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Background: Finger metacarpal fractures represent up to 31% of all hand fractures, and most can be treated non-
operatively. Whether operative treatment is superior to nonoperative treatment for oblique and/or spiral finger metacarpal
shaft fractures (MSFs) is unknown.

Methods: Forty-two patientswith displaced oblique and/or spiral fingerMSFswere randomized to either nonoperative treatment
with unrestrictedmobilization or operative treatmentwith screwfixation. Theprimary outcomewasgrip strength in the injured hand
compared with the uninjured hand at the 1-year follow-up. Secondary outcomes were the Disabilities of the Arm, Shoulder and
Hand score, range of motion, metacarpal shortening, complications, sick leave duration, patient satisfaction, and costs.

Results: All patients attended the 1-year follow-up. Mean grip strength relative to that in the contralateral hand was 104%
(95% confidence interval [CI], 89% to 120%) in the nonoperative group and 96% (95% CI, 89% to 103%) in the operative
group (p = 0.34). Meanmetacarpal shortening was 5.3mm (95%CI, 4.2 to 6.4mm) in the nonoperative group and 2.3mm
(95% CI, 0.8 to 3.9 mm) in the operative group. In the nonoperative group, 1 minor complication was observed; in the
operative group, there were 4 minor complications and 3 reoperations. The costs were estimated at 1,347 U.S. dollars
(USD) for nonoperative treatment compared with 3,834 USD for operative treatment. Sick leave duration was significantly
shorter in the nonoperative group (12 days [95% CI, 5 to 21 days] versus 35 days [95% CI, 20 to 54 days]) (p = 0.008).

Conclusions: When treated with unrestricted mobilization, patients with a single displaced spiral and/or oblique finger
MSF have outcomes comparable to those treated operatively, despite metacarpal shortening. Costs are substantially
higher (2.8 times) and sick leave is significantly higher in the operative group.

Level of Evidence: Therapeutic Level II. See Instructions for Authors for a complete description of levels of evidence.

H
and fractures represent 19% of all fractures; up to 31% of
these are fractures of the finger metacarpals1. In general,
metacarpal shaft fractures (MSFs) can be described as

transverse, spiral and/or oblique, or comminuted.Most patients are
of working age; therefore, MSFs result in high societal costs due to
reduced ability to work during treatment and recovery2. However,
the exact costs are unknown for these injuries3.

Treatment of finger MSFs can be nonoperative, including
early mobilization or closed reduction and immobilization. Oper-

ative options for different patterns offingerMSFs includeKirschner
wire stabilization, open reduction and interfragmentary compres-
sion screws, or fixation with screws and a plate. Early mobilization
with or without a supporting splint seems to give comparable
results4,5, as do immobilization in a cast6,7 and operative treatment
with open reduction and internal fixation4,8,9. According to the
Swedish Fracture Register, 20% of approximately 7,000 spiral and/
or oblique fingerMSFs that were registered from2011 to 2021were
treated operatively10 (see Supplementary Appendix A). Surgery is
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often advised because of concerns about shortening of the met-
acarpals, leading to weakness and tendon imbalance11-13, or rota-
tional deformity, leading to scissoring (overlapping) of the injured
finger in flexion. Complication rates after surgery with plates and
screws range between 32% and 36%, with stiffness and malunion
representing the 2most common problems14. Complications after
treatment with interfragmentary compression screws seem to be
less common, with stiffness being the most frequently reported
problem (57%)15. In 2015, Khan and Giddins described a pro-
spective study of nonoperative treatment with early mobilization
in patients with spiral/oblique finger MSFs, indicating good out-
comes in terms of grip strength and range of motion when
shortening is accepted as a means of fracture stabilization5.

There is inadequate evidence to indicate whether operative
or nonoperative treatment is better for treating finger MSFs2,3.
Because of the lack of randomized controlled trials (RCTs)
evaluating this fracture type, we conducted this noninferiority
study of spiral and/or oblique displaced finger MSFs with or
without rotational deformity; we compared nonoperative
treatment with unrestricted mobilization to operative treatment
with interfragmentary compression screws. All 4 non-thumb
metacarpals were included because of their anatomic similarity,
with the deep transverse metacarpal ligaments connecting the
distal ends and limiting the amount of shortening.

We hypothesized that nonoperative treatment would yield
clinical outcomes that are noninferior to those of operative treatment.

Materials and Methods

This study was approved by the Ethical Review Board at
Uppsala University (Dnr. 2016/575, dated February 14,

2017; Dnr. 2016/575/1, dated April 18, 2018; Dnr. 2021-006709,
dated March 7, 2021; and Dnr. 2021-07035-02, dated January 17,
2022). All of the patients agreed to participate and gave their
informed consent. The study followed theDeclaration ofHelsinki.
Registration at clinicaltrials.gov (NCT03067454) was completed
before recruitment to the study was initiated.

Trial Design and Participants
This study was a prospective RCTwith 2 equally sized parallel
groups. Patient recruitment proceeded at Uppsala University
Hospital from March 1, 2017, to May 6, 2020, and at the
regional hospital of Falun in Sweden from March 1, 2019, to
May 6, 2020. Among the 539 patients who were assessed for
eligibility, 45 were randomized with respect to treatment. The
baseline characteristics of the patients are shown in Table
I. The most common reason for exclusion was insufficient
fracture dislocation. See Figure 1 for a detailed CONSORT
(Consolidated Standards of Reporting Trials) flowchart;
inclusion and exclusion criteria are provided in Table II.

Randomization, Allocation Concealment, and Blinding
An independent statistical provider from the Uppsala Clinical
Research Center at Uppsala University created a randomization

TABLE I Baseline Patient Characteristics

Nonoperative (N = 22) Operative (N = 20)

Mean age (range) (yr) 49 (18 to 83) 40 (23 to 69)

Female sex (no. [%]) 12 (55) 5 (25)

Mean days from injury to randomization (range) 4.7 (1-9) 3.7 (1-10)

Injury to the dominant hand (no. [%]) 8 (36) 12 (60)

Fractured metacarpal

Second (n = 1) 1 0

Third (n = 6) 3 3

Fourth (n = 20) 10 10

Fifth (n = 15) 8 7

Rotational deformity at inclusion 10 (1 missing value) 2 (1 missing value)

Mean radiographic shortening at inclusion (range) (mm) 4.8 (1.5-8.0); (3 missing values) 4.8 (2.0-8.5); (1 missing value)

Traumatic injury from falling 9 6

Sports injury 5 10

Smoker

Active smoker 1; 3 missing values 2; 1 missing value

Previous smoker 2 2

Occupation type

Manual labor 5 11

Not manual labor or a student 11 8

Retired 6 1

Normal hand function before inclusion 22 20
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list with a 1:1 allocation ratio, in blocks of 4 or 6 in unknown order.
Recruitment was conducted by the treating physicians and dis-
continued after 42 patients were enrolled and treated. All of the
envelopeswere sealed and only opened after patients had signed the
informed consent form. The treating physicians, the physiothera-
pists, the occupational therapists, and the patients were not blinded
to the treatment group after the envelopes had been opened.

Interventions
Nonoperative Group
Patients in the nonoperative group were mobilized immediately,
allowing unrestricted use of the injured hand. Patients were ini-
tially assisted by a physiotherapist (Uppsala) or an occupational
therapist (Falun), who introduced them to an early mobilization
regimen and offered an optional resting splint that could be used

Fig. 1

Enrollment, randomization, treatment, and1-year follow-up. **Onepatient had fracture comminution thatwasdiscoveredduring surgery; the comminutionwas fixed

with Kirschner wires and the patient was excluded. One patient was excluded due to concomitant closed tendon rupture that had not been seen at inclusion. One

patient was excluded due to a severe skin condition (infected eczema) at the planned site of incision (surgery was deemed contraindicated by the treating physician).
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between training sessions or buddy taping if the patient sought
comfort (see Supplementary Appendix B).

Operative Group
Using a standard longitudinal dorsal approach, fractures were
reduced and stabilized with ‡2 interfragmentary compression
screws (2 mm) or a dorsally placed variable-angle locking
compression plate (VA-LCP) and screws (LCP Compact Hand
2.0; DePuy Synthes) (see Supplementary Appendix C). The
level of experience of the operating surgeon was recorded along
with the duration of the operation from start to finish.

Outcomes
Patients in the nonoperative and operative groups were as-
sessed clinically at 1 week, 6 weeks, 3 months, and 1 year after
recruitment. Patients in the operative group had an additional
follow-up at 2 weeks after recruitment to remove the plaster
cast that had been applied following surgery and to start
mobilization in the same way as the nonoperative group. A
goniometer was used to measure range of motion and exten-
sion lag in all of the finger joints. Total active motion (TAM)
was calculated as a percentage of the uninjured hand. Rota-
tional deformity was assessed by measuring the degree of
scissoring of the injured finger over the adjacent finger. Com-
plications, defined as events deviating from the expected recovery,
were recorded. Posteroanterior and lateral radiographs weremade
at 1 and 6 weeks (Fig. 2). Grip strength was measured with a
dynamometer (Jamar; Patterson Medical) at position II16, and
the mean of 3 consecutive measurements was calculated. Grip
strength of the injured hand was calculated as a percentage of the
strength of the contralateral hand at 1 year after recruitment and
defined as the primary outcome measure (observer not blinded).

Patient-reported outcomes were assessed using the Dis-
abilities of the Arm, Shoulder and Hand (DASH) score17, pain
under load on a numeric rating scale (NRS) from 1 to 10 (1
being the lowest)18, and cosmetic results and patient satisfac-
tionwith hand function on NRS scales from 1 to 10 (1 being the
best) at inclusion and at 3 months and 1 year. We recorded
whether hand function had been normal before the index
injury and whether the patients were active smokers.

Shortening was measured on posteroanterior radiographs
at inclusion, 1 week, and 6 weeks in 2 ways, recording the highest

value in millimeters: (1) shortening was estimated using the
metacarpal line when metacarpals II, IV, or V were affected, and
(2) shortening wasmeasured by identifying overlapping bone and
distinct landmarks at the fracture site. The protocol that was used
for radiographic measurement is provided in Supplementary
Appendix D.

Treatment Costs and Sick Leave
Economic costs for nonoperative and operative treatment were
calculated from the hospital databases and administration;
total costs were provided for emergency department visits,
radiographs, surgery, and postoperative care, including hos-
pital stay and follow-up. The cost estimates did not reflect the
actual treatment costs in this study; the cost estimates were
based on standard treatment protocols for either nonoperative
or operative treatment based on our clinical routine. The self-
reported sick leave duration was recorded for each patient.

Sample Size Calculation
The noninferiority margin (NIM) was defined as a grip strength
decrease of 15%, based on expected normal variations in grip
strength between hands and betweenmeasurements. By using the
same logic, a successful treatment outcome was defined as grip
strength that was >85% of that in the uninjured hand19. Sample
sizes were calculated with the assumption that 97% of patients in
each group would achieve a successful outcome. For a 1-sided
confidence interval (CI) of 97.5% and a power of 80%, each
treatment group needed 21 patients.

Statistical Analysis
Continuous data were described as means with ranges and
compared using the Student t test (for normally distributed
data) and the Mann-Whitney U test (for non-normally dis-
tributed data). Estimation uncertainty was approximated by 2-
sided 95% CIs. Categorical data were summarized in cross
tables, and the Fisher exact test was used to assess the differ-
ences between the groups. P values of <0.05 were considered
significant. Noninferiority was assessed by comparing the NIM
with calculated CIs for continuous grip strength values. A
sensitivity analysis of the effect of hand dominance on grip
strength was performed, including grip strength and a variable
indicating whether the dominant hand was injured plus an

TABLE II Inclusion and Exclusion Criteria

Inclusion Criteria Exclusion Criteria

• Diaphyseal, single spiral, and oblique fractures of the
index to little finger metacarpals

• Fracture line length at least twice the diameter of
the bone at the level of the fracture

• At least 2-mm displacement and/or shortening of the
fracture or malrotation

• Normal hand function before the injury
• Fracture <10 days old

• Multiple metacarpal fractures
• Open fractures
• Inability to follow instructions
• Fracture line length less than twice the diameter of the
bone at the level of the fracture

• Abnormal hand function before the injury
• Previous ipsilateral hand fractures
• Fracture ‡10 days old at possible randomization
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interaction term indicating whether the dominant hand was
injured. Measurements of grip strength did not deviate substan-
tially from a normal distribution, as visualized by histograms and
quantile-quantile plots. The assumption of homoscedasticity was
also not violated, as investigated by the Levene and Breusch-Pagan
tests. Therefore, multiple linear regression was used for this anal-
ysis. All of the data were analyzed using RStudio (version 1.4.1717;
R Foundation for Statistical Computing).

Source of Funding
There was no external funding source for this study.

Results
Characteristics of the Study Population

Between March 1, 2017, and May 6, 2020, 22 patients were
assigned to nonoperative treatment and 20 patients were

assigned to operative treatment. The proportions of injury to
the dominant hand (nonoperative group, 8; operative group,
12; p = 0.22) and of the presence of any degree of rotational

deformity at randomization (nonoperative group, 10; operative
group, 2; p = 0.33) differed but remained below the threshold
of significance. In the operative group, 18 patients received
fracture stabilization with interfragmentary compression screws
and 2 received screws and a plate due to comminution. The first
surgeon at each operation had at least 5 years of hand surgery
experience (level 3)20.

Primary Outcome
When compared with the contralateral hand at the 1-year
follow-up, the mean grip strength was 104% (95% CI, 89% to
120%) in the nonoperatively treated group and 96% (95% CI,
89% to 103%) in the operatively treated group (p = 0.34).

Secondary Clinical Outcomes
For patients whowere treated nonoperatively, 19 of 22 (86%; 95%
CI, 64% to 96%) had a grip strength of ‡85% of that on the
contralateral side, and 17 of 20 (85%; 95% CI, 61% to 96%) who
were treated operatively reached this threshold (p = 1) (Table III).

Fig. 2

Radiographs at inclusion (1a and 2a) and at the 6-week follow-up (1b and 2b). Projections included left to right, frontal, oblique, and sagittal views.

The top row includes radiographs of a patient in the nonoperative group, and the bottom row includes radiographs of a patient from the operative

group.

102

THE JOURNAL OF BONE & JOINT SURGERY d J B J S .ORG

VOLUME 105-A d NUMBER 2 d JANUARY 18, 2023
NONOPERAT IVE VERSUS OPERAT IVE TREATMENT FOR DISPLACED

FINGER METACARPAL SHAFT FRACTURES



In the nonoperatively treated group, radiographic frac-
ture shortening increased from a mean of 4.8 mm (95% CI, 3.8
to 5.7 mm) at inclusion to 5.3 mm (95% CI, 4.2 to 6.4 mm) at
the 6-week follow-up. Of those treated operatively, shortening
decreased from a mean of 4.8 mm (95% CI, 3.9 to 5.6 mm)
to 2.3 mm (95% CI, 0.8 to 3.9 mm) at 6 weeks of follow-up
(Table III). Of the 10 patients with initial rotational deformity
in the nonoperatively treated group, 1 retained a slight 5�
supination deformity without scissoring or functional prob-
lems. In the operative group, 2 patients had rotation at inclu-
sion but both showed no rotation at the time of follow-up.
Conversely, 3 patients in the operative group had rotation at the
time of follow-up (3�, 5�, and 5�) despite having shown no
rotation at inclusion. None of those 3 patients experienced
scissoring.

The TAM percentage was 100.2% (95% CI, 96.8% to
103.6%) in the nonoperative group and 99.1% (95% CI, 95.1%
to 103.1%) in the operative group.

At the 1-year follow-up, the mean DASH score was 1.6
(95% CI, 0.8 to 2.6) in the nonoperative group and 2.6 (95%
CI, 0.9 to 5.3) in the operative group (p = 0.89). Patient-
reported overall satisfaction was 1.2 (95% CI, 1.0 to 1.5) and
the pain score under load was 1.2 (95% CI, 1.0 to 1.5) in the
nonoperative group; corresponding scores in the operative
group were 1.7 (95% CI, 1.3 to 2.0; p = 0.08) and 1.3 (95% CI,
1.0 to 1.6; p = 0.68). The mean sick leave duration of 12 days
(95% CI, 5 to 21 days) in the nonoperative group was signifi-
cantly shorter than that in the operative group (35 days [95%

CI, 20 to 54 days]) (p = 0.008) (Table III). The cosmetic results
were rated as 1.5 (95%CI, 1.1 to 1.9) in the nonoperative group
and 1.7 (95% CI, 1.3 to 2.2) in the operative group (p = 0.41).

Sensitivity Analysis
A linear regression analysis to investigate grip strength adjusted
for hand dominance was performed, and an estimated differ-
ence of 22.2% (p = 0.007) in favor of dominant-sided hands
was observed.

Costs and Operative Time
The average estimated cost for each treatment was 1,347 U.S.
dollars (USD) for nonoperative treatment and 3,834 USD for
operative treatment (Table IV). The mean operative time was
63 minutes (range, 35 to 93 minutes).

Complications
In the nonoperative group, only 1 patient had a minor compli-
cation: triggering of the fractured finger on rare occasions. Three
patients in the operative group underwent revision surgery (2 due
to early osteosynthesis failure, and 1 implant removal due to local
discomfort at 3 months postoperatively). Three patients in the
operative group experienced minor complications (see Supple-
mentary Appendix E).

Discussion

The 1-year outcome after nonoperative treatment of a single
spiral and/or oblique displaced finger MSF was comparable

TABLE III Outcome at the Time of Follow-up*

Outcome Nonoperative (N = 22) Operative (N = 20) P Value

Mean grip strength as a percentage of contralateral hand (95% CI)† 104% (89%-120%) 96% (89%-103%) 0.34

Mean grip strength (95% CI)† (kg) 35 (29-42) 43 (37-49) 0.07

No. with grip strength ‡85% of contralateral hand† (no. [%]) 19 (86) 17 (85) 1

No. with rotational deformity‡ 1 3 0.33

Mean radiographic shortening at 6 weeks (95% CI) (mm) 5.3 (4.2-6.4);
2 missing values

2.3 (0.8-3.9);
5 missing values

0.004

No. with flexion deficit§ 0 1 0.48

No. with extension deficit§ 1 1 1

Mean TAM (95% CI)# (%) 100.2 (96.8-103.6) 99.1 (95.1-103.1) 0.75

Mean overall satisfaction on NRS, 1-10, 1 = best (95% CI) 1.2 (1.0-1.5) 1.7 (1.3-2.0) 0.08

Mean pain under load on NRS, 1-10, 1 = best (95% CI) 1.2 (1.0-1.5) 1.3 (1.0-1.6) 0.68

Mean cosmetic appearance on NRS, 1-10, 1 = best (95% CI) 1.5 (1.1-1.9) 1.7 (1.3-2.2) 0.41

Mean DASH score, 0-100 (95% CI) 1.6 (0.8-2.6) 2.6 (0.9-5.3) 0.89

No. with revision surgery 0 3

Mean sick leave duration (95% CI) (days) 12 (5-21) 35 (20-54) 0.008

*All outcomes other than radiographic shortening were measured at the 1-year follow-up. CI = confidence interval, NRS= numeric rating scale, and
DASH =Disabilities of the Arm, Shoulder and Hand score. Continuous data are given asmeans and 95%CIs. †Grip strength was measured using a
Jamar dynamometer. ‡Number of patients exhibiting rotational deformity on clinical examination; p value was calculated using the Fisher exact
test. §Number of patients with any degree of deficit in the injured hand. #TAM = total active motion, shown as a percentage relative to the
contralateral hand.
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with that after operative treatment. The lower limit of the 95% CI
around the mean grip strength percentage was above the NIM,
confirming the noninferiority of nonoperative treatment. Overall,
outcomes were similar in both groups, except for the shortening
of the fractured metacarpal and significantly shorter sick leave
duration in the nonoperative group.

To our knowledge, no prospective studies have compared
nonoperative and operative treatment of finger MSFs2. How-
ever, an RCT of metacarpal neck fractures compared nonop-
erative versus operative treatment of the little finger. In that
study, 85 patients were randomized to either intramedullary
wiring or early mobilization. The authors reported no signifi-
cant differences between the groups in QuickDASH (a short-
ened version of the DASH) scores, pain, satisfaction, finger
range of motion, grip strength, or quality of life21.

In a retrospective study, Westbrook et al. compared non-
operative and operative treatment of metacarpal neck fractures
and MSFs22. At a minimum follow-up of 2 years, no significant
differences in DASH scores, grip strength, or self-reported aes-
thetics were found between the groups. Unfortunately, the follow-
up rates were low (17% for nonoperative treatment and 54% for
operative treatment)22. In our study, the DASH scores were low
and not significantly different between the treatment groups,
which is consistent with other studies5. Nonsignificant differences
were likewise found between the good outcome observed in both
groups for overall satisfaction (nonoperative group, 1.2; operative
group, 1.7) and the cosmetic result (nonoperative group, 1.5;
operative group, 1.7). Other studies investigating metacarpal neck
fractures have shown patient satisfaction with the cosmetic
appearance to be higher, but not significantly so, in the
operative group21,23.

The complication rate in the operative group (15%) may
seem high on first inspection. However, because of the pro-

spective study design, even minor complications that could
have escaped detection in retrospective studies were noted.
Fewer complications might have been expected if the surgery
had been performed by more experienced surgeons (level 4 or
5)20, but the lower experience level in our study reflects local
practice in Sweden for this fracture type and is probably com-
parable with that in many countries.

Sick leave duration was significantly lower in the non-
operative group (12 days) than in the operative group (35 days).
Most patients with finger MSFs are of working age, and the
economic burden of finger MSFs has been discussed in detail by
Taha et al.3. In our study, the costs for operative treatment were
higher than those for nonoperative treatment, without inclusion
of the societal costs of sick leave and the complications that
occurred exclusively in the operative group.

Limitations and Strengths
As with other noninferiority studies, the risk of type-II errors is
important to consider if there are no significant differences
between the groups. In our study, we chose an NIM of a grip
strength decrease of 15% based on previous reports of hand
strength differences of approximately 10% and an additional
5% to account for the expected margin of lowered strength
after injury and treatment19. Such an arbitrary threshold could
be criticized; however, patients who were treated operatively
showed similar grip strength outcomes. While the amount of
expected variance between the dominant and nondominant
hands also remains a subject of debate24, our findings indicated a
clear bias toward a stronger grip in the dominant hand in our
sample. Given the fact that noninferiority was reached despite the
nonoperative group containing a majority of nondominant
injured hands strengthened the conclusion of noninferiority of
nonoperative treatment.

TABLE IV Estimated Treatment Costs per Patient

Treatment

Nonoperative Operative

Unit Costs per Unit (USD) No. of Units Costs (USD) No. of Units Costs (USD)

Visit to emergency department 457 1 457 1 457

Operating room, per minute* 34 0 0 63 2,142

Material

Implants 26/screw 0 0 2 52

Orthosis 34 1 34 1 34

Outpatient physiotherapy/occupational therapy 223 2 446 2 446

Outpatient appointment with nurse 223 0 0 1 223

Outpatient appointment with physician 375 1 375 1 375

Radiographs 35 1 35 3 105

Total 1,347 3,834

*The $34 cost per minute was calculated based on the mean time in the operating room (63 minutes) and recorded total operating room costs for
the operative procedures (2,142 USD).
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Shortening was analyzed as a secondary outcome although
it had not been specified in the pre-study protocol because it has
been considered relevant for hand and finger function11-13. How-
ever, measuring metacarpal shortening is challenging, and the
method of using the metacarpal line is vulnerable to the variability
of normal anatomy25.Making radiographicmeasurements between
fracture edges is less accurate. However, the only way to assess the
shortening accurately is with use of bilateral radiographs, whichwe
did not use. The hand grip assessment was not conducted by
an individual blinded to treatment group, which was a
potential source of detection bias.

Several secondary outcome measures failed to show
significant differences between the groups, which may rep-
resent underpowering rather than noninferiority. In par-
ticular, it was not possible to perform a reliable statistical
analysis of the small number of complications.

The strengths of this study were its design and the follow-
up of 100% of the participants. RCTs offer the highest level of
evidence but are rare in hand surgery. When trials on scaphoid
and distal radial fractures are excluded, only 78 RCTs of the
hand have been conducted over the past 35 years, of which only
16 compared nonoperative and operative treatment26. With the
RCT described herein, we hope to further support evidence-
based decision-making between nonoperative and operative
treatment for finger MSFs.

Conclusions
When treated with unrestricted mobilization, patients with a
single spiral and/or oblique finger MSF have similar out-
comes when compared with patients who were treated
operatively, despite metacarpal shortening. Nonoperative treat-

ment generates shorter sick leave duration and substantially lower
costs. We conclude that nonoperative treatment with immediate
mobilization should be advocated in patients with a singleMSF of
the type investigated in this study.

Appendix
Supporting material provided by the authors is posted
with the online version of this article as a data supplement

at jbjs.org (http://links.lww.com/JBJS/H304). n
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Update
This article was updated on January 18, 2023, because of a previous error, which was discovered after the preliminary

version of the article was posted online. On page 103, in the first column of Table III, the continuous outcomes, which had been
given as “Median” and “(range)”, are now given as “Mean” and “(95% CI)”, respectively.
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