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Abstract
Background: The differences in the clinical and functional outcomes of closed reduction and percutaneous pin
fixation and open reduction with internal fixation (ORIF) using plate and screws have been systematically synthesized
by one meta-analysis. With newer studies being published, an effort to update the earlier meta-analysis is necessary.
Methods: Comprehensive searches were done systematically through PubMed, Scopus, CENTRAL (Cochrane Central
Register of Controlled Trials), and Google scholar databases. Randomized controlled trials, quasi-experimental studies,
prospective comparative non-randomized studies, and even studies reporting findings from retrospective chart review
were eligible to be included. Statistical analysis was done using STATA version 13.0. GRADE assessment was done to
assess the quality of pooled evidence.
Results: A total of 9 studies were included. The pooled estimates did not suggest any significant differences in the
disabilities of the arm, shoulder, and hand (DASH) score [WMD − 0.77; 95% CI, − 3.55, 2.00; I2 = 75.5%], range of
movement (ROM) of the metacarpophalangeal joint (o) [WMD 4.44; 95% CI, − 4.19, 13.07; I2 = 86.0%], and grip strength
[WMD − 4.63; 95% CI, − 14.52, 5.26; I2 = 86.9%] among the two intervention modalities. No difference was seen in the
risk of complications between the two interventions (RR 0.93; 95% CI, 0.57, 1.53; I2 = 31.2%). For all the outcomes, the
quality of pooled evidence was judged as low to very low.
Conclusion: No significant long-term differences were noted in the functional outcomes suggesting that both these
techniques are comparable. The choice of modality should be made based on the skills and preference of the surgeon
and availability of resources.
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Background
Emergency departments usually have a high inflow of
patients with hand injuries, and metacarpal fractures
represent around half (40%) of these hand injuries [1, 2].
Metacarpal fractures often comprise a large proportion
of all hand fractures and fractures below the elbow, particularly in industrialized environments such as the USA
[2–4]. Either accidental falls or direct impact trauma is
responsible for most of these fractures. Clinical evidence
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shows that the neck of the metacarpal, the fifth metacarpal in particular, is the most affected [3]. The main goal
of surgical management is to restore the bony shape, to
enhance early mobilization, and to avoid functional impairment [3, 4].
Current metacarpal fracture management relies on
data from individual studies that concentrate on a standalone modality. Given that there is a large difference in
the fracture patterns and the underlying mechanism, it
is difficult to perform controlled clinical trials [5, 6]. The
two surgical modalities that have recently emerged for
the management of metacarpal fractures that cannot be
treated by casting alone are closed reduction and
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percutaneous pin fixation and open reduction with internal fixation (ORIF) using plate and screw [5, 6].
In terms of limited surgical exposure and feasibility of
administration, pinning has an advantage [7, 8]. The use
of plates and screws, on the other hand, offers direct
fracture reduction and enables an early range of motion
[7, 8]. Moreover, newer plates are smaller in size, allowing periosteal closure and potentially reducing adhesions
compared to previously built plates [7, 8]. Due to variability in the sample population, surgical experience, and
operational definitions of the outcomes considered, recent attempts to compare plate and pin fixation for
metacarpal fractures have yielded mixed and equivocal
results. Till date, the outcomes for these two treatment
modalities have been systematically synthesized by one
meta-analysis [9]. Through inclusion of four comparative
studies and one secondary data review providing a

Fig. 1 Selection process of the studies included in the review
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sample of 222 patients, this meta-analysis found higher
motion scores in subjects undergoing pinning for metacarpal fractures compared to ORIF with plate and
screws. However, no significant differences were observed for functional scores, grip strength, radiographic
parameters, and time to union [9]. With newer studies
being published, an effort to update the earlier metaanalysis could shed more light on the comparative clinical and functional efficacy of the two treatment modalities. The present meta-analysis was conducted with the
primary goal to perform a systematic literature search
and conduct an updated meta-analysis of studies comparing plate and pin fixation of metacarpal fractures.
The key outcomes considered were mostly functional
outcomes and included disabilities of the arm, shoulder,
and hand score (DASH score); percentage range of motion attained; and attained grip strength.
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Table 1 Key details of the studies included in the meta-analysis
Author,
Country Study design Subjects
year of
publication

Intervention and control groups;
point of assessment

Key outcome

Cha et al.
(2019) [15]

Korea

Quasiexperimental

Patients with metacarpal
fracture
Mean (SD) age (years)
Group 1, 37 (12)
Group 2, 40 (11)
Proportion of male
subjects (56/69)—82%

Group 1 (mini-open antegrade
intramedullary nailing)
Group 2 (open reduction with
internal fixation; ORIF)
Point of assessment: clinical and
functional outcomes were assessed
at least 2 years after surgery

Final shortening; mean (SD) in mm
Group 1 (N = 36), 0.3 (0.7)
Group 2 (N = 33), 0.1 (0.5)
Final visual analogue score (VAS);
mean (SD)
Group 1 (N = 36), 0.3 (0.6)
Group 2 (N = 33), 0.3 (0.6)
Final DASH (disabilities of the arm,
shoulder, and hand) score; mean
(SD)
Group 1 (N = 36), 4 (3)
Group 2 (N = 33), 6 (3)
Final range of movement (ROM) of
the metacarpophalangeal joint (o);
mean (SD)
Group 1 (N = 36), 84 (4)
Group 2 (N = 33), 85 (3)
Final grip strength (% of the
unaffected side); mean (SD)
Group 1 (N = 36), 94 (5)
Group 2 (N = 33), 91 (5)

Dreyfuss
et al. (2018)
[16]

Israel

Nonrandomized
study

Adult patients operated
for metacarpal shaft
fractures
Mean (range) age of
participants (in years)
Group 1, 27.5 (18–55)
Group 2, 29.4 (18–57)
All male subjects

Group 1 (pinning using Kirschner wire)
Group 2 (open reduction with internal
fixation with locking plates and screws)
Point of assessment: clinical and
functional outcomes were assessed at
least 1 year after surgery

Final shortening; mean (SD) in mm
Group 1 (N = 39), 1 (0.8)
Group 2 (N = 29), 0 (0.0)
Final DASH score; mean (SD)
Group 1 (N = 39), 15.6 (8.8)
Group 2 (N = 29), 10.5 (6.7)
Final range of movement (ROM)
of the metacarpophalangeal joint
(o); mean (SD)
Group 1 (N = 39), 71 (24.2)
Group 2 (N = 29), 86 (12.5)
Final grip strength (% of the
unaffected side); mean (SD)
Group 1 (N = 39), 83 (11.6)
Group 2 (N = 29), 93 (13.8)

Vasilakis
et al. (2019)
[17]

USA

Retrospective
chart review

Patients aged over 16
years with single digit,
closed isolated
extraarticular metacarpal
fracture
Mean (SD) age (years)
Group 1, 37.9 (17.8)
Group 2, 36.8 (16.1)
Proportion of male
subjects (49/70)—70%

Group 1 (closed reduction with
percutaneous pinning)
Group 2 (open reduction with
internal fixation)
Point of assessment: clinical and
functional outcomes were assessed
between 3 and 6 months postoperatively

Final DASH score; mean (SD)
Group 1 (N = 44), 16.3 (7.1)
Group 2 (N = 26), 18.7 (6.6)
Final range of movement (ROM) of
the metacarpophalangeal joint (o);
mean (SD)
Group 1 (N = 44), 90.8 (14.8)
Group 2 (N = 26), 86.7 (20.6)

Pandey
et al. (2018)
[18]

India

RCT

Patients aged 16–60 years
with closed shaft fracture
of metacarpal
Mean age (years) of the
participants, 29.34
Proportion of male
subjects (28/32)—87%

Group 1 (closed reduction with
percutaneous pinning using Kirschner
wire)
Group 2 (open reduction with internal
fixation)
Point of assessment: clinical and
functional outcomes were
assessed at 2 years post-operatively

Final DASH score; mean (SD)
Group 1 (N = 16), 32.98 (18.2)
Group 2 (N = 16), 36.76 (16.6)
Final range of movement (ROM) of
the metacarpophalangeal joint
(o); mean (SD)
Group 1 (N = 16), 95.34 (24.9)
Group 2 (N = 16), 95.82 (23.7)

Fujitani
et al. (2012)
[19]

Japan

Prospective
quasirandomized

Patients with displaced
metacarpal neck fracture
Mean (SD) age (years) of the
participants, 31 (11)
Group 1, 28 (13)
Group 2, 33 (8)
Proportion of male subjects
(26/30)—87%

Group 1 (closed reduction with
percutaneous pinning using
Kirschner wire)
Group 2 (open reduction with
internal fixation)
Point of assessment: clinical and
functional outcomes were assessed
within 1 year post-operatively

Final shortening; mean (SD) in mm
Group 1 (N = 15), 1.5 (0.4)
Group 2 (N = 15), 0.7 (0.5)
Final range of movement (ROM) of
the metacarpophalangeal joint
(o); mean (SD)
Group 1 (N = 15), 93 (23)
Group 2 (N = 15), 78 (23)
Final grip strength (% of the
unaffected side); mean (SD)
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Table 1 Key details of the studies included in the meta-analysis (Continued)
Author,
Country Study design Subjects
year of
publication

Intervention and control groups;
point of assessment

Key outcome

Group 1 (N = 15), 67 (18.3)
Group 2 (N = 15), 86 (20.9)
Ozer et al.
(2008) [20]

USA

Prospective
quasirandomized

Patients with closed,
displaced extraarticular
metacarpal fracture
Mean age (range) (in years)
of the participants
Group 1, 25 (19–45)
Group 2, 28 (19–47)
Proportion of male subjects
(35/52)- 67%

Group 1 (intramedullary nail fixation)
Group 2 (plate screw fixation)
Point of assessment: clinical and
functional outcomes were assessed at
18–19 weeks (i.e., ~ 5 months) postoperatively

Final shortening; mean (SD)
in mm
Group 1 (N = 38), 3 (0.83)
Group 2 (N = 14), 0 (0.0)
Final DASH score; mean (SD)
Group 1 (N = 38), 9.47 (4.2)
Group 2 (N = 14), 8.07 (4.5)
Final range of movement (ROM)
of the metacarpophalangeal joint
(o); mean (SD)
Group 1 (N = 38), 91 (14)
Group 2 (N = 14), 83 (23)

Facca et al.
(2010) [21]

France

Prospective
comparative
nonrandomized

Patients with closed,
isolated, displaced 5th
metacarpal neck fractures
Mean age (in years) of the
participants, 32.1
Proportion of male subjects
(34/38)—90%

Group 1 (intramedullary K-wire fixation)
Group 2 (locked plate screw fixation)
Point of assessment: clinical and
functional outcomes were assessed
at a mean follow-up period of
3.3 months in group 1 and
4.8 months in group 2, post-operatively

Final visual analogue score
(VAS); mean (SD)
Group 1 (N = 20), 0.9 (1.02)
Group 2 (N = 18), 0.94 (1.14)
Final DASH score; mean (SD)
Group 1 (N = 20), 9.8 (7.99)
Group 2 (N = 18), 15.88 (7.47)
Final range of movement
(ROM) of the metacarpophalangeal
joint (o); mean (SD)
Group 1 (N = 20), 98 (4)
Group 2 (N = 18), 74 (20)
Final grip strength (% of the
unaffected side); mean (SD)
Group 1 (N = 20), 92.9 (20.6)
Group 2 (N = 18), 88.4 (19.0)

Gupta et al.
(2007) [22]

India

Prospective
comparative
nonrandomized

Patients aged ≥ 14 years
with closed, stable,
extraarticular, non-avulsive
metacarpal fracture
Mean age (in years) of the
participants, 35.6
The study was conducted
among male subjects

Group 1 (reduction with percutaneous
K-wire fixation)
Group 2 (open/closed reduction with
external fixation using locked plate/
screw)
Point of assessment: clinical and
functional outcomes were assessed at
3 months, post-operatively

Total active range of motion
was excellent in 42% (13/31) and
good in 48.4% (15/31) of the patients
in group 1. In group 2, in 42.8%
patients, it was excellent and in
28.6% patients it was good. The
observed differences were statistically
non-significant.
Total active range of motion was
defined in terms of percent regained
motion compared to the normal
range of digital motion (i.e., 260°);
excellent 85 to 100%; good 70–84%;
fair 50–69%; and poor < 50%

Takigami
et al. (2010)
[23]

Japan

Retrospective

Patients operated for
metacarpal fractures
Mean (SD) age (in years)
of the participants
Group 1, 36 (21)
Group 2, 45 (20)
Proportion of male
subjects (53/71)—75%

Group 1 (reduction with percutaneous
K-wire fixation)
Group 2 (reduction with low profile
plate and screw)
Point of assessment: clinical and
functional outcomes were assessed at
6–13 months of being operated

Total active flexion (TAF) was 235° ±
38° in the low profile plate and screw
group and 243° ± 22° in the K-wire
group. This difference was not
statistically significant.
Total extension lag (TEL) was 12° ±
20° in the LPP group and 9° ± 12° in
the K-wire group (not significant).

Methods
Search strategy

A comprehensive search was done systematically
through PubMed, Scopus, CENTRAL, and Google
scholar databases for papers published up to 15 January
2020. Free-text words and medical subject heading
(MeSH) terms were used. Details of the search strategy
have been provided in the supplementary document

(Supplementary Table 1). The key aim was to identify
studies that evaluated the clinical and functional efficacy of closed reduction and percutaneous pin fixation, in comparison to open reduction with internal
fixation (ORIF) using plate and screws. Studies that
reported relevant outcome measures of interest to this
meta-analysis were potentially considered for
inclusion.
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Selection criteria and methods

Two authors reviewed citations and selected studies.
After removing the duplicates, screening of titles and abstracts was performed as a first step. Thereafter, a review
of the full text of potential studies was done. Any discrepancies related to the inclusion of studies were resolved through detailed discussion among the study
authors. Only those studies were selected for the metaanalysis that adequately suited the inclusion criteria. The
bibliographic list of the identified studies and relevant
reviews on the subject were examined for additional possible studies.
Inclusion criteria

Studies were eligible to be included in this meta-analysis
if they compared the two treatment modalities with respect to functional and clinical outcomes. We did not
have restrictions in terms of age, sex, and race of the
participants. Randomized controlled trials, quasiexperimental studies, prospective comparative nonrandomized studies, and even studies reporting findings
from retrospective chart review were eligible to be included. The specific reason for being flexible enough to
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include non-randomized controlled trials was that there
is a substantial variation in the patterns of metacarpal
fractures and its underlying mechanism, and given this
complexity, conducting controlled clinical trials are
sometimes difficult [5, 6].
Exclusion criteria

Case reports and review articles were excluded.
Data extraction and quality assessment

Extraction of relevant data from included studies was
done by two authors independently, using a data extraction sheet. The following data from eligible studies were extracted: surname of the first author, year
in which the study was published, geographical location where the study was done, design of the study,
characteristics of the study subjects, study groups,
and key findings of the study. Newcastle-Ottawa
Quality Assessment Scale adapted for observational
studies was used for quality assessment of included
studies. For RCT, the methodological assessment was
done using the Cochrane risk of bias assessment
items [10, 11].

Fig. 2 Comparison of pooled DASH scores among the two groups (i.e., pinning for metacarpal fractures compared to ORIF with plate and screws)
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Statistical analysis

Statistical analysis was done using STATA version 13.0
through “metan” command. Effect sizes were reported as
weighted mean differences (WMD) for continuous outcomes and risk ratios (RR) for categorical variables. All
estimates were reported with 95% confidence intervals
(CI). Heterogeneity of effects was assessed and quantified by the I2. I2 value > 50% was considered to represent
substantial heterogeneity [12]. In cases with substantial
heterogeneity, the random effects model was used [12].
A P value of < 0.05 was considered statistically significant. Sub-group analysis was done based on the mean
age of the study participants and the duration of followup, post-operatively, for outcome assessments. These
were considered for sub-group analysis as they are important parameters that could help the surgeon to make
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a choice of the treatment modality. Publication bias was
assessed using Egger’s test and visually inspected using
funnel plots. The quality of the evidence generated was
assessed using GRADE criteria and categorized as “high,
” “moderate,” “low,” or “very low” [13]. PRISMA checklist was used for reporting of relevant items for this
meta-analysis [14].

Results
Selection of articles, study characteristics, and quality of
included studies

A total of 1315 unique citations were obtained upon
executing the search strategy in the PubMed, Scopus,
CENTRAL (Cochrane Central Register of Controlled
Trials), and Google scholar databases (Fig. 1). Out of
these, 1203 were excluded based on title screening.

Fig. 3 Comparison of pooled DASH scores among the two groups (i.e., pinning for metacarpal fractures compared to ORIF with plate and screws)
by sub-groups based on the mean age of participants and duration of post-operative follow-up
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Table 2 Quality of evidence according to the GRADE criteria
Outcomes

Number of studies
(design); no.
of participants

Effect size
(95% CI)

Characteristics of the included studies
Risk of
biasa

Inconsistency

Indirectnessb

Imprecisionc

Publication
bias

Overall GRADE
quality score

Disabilities of the arm,
shoulder, and hand
score (DASH)

6 (5 observational;
1 RCT); n = 329

WMD − 0.77
(− 3.55, 2.00)

Serious

Not serious

Serious

Not serious

Undetected

⨁⨁◯◯ Low

Range of movement
(ROM) at the metacarpo-phalangeal joint

7 (6 observational;
1 RCT); n = 359

WMD 4.44
(− 4.19, 13.07)

Serious

Not serious

Serious

Not serious

Undetected

⨁⨁◯◯ Low

Grip strength

4 (4 observational);
n = 205

WMD − 4.63
(− 14.52, 5.26)

Serious

Not serious

Serious

Seriousc

Undetected

⨁◯◯◯ Very low

Limb shortening
(in mm) on
radiography

4 (4 observational);
n = 219

WMD 1.25
(0.03, 2.47)

Serious

Not serious

Serious

Serious

Undetected

⨁◯◯◯ Very low

Visual analogue score
(VAS)

2 (2 observational);
n = 107

WMD − 0.01
(− 0.27, 0.26)

Serious

Not serious

Serious

Seriousc

Undetected

⨁◯◯◯ Very low

Complication rates

8 (7 observational;
1 RCT); n = 439

RR 0.93
(0.57, 1.53)

Serious

Not serious

Serious

Not serious

Undetected

⨁⨁◯◯ Low

c

a

Majority of the studies included were observational in design
Studies were done in different geographic settings. Further, studies differed in the age of the participants and the duration of
follow-up post-operatively
c
Criteria for optimal information size (OIS) not met and the 95% CI overlap no effect and includes important benefit and harm
b

Fig. 4 Comparison of pooled range of movement (ROM) of the metacarpophalangeal joint (°) among the two groups (i.e., pinning for metacarpal
fractures compared to ORIF with plate and screws)
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Further, 91 citations were excluded after reading the abstract. Full text of the remaining 21 articles was
reviewed. Out of these, 12 articles were excluded upon
full-text review. The final number of included articles in
this meta-analysis was 9 [15–23]. Table 1 presents the
key characteristics of the included studies along with the
key findings. All the included studies were nonrandomized, except one by Pandey et al. [18] which was
a randomized clinical trial. Two studies each were done
in India, Japan, and the USA whereas one study each
was done in France, Korea, and Israel. In all the included
studies, majority of the study participants were males.
The duration of follow-up for clinical and functional
outcomes was 1 year or more in three studies whereas in
the remaining 6 studies, outcomes were assessed within
a year of surgery. The mean age of the study participants
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was > 30 years in 6 studies, and in the remaining three
studies, it was ≤ 30 years. Supplementary Table 2 presents the findings of the quality assessment of included
studies. All the included studies had low to moderate
quality.
Effect on DASH score

There were 6 studies with 329 subjects reporting this
outcome of interest. The pooled estimates did not suggest any significant differences in the DASH score
among the two intervention modalities [weighted mean
difference (WMD) − 0.77; 95% CI, − 3.55, 2.00; I2 =
75.5%] (Fig. 2). On sub-group analysis, pooling of studies
with a mean age of the participants > 30 years showed
lower DASH scores in those receiving pinning for metacarpal fractures compared to those undergoing ORIF

Fig. 5 Comparison of pooled range of movement (ROM) of the metacarpophalangeal joint (°) among the two groups (i.e., pinning for metacarpal
fractures compared to ORIF with plate and screws) by sub-groups based on the mean age of participants and duration of
post-operative follow-up
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with plate and screws [WMD − 2.51; 95% CI, − 4.16,
− 0.86; I2 = 18.2%) (Fig. 3). The findings were not significant in any other sub-groups. There was no evidence
of publication bias (P value = 0.83). The funnel plot is
presented as Supplementary Figure 1. The overall quality
of evidence was judged as “low” according to GRADE
assessment (Table 2).
Effect on the Range of Movement (ROM) of the
metacarpophalangeal joint (°)

This outcome was reported in 7 studies with an overall
sample size of 359. The pooled estimates suggest a similar degree of attained range of movement of the metacarpophalangeal joint in the two modalities (WMD 4.44;
95% CI, − 4.19, 13.07; I2 = 86.0%) (Fig. 4). On sub-group
analysis, pooling of studies with shorter follow-up
period, i.e., of less than 1 year, showed a better range of
movement (ROM) in those receiving pinning for metacarpal fractures compared to those undergoing ORIF
with plate and screws [WMD 12.75; 95% CI, 2.49, 23.02;
I2 = 68.8%) (Fig. 5). The findings were not significant in
any other sub-groups. There was no evidence of publication bias (P value = 0.38). The funnel plot is presented
as Supplementary Figure 2. The overall quality of evidence was judged as “low” according to GRADE assessment (Table 2).
Effect on grip strength (as percentage of the unaffected
side)

There were 4 studies with 205 subjects reporting this
outcome of interest. The pooled estimates did not
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suggest any significant differences in the grip strength
among the two intervention modalities [weighted mean
difference (WMD) − 4.63; 95% CI, − 14.52, 5.26; I2 =
86.9%) (Fig. 6). No significant differences between the
two comparison groups in any of the sub-groups were
noted, except for the sub-group with the mean age of
participants ≤ 30 years. However, there was only one
study in this sub-group with a small sample size of 68
(Fig. 7). There was no evidence of publication bias (P
value = 0.31). The funnel plot is presented as Supplementary Figure 3. The overall quality of evidence was
judged as “very low” according to GRADE assessment
(Table 2).
Effect on limb shortening (in mm) assessed by
radiography

There were 4 studies with 219 subjects reporting this
outcome of interest. The pooled estimates indicate significant differences in the limb shortening, assessed
radiologically, among the two intervention modalities.
Patients undergoing closed reduction and percutaneous
pin fixation had comparatively higher shortening compared to those receiving open reduction with internal
fixation (ORIF) using plate and screws [weighted mean
difference (WMD) 1.25; 95% CI, 0.03, 2.47; I2 = 98.7%)
(Fig. 8). On sub-group analysis, pooling of studies with a
mean age of the participants ≤ 30 years showed comparatively higher shortening in those receiving pinning
for metacarpal fractures compared to those undergoing
ORIF with plate and screws [WMD 2.00; 95% CI, 0.04,
3.96; I2 = 99.1%) (Fig. 9). The findings were not

Fig. 6 Comparison of pooled grip strength (as percentage of the unaffected side) among the two groups (i.e., pinning for metacarpal fractures
compared to ORIF with plate and screws)
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Fig. 7 Comparison of pooled grip strength (as percentage of the unaffected side) among the two groups (i.e., pinning for metacarpal fractures
compared to ORIF with plate and screws) by sub-groups based on the mean age of participants and duration of post-operative follow-up

significant in any other sub-groups. There was no evidence of publication bias (P value = 0.91). The funnel
plot is presented as Supplementary Figure 4. The overall
quality of evidence was judged as “very low” according
to GRADE assessment (Table 2).

significant difference in the risk of complications between the two intervention modalities (RR 0.93; 95% CI,
0.57, 1.53; I2 = 31.2%, P = 0.179) (Fig. 11). The overall
quality of evidence was judged as “low” according to
GRADE assessment (Table 2).

Effect on Visual Analogue Scale (VAS) pain score

This outcome was reported in 2 studies with an overall
sample size of 107. The pooled estimates suggest no significant differences in the pain score in the two modalities (WMD − 0.01; 95% CI, − 0.27, 0.26; I2 = 0.0%) (Fig.
10). As there were only two studies reporting this outcome, publication bias and funnel plot could not be
generated.
Complications

Details of complications reported by included studies are
presented in Table 3. Meta-analysis indicated no

Time to union and residual angulation

Due to the limited availability of data, only a descriptive
analysis was carried out for these variables (Table 3). A
total of four studies reported time to radiographic union
with two studies reporting no statistically significant difference between the two fixation techniques while the
remaining two reported significantly earlier healing in
the pin fixation group. The four studies reporting radiographic residual angulation of the fracture site did not
report any statistically significant difference between the
two groups.
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Fig. 8 Comparison of limb shortening (in mm) assessed by radiography among the two groups (i.e., pinning for metacarpal fractures compared
to ORIF with plate and screws)

Discussion
The present study was conducted with the intention to
perform a systematic literature search and conduct a
meta-analysis of studies comparing plate and pin fixation
of metacarpal fractures with respect to functional outcomes such as DASH score, percentage range of motion
attained, and attained grip strength. We did not find any
significant differences in these primary outcomes among
the two treatment modalities. No differences were found
in the pain scores as well. However, we did find that patients undergoing closed reduction and percutaneous
pin fixation had comparatively higher shortening on
radiological assessment compared to those receiving
open reduction with internal fixation (ORIF) using plate
and screws, and this was most prominent in study subjects younger than 30 years.
Our findings are similar to the previous meta-analysis
by Melamed et al. [9]. The earlier meta-analysis included
5 studies, and our review included 4 additional studies.
In the previous meta-analysis, the included studies
assessed outcomes within a year of surgery whereas in
the current meta-analysis, 3 out of 4 additional studies

assessed outcomes at > 1 year post-operatively. This is
the advantage of our meta-analysis over the previous
one. Our study presents pooled evidence on long-term
effects of the two treatment modalities on clinical and
functional outcomes. Similar to the previous metaanalysis, we have shown a better range of movement
(ROM) within 1 year of post-operative period in those
receiving pinning for metacarpal fractures compared to
those undergoing ORIF with plate and screws. However,
we have additionally shown that in the longer course
(i.e., at > 1 year post-operatively), there are no statistically significant differences in the ROM between the two
treatment modalities. The findings that functional scores
and grip strength were not significantly different between the two groups corroborated with the findings of
the earlier meta-analysis [9].
The decision to opt for either closed reduction and
percutaneous pin fixation or open reduction with internal fixation (ORIF) using plate and screws should
largely depend on the characteristics of the fracture, associated additional injuries, surgical skills of the treating
doctor, and resources available [6, 8, 24]. With the
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Fig. 9 Comparison of limb shortening (in mm) assessed by radiography among the two groups (i.e., pinning for metacarpal fractures compared
to ORIF with plate and screws) by sub-groups based on the mean age of participants and duration of post-operative follow-up

continuous evolvement and improvement in the design
of the implants for ORIF, the indications for its usage in
different types of metacarpal fractures have widened and
the success rates have also improved [8, 24]. Specially
with the introduction of locking screws, the stability of
the plates has improved tremendously. One of the important factors influencing the decision of pin vs plate
fixation of metacarpal fractures is the accuracy of reduction required based on the fracture pattern. Spiral or oblique shaft fractures have a higher incidence of
rotational deformity as compared to other fracture types.
Malrotation which such fracture patterns can be better
reduced with plate fixation [16]. While this outcome was
not assessed in a meta-analysis in our review, on descriptive analysis, two of the included studies reported a
complete absence of any residual angulation after plate

fixation which was not the case with pin fixation [16, 20].
Given that plate fixation is performed under direct vision,
it is plausible that more accurate reduction can be
achieved with this technique. According to Vasilakis et al.
[17], plate fixation is a viable mode of management in a
variety of fracture patterns like transverse shaft fractures,
spiral/oblique fractures, and fractures with delayed presentation owing to this advantage. However, the large exposure and striping of the periosteum required for plating
may also affect radiographic healing time. Two of the included studies reported a longer duration of union in the
plating group. Nevertheless, in clinical practice, plate fixation allows for an early return to function and better patient satisfaction and may be preferred when early
mobilization is needed by the patient [16]. Having said
this, the rates of complications were not found to be
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Fig. 10 Comparison of visual analogue scale (VAS) pain score among the two groups (i.e., pinning for metacarpal fractures compared to ORIF
with plate and screws)

different between the two techniques. Our meta-analysis
failed to demonstrate any increased risk of complications
with ORIF considering the invasive nature of the procedure. However, it should be noted that there was heterogeneity in the types of complications pooled for the
analysis and meta-analysis per complication could not be
carried out due to the limited data.
For most of the outcomes in this meta-analysis, we
used the random effects model as the heterogeneity was
high. Eight of out nine studies included in this metaanalysis were observational. Further, studies had a limited sample size. Studies with small sample size are often
met with the limitation of lack of generalizability of the
findings. These could be reasons contributing to the low
and very low quality of evidence observed in this metaanalysis. Consequently, there is a need for large studies,
preferably randomized controlled trials, to conclusively
establish the comparative efficacy of the two treatment
modalities in the management of metacarpal fractures.
An important point to note is that all the studies did not
use identical implants in the study groups, and therefore,
mere categorization into pinning and plating group is
nothing but overt oversimplification. It should also be
noted that the studies had different follow-up periods

after which the clinical and functional outcomes were
assessed. While we did a sub-group analysis based on
the duration of follow-up, it would have been better if
studies were somewhat homogenous in their follow-up
periods.

Conclusion
The meta-analysis provides updated pooled evidence
on the comparative effectiveness of closed reduction
and percutaneous pin fixation and open reduction
with internal fixation (ORIF) using plate and screws.
The lack of significant long-term differences in the
functional outcomes suggests that both these techniques are comparable. Furthermore, the risk of complications was not significantly different with the two
interventions. Consequently, the choice of treatment
modality should be governed by the skills and preference of the surgeon and availability of resources. In
order to conclusively tease out the differences in clinical and functional outcomes, if any, between these
treatment modalities, future studies (preferably randomized controlled trials) should be done with a larger sample size.
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Table 3 Data on time to union, complications, and residual angulation at the fracture site from the included studies
Studies

Time to union

Complications with the number of patients

Residual angulation at the
fracture site (degrees)

Pin group

Plate group

Pin group

Plate group

Pin group

Plate group

Cha et al. [15]

NR

NR

Superficial infection, 1

Extensor lag, 4

0.8 ± 1

0.6 ± 0.1

Dreyfuss et al. [16]

50 (28–286)a
days

59 (37–105)a
days

Work-related fracture, 1

Nil

AP, 1 (0–11)
Lateral, 1 (0–9)

AP, 0 Lateral, 0

Vasilakis et al. [17]

NR

NR

Stiffness requiring extensor
tenolysis, 1

Non-union, 1
Hardware removal,
extensor tenolysis, 1

NR

NR

Pandey et al. [18]

3 months

3 months

Infection. 1
Malunion, 1
Transient numbness, 1

Transient numbness, 4
Prominent implant and
impingement at terminal
motion, 4

NR

NR

Fujitani et al. [19]

NR

NR

Transient neuritis of the
dorsal ulnar nerve, 1
Extensor tendon rupture, 1

Transient neuritis of dorsal
ulnar nerve, 1

Palmar tilt, 16 (NR)
Lateral tilt, 16 (NR)

Palmar tilt, 10 (NR)
Lateral tilt, 10 (NR)

Ozer et al. [20]

5.4 (4–8)
weeks

5.2 (4–7)
weeks

Loss of reduction, 5
Hardware removal, 15

Hardware removal, 2

AP, 2(0–10)
Lateral, 8 (0–25)

AP, 0
Lateral, 0

Facca et al. [21]

NR

NR

Wire migration. 3
Neurological lesions. 3
Aesthetic blemish due to
callus. 1

Hardware removal. 3
Delayed consolidation. 2
Instability of site. 1

NR

NR

Gupta et al. [22]

NR

NR

NR

NR

NR

NR

Takigami et al. [23]

1.6 ± 0.6a
months

2.6 ± 1.6a
months

Superficial infection, 1
Soreness of pin site, 4

Screw breakage, 3
Screw loosening, 2

NR

NR

Data on time to union and residual angulation at fracture site presented as mean (range) or mean ± standard deviation
AP anteroposterior, NR not reported
Statistical significant difference reported between the two groups

s

Fig. 11 Comparison of complication rates among the two groups (i.e., pinning for metacarpal fractures compared to ORIF with plate and screws)

Zhu et al. Journal of Orthopaedic Surgery and Research

(2020) 15:542

Supplementary Information

Page 15 of 16

2.

The online version contains supplementary material available at https://doi.
org/10.1186/s13018-020-02057-y.
Additional file 1: Supplemental Table 1. Search strategy for
identification of studies to be included in the review. Supplementary
Table 2 A. Author’s judgements about study quality using the adapted
Ottawa-Newcastle Risk of Bias Assessment for Observational Studies. Supplementary Table 2 B. Author’s judgements about risk of bias for the
randomized controlled trial study based on Cochrane risk of bias assessment items. Supplementary Figure 1. Funnel plot for publication bias
with respect to comparison of pooled DASH scores among the two
groups (i.e. pinning for metacarpal fractures compared to ORIF with plate
and screws). Supplementary Figure 2. Funnel plot for publication bias
with respect to comparison of pooled range of movement (ROM) of the
metacarpophalangeal joint (o) among the two groups (i.e. pinning for
metacarpal fractures compared to ORIF with plate and screws). Supplementary Figure 3. Funnel plot for publication bias with respect to comparison of pooled grip strength (as % of the unaffected side) among the
two groups (i.e. pinning for metacarpal fractures compared to ORIF with
plate and screws). Supplementary Figure 4. Funnel plot for publication
bias with respect to comparison of limb shortening (in mm) assessed by
radiography among the two groups (i.e. pinning for metacarpal fractures
compared to ORIF with plate and screws).

3.
4.
5.
6.
7.

8.

9.

10.
Abbreviations
ORIF: Open reduction with internal fixation; DASH: Disabilities of the arm,
shoulder, and hand; ROM: Range of movement; WMD: Weighted mean
differences; CI: Confidence intervals
11.
Acknowledgements
Not applicable
12.
Authors’ contributions
XZ designed the project; HZ, JW, and SW were involved in the data
collection and data analysis; XZ prepared the manuscript; LM edited the
manuscript; all authors read and approved the final manuscript.

13.

Funding
Not applicable.

14.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

15.

Ethics approval and consent to participate
Not applicable.

16.

Consent for publication
Not applicable

17.

Competing interests
The authors declare that they have no competing interests.
Author details
Department of Orthopedics, Zaozhuang Hospital of Traditional Chinese
Medicine, 2666 Taihangshan Road, Zaozhuang 277000, Shandong, People’s
Republic of China. 2Department of Emergency, Zaozhuang Hospital of
Traditional Chinese Medicine, Zaozhuang 277000, Shandong, People’s
Republic of China. 3Department of Operation Room, Zaozhuang Hospital of
Traditional Chinese Medicine, Zaozhuang 277000, Shandong, People’s
Republic of China.

18.

1

19.

20.

Received: 28 June 2020 Accepted: 1 November 2020

21.

References
1. Aitken S, Court-Brown CM. The epidemiology of sports-related fractures of
the hand. Injury. 2008;39:1377–83.

22.

Lempesis V, Rosengren BE, Landin L, Tiderius CJ, Karlsson MK. Hand fracture
epidemiology and etiology in children—time trends in Malmö, Sweden,
during six decades. J Orthop Surg Res. 2019;14:213. Available from: https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC6626361/ [cited 2020 Jun 9].
Bernstein ML, Chung KC. Hand fractures and their management: an
international view. Injury. 2006;37:1043–8.
Nakashian MN, Pointer L, Owens BD, Wolf JM. Incidence of metacarpal
fractures in the US population. Hand (N Y). 2012;7:426–30.
Freeland AE, Orbay JL. Extraarticular hand fractures in adults: a review of
new developments. Clin Orthop Relat Res. 2006;445:133–45.
Ben-Amotz O, Sammer DM. Practical management of metacarpal fractures.
Plast Reconstr Surg. 2015;136:370e–9e.
Barr C, Behn AW, Yao J. Plating of metacarpal fractures with locked or
nonlocked screws, a biomechanical study: how many cortices are really
necessary? Hand (N Y). 2013;8:454–9.
Lundin M, Woo E, Hardaway J, Pratt CK, Clarkson JH. The cost of quality:
open reduction and internal fixation techniques versus percutaneous K-wire
fixation in the management of extra-articular hand fractures. J Orthop Surg
Rehabil. 2017;1:19–24. Available from: https://www.alliedacademies.org/
abstract/the-cost-of-quality-open-reduction-and-internal-fixation-techniquesversus-percutaneous-kwire-fixation-in-the-management-of-extraa-7037.html
[cited 2020 Mar 4]. Allied Academies.
Melamed E, Joo L, Lin E, Perretta D, Capo JT. Plate fixation versus
percutaneous pinning for unstable metacarpal fractures: a meta-analysis. J
Hand Surg Asian Pac Vol. 2017;22:29–34.
Wells G, Shea B, O’Connell D, Robertson J, Peterson J, Welch V, et al. The
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomized
studies in meta-analysis. Ottawa: Ottawa Hospital Research Institute.
Available from: http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp.
Accessed 10 Oct 2020.
Higgins JPT, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD, et al.
The Cochrane Collaboration’s tool for assessing risk of bias in randomised
trials. BMJ. 2011;343:d5928.
Higgins JPT, Green S, editors. Cochrane handbook for systematic reviews of
interventions. London: The Cochrane Collaboration; 2008. Available at:
https://onlinelibrary.wiley.com/doi/book/10.1002/9780470712184.
Accessed 7 Oct 2020.
Atkins D, Best D, Briss PA, Eccles M, Falck-Ytter Y, Flottorp S, et al.
Grading quality of evidence and strength of recommendations. BMJ.
2004;328:1490.
Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred
reporting items for systematic reviews and meta-analyses: the PRISMA
statement. PLoS Med. 2009;6:e1000097.
Cha SM, Shin HD, Kim YK. Comparison of low-profile locking plate
fixation versus antegrade intramedullary nailing for unstable
metacarpal shaft fractures--a prospective comparative study. Injury.
2019;50:2252–8.
Dreyfuss D, Allon R, Izacson N, Hutt D. A comparison of locking plates and
intramedullary pinning for fixation of metacarpal shaft fractures. Hand (N Y).
2019;14:27–33.
Vasilakis V, Sinnott CJ, Hamade M, Hamade H, Pinsky BA. Extraarticular metacarpal fractures: closed reduction and percutaneous pinning
versus open reduction and internal fixation. Plast Reconstr Surg Glob Open.
2019;7:e2261.
Pandey R, Soni N, Bhayana H, Malhotra R, Pankaj A, Arora SS. Hand
function outcome in closed small bone fractures treated by open
reduction and internal fixation by mini plate or closed crossed
pinning: a randomized controlled trail. Musculoskelet Surg. 2019;103:
99–105.
Fujitani R, Omokawa S, Shigematsu K, Tanaka Y. Comparison of the
intramedullary nail and low-profile plate for unstable metacarpal neck
fractures. J Orthop Sci. 2012;17:450–6.
Ozer K, Gillani S, Williams A, Peterson SL, Morgan S. Comparison of
intramedullary nailing versus plate-screw fixation of extra-articular
metacarpal fractures. J Hand Surg Am. 2008;33:1724–31.
Facca S, Ramdhian R, Pelissier A, Diaconu M, Liverneaux P. Fifth
metacarpal neck fracture fixation: locking plate versus K-wire? Orthop
Traumatol Surg Res. 2010;96:506–12.
Gupta R, Singh R, Siwach R, Sangwan S, Magu NK, Diwan R. Evaluation of
surgical stabilization of metacarpal and phalangeal fractures of hand. Indian
J Orthop. 2007;41:224–9.

Zhu et al. Journal of Orthopaedic Surgery and Research

(2020) 15:542

23. Takigami H, Sakano H, Saito T. Internal fixation with the low profile plate
system compared with Kirschner wire fixation: clinical results of treatment
for metacarpal and phalangeal fractures. Hand Surg. 2010;15:1–6.
24. Kollitz KM, Hammert WC, Vedder NB, Huang JI. Metacarpal fractures:
treatment and complications. Hand (N Y). 2014;9:16–23.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 16 of 16

