row, once the 
capsulotomy was performed, the three bones, scaphoid, lunate and 
triquetrum were removed one by one.

Patients with FCA and PRC surgery had an antebrachial splint for 6 
weeks and with immediate active physical therapy, for metacarpal
phalangeal, proximal, distal interphalangeal joint. And immediate 
passive wrist joint then active mobisation of the wirst at 6 weeks 
postoperatively.

Statistical analysis

A nonparametric Wilcoxon–Mann–Whitney test was used for patient 
characteristics and a parametric Student’s t-test for mobility, strength, 
and function measures following the normal distribution. The com-
parability of the initial characteristics of the two groups was demon-
strated by the Fisher exact test with Yates correction on R software. 
The statistical significance chosen was p < 0.05.

Ethics

This study followed the Declaration of Helsinki. Before each consulta-
tion, the design of the research was presented. Anonymity and medi-
cal confidentiality were respected by the investigator. Informed 
consent was obtained voluntarily from each patient included in the 
study.

Results

Baseline characteristics of the patients

Table 2 summarizes the etiology, the results of mobility, strength, 
wrist function, and patient satisfaction in both groups (Table 1). The 
mean total follow-up of patients was 69.5 months [12–132 months]. 
There was no difference in length of follow-up between the two 
groups (p = 0.84).

Among 30 patients who had surgery during the inclusion period, 
25 were followed up, 3 died and 2 were lost to follow-up. A total of 25 
patients were included in the analysis. The age of patients operated 
on by a PRC was higher than that of the FCA (p = 0.01).

Thirteen patients (52%) were in employment, including seven 
manual workers (5 in the FCA group, 2 in the PRC group), one of the 
patients had to change his job following the surgery. There was no 
difference in the length of time off work after surgery between the 
two groups (p = 0.84).

Mobility, strengh, function and satisfaction

The results of mobilily, strengh, function and satisfaction are summa-
rized in Table 2.

Complications and surgical revision

Complications

Among the 14 patients in the FCA group, two of them had pseudar-
throsis. Both were at the triquetro-lunate level and without functional 
consequences. One of them was 48 years old, had surgery 3 years 
ago, a Quick Dash score of 2.27/100, and a PRWE score of 2.5. The 
other patient was 68 years old, had surgery 4 years previously, a Quick 
Dash score of 4.55/100, and a PRWE score of 12. None of the 11 
patients who had PRC had any complications, including radiocapital 
arthrosis.

Figure 1.  LIEBINGER plate with its 4 screws of diameter 2.3 cortical, a screw in each bone was necessary and radiographic result plate and screws placed.
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Revision surgery

Among the 14 patients in the FCA group, two (14%) had a second 
operation. Both at 1 year after the first surgery for removal of hard-
ware on a wrist extension defect. None of the 11 patients who had 
PRC had revision surgery.

Discussion

This study showed no difference between FCA and plate osteosynthe-
sis versus PRC on strength, mobility, and function with a mean fol-
low-up of 69.5 months in patients with SLAC or SNAC post-traumatic 
wrist arthritis. Thus, our original hypothesis was not confirmed.

Methods

The parameters chosen in this study were to evaluate strength, func-
tion, mobility, and pain in daily life. These parameters were used to 
analyze the overall success of these interventions and to compare 
them.

The Quick Dash score is an international score used in postoperative 
assessment of FCA or for PRC [1–3,7–9,13–16]. This score focuses on 
function. A total of 8 out of 11 items are based on daily tasks and only 
three on pain. It looks at hand, wrist, elbow and shoulder. The score 
may be biased when the patient has an upper limb pathology other 
than the wrist. This was not the case among the 25 patients reviewed 
in this series.

The PRWE score is also an international score that can be used in 
the postoperative evaluation of both procedures [17]. It allows a 
better study of pain with half of its items dedicated to its scoring. The 
association of the two scores allowed to be precise and limited the 
biases.

All mobility measurements were made by a single independent 
observer, limiting measurement bias. Force was studied in relation to 
the contralateral side. The equipment used for the grip test and pinch 
test was the same for all patients, limiting measurement bias.

All patients were seen and operated on by the same surgeon with 
the same technique for both operations, using the same material, the 
LEIBINGER® plate for the FCA. The objective measures were 
complemented by overall satisfaction and subjective mobility 
reported to the patients.

Analysis

Population

The rate of lost to follow-up was low with only five in a series of 30 
patients. The average age of our series was 59.5 years, with only 52% 
active workers. Functional demand was lower for 48% of retirees, 
which may therefore bias our overall satisfaction score.
The mean age was higher in the PRC group (p = 0.01). The selection 
bias was due to the initial indication. In the case of a young and active 
patient, the operator chose FCA in view of the resumption of work 
and the need to maintain strength.

Mobility, strength and function

There was no difference between the two groups on mobility, func-
tional scores and strength. Although not significant, the average grip 
test strength was greater in the FCA group: 30.8 kg compared to the 
PRC group: 20.3 kg. In our series, there is 72% in the FCA group versus 
62% of the PRC group in the grip test. It is reasonable to assume that 
FCA gives better results in terms of grip test strength. There is a 10% 
loss of mobility in the FCA group (66%) compared to the PRC group 
(76%), on the ulnar deviation Berkhout et al. [6].

Global satisfaction and subjective mobility

No difference was found between the two groups regarding these 
two scores. For daily life, 5° to 40° of flexion, 30° to 40° of extension, 
10°–20° of radial deviation and 15°–20° of ulnar deviation are required 
[18,19]. Mobility scores in this series were within the norms for daily 
living, yet subjective mobility scores were lower than overall satisfac-
tion scores. Subjective mobility was rated at 7.8/10 for the FCA group 
versus 7.5/10 in the PRC group while subjective satisfaction was 
8.7/10 versus 9/10.

Subjective mobility was not the predominant factor in patient 
satisfaction. There was an excellent overall satisfaction rating for both 
groups. All the patients reported that their satisfaction was linked to 
the explanations given by the surgeon. The patients were all warned 

Table 2.  Comparison of mobility, strength, wrist function, and patient satisfaction: FCA vs. PRC post-operatively.
Assessment criteria FCA

Mean[min-max]
PRC

Mean[min-max]
P

Mobility Mean active radial deviation (degrees) 18° [5–30°] 14° [10–20°] p = 0.70*
Mean active ulnar deviation (degrees) 21° [10–30°] 22° [10–30°] p = 0.15*
Mean active flexion (degrees) 39° [20–50°] 30° [20–40°] p = 0.32*
Mean active extension (degrees) 32.5° [5–45°] 29.5° [10–45°] p = 0.09*

Strength Mean Grip Test (K-force) 30.8 kg [8–40kg] 20.3 kg [2–26kg] p = 0.53*
Mean Pinch test (K-force) 8.2 kg [4.5–10.5 kg] 6.1 kg [4–7.5 kg] p = 0.68*

Function Mean Quick Dash 12.5 [0–31.82] 17.6 [4.55–50] p = 0.84*
Mean PRWE 18.7 [4–37] 17.6 [5–51] p = 0.38*

Satisfaction
and mobility

Mean global satisfaction 8.7 [7–10] 9 [8–10] p = 0.76*
Mean subjective mobility 7.8 [5–10] 7.5 [5–10] p = 0.23*

FCA: Four-corner arthrodesis and scaphoid excision; PRC: First-row carpal excision; PRWE: patient-rated wrist evaluation. *Student Test, value p = 0.05.

Table 1.  Baseline characteristics of patients.
Data FCA PRC Total P

N 14 11 25
Mean age (years) 59 66 / p = 0.01*
Men 13 8 21 p = 0.28**
Women 1 3 4
Dominant wrist 6 4 10 p = 1**
Non-dominant wrist 8 7 15
SLAC 9 10 19 p = 0.18**
SNAC 5 1 6
Mean follow-up (month) 65.8 74 / p = 0.84*
Time off work (month) 3 2.6 / p = 0.84*
There was no statistically significant difference between the two groups (p > 
0.05). FCA: Four-corner arthrodesis and scaphoid excision; PRC: First-row 
carpal resection; SNAC: Scaphoid Non Union Advanced Collapse; SLAC: 
Scapho-Lunate Advanced Collapse. *Student’s t-test, value p = 0.05. **Fischer 
exact test, value p = 0.05.



80   R. CHAN ET AL.

of the loss of strength, mobility and the threshold given to them was 
50% loss of strength, mobility and function before the operation. The 
worst score was seven corresponding to the patient who had to 
change his job following an FCA.

Complications and surgical revisions

The rate of post-PRC revision surgery is 0% compared to 14% for FCA, 
but it is not applicable in the long term. The revision surgeries in the 
FCA group were for plaque removal. No patient was reoperated for 
total wrist arthrodesis (TWA).

The rate of radiocapital osteoarthritis in PRC, for all diseases 
combined, varies from 0 to 18% at 10 years [20–25], with a survival 
rate of 65% at 20 years [14]. However, it is precisely in the context of 
radiocapital osteoarthritis that TWA is performed [26,27].

The result of this series is, however, in agreement with the series of 
Williams et al. [26] showing that with a follow-up of 8.2 years, there 
was no difference between the two groups in the rate of conversion 
to TWA. However, secondary surgery was higher in the FCA group 
(34.4%) versus PRC (16.1%).

Comparaison with other studies

Berkhout et al. [6] did not find any significant difference in strength, 
function and mobility except for ulnar deviation, which was greater 
with PRC (Table 3). They presented a retrospective cohort of 20 
patients with a mean follow-up of 17 years, 69 patients operated on 
initially. Their methods differed from this series with the function 
scores used (Mayo Wrist Score and the Michigan Hand Outcomes 
Score) [6]. Three Kirschner wires were used for the FCA.

One of the strengths of Berkhout et al. [6] was the average age of 
their patients (Table 3) corresponding to a population of active 
workers. The 17-year follow-up is a key point because it provided the 
data needed to evaluate the conversion rate to TWA. Their series 
showed 27 and 7% conversion for the FCA and PRC groups, 
respectively.

Their study had several limitations. The lack of information 
regarding the date of onset of radiocarpal osteoarthritis and its 
conversion to post-PRC TWA is a key point that would have been 
complementary to our study. Their clinical results were similar to this 
series (Tables 2 and 3). They showed that both procedures were 
reliable over time but that FCA had some disadvantages including 
prolonged immobilization and pin removal.

The study by Aita and al. [28] did not find any difference between 
the two groups for strength, function and mobility. The Quick Dash 
score was calculated at 11 for the FCA group and 13 for the PRC group. 
Their complication rate was 7.1% for the FCA group with an 
asymptomatic pseudarthrodesis that was not revised. Their 
complication rate was 7.7% for the PRC group due to symptomatic 
radiocapital osteoarthritis, revised by TWA.

Their surgical technique for PRC used radial styloidectomy to 
avoid radial deviation conflict [7,29]. It was performed over 2 mm and 
the material used was a circular plate with a screw in each bone. It was 
not described in FCA. Strength results and mobility were superior in 
PRC without signficant difference. This implies that PRC could be 
performed in the young, active patient. The age difference was 8 
years on average between the two groups (Table 3) does not alone 
explain these results. The average strength of a dominant hand in the 
male grip test was 46.1 kg between 30 and 34 years of age and 45.9 kg 
between 40 and 44 years of age [30].

Vanhove and al. [30] showed identical results to this series for 
strength, function and mobility in a retrospective, non-randomized 
study of 30 patients with a mean follow-up of 3.5 years (Figure 2).

All operated patients had SLAC. For FCA, 3 Kirschner wires of 1.8 
mm diameter were used: 2 retrograde, one capitol-lunar, one hamate-
lunar, and one anterograde triquetrohamate. They were removed at 3 
months with an immobilization of 6 weeks for the FCA and 3 weeks 
for the PRC. No styloidectomy was performed. Their extension and 
radial deviation data were lower in FCA without significant difference. 
These data may be explained by the use of the retrograde approach 
and the delay in pin removal at 3 months.

In agreement with the study of Aita et al. [28], their strength data 
showed that PRC gives good results in young patients without 
significant difference. The duration of time off work (9.8 weeks for PRC 
vs. 38.6 weeks for FCA) was different result from ours. Their series had 
27 active workers out of 30 patients making their result regarding 
time off work more representative because the proportion of active 
workers was higher. The follow-up was only 3.5 years.

Limits and biases

The results of this series showed no difference between the two pro-
cedures in contrast to the recent meta-analysis [31]. The literature 
shows that PRC is 70–425% less expensive than FCA [5]. The surgical 
time is shorter (57 min vs, 121 min) [5], technically less difficult, with a 
shorter immobilization time ranging from 0 to 3.5 weeks [6–8] versus 
2 to 6 weeks [6,9] for PRC and FCA respectively for similar clinical 
results.

However, our study has limitation, our patients were not 
randomized. Young and active patients had been indicated FCA by 
operator’s suggestion, elderly patients had been indicated PRC.

Moreover, the lack of data concerning the strength before the 
operation is a source of bias, our analysis was made by neither taking 
into account the dominant wrist nor the operated side. There is a 
difference in strength between dominant and non-dominant hands 
of 5–5.6% [32]. The number of active patients was too low (7 out of a 
total of 25 patients), the functional demand being greater in active 
patients. The etiologies were SNACs and SLACs. No patient in this 
series had Kienbock’s disease or chronic perilunate dislocation of the 
carpus, which are indications for PRC. The mean follow-up of 69.5 

[AQ9]

Table 3.  Data from our series compared to the literature series for postoperative strength and mobility.
Authors Patients, n Age  

(years)
Radial 

deviation
(degrees)

Ulnar deviation
(degrees)

Flexion
(degrees)

Extension
(degrees)

Mobility
(%)

Strength compared 
to the contralateral 

side (%)

Aita et al. [28] FCA 14 40.4 – – – – 58 65
PRC 13 32.4 – – – – 68.5 78.5

Berkhout et al. [6] FCA 8 45 16° 17° 36° 36° – –
PRC 14 40 10° 29° 46° 51° – –

Vanhove et al. [30] FCA 15 38 11° 19° 40° 30° – 71
PRC 15 45 19° 25° 42° 38° – 77

Present study FCA 14 53 18° 21° 39° 32.5° 59 72
PRC 11 66 14° 22° 30° 29.5° 62.5 62

FCA: Four-corner arthrodesis and scaphoid excision; PRC: First-row carpal resection; –: unknown.
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	 [5]	 Kazmers N, Stephens A, Presson A, et al. Comparison of direct 
surgical costs for proximal row carpectomy and four-cor-
ner arthrodesis. J Wrist Surg. 2019;8:66–71. https://doi.
org/10.1055/s-0038-1675791

	 [6]	 Berkhout MJL, Bachour Y, Zheng KH, et al. Four-corner arthrode-
sis versus proximal row carpectomy: a retrospective study with 
a mean follow-up of 17 years. J Hand Surg. 2015;40:1349–1354. 
https://doi.org/10.1016/j.jhsa.2014.12.035

	 [7]	 Della Santa DR, Sennwald GR, Mathys L, et al. Proximal row 
carpectomy in emergency. Chir Main. 2010;29:224–230. https://
doi.org/10.1016/j.main.2010.06.001

	 [8]	 Edouard P, Vernay D, Martin S, et al. Proximal row carpectomy: is 
early postoperative mobilisation the right rehabilitation proto-
col? Orthop Traumatol Surg Res. 2010;96:513–520. https://doi.
org/10.1016/j.otsr.2010.02.011

	 [9]	 Trail I, Murali R, Stanley J, et al. The long-term outcome of 
four-corner fusion. J Wrist Surg. 2015;4:128–133. https://doi.
org/10.1055/s-0035-1549277

	[10]	 Quatman-Yates CC, Gupta R, Paterno MV, et al. Internal 
consistency and validity of the QuickDASH instrument 
for upper extremity injuries in older children. J Pediatr 
Orthop. 2013;33:838–842. https://doi.org/10.1097/BPO.0b01​
3e3182a00688

	[11]	 Shafiee E, MacDermid J, Farzad M, et al. A systematic review 
and meta-analysis of patient-rated wrist (and hand) evaluation 
(PRWE/PRWHE) measurement properties, translation, and/or 
cross-cultural adaptation. Disabil Rehabil. 2022;44:6551–6565. 
https://doi.org/10.1080/09638288.2021.1970250

	[12]	 van Hernen JJ, Lans J, Garg R, et al. Factors associated with 
reoperation and conversion to wrist fusion after proximal row 
carpectomy or 4-corner arthrodesis. J Hand Surg. 2020;45:85–
94.e2. https://doi.org/10.1016/j.jhsa.2019.10.023

[13]	 Le Corre A, Ardouin L, Loubersac T, et al. Retrospective study of 
two fixation methods for 4-corner fusion: shape-memory sta-
ple vs. dorsal circular plate. Chir Main. 2015;34:300–306. https://
doi.org/10.1016/j.main.2015.08.008

[14]	 Wall LB, DiDonna ML, Kiefhaber TR, et al. Proximal row carpec-
tomy: minimum 20-year follow-up. J Hand Surg. 2013;38:1498–
1504. https://doi.org/10.1016/j.jhsa.2013.04.028

[15]	 Tielemans A, Van Innis F, Troussel S, et al. Effect of four-cor-
ner fusion with locking plate without bone graft on func-
tional recovery of the wrist: new treatment guidelines. Hand 
Surg Rehabil. 2017;36:186–191. https://doi.org/10.1016/j.
hansur.2017.01.005

[16]	 Espinoza DP, Schertenleib P. Four-corner bone arthrodesis 

months was too short to analyze the rate of revision surgery for 
conversion to TWA [31]. This was a single-center, single-operator 
study. The material used for FCA was the LEIBINGER® plate with 2.3 
screws. Other methods of arthrodesis were not studied. The statistical 
power was limited by the small number of patients.

In conclusion, this study found no significant difference between 
FCA and plate osteosynthesis versus PRC on strength, mobility, and 
function with a mean follow-up of 69.5 months in patients with post-
traumatic SLAC or SNAC stage II wrist arthritis. Both FCA and PRC are 
reliable interventions with good outcomes with more revision in the 
FCA group.
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