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Objective: The aim of this systematic review and meta-analysis is to assess the
clinical efficacy of intramedullary fixation (IF) vs. plate fixation (PF) in the
treatment of midshaft clavicle fractures.

Methods: We conducted a computerized search of the electronic databases
(PubMed, EMBASE, Cochrane Library, Medlineand Chinese Journal Full-text
Database) from the establishment of the database to the end of November
2022. The quality of the included studies was assessed according to the
Cochrane Collaboration’s “Risk of bias”. Comparisons between the two groups
were based on 8 variables, including Constant score, disabilities of the arm,
shoulder and hand (DASH) score, surgery time, length of incision, hospital stay;
time to union, blood loss and infection.

Results: Thirteen randomized controlled trials (RCTs) comprising a total of 928
patients were included in our meta-analysis. The pooled results showed that IF
can benefit midshaft clavicle fractures with a reduced surgery time and hospital
stay, a smaller incision, a better shoulder function (DASH score), shorter time to
union and lower rate of infection compared with PF. However, there was no
significant difference between the two groups in terms of Constant score at
12-month follow-up.

Conclusion: IF is superior to PF for the treatment of midshaft clavicle fractures.
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Introduction

Fractures of the clavicle are common injuries, constituting 2.6%-5% of all fractures in
adults (1). Approximately 80% of such fractures are midshaft fractures, and over half of
the latter are displaced (2-4). Historically, midshaft clavicle fractures were treated
conservatively, with a sling or a figure-of-eight bandage, because they were thought to
heal with high rates of union and good patient satisfaction (5-10). Recent studies,
however, have emphasized that the risk of nonunion following conservative treatment is
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higher than previously reported (11-13). Therefore there has been
a shift toward the operative treatment of midshaft clavicle fractures.

Intramedullary fixation (IF) and plate fixation (PF) are two of
the most commonly used surgical treatments for midshaft clavicle
fractures (14). Although PF has been a preferred method owing to
high union rates and good functionality, it also has drawbacks, such
as higher rates of infection, skin irritation from implant
prominence, implant failure and refracture after implant removal
(15). TIF has the advantages of preventing plate irritation, thus
decreasing the incidence of infection, preserving the soft tissue
envelope and periosteum, and reducing the length of incision
(16, 17). Potential limitations involve high rates of nonunion and
painful prominent hardware.

Although some published systematic reviews and meta-
analyses have assessed the clinical effects of IF vs. PF in the
treatment of midshaft clavicle fractures (18, 19), they did not
analyze all the outcome indicators because they lacked the
relevant data. Now, because several relevant newrandomized
controlled trials (RCTs) have been published, we have been able
to provide
information in our updated meta-analysis.

more comprehensive, convincing, and useful

Materials and methods
Search strategy

We conducted a computerized search of several electronic
databases (e.g., PubMed, EMBASE, Cochrane Library, Medline
and Medlineand Chinese Journal Full-text Database) from the
establishment of the database to the end of November 2022,
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) for published studies
comparing IF with PF in patients with midshaft clavicular
fractures. The key words used included midshaft Cclavicle
fractures, clavicle fractures, plate, intramedullary, randomized
controlled  trials, and randomized. Secondary searches of
unpublished literature were conducted by searching the Google
Scholar and Medical Matrix up to the end of November 2022.
The references in these articles were also searched to identify any
additional studies not previously identified in the initial

literature search.

Eligibility criteria

Studies with the following criteria were included: (1) RCTs
comparing IF with PF in the treatment of midshaft clavicle
fractures; (2) patients between 16 and 70 years of age; (3)
interventions including IF (intramedullary pin, Knowles pin, or
pin) and/or PF
reconstruction plate); (4) at least a 12-month follow-up. The

Rockwood  clavicle (locking plate or

exclusion criteria were as follows: (1) duplicate or multiple
publications of the same study, retrospective studies, or case
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reports; (2) studies reporting only elderly patients (age >60
years); (3) studies not reporting interested outcomes.

Quality assessment

The quality of each of the included studies was independently
assessed by 2 reviewers (according to the Cochrane Collaboration’s
“Risk of bias” criteria). The Cochrane Risk of Bias Tool of Review
Manager version 5.4 (Copenhagen, Denmark: Nordic Cochrane
Centre, Cochrane Collaboration) was applied. Appraisal criteria
included: random sequence generation, allocation concealment,
blinding of participants and personnel, blinding of outcome
assessment, incomplete outcome data, selective reporting, and
other biases. Each of these factors was recorded as denoting low
risk, unclear risk, or high risk. Where data were unclear, we
contacted authors, when possible, for clarification. Disagreements
were resolved by third party adjudication.

Data extraction

Two reviewers independently extracted and cross-checked the
data. The decision to include studies was made initially on the
basis of the study title and abstract. When a study could not be
excluded with certainty at this stage, the full-text was obtained
for evaluation. Disagreements were resolved by discussion and,
where necessary, in consultation with a third reviewer. Extracted
information included the first author, publication year, study
design, characteristics of participants and information to assess
the risk of bias. If any data were missing from the trial reports,
the reviewers attempted to obtain the data by contacting
the authors.

Outcome

Primary outcomes were Constant score, DASH score, and time
to union. The secondary outcomes were classified as surgery time,
length of incision, hospital stay, blood loss and infection.

Statistical analysis

The statistical analysis was performed with RevMan 5.4. For
dichotomous variables, the risk ratio (RR) with a 95% confidence
interval (CI) was calculated. For continuous variables, mean
difference (MDs) with a 95% CI or standardized mean difference
(SMD) with a 95% CI was calculated. A value of P<0.05 was
regarded as statistically significant. The assessment for statistical
heterogeneity was calculated using the chi® statistic and I’
statistic. If there was no heterogeneity (P> 0.10, I* < 50%), a fixed
effect model was used. Otherwise, a random effect model was
used. The outcome of meta-analysis for variables was summarized
graphically using a forest plot. The presence of publication bias
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was assessed using Egger tests. Publication bias was observed with
the funnel plot. We were unable to perform pooled analyses as
results varied widely with exclusion of any study.

Results
Search results

A total of 649 records were reviewed. After removal of
duplicates, 231 records were screened; 404 studies clearly did not
match our inclusion criteria by title and abstract and were
therefore excluded. A RCT was excluded because it reported only
elderly patients (20). Finally, 13 studies met the eligibility criteria
and were found suitable for our meta-analysis (21-33). All

10.3389/fsurg.2023.1194050

studies were prospective RCTs. The study selection process and
reasons for exclusion are summarized in Figure 1.

Quality assessment and basic information

The quality of the included studies (13 RCTs) was assessed
using the Cochrane Collaboration’s “Risk of bias” criteria. The
risk of bias assessment of included studies is given in Figures 2,
3. Thirteen RCTs published between 2008 and 2022 were
included; and a summary of their characteristics is presented
in Table 1. A total of 928 patients (477 in the IF group and 451
in the PF group) were enrolled in these studies. As described in
each study, patients treated by both methods were comparable
in terms of gender, side involved and injury mechanism. All of
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PRISMA 2009 flow diagram
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FIGURE 2
Risk of bias graph.

the studies involved patients with midshaft clavicle fractures who
were followed for at least 12 months. All the articles evaluated
the clinical efficacy of IF and PF in the treatment of midshaft
clavicle fractures. The IF group included intramedullary pins,
Knowles pins and Rockwood pins. The PF group included
locking plates and reconstruction plates.

Outcomes

Primary outcomes

Eleven studies reported the Constant score. The heterogeneity
test showed a significant heterogeneity (I*=99%) and the
random effect model was applied. The aggregated results showed
that there was no statistical difference between the 2 methods
(MD: 241, 95% CI: —1.98 to 6.80) (Figure 4).

Nine studies reported the DASH Score. The heterogeneity test
showed a significant heterogeneity (I>=98%) and the random
effect model was applied. A meta-analysis of the aggregated
results showed a statistical difference between the two groups
(MD: —3.16, 95% CI: —5.48 to —0.83) (Figure 5).

Time to union was reported by 8 studies; Three (25, 29, 33) of
these used month as a unit, and the meta-analysis indicates their
significance (MD: —0.91, 95% CI: —0.98 to —0.83) without any
heterogeneity (I>=25%) (Figure 6). 4 (24, 30-32) used the week
as a unit, and the meta-analysis indicates their significance (MD:
—2.62, 95% CL: —4.05 to —1.19) with heterogeneity (I” = 62%)
(Figure 7). One study used the day as a unit, and a significant
difference was found in both groups (P =0.26) (28).

Secondary outcomes

Perioperative data

Ten studies reported the surgery time. The meta-analysis for
aggregated results from 10 studies showed a significant difference
(MD: -21.32, 95% CI: —27.41 to —15.24) with significant
heterogeneity (I* = 92%) (Figure 8).

Seven studies reported the length of incision. The heterogeneity
test showed a significant heterogeneity (I*=98%) and the random
effect model was applied. A meta-analysis of the aggregated results
showed a statistical difference between the two groups (MD: —6.56,
95% CI: —7.76 to —5.35) (Figure 9).

Six studies reported the length of hospital stay. The
heterogeneity test showed a significant heterogeneity (I*=85%)
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Risk of bias summary.

and the random effect model was applied. A meta-analysis of the
aggregated results showed a statistical difference between the two
groups (MD: —1.55, 95% CI: —2.13 to —0.97) (Figure 10).

Four studies reported on blood loss. The heterogeneity test
showed a significant heterogeneity (I>=96%) and the random
effect model was applied. A meta-analysis of the aggregated
results showed a statistical difference between the two groups
(MD: —74.30, 95% CI: —92.41 to —56.20) (Figure 11).

All 13 studies provided data on incidence of infection. The test
for heterogeneity was not significant (I 2=0%) and the fixed effect
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TABLE 1 Characteristics of the included studies.

Country Study type Follow-up
(months)
IF (M/F) PF (M/F)
Lee et al. (28) China RCT 37/19 20/12 40.1 28.2 >12
Ferran et al. (27) UK RCT 14/3 13/2 23.8 354 >12
Assobhi (25) Egypt RCT 16/3 17/2 30.3+4.38 32659 >12
Narsaria et al. (29) India RCT 24/9 26/6 38.9+9.1 402+11.2 >12
Andrade-Silva et al. (24) Brazil RCT 19/7 28/5 283+94 31.2+122 >12
Meijden et al. (26) Netherlands RCT 60/2 53/5 39.6+13.2 384+ 14.6 >12
Zehir et al. (32) Turkey RCT 14/10 12/9 33.17+8.6 3238 +£8.41 >12
Calbiyik et al. (21) Turkey RCT 21/14 25/15 42.02 +13.87 39.07 £7.04 >12
Fuglesang et al. (22) Norway RCT 46/8 52/8 374 34.9 >12
King et al. (23) South Africa RCT 26/9 20/17 29+ 14 35+12 >12
Yang et al. (30) China RCT 37/21 34/21 412+124 42.6+15.1 >12
Long et al. (33) China RCT 25/5 22/8 36.4+10.3 36.6+10.4 >12
Bietal. (31) China RCT 15/11 16/10 31.57+5.21 35.09+54 >12
RCT, randomized controlled trial; IF, intramedullary fixation; PF, plate fixation; M, males; F, females.
IF PF Mean Difference Mean Difference
_Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV. Random,95%CI
Andrade 2015 918 88 25 917 93 29 86% 0.10 [-4.73, 4.93] -1
Assobhi 2011 955 53 19 899 113 19 83% 5.60 [-0.01, 11.21]
Bi 2022 91.35 8.21 26 80.27 7.14 26 88%  11.08[6.90, 15.26] I
Calbiyik 2017 929 42 35 901 65 40 93% 2.80[0.35, 5.25] T
Ferran 2010 921 6 17 887 9.1 15  84% 3.40 [-2.02, 8.82] -1
King 2019 97 5 35 91 12 37 88% 6.00 [1.79, 10.21] T
Lee 2008 953 4.1 56 931 38 32 95% 2.20[0.50, 3.90] -
Long 2021 99.1 0.2 30 921 25 30 96% 7.00[6.10, 7.90] -
Meijden 2015 913 15 62 992 04 58 96% -7.90 [-8.29, -7.51] -
Narsaria 2014 946 3.2 33 962 26 32 95% -1.60 [-3.02, -0.18] -]
Yang 2020 96.2 25 58 971 21 55 96% -0.90 [-1.75, -0.05] ™
Total (95% CI) 396 373 100.0% 2.41 [-1.98, 6.80) ’
Heterogeneity: Tau® = 52.23; Chi* = 1201.69, df = 10 (P < 0.00001); I = 99% ‘_20 i 1 5 . 1’0 20’
Test for overall effect: Z = 1.08 (P = 0.28) IE PF
FIGURE 4
Forest plot of comparison: constant score.
IF PF Mean Difference Mean Difference
—Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random. 95% Ci IV, Random. 95%CI
Andrade 2015 75 125 25 87 118 29 6.5% -1.20 [-7.72, 5.32]
Bi 2022 18.36 6.24 26 257 831 26 96% -7.34[-11.33,-3.35] .
Calbiyik 2017 3.82 162 35 819 225 40 13.2% -4.37 [-5.25, -3.49] =
Fuglesang 2018 3.1 7 57 37 75 57 11.4% -0.60 [-3.26, 2.06] R
King 2019 5 6 35 17 18 37 66% -12.00[-18.44,-556) —
Long 2021 212 11 30 298 33 30 129% -8.60 [-9.84, -7.36] ke
Meijden 2015 39 11 62 24 06 58 13.4% 1.50 [1.19, 1.81]
Yang 2020 35 12 58 32 16 55 133% 0.30 [-0.22, 0.82]
Zehir 2015 774 222 24 822 193 21 13.0% -0.48 [-1.69, 0.73] ™
Total (95% CI) 352 353 100.0%  -3.16 [-5.48, -0.83] A 2
Heterogeneity: Tau? = 10.46; Chi* = 390.61, df = 8 (P < 0.00001); I* = 98% ’_20 : 130 5 1‘0 20‘
Test for overall effect: Z = 2.66 (P = 0.008) IE PF
FIGURE 5
Forest plot of comparison: DASH score.

model was adopted. Pooled data showed that a statistical
difference existed between the 2 groups (RR: 0.33, 95% CI:

0.16-0.72) (Figure 12).
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Publication bias

The funnel plot was symmetrical in general, indicating small

publication bias (Figure 13).
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IF PF Mean Difference Mean Difference
—Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fix % Cl
Assobhi 2011 52 17 19 7.3 31 19 03% -2.10[-3.69, -0.51]
Long 2021 16 0.2 30 25 0.1 30 99.2% -0.90[-0.98,-0.82] .
Narsaria 2014 6.1 1.8 33 74 27 32 05% -1.30[-2.42,-0.18] N
Total (95% CI) 82 81 100.0% -0.91 [-0.98, -0.83] ]
Heterogeneity: Chi® = 2.66, df = 2 (P = 0.26); * = 25% j‘ 2 5 2 ;
Test for overall effect: Z = 22.25 (P < 0.00001) IE PF
FIGURE 6
Forest plot of comparison: union time (month).
IF PF Mean Difference Mean Difference
—Study or Subgroup _Mean _SD_Total Mean SD Total Weight IV, Random,95% CI IV, Random, 95%Cl
Andrade 2015 159 3.5 25 168 35 29 24.8% -0.90 [-2.77, 0.97] L
Bi 2022 13.29 563 26 18.77 7.41 26 11.7% -5.48 [-9.06, -1.90]
Yang 2020 123 24 58 156 28 55 36.2%  -3.30 [-4.26, -2.34] -
Zehir 2015 11.75 2.7 24 1381 294 21 273%  -2.06[-3.72,-0.40] —
Total (95% Cl) 133 131 100.0%  -2.62 [-4.05, -1.19) -
Heterogeneity: Tau® = 1.23; Chi* = 7.90, df = 3 (P = 0.05); I* = 62% 1 o 5 5 5 ] 0’
Test for overall effect: Z = 3.59 (P = 0.0003) IE PF
FIGURE 7
Forest plot of comparison: union time (week).
IF PF Mean Difference Mean Difference
_Study or Subgroup _Mean __SD Total Mean _ SD Total Weight IV, Random, 95% Cl IV, Random, 95%CI
Andrade 2015 532 125 25 655 134 29 9.7% -12.30[-19.21, -5.39]
Assobhi 2011 441 9.1 19 681 109 19  9.9% -24.00[-30.38,-17.62] S
Bi 2022 4127 931 26 59.8 1267 26 10.0% -18.53[-24.57,-12.49] =
Calbiyik 2017 51.2 10.56 35 538 10.15 40 10.4% -2.60 [-7.30, 2.10] -
King 2019 45 12 35 65 21 37 9.4% -20.00 [-27.85, -12.15] S
Lee 2008 275 103 56 684 19.6 32 96% -40.90[-4821,-3359] —
Long 2021 65.5 8.4 30 924 101 30 10.4% -26.90[-31.60, -22.20] —
Narsaria 2014 402 575 33 584 8 32 10.7% -18.20[-21.60, -14.80] s
Yang 2020 413 212 58 754 196 55 9.5% -34.10[-41.62, -26.58] =
Zehir 2015 35.58 5.5 24 5343 793 21 106% -17.85[-21.89, -13.81] =
Total (95% Cl) 341 321 100.0% -21.32 [-27.41, -15.24] -
Heterogeneity: Tau? = 86.91; Chi* = 113.88, df = 9 (P < 0.00001); I* = 92% ‘_50 25 : 2’5 50’
Test for overall effect: Z = 6.87 (P < 0.00001) IF PF
FIGURE 8
Forest plot of comparison: surgery time.
IF PF Mean Difference Mean Difference
—Study or Subgroup _Mean _SD Total Mean SD Total Weight IV, Random, 95% Ci IV, Random, 95%Cl
Assobhi 2011 43 08 19 85 16 19 139%  -4.20[-5.00, -3.40] A
Calbiyik 2017 1.11 0.63 35 945 1.72 40 143%  -834([-891,-7.77] ™
King 2019 37 09 3% 116 18 37 142%  -7.90[-8.55,-7.25] -
Lee 2008 4.1 031 56 84 161 32 143%  -4.30[-4.86,-3.74] lads
Long 2021 24 04 30 103 04 30 148%  -7.90[-8.05,-7.75] “
Narsaria 2014 4.5 0.62 33 102 0.87 32 146%  -5.70[-6.07,-5.33] R
Yang 2020 43 1.2 58 118 26 55 14.0%  -7.50[-8.25, -6.75] g4
Total (95% CI) 266 245 100.0%  -6.56 [-7.76, -5.35) -
Heterogeneity: Tau? = 2.56; Chi* = 315.64, df = 6 (P < 0.00001); I* = 98% 1 o 5 . 5 , 0’
Test for overall effect: Z = 10.66 (P < 0.00001) IE PF

FIGURE 9
Forest plot of comparison: length of incision.
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IF PF Mean Difference Mean Difference
—Study or Subgroup _Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV.Random, 95%Cl
Assobhi 2011 14 05 19 23 038 19 193%  -0.80[-1.32,-0.48] Eai
Bi 2022 3.71 1.15 26 684 23 26 133%  -3.13[-4.12,-2.14] - e
Calbiyik 2017 3.08 1.63 35 36 081 40 17.6% -0.52 [-1.12, 0.08] S ¢
Long 2021 78 15 30 108 27 30 121%  -3.00 [-4.11,-1.89] N -
Narsaria 2014 14 0.25 33 28 075 32 205%  -1.40[-1.67,-1.13] -
Zehir 2015 3.79 1.17 24 505 0.97 21 17.2%  -1.26[-1.89,-0.63] —
Total (95% CI) 167 168 100.0%  -1.55[-2.13, -0.97] >
Heterogeneity: Tau® = 0.41; Chi? = 32.79, df = 5 (P < 0.00001); I* = 85% j‘ 2 : 2 j‘
Test for overall effect: Z = 5.20 (P < 0.00001) IE PF
FIGURE 10
Forest plot of comparison: length of hospital stay.
IF PF Mean Difference Mean Difference
_Study or Subgroup _Mean _ SD Total Mean SD Total Weight IV, Random., 95% Cl IV. R v
Assobhi 2011 654 28 19 1443 315 19 21.0% -78.90[-97.85,-59.95] "
Bi 2022 2155 6.02 26 116.38 15.31 26 26.4% -94.83[-101.15,-88.51] ™
Long 2021 189 41 30 824 72 30 27.1% -63.50 [-66.46, -60.54] -
Narsaria 2014 70 1475 33 1308 21 32 256% -60.80 [-69.65, -51.95] =
Total (95% CI) 108 107 100.0% -74.30[-92.41,-56.20] - . . .
Heterogeneity: Tau® = 313.20; Chi* = 81.58, df = 3 (P < 0.00001); I* = 96% Y - - y -
Test for overall effect: Z = 8.04 (P < 0.00001) -100 =0 ,FOPF 0 100
FIGURE 11
Forest plot of comparison: blood loss.
IF PF Risk Ratio Risk Ratio
—Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% Cl| M-H, Fixed, 95% Cl
Andrade 2015 0 25 1 29 5.5% 0.38 [0.02, 9.04]
Assobhi 2011 0 19 1 19 6.0% 0.33 [0.01,7.70]
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FIGURE 12
Forest plot of comparison: incidence of infection.

Discussion

The optimal surgical method for midshaft clavicle fractures
remains a matter of debate. In the past, PF was most
commonly used for fixing midshaft clavicle fractures (34).
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However, IF is considered as a better selection for midshaft
clavicle fractures, and it is associated with a lower incidence of
complications (17). In theory, IF and PF both have advantages
and disadvantages. Therefore, to provide strong support
for clinical decision making, we conducted an updated
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Funnel plot of publication bias.

meta-analysis to determine the optimal surgical method for
midshaft clavicle fractures.

The outcomes investigated comprised both primary outcomes
(including Constant score, DASH score, and union time) and
secondary outcomes (including surgery time, length of incision,
and hospital stay; blood loss, and infection). The aggregated
results from our meta-analysis of seven RCTs suggest that IF can
be of benefit in the treatment of midshaft clavicle fractures with
reduced surgery time and hospital stay, a smaller incision, less
bleeding, shorter union time and lower rate of infection in
comparison with PF. This result was also supported by some
previous systematic reviews (35, 36) and meta-analyses (37-39).
Furthermore, our meta-analysis indicates that there was no
significant difference between the two methods in terms of
Constant score and DASH score at 12-month follow-up. Based
on current evidence, we conclude that IF is the optimum choice
in the treatment of midshaft clavicle fractures.

The meta-analysis with five RCTs by Zhu et al. (39) suggested
that IF has advantages over PF with a greater Constant score at
12-month follow-up. But in 2 recent randomized controlled trials,
Andrade-Silva et al. (24) reported that there was no significant
difference between the 2 techniques, with a similar Constant score
at 12-month follow-up (P=0.937) and Meijden et al. (26) agreed.
In 4 other randomized controlled trials (25, 27-29), similar results
were reported. Furthermore, whether at 6 or 12-month follow-up,6
reports (22, 24, 26, 27, 29, 32) revealed that no discrepancy was
observed in terms of DASH score, Oxford Shoulder score, or
American Shoulder and Elbow Surgeons (ASES) score. Thus, we
suggested that IF and PF yielded similar functional outcomes.
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In addition to the results already mentioned, 6 studies (25-29,
32) also separately analyzed other variables such as blood loss, skin
irritation, hypertrophic scar, and symptomatic hardware event. We
did not merge these variables owing to the lack of more relevant
data. From 2 studies (25, 28), however, we concluded that PF
significantly increased the risk of hypertrophic scar and
symptomatic hardware event. Some reports (25, 26, 29, 32)
indicated that the incidence of skin irritation was similar between
the groups, whereas mean blood loss was significantly lower in
the IF group. Regarding the incidence of malunion, a RCT by
Meijden et al. (26) reported that there was no significant
difference between the IF and PF groups (0/62 vs. 0/58). A meta-
analysis with 4 RCTs and 9 retrospective studies by Zhang et al.
(38) and 2 retrospective studies by Chen et al. (40) and Wijdicks
et al. (41) also support this conclusion. It is worth mentioning
that in terms of biomechanics the PF was stiffer than IF in both
pure bending and torque loading (42). But, the absolute stability
provided by PF is not an advantage for fracture healing. It is not
surprising that PF requires more time for union than IF owing
to its requirement for absolute stability. The pooled results by
this meta-analysis and Zhu’s (39) meta-analysis all showed no
significant difference between the 2 groups in terms of refracture
after implant removal, whereas the meta-analysis by Zhang et al.
(38) determined that IF is associated with a lower incidence of
refracture after implant removal. The reason of these conflicting
conclusions may be explained by the fact that Zhang’s (38) meta-
analysis contains some retrospective; case-control studies. Still,
the results of our meta-analysis may be not be conclusive owing
to the small size of our sample. The present debate about the
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incidence of refracture after implant removal may be solved in the
course of further RCTs.

The present meta-analysis has other potential limitations. First,
we do not compare the specific fixators, which may affect the
stability and reliability of the conclusions. For instance, IF
includes intramedullary pins, Knowles pins, and Rockwood pins.
PF also includes locking plate and reconstruction plates. Second,
different studies use different inclusion and exclusion criteria and
follow-up times, which can create some of the heterogeneity we
observed among trials. Third, some indicators appeared in only a
single study; more RCTs that focus on these indicators are
expected in the future, and these may make our results more
convincing. Fourth, although we included only RCTs, the quality
of the recruited studies was inconsistent. Some studies had
adequate randomization, but others had only incomplete random
sequence generation, weak blinding, or imperfect allocation
concealment. After enough high-quality studies become available,
this limitation may be solved by an updated meta-analysis
containing only them.

Conclusion

In comparing IF and PF in the treatment of midshaft clavicle
fractures, the available evidence from our meta-analysis suggests
that IF can be of benefit in the treatment of midshaft clavicle
fractures owing to reduced surgery time and hospital stay, a
smaller incision, shorter time to union, and lower rate of
superficial infection in comparison with PF. Although IF and PF
yielded similar functional outcomes, PF significantly increased
the risk of blood loss, hypertrophic scar, and symptomatic
hardware event. Therefore, we conclude that IF is superior to PF
for the treatment of midshaft clavicle fractures.
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