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Background: First described in 1882, Bennett's fracture is an intra-
articular fracture of the first metacarpal associated with a disloca-
tion of the carpometacarpal joint. Usually, open reduction internal
fixation is used to manage such fractures. However, closed reduc-
tion has shown good outcomes recently. This meta-analysis com-
pares closed reduction to open reduction internal fixation in the
management of Bennett’s fracture.

Methods: PubMed, Cochrane, and Google Scholar (pages 1-20)
were searched until August 2023. The clinical outcomes consisted
of post-traumatic arthritis, grip and pinch strengths, range of mo-
tion, functional scores, and mean adduction deformity.

Results:  Six retrospective studies were included in this meta-
analysis. Our results show higher grip and pinch strengths, better
extension and flexion of the thumb, and lower mean adduction de-
formity in the open reduction internal fixation group.

Conclusion: Higher grip and pinch strengths, better extension and
flexion of the carpometacarpal joint, and a smaller mean adduc-
tion deformity of the thumb in the open reduction internal fixation
group. No differences were seen in the remaining outcomes. How-
ever, a higher rate of complications is associated with open reduc-
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tion internal fixation. Nevertheless, more randomized controlled
studies are needed to confirm such results.
Level of evidence: Il
© 2023 The Authors. Published by Elsevier Ltd on behalf of British
Association of Plastic, Reconstructive and Aesthetic Surgeons.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

The fracture known as Bennett’s fracture was first described in 1882 by Edward Hallaran Bennett.!
The first metacarpal shaft, which is the largest fracture fragment, is displaced by the muscles of the
abductor pollicis longus and adductor pollicis.” The palmar oblique ligament is attached to the smaller,
volar fracture fragment.2 An unstable fracture results from adduction of the first metacarpal shaft
toward the second metacarpal and abduction of the first metacarpal shaft within the carpometacarpal
(CMC) joint.?

Studies at first demonstrated better outcomes when this unstable fracture is treated surgically.3-*
Open reduction and internal fixation (ORIF) has the benefit of anatomically reducing the fracture un-
der direct view and is said to produce positive results,’-® avoid post-traumatic arthritis,” and has a
potential for early mobilization.® However, closed reduction (CR) and percutaneous fixation is known
to result in positive clinical outcomes.’-'° Fluoroscopy is utilized during CR to evaluate fracture reduc-
tion. Furthermore, it was shown that fluoroscopy can be used safely to evaluate step-offs and gaps in
the closed surgical treatment of intra-articular fractures at the base of the first metacarpal.'!

Until now, there has been no consensus regarding the management of Bennett’s fracture. Therefore,
this meta-analysis consists of comparing CR (with percutaneous fixation by K wires, screws, and an
external fixator) to ORIF when facing such a fracture.

Material and methods
Search strategy

This study followed the PRISMA guidelines. PubMed, Cochrane, and Google Scholar (pages 1-20)
were searched and updated to August 2023 using the following keywords and Boolean terms “Ben-
nett” and “Fracture” for the qualified studies in order to compare CR to ORIF in the management of
Bennett’s fracture. Literature was also identified by tracking reference lists from papers and Internet
searches. One investigator (MD) extracted the data, and another investigator (AS) confirmed the choice
of the articles. The process is summarized in the PRISMA flowchart (Figure 1).

Inclusion criteria were (1) comparative randomized controlled trials, retrospective comparative
studies, and prospective clinical trials; (2) patients who suffered Bennett’s fracture; (3) CR was used in
one group compared to a second group treated by ORIF. Excluded studies were (1) case reports, narra-
tive or systematic reviews, theoretical research, conference reports, meta-analysis, expert comments,
and economic analysis; (2) non-relevant outcomes.

Data extraction

Two reviewers determined the eligibility of the studies independently. Extraction of the analyzed
data was made from the included studies and it consisted of two parts. The first part consisted of
the basic information containing the name of the authors, the title, the publication year, the journal,
the volume, the issue, the pages, the study design, the sample size along with the size of each group
of management, and the different types of bias suspected in each study. The second part consisted
of post-operative arthritis, pinch and grip strengths, thumb range of motion, functional scores, and
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Figure 1. PRISMA flowchart for the article selection process.

the mean of adduction deformity. Any arising difference between the investigators was resolved by
discussion.

Risk of bias assessment

Two authors (MD and AS) independently assessed the risk of bias using the ROBINS-I tool for
assessing risk of bias in non-randomized studies of interventions.'? Studies that had a critical risk of
bias were excluded.

Statistical analysis

The statistical analysis was performed using Review Manager 5.4 (The Cochrane Collaboration,
2020). For continuous data, 95 % confidence intervals (CI) and standardized mean differences were
utilized, while risk ratio with 95 % CI was used for dichotomous data. Q tests and 2 statistics were
used to evaluate heterogeneity, indicating considerable heterogeneity if p < 0.10 or 12 > 50 %. High
levels of variability in the variables were handled by the random-effects model. On the other hand, the
fixed-effect model was chosen if p > 0.10 or 12 < 50 %. statistically significant is shown by p = 0.05.

Results
Characteristics of the included studies

Six studies were included in this meta-analysis.>'3>-17 All of them were retrospective studies. This
study involved 155 subjects in the CR group compared to 185 subjects in the ORIF group. The main

characteristics of the included studies are summarized in Table 1. The results of the bias assessment
are summarized in Table 2.
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Table 1

Main characteristics of the included studies.

Methods Participants Mean age (SD) Measured outcomes Follow-up time
CR ORIF CR ORIF
Kamphuis et al. Retrospective 15 35 39 32 Eaton-Littler carpometacarpal arthritis, 10
2019 comparison 15 10 complications (reoperations, sensory years
dysfunction,), pain, pinch strength, grip
strength, and DASH
Lutz et al. 2003 Retrospective 17 15 37 28 Pain, arthritis, grip power, pinch power, range 7
comparison NA NA of motion, mean loss of reduction, and mean years
adduction deformity
Pomares et al. Retrospective 11 10 37 30 QuickDASH, kapandji, grip strength, pinch 33 months
2016 comparison NA NA strength, tourniquet duration, immobilization,
sick leave, complications, return to former
activities, Fracture healing, anatomical
reduction, joint remodeling, and
intra-articular fixation material
Zhang et al. 2011 Retrospective 21 56 35 32 Pinch strength, grip strength, range of motion, 39 months
comparison NA NA and pain
Zhang et al. 2019 Retrospective 35 37 34 32 Gap, step-off, bone healing, satisfaction, 16 months
comparison 6 5 DASH, Kapandji opposition score, grip
strength, key pinch, thumb abduction,
extension, and flexion
Zhongzhe et al. Retrospective 56 32 37 34 Range of motion, reduction, arthritis, grip 7
2011 comparison NA NA power, pinch power, and deformity years
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Table 2
Bias assessment of the included studies.
Studies Confounding Selection bias Classification Bias due to Bias due to Bias in measurement Bias in selection of Results

bias bias deviation from missing data of outcomes reported results

interventions

Kamphuis et al. Low risk Low risk Low risk Low risk Low risk Moderate risk Low risk Moderate risk
2019
Lutz et al. 2003 Low risk Low risk Low risk Low risk Low risk Moderate risk Low risk Moderate risk
Pomares et al. Low risk Low risk Low risk Low risk Low risk Moderate risk Low risk Moderate risk
2016
Zhang et al. 2011 Low risk Low risk Low risk Low risk Low risk Moderate risk Low risk Moderate risk
Zhang et al. 2019 Low risk Low risk Low risk Low risk Low risk Moderate risk Low risk Moderate risk
Zhongzhe et al. Low risk Low risk Low risk Low risk Low risk Moderate risk Low risk Moderate risk

2011
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a CR ORIF Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kamphuis etal. 2019 5 15 19 35 359%  042(0.12,1.49) ¢ =
Lutz et al. 2003 4 17 5 15 19.2%  0.62[0.13,280] 4
Zhongzhe et al. 2011 18 58 11 32 449%  090(0.38,2.27) —
Total (95% CI) 88 82 100.0%  0.68[0.35, 1.31] e RRe—
Total events 27 35
Heterageneity: Chi*= 0.94, df= 2 (P = 0.63); F=0% 'D 2 055 é 51
Test for overall effect: Z=1.16 (P = 0.25) ' Fa\)ours [CR] Favours [ORIF]
B CR ORIF Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M.H, Fixed, 95% Cl M-H, Fixed, 95% CI
Kamphuis et al. 2019 715 11 35 19.6%  1.91(0.55,6.60) >
Lutz et al. 2003 g 17 10 15 27.8% 056013, 2.36) ¢ =
Zhongzhe etal. 2011 30 56 16 32 526% 1.15[0.48, 2.75] —_—ri—
Total (95% CI) 88 82 100.0%  1.14[0.60,2.14] ——eaEERe—
Total events 46 37
Heterageneity: Chi*= 1.60, df= 2 (P = 0.45); F= 0% 50 2 055 5 51
Test for overall effect: Z=0.40 (P = 0.69) ) Favburs [CR] Favours [ORIF]
c CR ORIF Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kamphuis et al. 2019 1 15 5 35 323% 043[0.054.02 ¢ i
Lutz etal. 2003 317 0 15 49% 7.48(0.35,157.76) »
Zhongzhe et al. 2011 8 56 5 32 628%  0.90[0.27,3.03 i
Total (95% Cl) 88 82 100.0%  1.07[0.42,2.70] e S ——
Total events 12 10
Heterogeneity: Chi*= 2.28, df= 2 (P=0.32); F=12% lD 2 055 é 51
Test for overall effect. Z=0.15 (P = 0.88) ) Fa\)ours [CR] Favours [ORIF]

Figure 2. (A): Forest plot showing Eaton-Littler CMC stage 1 arthritis in CR and ORIF. (B): Forest plot showing Eaton-Littler
CMC stage 2 arthritis in CR and ORIF. (C): Forest plot showing Eaton-Littler CMC stage 3 arthritis in CR and ORIE.

Arthritis

Three studies (with a mean follow-up ranging from 7 to 10 years) on 170 subjects (88 CR vs 82
ORIF) reported data on post-operative arthritis according to Eaton-Littler. The results showed no dif-
ferences between CR and ORIF in stage 1 arthritis (odds ratio= 0.68; 95 % Cl= 0.35-1.31, p = 0.25,
Figure 2A), stage 2 arthritis (Odds Ratio= 1.14; 95 % Cl= 0.6-2.14, p = 0.69, Figure 2B), and stage 3
arthritis (Odds Ratio= 1.07; 95 % Cl= 0.42-2.7, p = 0.88, Figure 2C).

Strengths

Six studies on 340 subjects (155 CR vs 185 ORIF) reported data on both grip and pinch strengths
post-operatively. The results showed that when compared to ORIF, CR had significantly lower post-
operative grip strength (mean difference= —3.01; 95 % Cl= —4.01- —2.01, p< 0.00001, Figure 3A), as
well as pinch strength (mean difference= —1.07; 95 % Cl= —1.64- —0.5, p = 0.0002, Figure 3B)

Range of motion

Adduction

Two studies on 120 subjects (73 CR vs 47 ORIF) reported data on post-operative thumb adduction.
The results showed no differences between CR and ORIF (mean difference= 2.04; 95 % Cl= —1.07-5.14,
p = 0.2, Figure 4A).
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& CR ORIF Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Kamphuis et al. 2019 463 35 15 486 23 35 27.0% -2.30[4.23,-0.37] —=
Lutz etal. 2003 89 22 17 87 20 15 05% 2.00[12.55, 16.55)
Pomares etal. 2016 487 35 1" 52 23 10 159% -3.30(-5.81,-0.79) =
Zhang etal. 2011 39 35 2 43 23 56 386% -4.00[-5.61,-2.39) -
Zhang etal. 2019 434 41 35 453 61 37 176% -1.90[-4.29,0.49) -
Zhongzhe etal. 2011 87 56 56 84 32 32 03% 3.00[15.39,21.39)
Total (95% CI) 155 185 100.0% -3.01[-4.01,-2.01] 3
it Chi? = = = CE= ; + L ,
Heterogeneity: Chi = 3.31, df=5(P=0.59); F=0% ‘2'0 -1'0 ) 1-0 2'0
Test for overall effect: Z= 5.88 (P < 0.00001) Favours [ORIF] Favours [CR]
B CR ORIF Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI v, 95% CI
Kamphuis etal. 2019 10 1 15 11 08 35 24.0% -1.00[1.57,-0.43] —_—
Lutz et al. 2003 42 13 17 40 1 15  05% 2.00[6.32,10.32) ¢ >
Pomares etal. 2016 93 1 11 107 08 10 200% -1.40[217,-063 ———
Zhang etal. 2011 58 1 21 74 08 56 259% -160[2.08,-1.12 +—=—
Zhang etal. 2019 71 05 35 76 07 37 295% -050[0.78,-0.22] —
Zhongzhe et al. 2011 42 56 56 40 32 32 01% 200[-16.39,20.39) ¢ >
Total (95% CI) 155 185 100.0% -1.07 [-1.64,-0.50] e
Heterogeneity: Tau®= 0.26; Chi*= 18.29, df= 5 (P = 0.003); F= 73% ! t |

Testfor overall effect: Z= 3.70 (P = 0.0002)

y
- 0 1
Favours [ORIF] Favours [CR]

Figure 3. (A): Forest plot showing post-operative grip strength in CR and ORIF. (B): Forest plot showing post-operative pinch

strength in CR and ORIF.

A
CR ORIF Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Lutz etal. 2003 22 4 17 20 5 15 96.2% 200F1.17,517] -1
Zhongzhe et al. 2011 23 49 56 20 27 32 3.8% 3.00[-12.88,18.89]
Total (95% CI) 73 47 100.0%  2.04[-1.07,5.14] ?
Heterogeneity: Chi*= 0.01, df=1 (P = 0.90); F=0% k + T + |
. -20 -10 1) 10 20
Test for overall effect: Z=1.29 (P = 0.20) Favours ORIF Favours CR
B
CR ORIF Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV,R: 95% CI IV, Rand: 95% CI
Lutzetal. 2003 33 8 17 29 8 15 271% 4.00 [-1.55, 9.55] -T—
Zhang etal. 2011 76 8 21 82 8 56 30.7% -6.00[-10.01,-1.99] —
Zhang etal. 2019 76 6 35 84 6 37 333% -8.00[10.77,-5.23) —
Zhongzhe etal. 2011 35 52 56 32 29 32 89% 3.00[13.9219.92)
Total (95% CI) 129 140 100.0%  -3.16 [-8.96, 2.65] e
Heterogeneity: Tau?= 24.36; Chi*= 15.38, df = 3 (P = 0.002); F= 80% :-20 _110 3 1:0 20:
Test for overall effect: Z=1.07 (P = 0.29) Favours [ORIF] Favours [CR]
c CR ORIF Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Lutz etal. 2003 45 9 17 43 10 15 88.0%  2.00[-4.63, 8.63]
Zhongzhe etal. 2011 46 55 56 43 AN 32 12.0% 3.00[-14.97,20.97] >
Total (95% CI) 73 47 100.0%  2.12[-4.10,8.34] "-
ity: Chi*= = = R= L + T + J
Heterogeneity: Chi*= 0.01, df=1 (P = 0.92); F=0% =0 0 ) 10 20

Test for overall effect: Z= 0.67 (P = 0.50)

Favours ORIF Favours CR

Figure 4. (A): Forest plot showing post-operative adduction in CR and ORIF. (B): Forest plot showing post-operative abduction
in CR and ORIF. (C): Forest plot showing post-operative opposition in CR and ORIF. (D): Forest plot showing post-operative
extension-flexion in CR and ORIE. (E): Forest plot showing post-operative Kapandji opposition score in CR and ORIE.

Abduction

Four studies on 269 subjects (129 CR vs 140 ORIF) reported data on post-operative thumb abduc-
tion. The results showed no differences between CR and ORIF (mean difference= —3.16; 95 % Cl=
—8.96-2.65, p = 0.29, Figure 4B)
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D
CR ORIF Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Zhang et al. 2011 47 1 21 43 67 56 200% -2.00(7.02, 3.02) [
Zhang etal. 2019 45 7 35 49 3 37 B80.0% -4.00[6.51,-1.49) =
Total (95% CI) 56 93 100.0% -3.60 [-5.85, -1.35] -
ity: Chi*= = = RS I } + |
s e A G RS
estfor overall effect: Z= 3.14 (P = 0. ) Favours ORIF Favours CR
E ’ .
CR ORIF Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Pomares et al. 2016 99 01 11 95 02 10 50.9% 0.40[0.26, 0.54] -
Zhang etal. 2019 845 098 35 931 053 37 491% -086[1.23,-049) ——

Total (95% CI) 16 47 100.0%  -0.22[-1.45,1.02] ——*——
Heterogeneity: Tau®= 0.77; Chi*= 39.75, df= 1 (P < 0.00001); F= 87% t t t +

Test for overall effect Z=0.35 (P = 0.73) A -05 v b !

Favours ORIF Favours CR

Figure 4. Continued

CR ORIF Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% CI IV, Rand 95% CI
Kamphuis et al. 2019 4 89 15 0 44 35 11.3% 4.00[-0.73,8.73] N -
Pomares etal. 2016 31 17 11 43 19 10 37.4% -1.20[2.75,0.35 —a—
Zhang etal. 2019 177 065 35 1.06 048 37 51.3% 0.71(0.44, 0.98] =

Total (95% Cl) 61 82 100.0% 0.37[-1.43, 2.16] ’
Heterogeneity: Tau = 1.62; Chi*= 7.59, df = 2 (P = 0.02); F= 74% t t

Testfor overall effect: Z= 0.40 (P = 0.69) S EsplreER Faiebe

Figure 5. Forest plot showing post-operative DASH score in CR and ORIF.

Opposition

Two studies on 120 subjects (73 CR vs 47 ORIF) reported data on post-operative thumb opposition.
The results showed no differences between CR and ORIF (mean difference= 2.12; 95 % Cl= —4.1-8.34,
p = 0.5, Figure 4C)

Extension-flexion

Two studies on 149 subjects (56 CR vs 93 ORIF) reported data on post-operative thumb extension-
flexion. The results showed that when compared to ORIF, CR had lower post-operative CMC extension-
flexion (mean difference=-3.6; 95 % Cl= —5.85- —1.35, p = 0.002, Figure 4D)

Kapandji opposition score

Two studies on 93 subjects (46 CR vs 47 ORIF) reported data on post-operative Kapandji opposition
score. The results showed no differences between ORIF and CR (mean difference= —0.22; 95 % Cl=
—1.45- 1.02, p = 0.73, Figure 4D)

DASH score
Three studies on 143 subjects (61 CR vs 82 ORIF) reported data on post-operative DASH score. The

results showed no differences between ORIF and CR (mean difference= 0.37; 95 % Cl= —1.43- 2.16,
p = 0.69, Figure 5).

Mean adduction deformity

Two studies on 138 subjects (71 CR vs 67 ORIF) reported data on post-operative mean adduction
deformity. The results showed that when compared to ORIF, CR showed a higher mean adduction
deformity (mean difference= 4.68; 95 % Cl= 1.44-7.91, p = 0.005, Figure 6).
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CR ORIF Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Kamphuis etal. 2019 9 6 15 4 4 35 954% 5.00[1.69,8.31]
Zhongzhe et al. 2011 4 47 56 6 25 32 4.6% -2.00[-17.05,13.05)
Total (95% Cl) 71 67 100.0% 4.68[1.44,7.91] ’
Heterogeneity: Chi*= 0.79, df=1 (P = 0.37); F= 0% I {

-20 -10 0 10 20

Testfor overall effect: Z= 2.83 (P = 0.005) Favours CR Favours ORIF

Figure 6. Forest plot showing post-operative mean adduction deformity in CR and ORIF.

Discussion

First described in 1882, Bennett’s fracture is an intra-articular fracture of the first metacarpal with
a dislocation of the CMC joint. ORIF is usually preferred in such an unstable fracture in order to attain
anatomical reduction and prevent the occurrence of post-traumatic arthritis. However, CR was shown
to result in good outcomes. Data regarding the management of this fracture are still unclear. For that
reason, this meta-analysis compares CR to ORIF in the treatment of Bennett's fracture. When com-
paring CR to ORIF, the latter showed better post-operative grip and pinch strengths, better extension
and flexion of the CMC joint, and smaller mean adduction deformity. No difference was seen in the
remaining outcomes.

Our results showed no difference in the development of arthritis between CR and ORIF. In fact,
Kamphuis et al. showed that there was a correlation between the occurrence of post-traumatic arthri-
tis and a step-off/gap of 2 mm.? This leads us to consider how much importance anatomical reduc-
tion should receive during surgery in an effort to stop these post-traumatic modifications from occur-
ring.>-'8 Furthermore, other studies reported good outcomes with a step-off/gap smaller than 2 mm.”

Our results have shown no difference between CR and ORIF in the DASH score and the range of
motion except for the extension and flexion of the CMC joint. It was shown as well that pain was
mostly seen in patients treated with ORIF and that these patients were often reoperated in order to
remove the hardware due to functional impairments and complaints.?'# In fact, studies have shown
that even with ORIF, failure, as well as redislocation, can occur in around 30 % of the cases due to
failed osteosynthesis.>:!?

Even though higher grip and pinch strengths were seen in the ORIF group, there remains to be
seen the clinical significance of this statistical difference. Moreover, the complications associated with
ORIF must be taken into consideration such as persistent pain, paresthesia, loss of strength, and mal-
union which can potentially affect the return to work.' Actually, Pomares et al.'* showed that the
post-operative course was simpler, the immobilization time was shorter, the rate of complications
was lower, and the tourniquet time was shorter in the CR group.

However, a higher mean of adduction deformity was seen in the CR group. This might be due
to the placement of the Kirschner wire near the fracture line resulting in the loss of reduction.?®
Therefore, ORIF can still have a place in cases where the Kirschner wire cannot be placed in the
uninjured bone at the base of the thumb metacarpal or in irreducible fractures.'

Strengths and limitations

This study is the first meta-analysis comparing CR to ORIF in Bennett’s fracture. Moreover, this
metanalysis involved only comparative studies, which decreased the risk of operative matching, as
well as other bias types. Finally, the selection process was more selective which makes the study
less heterogenous and decreases the risk of bias. However, this study presents some limitations: Few
comparative studies in the literature were included; the inclusion and exclusion criteria for patients
were different and the rehabilitation programs were different in each particular study; the number
of included studies is limited and the data used for analysis was pooled because individual patients’
data were unavailable, which could limit more comprehensive analyses.
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Conclusion

This study is the first meta-analysis comparing CR to ORIF in the management of Bennett’s fracture.
Our results showed higher grip and pinch strengths, better extension and flexion of the CMC joint,
and a smaller mean adduction deformity of the thumb in the ORIF group. No differences were seen in
the remaining outcomes. However, studies have shown that ORIF is associated with a higher rate of
complications and the clinical significance of the statistically higher grip and pinch strengths is still
unknown. Nevertheless, additional randomized controlled studies are needed to confirm our results.
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