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Background: In Kienbock disease with carpal collapse scaphocapitate fusion
(SCF) and proximal row carpectomy (PRC), are mainstays of surgical treat-
ment. This study analyzed objective and patient-reported outcomes after SCF
or PRC in laborers versus nonlaborers.

Methods: A retrospective cohort study of patients who underwent surgery for
Kienbock disease within a single health system from 1976 to 2023 was con-
ducted. Postoperative Disabilities of the Arm, Shoulder, and Hand (DASH) and
Patient-Rated Wrist Evaluation (PRWE) scores were surveyed from the available
population. Labor status, grip, ROM, and return to the operating room were

collected and radiographs were analyzed.

Results: Sixty-four patients underwent PRC, and 78 underwent SCF. Patients
with PRC were significantly older than patients with SCF. Mean follow-up was
29 months (SD, 53 months). There was no significant difference in postopera-
tive ROM or relative grip strength between the cohort groups. Laborers who
underwent SCF demonstrated the least disability on DASH scores. There was
no significant difference in postoperative DASH scores in PRC when com-
paring laborers versus nonlaborers. In contrast, the DASH and PRWE scores
of patients who underwent SCF postoperatively varied between laborers and
nonlaborers (mean + SD, 11.1 + 13.9 versus 30.5 + 24.8, P= 0.005; and 17.5 +
19.4 versus 42.3 + 31.4, P= 0.024). Patients who underwent SCF had a greater
rate of revision surgery compared with the PRC group (22 of 78 versus 6 of
64; P=0.026). Wrist fusion rates were 19% for SCF compared with 1.6% for
PRC (P=0.0007).

Conclusions: SCF and PRC demonstrated no difference in postoperative ROM
and grip based on labor status. Laborers with SCF had the least postoperative
disability on DASH; however, SCF was associated with the need for additional
surgical intervention and conversion to total wrist arthrodesis.  (Plast. Reconstr.
Surg. 156: 763, 2025.)
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provider decision-making when determining the
best procedure for the patient.

PRC offers a reliable and technically simple
procedure for management of Kienbock disease
and can be performed safely open or through
a mini-open arthroscopic technique.” Multiple
long-term studies have analyzed outcomes in late-
stage Kienbock disease managed with PRC. There
is a predictable maintenance of a flexion—exten-
sion arc between 70 and 105 degrees, 70% to 80%
of relative grip strength compared with the con-
tralateral wrist, and minimal disability in patient-
reported outcome scores.” PRC has traditionally
been offered to older patients with low-demand
wrists; however, younger patients should not be
automatically excluded.*"*

SCF transfers force from the central to the
radial column of the carpus, leading to offload-
ing of the lunate, and can be performed using an
open or arthroscopic technique.'”'* SCF theoreti-
cally may be advantageous due to preservation of
carpal height and increased stability of the wrist
when compared with PRC; however, it carries
increased hardware burden and related compli-
cations.”””"” Meena et al."® published a series of
manual laborers with stage III Kienbock disease
treated with SCF and noted significant improve-
ment in pain, range of motion (ROM), and grip
strength. The authors suggested that SCF should
be considered the preferred treatment in labor-
ers. Good outcomes have been reported in the
literature; however, these outcomes were not
found to be significantly different from previously
published objective (grip and ROM ) and patient-
reported outcomes in PRC.""* Moreover, SCF has
been associated with development of radioscaph-
oid arthritis in long-term follow-up.” There are
no long-term studies comparing PRC with SCF
or laborers versus nonlaborers within the same
cohort.?’

The purpose of this study was to compare
objective and patientreported outcomes after
PRC and SCF in patients with Kienbock disease.
We stratified the results on the basis of labor sta-
tus to determine whether PRC or SCF is superior
in patients with high-demand wrists who desire
preservation of motion in the setting of late-stage
Kienbock disease with carpal collapse.

PATIENTS AND METHODS
After institutional board review approval was
obtained, a retrospective chart review of 350
patients who underwent surgical intervention for
Kienbock disease from multiple campuses within
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a single health system from 1976 to 2023 was con-
ducted. Patients were collected using an institu-
tionally validated patient identification system
by searching for all patients with a diagnosis of
Kienbock disease and subsequent surgical inter-
vention at a single institution using International
Classification of Diseases code M93.1 (“Kienbock’s
disease of adults”).

Inclusion and Exclusion Criteria

Inclusion criteria were diagnosis of
Kienb6ck disease and surgical interven-
tion including PRC or SCF. Exclusion crite-
ria included use of alternative procedures or
nonoperative management. The initial results
consisted of the records of 700 patients, 350
of which were duplicates and were eliminated.
Two researchers evaluated the operative notes
of each patient and categorized them according
to the index surgery. This allocated 98 patients
to the SCF group and 81 patients to the PRC
group. Patients with missing data of 1 or more
of the following categories were excluded:
employment status, Lichtman stage, and out-
come measures. Postoperative Disabilities of
the Arm, Shoulder, and Hand (DASH) and
Patient-Rated Wrist Evaluation (PRWE) scores
were surveyed from the available population
through mailed surveys at the inception of this
study, and preoperative surveys were obtained
from the medical record if available. Patients
treated before the development of the DASH
and PRWE did not have available survey data.
Lower DASH and PRWE scores indicate less dis-
ability. The cohort was grouped according to
their index procedure and labor status.

Determination of Labor Status

Labor status was determined through review
of the medical record. Two researchers (A.F.E.
and ML.F.T.) independently reviewed each note
of the medical record to group patients accord-
ing to labor status. Their work was then cross-
referenced to place patients in the most fitting
cohort. Patients with occupations with heavy
demand on the hand and wrist (eg, construction,
brick laying) or those with occupations with repet-
itive motions (eg, assembly line, chef) were placed
in the laborer group. Patients with occupations
whose tasks do not exceed baseline daily demand
of the hand and wrist (eg, desk work, accountant,
secretary) were placed in the nonlaborer group.
Demographic, radiographic, and clinical data
were collected.
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Radiographic Staging and Measures

Lichtman stage was determined by analysis
of the most recent radiograph before surgery.”'
Preoperative and postoperative Stahl indices were
calculated by lunate height/lunate width on lat-
eral radiograph. A lower Stahl index indicates a
greater degree of lunate collapse, with an inter-
rater reliability of 0.965.%%

Collection of Objective Outcomes

Objective outcomes, including relative grip
strength and relative ROM, were calculated by com-
paring the postoperative value with that of the unaf-
fected extremity using the following equation: (grip
or ROM of unaffected wrist — grip or ROM of affected
wrist) /grip or ROM of unaffected wrist. These data
points were collected from the latest available clini-
cal note in the electronic medical record.

Return to the Operating Room

Return to the operating room (OR) for an
adverse event was determined by any operative
deviation from a normal postoperative course.
Routine procedures (including Kirschner wire
removal or suture removal) were not included as
adverse events.

Statistical Methods

Categorical comparisons were performed
using Fisher exact test of proportionality or chi-
square testing as deemed appropriate by count.
Analysis of variance (ANOVA) was performed for
comparisons of continuous variables. An a of 0.05
was used for all statistical tests. Pairwise ¢ testing
was performed within groups for comparisons
of continuous variables. Bonferroni correction
was applied. Unexpected return to the OR was
assessed by comparing the proportions of second-
ary interventions noted by cohort group using
chi-square testing. Mosaic plots were generated
displaying Pearson residuals by group. This helps
construct a visual representation demonstrating
which subcohorts are more significantly contrib-
uting to differences between the populations.
Counts with higher or lower than expected pro-
portions were highlighted in blue and red, respec-
tively. All statistical analysis was performed in R
(version 4.4.1).

RESULTS

Demographics
Of the cohort of 350 patients with surgi-
cally managed Kienbock disease, 142 patients

underwent motion-preserving salvage proce-
dures, including PRC and SCF. Sixty-four patients
who underwent PRC and 78 who underwent SCF
were identified. A Consolidated Standards of
Reporting Trials diagram is provided (Fig. 1).

There were no significant differences in the
percentage of patients who were laborers versus
nonlaborers in each cohort. Patients who under-
went PRC, both laborers and nonlaborers, were
significantly older than patients who underwent
SCF (53.5 and 52.3 versus 41.4 and 43.6, respec-
tively; P = 0.00037). The highest percentage of
male patients was seen in the SCF laborer group (P
= 0.0046). PRC laborers had the highest propor-
tion of smokers (6 of 7; P=0.00926). Rheumatoid
arthritis was seen in higher proportions in the
PRC groups (P = 0.00654). The mean follow-up
was 29 months (SD, 53 months), with no statisti-
cally significant differences between groups (P =
0.944) (Table 1).

Staging and Radiographic Measures

Lichtman stage was determined by evaluat-
ing the available preoperative radiographs. In
patients treated before 1993, radiographs were
unavailable (4 of 78 SCF, 9 of 64 PRC). In SCF,
91.5% of patients were treated at stage III or
greater (stage I, 1.4%; stage II, 8.1%; stage IIIA,
28.3%; stage IIIB, 40.5%; stage IIIC, 4.0%; stage
IV, 1.4%). In PRC, 92.7% were treated at stage III
or greater (stage I, 0%; stage II, 7.3%; stage IIIA,
32.7%; stage I1IB, 34.5%; stage IIIC, 10.9%; stage
IV, 14.5%). There was no significant difference in
Lichtman stage distribution between the cohort
groups (Fig. 2). There was no significant differ-
ence in preoperative Stahl index between the
cohort groups (Table 1).

Objective Outcomes: ROM and Grip

Both ANOVA and pairwise 2-tailed ¢ testing
revealed no significant differences in postopera-
tive ROM (Fig. 3) or relative grip strength (Fig. 4)
within or between groups. Preoperative relative
grip strength was significantly different between
nonlaborers with PRC and SCF (P = 0.004); how-
ever, this was not seen postoperatively.

Patient-Reported Outcomes

Preoperative DASH and PRWE scores were
unavailable for most patients (PRC PRWE: n =
5, DASH: n = 11; SCF PRWE: 7 = 15, DASH: n =
18). Postoperative DASH and PRWE scores were
obtained from the available population (PRC
PRWE: n = 23, DASH: n = 26; SCF PRWE: n = 26,
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Fig. 1. Consolidated Standards of Reporting Trials diagram of included patients with representative counts.

DASH: n = 27). Significant differences were not
seen on ANOVA (P = 0.22). Laborers who under-
went SCF demonstrated the best postoperative
mean DASH scores of the cohort (11.1). There was
no significant difference in postoperative DASH
scores in PRC when comparing laborers versus
nonlaborers (19.2 versus 19.8). The postopera-
tive patient-reported outcome scores in PRC and
SCF nonlaborer groups were significantly differ-
ent on pairwise 2-tailed ¢ testing, showing greater
disability in the SCF group (19.8 versus 30.5; P =
0.005). The DASH and PRWE scores of nonlabor-
ers who underwent SCF were the poorest among
the cohort groups (30.5, 42.3) (Table 2). Both
laborer cohorts were able to return to work post-
operatively (12 of 13 PRC, 15 of 17 SCF; P=0.366)
(Table 1).
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Return to the OR

Return to the OR was significantly higher
in the SCF cohort groups (laborers, 29.4%;
nonlaborers, 27.9%) compared with the PRC
groups (laborers, 15.4%; nonlaborers, 7.8%) (P
= 0.026) (Table 3). The difference in expected
proportions is demonstrated in mosaic plots
with red (less than expected) and blue (more
than expected) highlighting key differences
by procedure type or by procedure type and
labor status. When accounting for both vari-
ables, nonlaborers undergoing SCF were more
likely to need return to the OR for revision, and
nonlaborers undergoing PRC were less likely to
need revision (Fig. 5). Twenty-two patients who
underwent SCF developed postoperative com-
plications necessitating return to the OR. The
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Table 1. Patient Characteristics by Surgery and Labor Status®

PRC (Total n = 64)

SCF (Total n=78)

Characteristics Laborer Nonlaborer Laborer Nonlaborer P
Total no. (%) 13 (20.3) 51 (79.7) 17 (21.8) 61 (78.2) 1.0
Age, mean + SD, yrs 53.5 £+ 14.6 52.3+17.0 41.4+13.4 43.6 £ 14.6 0.00037"
Sex, no. M/F (% male) 6/13 (9.3) 13/51 (20) 14/17 (18.2) 22/61 (26.5) 0.0046"
Comorbidities, yes/no (%yes)
Smoking 6/7 5/46 6/11 15/46 0.002962"
Diabetes 0/13 5/46 2/15 8/53 0.6229
Hypertension 5/8 18/33 4/13 12/49 0.06665
Cardiovascular disease 2/11 5/46 2/15 5/56 0.8839
Chronic kidney disease 2/11 2/49 2/15 0/63 0.06641
Rheumatoid arthritis 2/11 5/46 0/17 0/63 0.006541"
Scleroderma 0/13 1/50 1/16 0/63 0.4108
Systemic lupus erythematosus 1/12 0/51 0/17 2/61 0.3257
Thyroid disease 1/12 5/46 1/16 2/61 0.3631
Stahl index, mean + SD 0.34 + 0.064 0.34 £ 0.10 0.41 + 0.085 0.39 £ 0.11 0.086
Return to work, yes/no (%yes) 12/1 — 15/2 — 0.3662
Postoperative follow-up, mean + SD, mo 31.62 + 0.065 30.3+0.10 37.8+0.09 28.62+0.11 0.944
*Pvalues indicate statistically significant differences on analysis of variance or chi-square or Fisher exact test of proportions.
"Statistically significant.
ns
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Fig. 2. Distributions of Lichtman stages by group. A chi-square test was performed, which determined that the observed differ-
ences in frequencies per surgery and labor classification were not statistically significant.

most common reason for return to the OR in
the SCF group was recurrent pain necessitat-
ing total wrist arthrodesis (6 of 22), followed
by recurrent pain requiring partial ostectomy,

ulnar styloidectomy, or radial styloidectomy (5
of 22); unplanned hardware removal (4 of 22);
lunatectomy (1 of 22); partial triquetectomy
(1 of 22); denervation (1 of 22); conversion to
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Fig. 3. Violin and overlayed box and whisker plots demonstrating total flexion/extension arc ROM by group. (Left) Preoperative
ROM. (Right) Postoperative ROM. Two-tailed t testing revealed no statistically significant differences by group.

vascularization procedure (1 of 22); tenolysis
and neurolysis (1 of 22); irrigation and débride-
ment (1 of 22); and removal of prominent
hardware (1 of 22). There were no revisions for
nonunion of the scaphocapitate arthrodesis.
The conversion to total wrist fusion rate in this
case series was 19% for SCF compared with 1.6%
for PRC (P=0.0007).

DISCUSSION

The management of advanced Kienbock dis-
ease typically involves some form of wrist salvage
procedure, with the 2 most common being inter-
carpal arthrodesis and PRC."*'"** PRC has demon-
strated success with long-term pain management;
however, concerns exist regarding premature
degeneration of the radiocapitate articulation
leading to early arthritis and functional limita-
tions, particularly in patients engaged in heavy
manual labor. Recent reports suggest that the
long-term outcomes of intercarpal fusion and
PRC may be comparable in young manual labor-
ers.'"® In comparison, the primary concern with
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intercarpal fusion (scaphocapitate and scapho-
trapeziotrapezoid fusion) for advanced Kienbo6ck
disease is the increased load directed through the
scaphoid fossa, which may accelerate radioscaph-
oid degeneration.”® This study aimed to determine
whether one procedure offers superior functional
outcomes.

In this study, we found that SCF and PRC dem-
onstrated similar outcomes with regard to postop-
erative ROM and grip strength.'"'%20:2" Laborers
with SCF had the best postoperative DASH scores
of the cohort; however, there was no significant
difference in postoperative DASH scores in PRC
between laborers and nonlaborers. The patient-
reported outcome scores of nonlaborers who
underwent SCF were the poorest among the
cohort groups Moreover, nonlaborers who under-
went PRC had significantly superior DASH scores
when compared with nonlaborers who underwent
SCF.

Patients who underwent SCF had a higher
rate of conversion to total wrist fusion com-
pared with those who underwent PRC (19% ver-
sus 1.6%). This may be due to the high rate of
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p =0.004

ns

Fig. 4. Violin and overlayed box and whisker plots demonstrating relative grip strength by group. (Left) Preoperative ROM. (Right)

Postoperative ROM.

Table 2. Patient-Reported Outcomes by Surgery and Labor Status

PRC (Mean + SD)

SCF (Mean + SD)

Outcomes Laborer Nonlaborer Laborer Nonlaborer P
Preoperative DASH 54.5 + 6.4 44.9 + 40.6 NA 35.5 + 26.8 0.69
Postoperative DASH 19.2 +19.7 19.8 + 18.8 11.1+13.9 30.5 + 24.8 0.22*
Preoperative PRWE NA 81.3 +£2.5 NA 55.4 + 22.6 0.023*
Postoperative PRWE 27.3+17.5 15.6 + 15.3 17.5+19.4 42.3+314 0.024*

*Statistically significant on pairwise 2-tailed ¢ testing. The preoperative PRC laborer and nonlaborer groups were significantly different, with a
Pvalue of 0.03. Likewise, the postoperative PRC nonlaborer and SCF nonlaborer groups were significantly different, with a Pvalue of 0.005.

Table 3. Return to OR by Surgery and Labor Status®
Return to OR, no. (%)

Group No Yes P
SCF nonlaborer 44 (72.1) 17 (27.9)

SCF laborer 12 (70.6) 5 (29.4)

PRC nonlaborer 47 (92.2) 4 (7.8)

PRC laborer 11 (84.6) 2 (15.4) 0.026"

“Fisher exact test of proportions was used to test differences in
counts per group.
"Statitcially significant.

development of radioscaphoid arthritis in SCF,
previously seen in between 36% and 50% of
patients.” The development of radioscaphoid

arthritis after SCF may be compounded by the
high postoperative demands on young labor-
ers. With increased load through the scaphoid
in preexisting radiolunate arthritis, patients
with SCF are at higher risk for conversion to
total wrist fusion.”>*

The benefit of SCF in manual laborers may
reflect preoperative selection bias, a known limi-
tation in retrospective studies. Other publica-
tions support the long-term viability of SCF.***
Biomechanical studies have demonstrated
increased loading after SCF, although no direct
comparisons have been made between SCF and
PRC regarding radiocarpal joint stress.
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Fig. 5. Mosaic plots demonstrating the relative proportions and associated Pearson residuals derived from chi-square testing. Blue
and red represent higher and lower expected proportions, respectively. (Left) SCF versus PRC. (Right) Laborers and nonlaborers by

procedure.

SCF did not result in earlier radiocarpal pain
complaints despite the relatively long follow-up
period; however, it was associated with a higher
complication rate. SCF is technically demanding
due to the limited interface between the scaphoid
and capitate, restricting the placement of com-
pression screws, staples, or other fixation meth-
ods. Some surgeons performed lunatectomy on
the basis of intraoperative findings. Additional
studies are warranted to determine whether these
intraoperative decisions influence outcomes and
return to the OR.

When selecting a surgical approach, the
surgeon’s familiarity with the technique is cru-
cial. SCF may offer better functional outcomes
for manual laborers but carries a higher com-
plication risk. Ultimately, the choice between
PRC and SCF should be individualized based
on the patient’s presentation. For instance,
in Kienbock disease with grade 3 Bain clas-
sification, arthritis of the lunate fossa or capi-
tate head may favor intraoperative selection of
SCFE.” Although diagnostic arthroscopy was not
routinely used in all patients, it may assist in
intraoperative decision-making.

The results of this study have helped us design
a treatment algorithm for patients with Kienbock
disease with associated carpal collapse. In man-
ual laborers, SCF is offered. For all others, PRC
is recommended if the capitolunate and radio-
lunate articular surfaces are free of degenerative
arthritis. Patients who choose to proceed with SCF
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are counseled on the increased risk of surgical
complications and potential need for additional
operations.

This study represents a large cohort of
patients with Kienbock disease managed with
PRC and SCF and is the only comparative retro-
spective study using both objective and patient-
reported outcomes. The limitations of this study
include its retrospective design, survey bias, and
the rarity of Kienbock disease within a limited
population. Patients were divided into laborer
and nonlaborer cohorts on the basis of informa-
tion in the medical record, but there are other
mechanical factors outside of labor that can
contribute to wrist wear and tear. Patients could
work a sedentary job but have labor-intensive
hobbies. However, most patients’ activity sta-
tus was clear in the medical record. Due to the
strict criteria imposed by this study for an indi-
vidual to qualify for the laborer cohort, there
were a small number of laborers for analysis (13
PRC, 17 SCF).

The objective outcomes including ROM and
grip are dependent on patient participation.
However, using the patient’s contralateral wrist
measurements to generate relative grip and rela-
tive ROM decreases this bias. In addition, there is
a wide range of duration of follow-up within the
patient cohort and variance of timing of collec-
tion of postoperative survey data. Ideally, each
patient would have surveys and measurements
at standardized times; however, this was not
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possible due to the retrospective nature of the
study. Future directions for research include strat-
ification of outcomes in SCF based on fixation
type and randomized controlled trials in patients
with Kienbock disease who are not candidates for
revascularization.
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