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The cost of health care delivered in the United States has
received increased attention in the past decade, in part due
to policy changes that have included value-based payment
models.1,2 Proximal row carpectomy (PRC) and four-corner
arthrodesis (FCA)arecommonsurgicalprocedures forstage I–II

scapholunate advanced collapse (SLAC) and scaphoid non-
union advanced collapse (SNAC) patterns of wrist arthritis.3,4

Substantial efforts havepreviously beenmade to assess clinical
outcomes following PRC and FCA,5–22 although prior work
elucidating cost differences is lacking. Such information may
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Abstract Background Proximal row carpectomy (PRC) and four-corner arthrodesis (FCA) are
common treatments for stage II scapholunate advanced collapse (SLAC) and scaphoid
nonunion advanced collapse (SNAC) wrists, with similar functional and patient-
reported outcomes reported in the peer-reviewed literature.
Questions Study questions included (1) whether surgical encounter total direct costs
(SETDCs) differ between PRC and FCA, and (2) whether SETDC differs by method of
fixation for FCA.
Patients and Methods Consecutive adult patients (� 18 years) undergoing PRC and
FCA between July 2011 andMay 2017 at a single tertiary care academic institution were
identified. Patients undergoing additional simultaneous procedures were excluded.
Using our institution’s information technology value tools, we extracted prospectively
collected cost data for each surgical encounter. SETDCs were compared between PRC
and FCA, and between FCA subgroups (screws, plating, or staples).
Results Of 42 included patients, mean age was similar between the 23 PRC and 19 FCA
patients (51.2 vs. 54.5 years, respectively). SETDCs were significantly greater for FCA than
PRC by 425%. FCA involved significantly greater facility costs (2.3-fold), supply costs (10-
fold), and operative time (121 vs. 57 minutes). Implant costs were absent for PRC, which
were responsible for55%of theSETDC for FCA.Comparedwith compression screws,plating
and staple fixation were significantly more costly (70% and 240% greater, respectively).
Conclusion SETDCs were 425% greater for FCA than PRC. Implant costs for FCA alone
were 130% greater than the entire surgical encounter for PRC. For FCA, SETDC varied
depending on the method of fixation.
Level of Evidence This is a level III, cost analysis study.
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help guide treatment of patients with stage I–II SLAC or stage I
SNAC wrist, as the treating surgeon may have the option to
perform either procedure.

The findings of numerous single-center investigations into
clinical outcomes following PRC and FCA have been conglom-
erated by two systematic reviews.5,6 PRC, as compared with
FCA, was associatedwith a 6- to 11-degree greater arc of wrist
flexion–extension, and fewer complications were reported.
However, no significant differences were observed in Disabil-
ities of the Arm, Shoulder and Hand (DASH) scores, rate of
conversion to total wrist arthrodesis (TWA), increase in grip
strength in proportion to the contralateral side, pain relief, or
subjective outcomes on a Likert scale.5,6

Given similar clinical outcomes reported in the peer-
reviewed literature for PRC and FCA, the discussion related
to what constitutes appropriate treatment should also focus
on improving value through cost reduction in addition the
prior focus upon patient age, labor status, smoking status,
and sex when choosing the treatment technique.16–18,23

Current literature related to the economic and cost aspects
of PRC and FCA is limited.24

Our institution has developed a “Value Driven Outcomes”
(VDO)databasecontainingdetailedpatient- and item-level total
directcostandpaymentdata foravarietyofhealthcareservices.
This has successfully identified areas of high variability in cost,
leading to improved value of care delivered.1,25,26 In this study,
theVDO toolwasutilized to answer our primary studyquestion
of whether surgical costs differ between PRC and FCA. Similarly,
our second study question, whether surgical costs differ based
on the type of fixation used for FCA (headless compression
screws, plate/screw construct, or staples), was investigated.

Patients and Methods

This Institutional Review Board-approved retrospective cost
analysis study included all consecutive adult (� 18 years of
age) patients undergoing isolated PRC or FCA between
July 2011 and May 2017 performed by four fellowship-
trained hand surgeons at a single tertiary academic institu-
tion. Patients were identified by Current Procedural Termi-
nology (CPT) code (PRC 25215; FCA 25820 and 25825), and
corresponding basic demographic and surgical data were
tabulated. Manual chart review of all operative, anesthesia,
and orthopaedic clinic notes was performed to record the
diagnosis, surgical procedures performed, use of bone graft
and fixation type used for FCA, and anesthesia type. Patients
undergoing additional simultaneous procedures including
other surgeries or injections, and those treated for a primary
diagnosis of infection (i.e., neglected wrist septic arthritis
with carpal osteomyelitis), were excluded. Also excluded
were patients undergoing revision PRC or FCA as these cases
are not representative of primary surgeries and would be
expected to cost more, and those treated prior to July 2011
(corresponding with initiation of the VDO database at our
institution). We did not exclude patients diagnosed with
complications subsequent to the index procedure, and we
did not adjust costs of the index procedure to include costs
related to the treatment of subsequent complications.

PRC and FCA were performed as previously described
through longitudinal dorsal wrist excisions.7 All surgeries
were performed under general anesthesia, or under a surgi-
cal block with intravenous sedation, according to patient
preference. Longitudinal or ligament sparing capsulotomies
were performed based on the surgeon’s preference. PRC
patients did not receive capsular or allograft interposition.
FCA fixation included headless compression screws, circular
locking plate and screw constructs, or compressive staples
based on the surgeon’s preference. Bone autograft from the
distal radius and/or excised scaphoid was used for all FCA
cases. All patients were placed in a plaster forearm-based
splint in the operating room.

Patients were indicated to undergo FCA if midcarpal
arthrosis was observed intraoperatively (stage III SLAC or
stage II SNAC patients). Those with radiolunate involvement
treated with TWA were excluded from the study. In the
setting of stage I–II SLAC or stage I SNAC, the choice of PRC
and FCA was determined through a shared decision-making
discussion between the surgeon and patient while consider-
ing patient age, functional demands, smoking status, and
medical comorbidities. Although both procedures have
yielded similar clinical outcomes in the literature,5,27 we
were more likely to recommend PRC for smokers and older
patients with multiple comorbidities or low functional
demands, and FCA for young, active, nonsmokers.

Total direct cost and payment datawere collected from the
VDOdatabase for each individual surgery performed. TheVDO
information technology tool draws prospectively collected
payment data and patient- and item-level total direct cost
data from our institution’s datawarehouse for specific patient
encounters. VDO costing methods have been previously
described, yielding total direct costs for materials used for
patient care, facility utilization direct costs (including sterile
processing costs), and time-based cost allocations including
procedure/operative time and cost of staff involved in care
(nursing, surgical technicians, medical assistants).1,25,26 Total
direct cost categories, as tabulated by the VDO tool, are further
described in►AppendixA. All reportedcostdatawerenormal-
ized using each individual’s cost divided by the average cost in
the data set, to comply with institutional guidelines prohibit-
ing the public reporting of any financial data related to the
details of nonpublically disclosed contractual agreements, or
raw cost data.

Continuous variables were summarized as mean and
standard deviation (SD), and categorical variables were
summarized as count and percentage (%). Relative costs
were calculated relative to the lowest group by dividing
each distinct group average by the lowest group mean. Total
direct costs were compared between PRC and FCA groups
using aWilcoxon rank sum test. The Kruskal–Wallis test was
used to compare total direct costs between FCA subgroups
based on the method of fixation (screws, plating, or staples),
followed by Tukey’s adjustment for multiple pairwise com-
parisons. Age was compared using the Student’s t-test, and
categorical demographic variables were compared using the
Fisher’s exact test. Statistical significancewas assessed at the
0.05 level, and all applicable tests were two-tailed.
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We based our sample size calculations on an effect size of
1.43 in SD units.We obtained a 1:4.3 ratio of PRC group versus
FCA group based on our analyses. With a two-sided, two-
sample t-test, andwith a total sample size of 42 (19 FCA and23
PRC),wehave 99%power todetect amediumeffect size of 1.43
for total direct cost between groups at a 0.05 α level.

Results

Of 41 patients identified that underwent PRC, 18 were
excluded: 11 underwent additional surgical procedures, 5
carried a diagnosis of infection, and 2 were revision sur-
geries. Of 31 identified FCA patients, 12 were excluded: 9
underwent additional simultaneous surgical procedures,
and 3 were revisions. Therefore, a total of 42 patients (23
PRC, 19 FCA) were included for final analysis.

Baseline patient characteristics are illustrated in►Table 1.
Mean age was similar between PRC and FCA groups (51.2 vs.
54.5 years, respectively; p ¼ 0.35). However, the PRC group
included more females (52% vs. 16%, respectively; p < 0.05)
and a lower proportion of stage III SLAC/SNACwrist. Payermix
was similar between groups. No patient undergoing PRC
received implantable hardware (including temporary Kirsch-
ner wires), and all patients undergoing FCA received bone
autograft. There were no differences in the use of general
anesthesia between groups (PRC 78% general and 22% surgical
block with sedation; FCA 100% general anesthetic; p ¼ 0.82).

Surgical encounter total direct costs (SETDCs) were 425%
greater for FCA than PRC (p < 0.05), which is illustrated
in►Fig. 1 (relative areas of PRC and FCA pie charts are propor-
tional). FCA was associated with significantly greater facility
utilization costs (2.3-fold; p < 0.05), supply costs (10-fold;
p < 0.05), and operative time (121 vs. 57 minutes; p < 0.05).
Therewerenodifferences inpharmacycosts (p ¼ 0.09), or other
services which include operating room and recovery room staff
costs (p ¼ 0.68). Implant costs comprised 55% of the SETDC for
FCA, andwere absent for PRC,which precludes formal statistical
comparison between groups.

Three methods of fixation were observed among the FCA
cohort: headless compression screws, circular plate and screw
constructs, andstaples. Surgical timedidnotdiffer between the
three methods of fixation (116, 130, and 116 minutes, respec-
tively; p ¼ 0.32). For patients receiving headless compression

Fig. 1 Comparison of surgical encounter total direct costs for proximal row carpectomy (PRC) and four-corner arthrodesis (FCA). PRC was
defined as the reference group (pie chart area normalized to 1.0).

Table 1 Baseline patient characteristics

Factor PRC
(n ¼ 23)

FCA
(n ¼ 19)

p-Value

Age (y � SD) 54.5 � 9.8 51.2 � 14.7 0.35

Sex (female)a 12 (52%) 3 (16%) < 0.05

Insurance typea 0.68

Commercial 15 (65%) 13 (68%) -

Medicare 4 (17%) 5 (26%) -

Medicaid 2 (9%) 1 (5%) -

Other 2 (9%) 0 (0%) -

Diagnosisa 0.08

SLAC wrist 7 (30%) 12 (63%) -

SNAC wrist 14 (61%) 7 (37%) -

Kienbock’s disease 2 (9%) 0 (0%) -

SLAC/SNAC stagea < 0.05

I–II 21 (91%) 9 (39%) -

III 0 (0%) 10 (61%) -

IV 0 (0%) 0 (0%) -

Abbreviations: FCA, four-corner arthrodesis; PRC, proximal row car-
pectomy; SD, standard deviation; SLAC, scapholunate advanced col-
lapse; SNAC, scaphoid nonunion advanced collapse.
Note: Continuous data presented as mean � standard deviation;
categorical data presented as number of patients and (percentage).
aBased on Fisher’s exact test contingency tables.
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screw fixation, two screws were used in all cases. For those
receiving staple fixation, an average of 1.9 � 1.0 staples were
used. ►Fig. 2 illustrates that the SETDC for FCA differed
significantly for each of these three fixation types (p < 0.05
for the Kruskal–Wallis test; p < 0.05 for Tukey’s pairwise
comparisons evaluating for differences in SETDC between
plate/screwsversusheadless compressionscrews, andheadless
compression screws versus staples).

Discussion

Our main finding was that FCA direct surgical costs were
425% greater than PRC. Responsible for this difference were
implant costs which were absent for the PRC group and
amounted to a value of 130% greater than the entire surgical
encounter cost for PRC, facility costs in which the surgical
time for FCA was approximately double of that for PRC, and
supply costs which were 10-fold greater for FCA and were
attributable to disposable drill bits and burr tips unique to
this group. Therefore, we rejected our null hypothesis that
there are no cost differences between the two procedures.

Prior literature informing the clinical decision betweenPRC
and FCA is limited. Although no power calculations were
provided and the study was likely underpowered, a clinical
trial comparing 13 PRC and 14 FCA patientswith stage II SNAC
arthritis found no significant differences in DASH or Visual
AnalogScalepain scoreswitha follow-upof45 to73months.15

This clinical scenario is of particular interest, as the treating
surgeon may perform either procedure. Patient age, sex,
smoking status, and labor status are also factors to consider
when choosing treatment given the potential effects on the
durability of PRC or the riskof nonunion following FCA.16–18,23

Additionally, the lower rate of complications associated with
PRC may guide treatment choices.5,6

Graham and Detsky concluded that PRC was preferable
over FCA and TWA based on a decision analysis study
published in 2001.28 Subsequently, similar clinical outcomes
for both procedures have been reported, including similar
levels of postoperative pain improvement, subjective and
objective (DASH) outcomes improvement, and conversion to
total wrist fusion.5,6 Although statistically significant, it is

questionable whether a difference in flexion–extension of 6
to 11 degrees favoring PRC is clinically significant.5,6

Our findings regarding differences in surgical direct costs
between PRC and FCA add to findings reported in the previous
literature. Rahgozar et al recently evaluated cost differences
between PRC and intercarpal arthrodesis using payment data
from the MarketScan database, which is comprised of a con-
venience sample of commercially insured patients.24,29 The
authors concluded that PRC was 33.9% less expensive than
intercarpal arthrodesis, as calculated frompublished payment
estimates. Intercarpal arthrodesis patients were assumed to
have undergone FCA based on CPT and International Classifi-
cation of Diseases, Ninth Revision (ICD-9) code searches for
intercarpal arthrodesis and intercarpal osteoarthritis, respec-
tively. However, without the ability to perform manual chart
review or review of radiographs, combined with the nonspe-
cificity of these CPT and ICD-9 codes, it was not possible to
identify the type of intercarpal arthrodesis the included
patients received. It is probable that some of these patients
underwent scaphotrapeziotrapezoidal, scaphocapitate, or
radioscapholunate arthrodeses which could be coded identi-
cally. Although this studycontaineda smaller sample size from
a single institution, we were able to confirm the surgical
treatments of all included patients, and exclude those under-
going additional simultaneous procedures which could affect
costs. Although payment may serve as a surrogate for cost, the
MarketScan database reports payment data rather than true
direct costs,29,30 and the reported values were obtained
through multivariable regression analysis that included pay-
ments related to the index procedure plus those related to
follow-up procedures (hardware removal, further fusion sur-
geries). Therefore, our findings add to thefindings of the prior
study by demonstrating surgical direct costs differ between
PRC and FCA. Due to the aforementioned limitations, the
authors’ conclusion that FCA was more likely to be converted
to TWA than PRC should be interpreted with caution.

As a secondary finding, we observed that the method of
fixation did not affect operative time, but did significantly
affect surgical direct costs for the FCAgroup.Atour institution,
use of headless compression screws was the least expensive
form of fixation in which two screws were used for all cases,

Fig. 2 Data represent mean � standard error of the mean (SEM). #Reference group, normalized to 1.0. �p < 0.05 as compared with left-sided
neighboring value per Kruskal–Wallis tests and Tukey’s multiple pairwise comparison tests. Values over graph bars represent fold-change
differences relative to the reference group.
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with increasing costs associated with use of circular plate and
screwconstructs, and staples (meanof1.9usedpercase) as the
most expensive construct. Although implant costs may differ
at other institutions, surgeon awareness of potential cost
differences between available constructs may provide an
opportunity for cost reduction for FCA.

Limitations of this study deserve mention. Although each
surgical procedure was verifiedwith chart review, the initial
identification of patients by procedure code, the retrospec-
tive study design, and evaluation of patients from a single
center introduce potential for selection bias. Due to the
nonrandomized study design, significant difference in sex
between the PRC and FCA groups was observed. However, it
is unclear if these differences would affect procedural costs.
We included two patients undergoing PRC for Kienbock’s
disease, which technically is similar to performing the
procedure for SLAC or SNAC wrist but may affect surgical
costs. Generalizability of our results may be limited by our
unique pricing agreements between our institution and
suppliers, which may affect total direct costs of implants,
time-allocated costs of perioperative services, and other
products used during the surgical encounter. The ability to
generalize our results to other reported surgical techniques
including dorsal capsular interposition31 or osteochondral
resurfacing of the capitate32with PRC, three-corner arthrod-
esis,27 or FCAusing only buried Kirschner wires for fixation is
uncertain. Similarly, surgeons at other institutions may use
different numbers of staples or headless compression screws
when performing PRC, which could affect the generalizabil-
ity of our results for the FCA subanalysis by fixation method.
We did not quantify the opportunity cost for PRC versus FCA,
inwhich the latter required twice the surgical time. The VDO
database does not include indirect cost data such as house-
keeping, electricity, or property rent/depreciation. Addition-
ally, the study was not designed to evaluate costs related to
time off of work related to patient recovery. In general, PRC
and FCA patients were permitted to return to desk work
within 3 days of surgery, and heavy labor was permitted
around 10 weeks postoperatively for both groups—however,
we are unable to comment on the exact duration of time off
of work for this study population. Although this does not
hinder the primary aim of the study, which is to compare
direct surgical costs between PRC and FCA, including these
indirect costs and those related to complications in
an updated cost-effectiveness analysis study would be
informative.28

In conclusion,we found that FCAdirect surgical costswere
425% greater than PRC. Implant costs for FCA were 130%
greater than the entire surgical cost for PRC. In light of these
findings and considering prior clinical literature describing
outcomes for both procedures and risk factors for failure, we
would suggest that the apparent cost differencebetween PRC
and FCA is a relevant additional consideration when choos-
ing the appropriate treatment for indicated patients.
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Appendix A: Breakdown of Value-Driven
Outcomes Database Categories for Total
Direct Costs

IMAGING COST: All imaging, scans, and radiology services
used.

SUPPLY COST: All supplies and devices used, excluding
implants. This includes disposable drill bits, burr tips, and saw
blades.

IMPLANTCOST:All supplycosts related to surgical implants.
PHARMACYCOST: Total cost of all medication used during

the patient encounter.
LAB COST: All labwork associatedwith the visit, including

blood work, urinalysis, hematology, and all other lab or
chemistry-related costs.

OTHER SERVICES COST: Services that do not fall into one of
the other categories. Services include Physical Therapy,
Occupational Therapy, Speech Pathology, Respiratory Ser-
vice, EKG, Recovery Room nursing/staff, and Other Thera-
peutic Services.

FACILITY UTILIZATION COST: Time and labor costs for
patients stay in each unit (excluding Professional costing
such as time-allocated estimates of physician costs). Cost is
mapped to the individual patient level based on time spent
on specific unit (surgery minutes, patient hours) or by
completed visit.
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