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Degenerative conditions of the wrist often necessitate
surgical intervention. Proximal row carpectomy (PRC) is a
well-accepted procedure for the treatment of this diagnosis,

and has been reported to relieve pain and preserve wrist
range of motion and grip strength.1–3 However, the literature
is conflicted as to the success of this operation over the course
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Abstract Purpose Proximal row carpectomy is a well-established technique for the manage-
ment of wrist arthritis; however, patient selection and long-term durability of proximal
row carpectomy is still a matter of controversy. Hence, we conducted a systematic
review of the English literature to determine the best evidence on long-term outcomes
following proximal row carpectomy.
Methods A MEDLINE search using the term “proximal row carpectomy” was per-
formed. A total of 192 studies were identified. All studies with 10 ormore years of follow-
up were included in the review. Data extracted included patient demographics,
indications for surgery, previous surgery, outcome assessment, and information on
complications and failures.
Results A total of 147 patients from six studies met the inclusion criteria and were
included in the study. The majority of patients were male and involved in manual labor.
There was no significant difference between the preoperative and long-term postoper-
ative motion. The weighted mean for postoperative grip strength was 68.4% compared
with the contralateral side. Disabilities of the arm, shoulder, and hand; patient-rated
wrist examination; and Mayo wrist scores were comparable to those reported for four-
corner arthrodesis. There were 21 failures (14.3%) requiring re-operation. Failures were
not associated with a specific preoperative diagnosis but distributed among patients
with Kienböck disease, scaphoid nonunion advanced collapse, and scapholunate
advanced collapse arthritis.
Conclusions This systematic review confirms the long-term durability of proximal row
carpectomy when used for the treatment of wrist arthritis. Although radiocapitate
arthritis develops over time in most patients, the clinical significance of this finding is
undetermined and does not necessarily correlate with failure of proximal row carpec-
tomy. Poorer long-term outcomes are likely to result in patients engaged in heavy
manual labor, whereas better outcomes may be obtained in patients undergoing
proximal row carpectomy for trauma or earlier-stage Kienböck disease.
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of long-term follow-up. Development of arthritis at the
radiocapitate articulation may predispose to recurrent pain
requiring wrist arthroplasty or arthrodesis.

Although several studies have been published on the out-
comes of PRC, very few of these provide long-term follow-up,
and only a handful present higher-level evidence to guide
selection of patients for surgery. PRC has been recommended
for patients with moderate functional demands, whereas
four-corner fusion is generally accepted for patients having
evidence of midcarpal arthritis or who require greater grip
strength postoperatively and perform manual labor.4–6 PRC
has been stated to provide better postoperative range of
motion compared with four-corner fusion,7 whereas other
studies suggest that PRC results in decreased4,5 or equivalent6

grip strength when compared with four-corner fusion.
With questions still remaining with regard to patient

selection and long-term durability of PRC, we performed a
systematic literature review in an attempt to provide data to
help guide patient selection and clinical practice. The aim of
this study was to review the long-term outcomes of PRC in
patients at least 10 years beyond surgery.

Materials and Methods

A MEDLINE database search was performed to identify all
English language citations relating to PRC published between
1965 and 2012. In total, 192 citations were identified. The key
words used for the search were “proximal” combined with
“row” and “carpectomy.” Citations in which the abstract was
unclear underwent formal article review. Inclusion criteria
were patients who had undergone PRC followed up for a
period of at least 10 years. Due to a paucity of high-level
studies, such as randomized controlled trials or prospective
studies, all case series were included in the analysis.

Data extracted from the studies reviewed included patient
demographic information, indications for surgery, previous
surgery, outcome assessment, and information on complica-
tions and failures. Where common continuous outcome
measures were used, we calculated the weighted means.
Specifically, age at time of surgery; flexion/extension arc;
grip strength; disabilities of the arm, shoulder, and hand
(DASH) scores; patient-rated wrist examination (PRWE)
scores; and Mayo wrist scores, when available, were pooled
together by generating information on the weighted means.

Results

Demographic Information
Six studies fulfilled our inclusion criteria8–13; all were retro-
spective case series that analyzed success of PRC in patients
followed for at least 10 years (►Table 1). These studies were
published between 2003 and 2012 and included 147 patients
who underwent proximal row carpectomy for a variety of
reasons. The length of follow-up varied within and between
different studies and ranged from 10 to 36.3 years. The study
by Ali et al8 analyzed data from 81 patients for demographic
data but only presented follow-up data on 61 patients.
Similarly, the study by Liu et al12 presented demographic
data on 12 patients but follow-up data on only 10 patients.
Hence, demographic and preoperative data for a total of 169
patients were available.

Demographic and preoperative data are presented
in ►Table 2. The weighted mean age of all patients was
39.7 years. The majority of patients were male and involved
in occupations that requiredmanual labor. The indications for
surgery were as follows: scaphoid nonunion advanced col-
lapse (SNAC) (n ¼ 25 [14.8%]), scapholunate advanced col-
lapse (SLAC) (n ¼ 46 [27.2%]), Kienböck disease (n ¼ 55
[32.5%]), trauma (n ¼ 25 [14.8%]), neuromuscular spasticity
(n ¼ 12 [7.1%]) and rheumatoid arthritis (n ¼ 6 [3.6%]). Of the
patients who underwent a PRC for trauma, 10 had an old
trans-scaphoid perilunate fracture-dislocation, and 2 had a
perilunate dislocation. Information on the exact etiology of
trauma was not available for 13 patients.8 Patients who
underwent a PRC for neuromuscular spasticity were limited
to the paper by Ali et al8 and had a wrist flexion deformity
from either cerebral palsy or arthrogryposis. Surgery was
performed not for wrist pain but to improve wrist extension.

Outcomes Assessment
Objective outcomes data are presented in ►Table 3. Patients
who had failure of PRC or who were unable to return to the
office for examinationwere excluded from outcomes analysis
in three studies.9–11 Hence, the pooled number of patients
available for analysis was 135. Range of motion at the wrist
was inconsistently presented as degrees, percentage of nor-
mal status, and percentage of the uninvolved wrist. Preoper-
ative and postoperative information on the flexion/extension
arc was available in three studies,8,11,13 with a weighted

Table 1 Study characteristics

Study,
first author

Year N Study design Diagnosis Mean
follow-up,
years

Not satisfied/
poor satisfaction,
N (%)

Reoperation,
N (%)

Ali8 2012 61 Case series Mixed 19.8 46 (75.4%) 12 (19.7%)

Croog9 2008 21 Case series Kienböck 10 3 (14.3%) 3 (14.3%)

DiDonna10 2004 22 Case series Mixed 14 4 (18.2%) 4 (18.2%)

Jebson11 2003 20 Case series Mixed 13.1 3 (15.0%) 2 (10.0%)

Liu12 2009 10 Case series Mixed 16.5 0 0

Lumsden13 2008 13 Case series Kienböck 15 0 –
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preoperative mean value of 73.4 degrees and a weighted
postoperative mean value of 73.5 degrees. Preoperative and
postoperative information on radial/ulnar deviation was
available in two studies,8,11 with a weighted preoperative
mean value of 32.3 degrees and a weighted postoperative
mean value of 31.5 degrees. Grip strength was presented
variably in different studies, either as an absolute value or
percentage of the contralateral side. Five studies8–11,13 pro-
videdmeaningful information on postoperative grip strength
compared with the contralateral side, with a weighted mean
value of 68.4%.

Several scoring systems were also used in three studies
(►Table 4). The DASH score14 was used in two studies, while
the QuickDASH,15 a shortened version of the DASH outcome

measure, was used in one study. The PRWE16 and Mayo
wrist17 scoring systems were used in two studies. The
weighted mean DASH score was 21.5 (n ¼ 79), whereas
the weighted mean PRWE score was 28.7 (n ¼ 79) and the
weighted mean Mayo wrist score was 66.9 (n ¼ 79).

Failures
Of 147 patients in the six studies analyzed, there were a total
of 21 failures (14.3%) requiring re-operation and conversion
to arthrodesis or arthroplasty (►Table 5). The average time to
failure and reoperation was 53.4 months (range 5 to 240).
Failures were evenly divided among a range of wrist pathol-
ogy, inclusive of Kienböck disease, SNAC, and SLAC wrist
(►Fig. 1).

Table 2 Demographic and preoperative data

Study,
first author

N Mean age
(range)

Male gender
(% of total)

Occupation
manual labor
(% of total)

Extremity
dominance
(% of total)

Indication for surgery

SNAC SLAC Kienböck Trauma Others

Ali8 81 41 (10–72) 53 (65.4%) 62 (76.5%) 55 (67.9%) 8 29 13 13 18

Croog9 21 38 (19–59) N.S. 7 (33.3%) 15 (71.4%) 0 0 21 0 0

DiDonna10 22 38 (19–57) N.S. 10 (45.5%) 15 (68.2%) 6 9 7 0 0

Jebson11 20 43 (24–72) 20 (100%) 12 (60%) 11 (55%) 11 8 0 1 0

Liu12 12 39 (21–54) 5 (41.7%) N.S. 9 (75%) 0 0 1 11 0

Lumsden13 13 33 (16–44) N.S. 7 (53.8%) N.S. 0 0 13 0 0

Abbreviations: N.S., not stated in paper; SLAC, scapholunate advanced collapse; SNAC, scaphoid nonunion advanced collapse.

Table 3 Objective outcome measures

Study,
first author

N Flexion/extension
arca

Radial/ulnar
deviationa

Grip strengtha

Preop
(degrees)

Postop
(degrees)

Preop
(degrees)

Postop
(degrees)

Preop
(kg)

Postop
(kg)

Preop
(% contralateral
side)

Postop
(% contralateral
side)

Ali8 61 70 69.4 30.4 30.8 16.8 14.3 52 48

Croog9 18 N.S. 105 N.S. 42 N.S. 35 N.S. 87

DiDonna10 15 N.S. 72 N.S. 40 N.S. N.S. N.S. 91

Jebson11 18 84b 77 39 b 34 19.5c 29.5 N.S. 83

Liu12 10 N.S. N.S. N.S. N.S. N.S. N.S. N.S. 75–99

Lumsden13 13 76d 88 N.S. N.S. 14 d 32 N.S. 92

Abbreviation: N.S., not stated in paper. a. Average values. b. n ¼ 17; 1 patient in this series had no information documented. c. n ¼ 14; 14 of 18
patients in this series had information available on grip strength. d. n ¼ 11; preoperative data available for 11 of 13 patients in this series.

Table 4 Scoring systems

Study,
first author

N DASH
score

QuickDASH
score

PRWE
score

Mayo wrist
score

Ali8 61 25.2 – 32.2 61.8

Croog9 18 – 12 17 84

DiDonna10 18 9 – – –

Abbreviations: DASH, disabilities of the arm, shoulder, and hand; PRWE, patient-rated wrist examination.
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Fig. 1 Anterior-to-posterior radiographs of a patient who underwent proximal row carpectomy for scapholunate advanced collapse arthritis in
1979 (a). Over the course of the next 24 months, the patient developed increasing pain in the wrist and deterioration within the head of the
capitate (b and c). The proximal row carpectomy was converted to a silicone wrist prosthesis in 1980 (d). Compare part B with part E, which
shows the radiocapitate joint in a patient some 15 years after proximal row carpectomy. Despite the advanced arthrosis, this patient did
not request a revision procedure for his wrist function or wrist pain.

Table 5 Failures requiring wrist arthrodesis or arthroplasty

Study,
first author

Age at PRC
(years)

Diagnosis Occupation Gender Time to
reoperation
(months)

Surgery
performed

Previous
operations

Ali8 N.S. Arthrogryposis N.S. N.S. 240 Arthrodesis None

Croog9 38 Kienböck Clerk F 5 Arthrodesis None

Croog9 31 Kienböck MT M 11 Arthrodesis None

Croog9 38 Kienböck Mechanic M 53 Arthrodesis None

DiDonna10 26 SNAC Laborer M 140 Arthrodesis Scaphoid bone
graft � 2

DiDonna10 28 Kienböck Laborer M 8 Arthrodesis None

DiDonna10 35 SNAC Welder M 130 Arthrodesis Scaphoid bone
graft, styloidectomy

DiDonna10 25 Kienböck Clerk F 81 Arthrodesis Silicone lunate
prosthesis

Jebson11 N.S. SNAC N.S. M 28 Arthrodesis N.S.

Jebson11 N.S. SLAC Machinist M 40 Arthrodesis N.S.

Alia (n ¼ 11) N.S. Mixed N.S. N.S. Mean 35 Arthrodesis or
arthroplasty

N.S.

Abbreviations: MT, maintenance technician; N.S., not stated in paper; PRC, proximal row carpectomy; SLAC, scapholunate advanced collapse; SNAC,
scaphoid nonunion advanced collapse. a. Pooled data listed because individual patient data was not provided in this study.
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Radiographic Findings
Radiographic findingswere not reported for all patients in the
six studies analyzed. Of 82 patients in five studies where
radiographic data was available, 65 had evidence of radio-
capitate degenerative joint disease (79.3%). The classification
described by Culp et al3 in which the degree of radiocapitate
arthrosis was divided into minimal, moderate, and severe
grades was used in three studies,8,11,13 whereas the severity
of radiocapitate arthrosis was classified as partial or complete
in two studies.9,10 Where the degree of radiocapitate arthro-
sis was divided into minimal, moderate, and severe grades,
there were 16 patients (43.2%) with minimal arthrosis, 8
(21.6%) with moderate arthrosis, and 13 (35.1%) with severe
arthrosis. Where the severity of radiocapitate arthrosis was
classified as partial or complete, 17 patients (60.7%) had
partial arthrosis and 11 (39.3%) had complete arthrosis.
Radiographic changes were not significantly correlate with
clinical findings, objective and subjective outcomes meas-
ures, or time from proximal row carpectomy.

Discussion

This study confirms the long-term efficacy of proximal row
carpectomy for treatment of degenerative conditions of the
wrist. We found that a functional arc of wrist motion was
maintained as measured by the flexion/extension arc and
radial/ulnar deviation in all patients after at least 10 years
follow-up.18,19

There was a significant decrease in grip strength, suggest-
ing that PRC may be better suited for patients not involved in
heavy manual labor, which has also been mentioned by
previous researchers.4,5 Upper extremity function as mea-
sured by the DASHand PRWE scores compared favorablywith
those reported postoperatively following four-corner ar-
throdesis,20–22 confirming that both procedures result in
subjectively equivalent functional outcomes when graded
by the patient.23,24

A significant proportion of the failures occurred in patients
under 35 years of age involved in an active occupation. This
likely correlateswith increased loading of thewrist leading to
early failure and re-operation, as suggested by DiDonna
et al.10 It has also been suggested that failures occur more
often in patients with Kienböck disease9; however, in this
review, failures were evenly distributed among patients with
different wrist pathology, suggesting that Kienböck disease
does not predispose PRC to failure.

The significance of the radiographic development of radio-
capitate arthritis is a matter of debate and has been found to
occur uniformly over long-term follow-up.8–11,13 However,
the severity of radiocapitate arthritis has yet to be directly
linked to poorer outcomes, pain, or clinical func-
tion.8–11,13,25,26 Although all of the papers reviewed in this
study reported radiographic changes in the vast majority of
patients, only a small proportion of these required re-
operation.

Progressive narrowing and arthrosis of the radiocapitate
articulation inevitably occurs as PRC changes a complex
carpal articulation to a hinge joint. The capitate was found

to have a radius of curvature of only 64% of the lunate fossa on
anteroposterior radiographs and 60% on true lateral radio-
graphs.27 Another study using MRI imaging of the cartilagi-
nous surfaces reported an even lower radius of curvature of
the capitate compared with the lunate fossa of 37% on
anteroposterior view and 57% on lateral view.28 In addition,
because the broad contact between scaphoid, lunate, and
radius in a normal wrist is compressed to a single radio-
capitate articulation after PRC, this results in increased con-
tact pressure, found to be 3.8 times that of the intact wrist
within a decreased contact area 21 to 26% that of the intact
wrist.29 Due to the discrepancy in shape of the capitate and
lunate fossa, the capitate both translates and rotates on the
radius.27,29 The translational motion of the capitate on the
radiusmaydissipate load on a specific contact point, resulting
in radiologic evidence of arthritis.27,29

The majority of PRC failures appear to occur early, within
the first 2 to 3 years following surgery, and are prior to the
radiographic development of radiocapitate arthritis. Unex-
plored factors, which may explain the 14% early failure rate
following PRC, may include a discrepancy in the shape of the
lunate fossa and capitate shape. Yazaki et al30 described three
different capitate shapes, a flat type (65%), spherical type
(22%), and V-shaped type (14%). The flat type had a lunate-
capitate articulation oriented in a radio-ulnar plane and a
scaphoid-capitate articulation oriented in a proximal-distal
plane; the spherical type had a concave articulation formed
by scaphoid and lunate articulationswith an indistinct border
between scaphoid and lunate facets; the V-shaped type had
separate lunate and scaphoid facets that converged with a
distinct inter-facet ridge at the central region of the proximal
pole of the capitate. The significance of capitate shape and
loading patterns across the lunate facet is still unclear, but it
may contribute to early clinical failures or the time to
radiographic manifestation of radiocapitate arthrosis in
some patients but not others.

Of the papers analyzed in this review, the study byAli et al8

had the longest follow-up but the greatest subset of patients
with unsatisfactory results. In this study, patients had amuch
higher level of patient dissatisfaction, decreased wrist range
of motion, and decreased grip strength, as well as increased
DASH and PRWE scores. The proportion of patients involved
inmanual labor was thehighest in this series (76.5%),with the
longest average duration of follow-up (19.8 years). Although
variations in surgical technique, rehabilitation protocols, and
patient characteristics may explain some of the variation in
long-term results between different studies, this study does
suggest a high number of patients were dissatisfied with
their surgical result due to ongoing pain and inability to
perform daily activities when followed beyond a decade.
Further studies over very long follow-up periods (more
than 20 years) may be needed to determine the ultimate
durability of PRC.

Conversely, the studies by Liu12 and Lumsden13 reported
no failures and a uniformly satisfied cohort on long-term
follow-up. The patients in this series had a PRC for either
trauma or Lichtman stage II and stage III Kienböck disease.
This suggests that careful selection of patients with early
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Kienböck disease or in the setting of trauma may result in
better long-term outcomes following PRC.

As of yet, we have limited long-term (> 10 year) outcome
studies evaluating the results of other comparable surgical
procedures, such as four-corner fusion or wrist arthroplasty.
However, data from shorter-term studies analyzed in a recent
systematic review comparing PRC and four-corner fusion31,32

suggests that whereas PRC has an increased rate of osteoar-
thritic changes, four-corner fusion has more complications
overall due to nonunion, dorsal impingement, and hardware
problems. PRC and four-corner fusion have not been found to
result in differences in subjective and objective outcomes or
patient satisfaction.

Adjunctive procedures such as dorsal capsule interposi-
tion, proximal capitate excision, radial styloidectomy, or
posterior interosseous nerve (PIN) neurectomy have been
suggested by some authors to result in improved outcomes
following PRC.8,33 Only the study by Ali et al8 found that
adjunctive PIN neurectomy resulted in improved PRWE and
DASH scores comparedwith those patientswhohad only PRC.

This review was limited by the small number of studies
with long-term follow-up identified in the literature, all of
which were retrospective case series. There were no studies
meeting level I or level II evidence with 10-year follow-up. By
necessity, this decreases the level of evidence of this system-
atic review. Unfortunately, the literature on outcomes of PRC
consists for the most part of retrospective case series using a
variety of clinical scoring systems, which makes comparison
between studies difficult. A definitive answer as regards the
best indications for PRC and its long-term durability
will require further prospective studies, studies with longer
follow-up, and further basic science research into the
morphology and kinematics of the capitate following PRC.

It appears that PRC is a procedure best suited for individu-
als greater than 35 years of age and involved in less demand-
ing activities.Wewould recommend that patients selected for
PRC should fulfill these criteria. PRC preserves a functional
range of wrist motion (in this systematic review, flexion-
extension arc of 73.5 degrees and radial/ ulnar deviation of
31.5 degrees) and can preserve up to 68% of grip strength.
Failure rates for this procedure are low, occur early, and occur
in approximately 14% of patients. PIN neurectomy at the time
of surgery may improve long-term outcomes. All patients
should be counseled that radiographic evidence of radio-
capitate arthrosis will develop at 10 years following surgery,
but this does not necessarily correlate with late failure.
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