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ABSTRACT
Mallet finger is a commonly encountered condition in daily practice. However, there is currently no con-
sensus on whether surgical intervention or conservative treatment with orthosis splint is superior. In this
systematic review and meta-analysis, we compare the treatment outcomes between surgery and orthosis
for bony and tendinous mallet finger. We searched PubMed, Embase, and the Cochrane Library according
to the PRISMA guidelines from inception to January 15, 2021. The primary outcome was distal interpha-
langeal (DIP) joint extension lag angle, and secondary outcomes were DIP joint flexion and range of
motion (ROM) angle. A total of 297 studies were initially identified, of which 13 (ten retrospective non-
randomized controlled studies (non-RCTs) and three RCTs) were included in the final analysis. The results
of this systematic review and meta-analysis showed that there was no high level of evidence supporting
the superiority of surgery over orthosis in the treatment of mallet finger. Based on the available evidence,
surgical intervention and conservative treatment with splint may offer similar clinical outcomes in both
bony and tendinous mallet finger.
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Introduction

Mallet finger is a common hand injury involving the extensor ten-
don with either tendon rupture or bony avulsion at the base of
the distal phalanx leading to limited active extension of the distal
interphalangeal joint (DIP) [1–3]. The cause of mallet finger is usu-
ally forceful flexion or hyperextension to the tip of the finger [4–
7]. Disruption of the terminal extensor tendon results in extension
lag of the DIP joint and drop finger. If left untreated, a mallet fin-
ger can be complicated by the development of stiffness, osteo-
arthritis or swan-neck deformity [8–10].

There is currently no consensus regarding the optimal treat-
ment of mallet finger. A number of surgical techniques and con-
servative treatments have been proposed over the past several
decades, however the optimal method is still under debate. The
treatment options for tendinous and bony mallet which affects
less than one-third of the DIP joint are mainly conservative [11–
14]. However, surgical intervention is necessary for an open injury,
when splinting cannot correct acute deformities, or in cases of
poor compliance during splint immobilization [15]. Traditionally,
some authors recommend surgical treatment if the mallet injury
involves palmar subluxation or more than one-third of the articu-
lar surface of the distal phalanx [16–19].

Surgical treatment may include Kirschner wire (K-wire) exten-
sion block pinning, pull-in suture, pull-out wire, tenodermodesis,
open reduction and fixation, hook plate, and tension band wire
[20–27], while conservative management may include different
types of splint such as Abouna orthosis, Stack orthosis, a volar or
dorsal aluminium splint, and custom-fabricated thermoplastic

splints [11,28–35]. Although many studies have described the
treatment outcomes of different surgical and conservative treat-
ment methods, comparative studies are limited. In addition, the
treatment outcomes of surgical versus nonsurgical treatment in
previous studies have been inconsistent. Therefore, the purpose
of this study was to summarize the outcomes between surgical
treatment and orthosis for bony and tendinous mallet finger with
further meta-analysis.

Material and methods

This systematic review was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [36]. This study was registered at the
PROSPERO website (ID number CRD42021235788).

Search strategy and inclusion criteria

We searched PubMed, Embase, and the Cochrane Library from
inception to January 15, 2021 for studies comparing surgical treat-
ment and splint for bony or tendinous mallet finger. The search
strategy comprised the following keywords: (mallet finger or mal-
let fracture or mallet injury or baseball finger or drop finger) AND
(surgery or surgical treatment or K-wire extension block pinning
or pull-out wire fixation or internal fixation or percutaneous pin-
ning) AND (splint or orthosis or splintage or conservative treat-
ment or nonoperative). Medical Subject Headings (MeSH) terms
were used in combination with Boolean operators (AND,
OR, NOT).
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Studies were considered eligible if they were retrospective,
cohort studies, non-randomized controlled trials and randomized
controlled trials (RCTs) which compared the treatment outcomes
between surgical intervention and splint for mallet finger. The
exclusion criteria were patients with mallet thumb or chronic mal-
let finger, and those younger than 18 years. The bibliographies of
eligible RCTs and related review articles were manually reviewed
for relevant references for any missing studies. Literature not writ-
ten in English was translated for further evaluation.

We included RCTs and comparative non-randomized controlled
studies (non-RCTs), and excluded case reports, review articles,
meta-analyses, editorials, commentaries and letters to the editor.
All articles that fulfilled the inclusion criteria were retrieved for
full-text evaluation.

Data extraction and quality assessment

Two reviewers (CHL and CP) examined all of the retrieved articles
and extracted data. Disagreements between the two reviewers
were discussed with a third reviewer (YTL) until a consensus was
reached. Extracted variables included general study characteristics
(author, year of publication, study design, and number of
patients), clinical characteristics (classification of mallet finger),
treatment characteristics (surgical technique, type of orthosis, and
outcome evaluation method), primary and secondary outcomes
(DIP joint extension lag, total active range of motion of the DIP
joint, active DIP joint flexion, and success rate), and complications.
In cases of incomplete information in the included studies, we
contacted the authors via e-mail.

Risk of bias assessment

The quality of the enrolled studies was evaluated by two
reviewers independently using the Revised Cochrane Risk of Bias
(RoB 2.0) tool for RCTs and the Risk of Bias in Non-randomized
Studies of Interventions (ROBIN-I) tool for comparative retrospect-
ive studies [37,38].

Data synthesis and analysis

The primary outcome was DIP joint extension lag between sur-
gery and splint. The secondary outcomes were active DIP joint
flexion, active DIP joint range of motion, and complications. We
used the quantity I2, with a range from 0% to 100%, to test for
variation across studies that was due to heterogeneity rather than
to chance, and to quantify the effect of heterogeneity. An I2 value
of more than 50% was considered to indicate notable
heterogeneity.

The results were expressed in terms of odds ratio (OR) and
95% confidence interval (95% CI) for dichotomous outcomes, and
mean difference (MD) and 95% CI for continuous outcomes. Due
to the retrospective nature of most studies, a random effects
model was used to pool individual MDs and ORs. Statistical analy-
ses were performed using Review Manager version 5.4 software
(The Nordic Cochrane Centre, The Cochrane Collaboration,
Copenhagen, Denmark). Statistical significance was defined as
p-values < 0.05.

Results

A total of 297 potentially relevant studies were initially identified
through the search. After the titles and abstracts of these articles
had been reviewed for relevance, 77 articles remained, and the

full text of these articles were evaluated. Ultimately, 13 articles ful-
filled the inclusion criteria and were included (Figure 1). Of these
13 articles, ten were retrospective non-RCTs and the remaining
three were RCTs. The characteristics of the eligible studies, main
treatment outcomes, and complications are summarized in
Table 1. A total of 233 patients who were treated with surgical
treatment and 295 who were treated with orthosis splint were
included in the systematic review. In one (Thillemann et al.) of the
RCTs, one patient in each group left the study during the follow-
up period, leaving 14 patients in each of the two groups (6.6%
drop out rate).

The pooled results of the RCTs and non-RCTs were analyzed
first, and we divided the treatment outcomes into subgroups
based on the study design.

Analysis of treatment outcomes

Only three of the non-RCTs had available data for the meta-ana-
lysis. These three non-RCTs and the three RCTs included a total of
236 patients, including 114 in the surgery group and 122 in the
splint group.

A total of 98 patients were included in the three RCTs, includ-
ing 47 in the surgery group and 51 in the splint group [39–41].
The surgical techniques were trans-DIP K wire, suture
anchorþ Trans-DIP K-wire, and K wire extension block pinning,
and the types of splint were Pryor and Howard splints, aluminum
splints, and palmar padded aluminum splints.

Of the 10 non-RCTs studies, three had available and sufficient
data to be included in the meta-analysis [42–51]. A total of 138
patients were included in these three studies, including 67 in the
surgery group and 71 in the splint group. The surgical techniques
were K wire extension block pinning, oblique K-wire fixation, and
absorbable bone anchor, and the type of splints were plastic stack
orthosis or volar aluminum foam splints, custom thermoplastic
splints, and metal splints.

Post-operative DIP joint extension lag angle

Pooled analysis of the RCTs and non-RCTs
In the pooled analysis (3 RCTs and 3 non-RCTs), there was no sig-
nificant difference between the surgery and splint groups in post-
operative DIP joint extension lag angle (MD¼�3.00, 95%
CI¼�6.37, 0.38; p¼ 0.08). Significant heterogeneity was found
among the six studies (I2 ¼ 60%; p¼ 0.03) (Figure 2).

Subgroup analysis of the RCTs
No significant heterogeneity was found among the three studies
(I2 ¼ 34%; p¼ 0.22), and there was no significant difference
between the surgery and splint groups (MD¼�0.58, 95%
CI¼�4.35, 3.19; p¼ 0.76)

Subgroup analysis of the non-RCTs
Significant heterogeneity was found among the three studies (I2

¼ 64%; p¼ 0.06). There was a significantly better treatment out-
come with regards to post-operative DIP joint extension lag angle
in the surgery group (MD¼�5.14, 95% CI¼�10.17, �0.11;
p¼ 0.05)

Post-operative DIP joint flexion angle

Pooled analysis of the RCTs and non-RCTs
In the pooled analysis (3 RCTs and 3 non-RCTs), there was no
significant difference between the surgery and splint groups in
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post-operative DIP joint flexion angle (MD ¼ 1.40, 95%
CI¼�1.22, 4.02; p¼ 0.29). No significant heterogeneity was found
among the six studies (I2 ¼ 26%; p¼ 0.24) (Figure 3).

Subgroup analysis of the RCTs
Significant heterogeneity was found among the three studies (I2

¼ 74%; p¼ 0.02). A random effects model was used, and the
results revealed no significant difference between the surgery and
splint groups (MD¼�4.23, 95% CI¼�10.98, 2.52; p¼ 0.22).

Subgroup analysis of the non-RCTs
No significant heterogeneity was found among the three studies
(I2 ¼ 0%; p¼ 0.52). There was a significantly better outcome with
regards to DIP joint flexion angle in the surgery group (MD ¼
3.01, 95% CI ¼ 0.08, 5.93; p¼ 0.04).

Post-operative DIP joint total active range of motion

Pooled analysis of the RCTs and non-RCTs
Five studies (3 RCTs and 2 non-RCTs) were pooled into the meta-
analysis. There was no significant difference between the surgery
and splint groups in post-operative DIP joint total active range of
motion (MD ¼ 0.91, 95% CI¼�7.40, 9.22; p¼ 0.83). There was

significant heterogeneity among the five studies (I2 ¼ 77%;
p¼ 0.001) (Figure 4).

Subgroup analysis of the RCTs
Significant heterogeneity was found among the three studies (I2

¼ 74%; p¼ 0.05), and there was no significant difference between
the surgery and splint groups (MD¼�4.00, 95% CI¼�13.78,
5.79; p¼ 0.42).

Subgroup analysis of the non-RCTs
Only two non-RCTs had available data for the meta-analysis. A
total of 99 patients were included in these two studies, including
46 in the surgery group and 53 in the splint group. Significant
heterogeneity was found between the two studies (I2 ¼ 87%;
p¼ 0.006), and there was no significant difference in post-opera-
tive DIP joint total active range of motion between the surgery
and splint groups (MD ¼ 8.27, 95% CI¼�8.27, 24.80; p¼ 0.33).

Complications

The 13 studies included 255 patients who received a surgical
intervention and 334 who received splint treatment (including
those were lost to follow-up) and reported complications. The

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram for the search and identification of the included studies.
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surgical complications included pin tract infection, osteomyelitis,
nail deformity and dystrophy, cold intolerance, and dorsal promin-
ence, and the splint complications included local irritation, pres-
sure ulcer, skin maceration or ulceration, dorsal bump, and
secondary subluxation. No significant heterogeneity was found
among the 13 studies (I2 ¼ 0%; p¼ 0.60), and there was no sig-
nificant difference in complications between the surgery and
splint groups (OR ¼ 1.20, 95% CI ¼ 0.76, 1.90; p¼ 0.43) (Figure 5,
Table 2).

Risk of bias assessment

In the risk of bias assessment of the RCTs, the greatest concerns
were related to allocation concealment and in the blinding of out-
come assessment. For risk of bias assessment of the non-RCTs,
nine studies had a serious risk of bias and only one had a moder-
ate risk of bias (Figures 6 and 7).

Discussion

Over the past decades, numerous surgical and conservative treat-
ments for mallet finger have been described. Nevertheless, the
optimal management strategy for mallet finger is still under
debate, and no consensus has been reached about whether sur-
gery or splint is superior. Few RCTs have compared conservative
treatment with surgical intervention, and most comparative
articles have been non-randomized and retrospective. In addition,
patient selection (bony, tendinous or both), bony mallet finger
classification, outcome evaluation methods, data recording, surgi-
cal techniques, and conservative methods have varied among
these studies.

In the present systematic review and meta-analysis, we
enrolled studies which reported the treatment outcomes between
patients who received surgery and splint for both bony and ten-
dinous mallet finger. In the pooled results of RCTs and non-RCTs,

Figure 2. Meta-analysis of distal interphalangeal (DIP) joint extension lag in randomized control trials (RCTs) and non-randomized control trials (non-RCTs).

Figure 3. Meta-analysis of DIP joint flexion in the RCTs and non-RCTs.
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no significant outcome differences in DIP joint extension lag, flex-
ion and total range of motion were found between surgical inter-
vention and splint treatment. We further performed subgroup
analysis according to study design. In the RCT group, no signifi-
cant differences in the primary and secondary treatment out-
comes between surgery and splint were found. On the other
hand, surgical intervention seemed to provide superior results
regarding DIP joint extension lag and flexion angle in the retro-
spective non-RCT group. Regarding complications, all of the stud-
ies were pooled, and the result showed no significant difference
between surgical intervention and conservative treatment.

There were differences in the results according to different
study design and also pooled results. There are several possible
reasons for these differences. First, heterogeneity of the popula-
tions and subtypes of mallet finger may have affected the results.
The patients with bony mallet finger had different subtypes of
Wehbe-Schneider classification, and patient group selection with
regards to bony or tendinous mallet finger varied between

studies. Second, each enrolled studies included a small number of
patients. Third, a limited number of articles directly compared two
different treatment modalities (surgery versus splint). Fourth, vari-
ous and limited treatment results were described in the studies,
leading to unified outcome measurements.

Similar treatment outcomes were found among the three
RCTs, even though patient selection, surgical method and type of
splint differed. Auchincloss [39] did not describe the type of injury
(both open and closed injury were included), and suggested sur-
gical interventions for patients with delayed treatment from
injury. However, few patients with a mallet finger injury treated
within two weeks by either method have significant persistent
disability. Batıbay et al. [40] only included patients with bony mal-
let finger (Wehbe-Schneider type IA, IB, IIA, and IIB) and found no
difference between conservative versus surgical treatment, how-
ever they reported that conservative treatment was more cost-
effective. Thillemann et al. [41] also included patients with bony
mallet finger (Wehbe-Schneider type IB and IC), and they

Figure 4. Meta-analysis of DIP joint range of motion in the RCTs and non-RCTs.

Figure 5. Meta-analysis of complications in the RCTs and non-RCTs.
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concluded that splint for mallet finger injury is safe and efficient
to restore joint function, but not sufficient to prevent secondary
subluxation of the joint.

In the three retrospective non-RCT studies included in the
meta-analysis, Ma et al. [47] suggested that an absorbable bone
anchor system was significantly better than metal splint external
fixation, but that the cost limits its application. Nagura et al. [50]
reviewed only acute closed tendinous mallet finger, and found
that surgical treatment with K-wire fixation provided better out-
comes with regards to extension lag of the DIP joint and a lower
treatment failure rate. Gumussuyu et al. [51] retrospectively
reviewed patients with bony mallet finger (Wehbe-Schneider IB
and IC) and reported similar clinical and radiological results of
conservative and surgical treatment. Nevertheless, the direct med-
ical, indirect and cumulative costs were significant higher in the

surgical group (surgery: EUR 915.46442.2; conservative treatment:
EUR 300.36279.4). Considering the cumulative cost, extension
splints provide a more cost-effective and appropriate treatment
option.

In the systematic review by Lin et al. [52], the average DIP joint
extension lag was 5.7 versus 7.6 degrees comparing surgical and
nonsurgical treatment, respectively. Our meta-analysis of retro-
spective studies is consistent with theirs, in that surgical treat-
ment may offer a better outcome with regards to DIP joint
extension lag, but that the difference with nonsurgical treatment
is likely clinically insignificant. A Cochrane review and meta-ana-
lysis by Handoll and Vaghela included four RCTs concluded that
there was insufficient evidence to determine when surgical inter-
vention is indicated. Different from our study, their review
included studies which compared different methods of

Table 2. Complications reported in the included studies.

Conservative treatment Surgery

Auchincloss [39] Local severe irritation:3 Infection:2
Batibay et al. [40] Secondary subluxation:1

Nail disorder:2
Secondary subluxation:2
Osteomyelitis:1
Infection:3
Nail disorder:4

Thillemann et al. [41] Nail deformities:2
Dorsal bump at PIP joint:7
Swan-neck deformity:3

Nail deformities:4
Dorsal bump at PIP joint:5
Swan- neck deformity:3

Wehb�e and Schneider [42] Severe dorsal bump:1
Minor dorsal bump:12
Joint narrowing:8

Minor dorsal bump:5
Joint narrowing:3

Niechajev [43] Drooping:1
Bulging of the operated area:2,
Hypersensitivity to cold:1

Significantly drooping:1,
Bulging of the operated area:3
Hypersensitivity to cold:5

Clement and Wray [44] Cold intolerance:10 Cold intolerance:6
Stern and Kastrup [45] Dorsal ulceration or marceration:19/8

Tape allergy:2
Nail deformity:5
Pain:5

Infection:9,
Nail deformity:8
Joint incongruity:8
Pin or pull-out wire failure:6
Other deformity:5
Increased lag:2
Tendon overadvanced:1

Lubahn [46] Partial thickness dorsal skin slough:1 Pin tract infection:1
Ma et al. [47] None Local swelling and skin redness:1
Renfree et al. [48] Swan-neck deformity:1,

Pressure ulcer:1
Cellulitis:1
Pin migration and swan-neck deformity:1

Yoon et al. [49] None Nail deformities:2
Nagura et al. [50] Skin maceration:2 Pin site infection:1
Gumussuyu et al. [51] none Pin tract infection:1

Nail dystrophy:1

Figure 6. Risk of bias in the randomized control trials (RCTs).
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conservative treatment (perforated custom-made splint versus
Stack splint; padded aluminium-alloy malleable finger splint ver-
sus Stack splint; Abouna splint versus Stack splint) [53].

Most authors recommended using the fracture fragment size
(more than one-third of articular surface involvement) and sublux-
ation of the distal phalanx as indications for surgery. In addition,
an open fracture and chronic mallet finger injury have also been
reported to be indications for surgical intervention [54].
Nevertheless, some studies have suggested conservative treat-
ment for almost all types of mallet finger, even for bony mallet
fingers with large fracture fragments and subluxation. Wehbe and
Schneider concluded that splinting is safe and reliable for mallet
finger, while surgical treatment is difficult and does not offer any
advantage over conservative treatment [42]. Patient compliance is
also a main issue when receiving splint treatment for about six to
eight weeks. Some patients remove the orthosis or flex the DIP
joint when changing the splint during the treatment period,
which can cause loss of reduction and reduce the success rate. In
addition, the patients’ occupation and nature of work should also
be taken into consideration. Some authors have suggested that
surgical intervention is appropriate for manual workers such as
healthcare professionals and musicians who require fine hand
skills and would have difficulty working while wearing the orth-
osis [55].

Even though the results of subgroup analysis based on the
study design with regards to DIP joint extension lag and flexion
angle were not identical, we still believe that both surgery and
splinting provide similar and favorable outcomes for mallet finger

injury. This concept is also supported by the pooled results of
meta-analysis and subgroup analysis of the RCTs rather than sim-
ply from the non-RCTs.

In a previous study about the functional range of motion of
finger joints, Bain et al. reported that a DIP joint with a range of
motion of 10 to 60 degrees could cope with 90% of the activities
of daily living [56]. Similarly, Hume et al. reported that the func-
tional range of motion for DIP joints ranged from 20 to 61
degrees [57]. The goals of treatment for mallet finger are to
restore active DIP joint extension lag and maintain flexion mobil-
ity. Among the included studies in the present study, about 70%
(9/13) of the conservative treatment groups and 46% (6/13) of the
surgical intervention groups had a favorable functional range of
motion of the DIP joint.

With regards to the complications rate, no significant differ-
ence was found in our meta-analysis between surgical and con-
servative treatment. The complications of conservative treatment
are frequent and most often benign and transient. Skin lesions,
including ulceration, local irritation, maceration, superficial infec-
tion and dorsal bump, are especially common. The complications
of surgical intervention are usually serious and long-term, includ-
ing nail dystrophy or deformity, pin tract infection, osteomyelitis
and skin necrosis [58]. Stern and Kastrup reported complication
rates of surgery and splint of 53% and 45%, respectively. They
also found that only one finger (4%) with splint had a long-term
complication, a minor nail deformity. However, 76% of the surgi-
cal complications were long-term [45].

There are several limitations to this study. First, the heterogen-
eity of the patients was high (bony and tendinous mallet finger)
in the included studies. Second, various outcomes were assessed
and different data recording methods were used, which made it
difficult to perform the meta-analysis with all of the studies. Third,
the wide variety of surgical techniques and different types of
splints among the pooled studies.

In spite of differences in patient selection, surgical techniques
and conservative methods with orthosis splint, we still summar-
ized all of the currently available data in this systematic review.
Our findings add to the knowledge as few articles have addressed
this issue. In general, both surgical and conservative treatment for
mallet finger provide relatively reliable outcomes.

Conclusion

In this systematic review and meta-analysis, we found that there
was no high level of evidence supporting the superiority of sur-
gery over orthosis in the treatment of mallet finger. In addition,
we found that surgical intervention and conservative treatment
with orthosis splint may offer similar clinical outcomes in both
bony and tendinous mallet finger.
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