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Abstract

Objective: To conduct a meta-analysis to show the associations of perioperative and postop-

erative outcomes of mini-plate internal fixation (MPIF) versus Kirschner wire internal fixation

(KWIF) for treating metacarpal and phalangeal fractures.

Methods: A literature search was performed in PubMed, Web of Science, Cochrane Library, and

Embase from the earliest date of data collection to April 2018. Studies that compared periop-

erative and postoperative outcomes of MPIF with those of KWIF in patients with metacarpal and

phalangeal fractures were included.

Results: Twenty-six articles met the inclusion and exclusion criteria (n¼ 2029 patients; 1042

with MPIF and 987 with KWIF). MPIF was related to a greater increase in length of surgery,

hospital days, excellent and good rate of outcome, short-form health survey-36 score, and flexion

and extension range compared with KWIF. MPIF was related to a greater decrease in intra-

operative blood loss, finger visual analog scale score, functional exercise time, fracture healing

time, incidence of complications, and postoperative infection rate compared with KWIF.

Conclusions: Patients with MPIF have sufficient pressure and strength, and MPIF promotes

successful joint fusion and reduces complications of the operation. MPIF is ideal for reduction

and stability of patients with metacarpal and phalangeal fractures.
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Introduction

Metacarpal and phalangeal fractures are
common in the emergency department of
orthopedics. Among various type of meta-
carpal and phalangeal fractures, complicat-
ed fractures are more common.1–3 Many
types of fixation materials can be used in
treating metacarpal and phalangeal frac-
tures, such as a mini-plate, Kirschner wire,
and steel wire.4 However, only a mini-plate
and Kirschner wire are frequently used in
surgery. Kirschner wire was the first fixa-
tion material to be used in the clinic, and
intramedullary fixation with Kirschner wire
has many advantages, such as being eco-
nomical, minimal invasive, and easily avail-
able.5 However, after years of practice,
intramedullary fixation with Kirschner
wire was found to have disadvantages,
such as its unreliable fixation effect and
high occurrence of surgical sequelae.6

Therefore, the curative effect of Kirschner
wire did not always satisfy doctors and
patients. However, a mini-plate has many
advantages, such as its stiffness, reliable fix-
ation effect, and allowing exercise early
postoperatively.7 However, the mini-plate
has many disadvantages, such as its high
surgical cost, major damage to normal
tissue, and requirement of secondary surgi-
cal intervention.8

Recently, in China, mini-plate internal
fixation (MPIF) and Kirschner wire inter-
nal fixation (KWIF) have been commonly
used. Many researchers have already com-
pared the curative effect of the mini-plate
and Kirschner wire from different
aspects.8–10 However, the sample sizes in
these studies were too small. To date,
researchers have not reached agreement on
which type of fixation material should be
used to treat metacarpal and phalangeal
fractures. Therefore, this study aimed to
evaluate the associations of perioperative
and postoperative outcomes of MPIF
versus KWIF.

Materials and methods

Literature and search strategy

Two reviewers independently searched

PubMed, Embase, Web of Science, and

the Cochrane Library for information

from inception of the databases to April

2018. The following related terms were

searched: metacarpal, phalangeal fracture,

mini-plate internal fixation, Kirschner

wire, Chinese, China. The search strategy

was constructed by combining the above-

mentioned terms with “AND” or “OR”.

No restrictions were imposed on the lan-

guage of studies. We also screened reference

lists of retrieved articles so that relevant

studies were not missed.

Study selection criteria

Two reviewers independently assessed the

retrieved articles to determine whether

they met the inclusion criteria. In case of

disagreements, a third reviewer was

involved in the discussion until a consensus

was reached. The criteria for inclusion of

papers selected for detailed review included

the following: (1) the study was designed as

a randomized, controlled trial or a retro-

spective study; (2) the study compared the

effect of MPIF with KWIF for treatment of

metacarpal and phalangeal fractures; (3)

patients were adults (�18 years old); and

(4) the outcomes contained at least one

evaluation of the length of surgery

(minutes), intraoperative blood loss, hospi-

tal days, excellent and good rate of out-

come, finger visual analog scale (VAS)

score, short-form health survey (SF)-36

score, functional exercise time (weeks), frac-

ture healing time (weeks), flexion and exten-

sion range, incidence of complications, and

postoperative infection rate. Exclusion cri-

teria included the following: case–control

studies, animal studies, cadaver studies,

single case reports, comments, letters,
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editorials, protocols, guidelines, publica-

tions based on surgical registries, and

review papers; and inclusion of <10

patients for a clinical study.
The patients were divided into the MPIF

group and KWIF group. We analyzed the

study type (randomized, controlled trial,

retrospective review, cohort study) and

treatment methods described. The sample

size in each study was extracted from the

available information. Injury severity indi-

cators as available were identified and ana-

lyzed. The study protocol was approved by

the ethics committee of Tianjin First Center

Hospital.

Data extraction and quality assessment

Two reviewers independently performed

data extraction and methodological quality

assessment. Data extracted from the includ-

ed studies consisted of authors, publication

date, study design, number of patients, and

outcome data in the MPIF and KWIF

groups. The outcome measures comprised

the length of surgery (minutes), hospital

days, excellent and good rate of outcome,

finger VAS score, SF-36 score, functional

exercise time (weeks), fracture healing time

(weeks), flexion and extension range, inci-

dence of complications, and postoperative

infection rate. The methodological quality

of the study was evaluated in seven

domains, including sequence generation,

allocation concealment, participants’ blind-

ing, assessors’ blinding, incomplete data,

selective reporting, and other bias. Each

included study was considered as an

unclear, low risk, or high risk of bias for

each domain according to the Cochrane

Handbook 5.1.0.

Statistical analysis

Statistical analyses were performed using

Review Manager Software 5.3 (West China

Hospital of Sichuan University, China,

International Cochrane Collaboration). For
dichotomous outcomes, the odds ratio (OR)

with 95% confidence interval (CI) were cal-
culated to estimate a pooled average differ-
ence between MPIF and KWIF. The

weighted mean difference (WMD) and
95% CI were calculated for continuous out-

comes. Statistical heterogeneity was quanti-
tatively evaluated by the chi-square test with
the significance set at P< 0.10 or I2> 50%.

The data are presented in the form of Forest
plots.

Results

Literature search

The retrieval strategy is shown in Figure 1.
Twenty-six articles met the inclusion and

exclusion criteria. Among all of the partic-
ipants in the 26 studies, the outcomes for

2029 patients were described, of which
1042 patients were treated with MPIF and
987 were treated with KWIF. The detailed

characteristics of the studies are listed
in Table 1. All articles were retrospective

case reviews of hospital admissions. None
of the studies used randomization. No other
apparent bias was found among the includ-

ed studies. Figures. 2 and 3 show the risk of
bias summary.

Results of the meta-analysis

Fourteen studies reported the details of the
length of surgery (minutes). Pooled results

showed that MPIF was related to a greater
increase in the length of surgery compared
with KWIF (WMD¼ 1.07; 95% CI, 0.94 to

1.20; P< 0.001), without significant hetero-
geneity (I2¼ 12%, P¼ 0.32) (Figure 4).

Three studies reported the details of intra-
operative blood loss. MPIF was related to a
greater decrease in intraoperative blood loss

compared with KWIF (WMD¼ �0.52;
95% CI, �0.81 to 0.24; P< 0.001), without
significant heterogeneity (I2¼ 0%, P¼ 0.54)
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(Figure 5). Thirteen studies reported the
details of hospital days. MPIF was related
to a greater increase in hospital days com-
pared with KWIF (WMD¼1.16; 95% CI,
0.94 to 1.37; P< 0.001), without significant
heterogeneity (I2¼ 33%, P¼ 0.12) (Figure 6).

Twenty-five studies reported the details
of an excellent and good rate of outcome.
MPIF was related to a greater increase in the
excellent and good rate of outcome com-
pared with KWIF (OR¼5.10; 95% CI,
3.97 to 6.55; P< 0.001), without significant
heterogeneity (I2¼ 0%, P¼ 0.67) (Figure 7).

Four studies reported the details of the
finger VAS score. MPIF was related to a
greater decrease in the finger VAS score
compared with KWIF (WMD¼�2.73;
95% CI, �2.64 to �1.90; P< 0.001), with-
out significant heterogeneity (I2¼ 49%,
P¼ 0.12) (Figure 8). Three studies reported
the details of the SF-36 score. MPIF was
related to a greater increase in the SF-36

score compared with KWIF (WMD¼2.88;
95% CI, 2.58 to 3.41; P< 0.0001), without
significant heterogeneity (I2¼ 18%,
P¼ 0.29) (Figure 9).

Three studies reported the functional
exercise time (weeks). MPIF was related
to a greater decrease in functional exercise
time compared with KWIF (WMD¼�1.87;
95% CI, �2.73 to �1.0; P< 0.001), without
significant heterogeneity (I2¼ 0%, P¼ 0.97)
(Figure 10). Twenty-three studies reported
the fracture healing time (weeks). MPIF
was related to a greater decrease in fracture
healing time compared with KWIF
(WMD¼�1.75; 95% CI, �1.90 to �1.60;
P< 0.001), without significant heterogene-
ity (I2¼ 36%, P¼ 0.04) (Figure 11).

Four studies reported the flexion and
extension range. MPIF was related to a
greater increase in the flexion and extension
range compared with KWIF (WMD¼2.73;
95% CI, 2.43 to 3.03; P< 0.001), without

Figure 1. Flow chart illustrating the literature search.
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Figure 2. Risk of bias graph.

Table 1. Characteristics of the included studies.

References

No. of patients Sex, male (%) Mean age (years)
Follow-up

(months)MPIF KWIF MPIF KWIF MPIF KWIF

Bao ZM 201426 30 30 67.2 64.4 33.8 39.2 >13

Chen XJ 201833 53 61 69.6 71.2 36.8 33.6 >15

Chu FZ 20088 43 51 73.2 31.4 >15

Du SX 201631 50 48 61.6 61.2 39.1 28.6 >15

Duan YZ 20069 25 31 76.0 65.7 23.4 22.3 >15

Huang CY 200710 40 40 71.8 74.4 31.6 29.1 >12

Jin DF 201211 46 44 73.9 72.7 37.5 39.5 >13

Li HF 201212 39 39 71.8 74.4 33.5 33.2 >13

Li JT 201313 51 38 66.7 68.4 37.6 36.1 >15

Lin CX 200814 33 22 60.6 68.2 33.4 35.4 >13

Lu LM 201315 34 34 55.9 58.9 35.2 36.2 >13

Ma HZ 201216 58 55 77.9 31.0 >13

Qin JJ 201427 50 32 59.9 58.9 38.2 37.1 >15

Qiuj Z 200917 42 35 64.3 62.9 33.5 34.6 >13

Shi K 201529 35 35 72.1 72.9 34.6 33.3 >13

Shi WT 201428 40 40 78.1 34.5 >13

Tang SY 200418 50 41 73.6 23.4 >12

Wang JL 201119 43 43 – – >12

Wang MZ 201120 38 38 60.5 35.0 >13

Wei MM 201732 37 37 71.1 73.9 34.5 35.5 >12

Wu H 201221 45 33 70.1 32.6 >15

Xia XM 201530 38 38 66.1 64.9 37.8 38.1 >12

Xu HD 201222 20 20 – – >12

Yang JG 201323 36 36 61.1 63.9 34.8 35.1 >12

Yang JJ 201124 34 34 61.8 64.7 34.2 34.1 >15

Zhou B 201025 32 32 75.0 37.3 >15

Note: when only one value is shown for MPIF and KWIF, it refers to MPIF. MPIF¼mini-plate internal fixation;

KWIF¼Kirschner wire internal fixation.
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significant heterogeneity (I2¼ 49%, P¼ 0.12)
(Figure 12).

Sixteen studies reported the incidence of
complications. MPIF was related to a
greater decrease in the incidence of
complications compared with KWIF
(WMD¼ 0.27; 95% CI, 0.19 to 0.38;
P< 0.001), without significant heterogene-
ity (I2¼ 0%, P¼ 0.92) (Figure 13).
Twenty-four studies reported the postopera-
tive infection rate. MPIF was related to a
greater decrease in the postoperative infec-
tion rate compared with KWIF
(WMD¼0.24; 95% CI, 0.17 to 0.35;
P< 0.001), without significant heterogeneity
(I2¼ 0%, P¼ 0.98) (Figure 14).

Discussion

Previous studies have shown that the inci-
dence of metacarpal fracture is 32%, prox-
imal phalangeal fracture is 17.3%, middle
phalangeal fracture is 5.7%, and distal pha-
lanx fracture is 45%.11–15 If metacarpal and
phalangeal fractures occur, proper treat-
ment should be performed in time to
avoid malformation and dysfunction.16–20

The traditional method of surgical treat-
ment of metacarpal and phalangeal frac-
tures is KWIF. The advantages of KWIF
are a small incision, simple operation, small
interference in the blood supply of the frac-
ture, low cost, and simple internal fixation.
However, KWIF easily becomes loose and
slips, reliable fixation cannot be achieved,
rotation is easy to control, there is easy sep-
aration between the fracture ends and the
Kirschner wire often passes through joint
fixation, and it is detrimental to early func-
tional exercise.20–23 When the Kirschner
needle is fixed, although stability is good,
it can prevent rotation. However, there is
no pressure effect at both ends of the frac-
ture and this also affects healing of the frac-
ture. Therefore, plaster fixation is required
after the operation.24–27 The external fixa-
tion time of Kirschner wire is long, and it is

Figure 3. Risk of bias summary.þ indicates a low
risk of bias,� indicates a high risk of bias,? indicates
unclear or unknown risk of bias.
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easily complicated by joint stiffness, and
malunion and nonunion, which seriously
affect the rehabilitation of hand function.
At present, most researchers in China

believe that the mini-plate is superior to
KWIF and other internal fixation meth-
ods.8–9 MPIF can firmly fix bone on the
basis of anatomical reduction and it

Figure 4. Forest plot of comparison of the length of surgery (minutes) between MPIF and KWIF.
MPIF¼mini-plate internal fixation; KWIF¼Kirschner wire internal fixation; CI¼confidence interval; df¼de-
grees of freedom.

Figure 5. Forest plot of comparison of blood loss between MPIF and KWIF. MPIF¼mini-plate internal
fixation; KWIF¼Kirschner wire internal fixation; CI¼confidence interval; df¼degrees of freedom.

Figure 6. Forest plot of comparison of hospital days between MPIF and KWIF. MPIF¼mini-plate internal
fixation; KWIF¼Kirschner wire internal fixation; CI¼confidence interval; df¼degrees of freedom.
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Figure 7. Forest plot of comparison of an excellent and good rate of outcome between MPIF and KWIF.
MPIF¼mini-plate internal fixation; KWIF¼Kirschner wire internal fixation; CI¼confidence interval;
df¼degrees of freedom.

Figure 8. Forest plot of comparison of the finger visual analog scale score between MPIF and KWIF.
MPIF¼mini-plate internal fixation; KWIF¼Kirschner wire internal fixation; CI¼confidence interval;
df¼degrees of freedom.

Figure 9. Forest plot of comparison of the short-form health survey-36 score between MPIF and KWIF.
MPIF¼mini-plate internal fixation; KWIF¼Kirschner wire internal fixation; CI¼confidence interval;
df¼degrees of freedom.
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Figure 10. Forest plot of comparison of functional exercise time (weeks) between MPIF and KWIF.
MPIF¼mini-plate internal fixation; KWIF¼Kirschner wire internal fixation; CI¼confidence interval;
df¼degrees of freedom.

Figure 11. Forest plot of comparison of the fracture healing time (weeks) between MPIF and KWIF.
MPIF¼mini-plate internal fixation; KWIF¼Kirschner wire internal fixation; CI¼confidence interval;
df¼degrees of freedom.

Figure 12. Forest plot of comparison of the flexion and extension range between MPIF and KWIF.
MPIF¼mini-plate internal fixation; KWIF¼Kirschner wire internal fixation; CI¼confidence interval;
df¼degrees of freedom.
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Figure 13. Forest plot of comparison of the incidence of complications between MPIF and KWIF.
MPIF¼mini-plate internal fixation; KWIF¼Kirschner wire internal fixation; CI¼confidence interval;
df¼degrees of freedom.

Figure 14. Forest plot of comparison of the postoperative infection rate between MPIF and KWIF.
MPIF¼mini-plate internal fixation; KWIF¼Kirschner wire internal fixation; CI¼confidence interval;
df¼degrees of freedom.

10 Journal of International Medical Research



does not destroy the articular surface.
Therefore, the function of the hand can be
restored to the maximum.28–30

Application of MPIF has the following
advantages. (1) MPIF has a wide range of
indications, and it is applicable to the
palmar finger and even part of the commi-
nuted fracture in the joint.31 (2) The mini-
plate is firmly fixed without external
fixation. In animal experiments, some
researchers have found that MPIF is stron-
ger than steel wire with resistance to
bending, rotation, and pressure.32 The
mini-plate is strong enough to resist the
pull of the muscles of the hand and is ben-
eficial for opening of the wound. (3) Early
functional exercise of the tendon can avoid
adhesion.33 (4) MPIF shortens the healing
time of the fracture.34 Minimizing pain and
decreasing functional damage caused by
trauma are helpful, which are beneficial to
complete recovery of function of the hand.

In the clinic, internal fixation should
achieve anatomical reduction, reliable inter-
nal fixation, and early functional training.
At present, treatment of metacarpal and
phalangeal fractures with MPIF in China
and in other countries has shown good
results. Healing of the fracture and the
effect of recovering joint flexion by MPIF
have been recognized.35–37 The mini-plate
has high plasticity, can fully provide suffi-
cient pressure and strength, promote the
success rate of joint fusion, and reduce com-
plications of the operation, and is the ideal
material for reduction and stability of the
tubular bone.38,39 MPIF has good biocom-
patibility, excellent corrosion resistance,
no allergic conditions, and is beneficial
to bone.

This systemic study showed the associa-
tions of perioperative and postoperative
outcomes of MPIF versus KWIF for treat-
ment of metacarpal and phalangeal frac-
tures. The most important finding in our
study was the clear difference in outcomes
between MPIF and KWIF. Additionally,

patients with MPIF benefit from thorough
analysis and optimization of their medical
condition. Further high-quality, multicen-

ter, prospective studies with a good design
and a large number of participants and
long-term follow-up are required to confirm
our results.
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