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Abstract N\
Background: Calcaneal fractures are the most common tarsal bone fracture, and are often accompanied by heel pain, local |
swelling, tenderness, and inability to walk or stand. Surgical intervention results in better reconstruction of the calcaneal anatomy and
reduces future complications; however, the optimal incision approach is still controversial. The incision is exposed better with
extensile lateral approach (ELA), while the sinus tarsi approach (STA) causes fewer complications. The purpose of this meta-analysis
is to compare the outcomes of STA and ELA.

Materials and methods: Published trials comparing ELA and STA in calcaneal fractures were included in our analysis. The
quality of each study was assessed using the revised Jadad scale and the Newcastle-Ottawa scale. Two researchers (CP and BY)
independently extracted data from all selected studies. Fixed- or random-effects models with mean differences and odds ratios were
used to pool the continuous and dichotomous variables to determine the heterogeneity of the included studies.

Results: Calcaneal height and calcaneal width had high heterogeneity. Results showed that the incidence of incision complications
in STA was lower than that in ELA (P< .001). There was high heterogeneity in operative time (/> =97%), length of hospital stay (°=
98%), Bohler angle (°=80%), Gissane angle (°=98%), and American Orthopaedic Foot & Ankle Society scores (°=73%). No
source of heterogeneity was found by sensitivity analysis, subgroup analysis, or regression analysis, and the random-effects model
was used. STA operative time was significantly shorter than ELA (P < .001). Length of hospital stay after STA was significantly shorter
than after ELA (P=.002). There was no statistical difference in the Bohler and Gissane angles between STA and ELA. Postoperative
American Orthopaedic Foot & Ankle Society scores after STA were higher than after ELA (P=.01).

Conclusions: Results show that, compared with ELA, STA is superior for treating calcaneal fractures due to anatomical reduction
of the calcaneus, reduction of incision complications incidence, and shortened operative time and postoperative stay.

Abbreviations: AOFAS = American Orthopaedic Foot & Ankle Society, Cl = confidence interval, ELA = extensile lateral approach,
OR = odds ratio, PRISMA = Preferred Reporting ltems for Systematic Reviews and Meta-Analyses, RCTs = randomized controlled

trials, STA = sinus tarsi approach.
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1. Introduction

Calcaneal fractures are the most common fractures of the tarsal
bone, accounting for about 60% of all tarsal fractures.'"! Most
patients with calcaneal fractures land on their feet after falling from
a height, which causes a vertical impact on the heel. Calcaneal
fractures are often accompanied by heel pain, local swelling,
tenderness, and the inability to walk and stand.”! Randomized
controlled trials (RCTs)>* and meta-analyses®~”! have shown
that surgical treatment is the preferred treatment for calcaneal
fractures. And some new techniques are also applied to treat
calcaneal fractures.!™ Compared with non-surgical treatment,
surgery results in better reconstruction of the anatomical structure
of the calcaneus and reduces future complications.
Incision-related complications are an important limitation to
the generalization of surgical treatment for calcaneal fractures.
The traditional surgical approach consists of open reduction and
internal fixation through the extensile lateral approach (ELA),!"”
where an L-shaped incision directly exposes the fracture site for
repair.""! ELA can easily expose the incision, conducive to
anatomical reduction. However, ELA can also damage the blood
supply to the corners of the L-shaped flap, causing complications


mailto:rzlmengtong@163.com
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/licenses/by/4.0
http://dx.doi.org/10.1097/MD.0000000000026717

Peng et al. Medicine (2021) 100:31

such as wound edge necrosis, nerve damage, and infection.'*14!

To this end, clinical researchers have developed several small-
incision, minimally invasive reduction techniques.!"*! The most
common of these is the sinus tarsi approach (STA), which is
performed through a small incision in the distal fibula that is
anterior to the fibular tendon. While this approach mitigates the
damage to the sural nerve and lateral calcaneal artery, some
clinicians cite that inadequate exposure may affect the extent of
reduction and, ultimately, overall functional recovery.m®!

There is increasing interest in this issue, and many meta-
analyses have been conducted.''”>?! However, we found errors in
the literature inclusion®! that lead to doubts about the reliability
of the conclusions presented from those studies. The present
study aims to provide a more valid analysis by updating the
literature and excluding inappropriate studies that have
previously been used for meta-analysis. Herein, we performed
a meta-analysis of STA versus ELA in terms of postoperative
calcaneal height, postoperative calcaneus width, complications
(marginal necrosis, wound infection, and nerve injury), operative
time, postoperative hospital stay, postoperative Bohler angle,
postoperative Gissane angle, the American Orthopaedic Foot &
Ankle Society (AOFAS)-Ankle Hindfoot Scale score, and
comprehensively evaluated the role of STA in the treatment of
calcaneal fractures.

2. Methods

This meta-analysis was designed according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
guidelines ['”! and was registered on the Prospero website (CRD:
42019122640). Analyses were based on previously published
studies; thus, no ethical approval and patient consent are
required.

2.1. Literature search strategies

Two authors (CP and BY) independently searched the online
databases PubMed, Embase, and Cochrane on June 28,2019 for
studies comparing ELA and STA in the surgical treatment of
calcaneal fractures using internal fixation. The keywords
included: calcaneus, (fractures, bone), general surgery, surgical
procedures, operative, and surgical wound. There were no
restrictions on language, time, or any other parameters of the
articles during literature retrieval. Meanwhile, the investigators
also manually searched the references of relevant articles.

The details of the search strategy in PubMed are: Search
(CCCCCCC(((“Surgical Wound”[Mesh]) OR Surgical Wounds [Title/
Abstract]) OR Wound, Surgical [Title/Abstract]) OR Wounds,
Surgical [Title/Abstract]) OR Surgical Incision [Title/Abstract])
OR Incision, Surgical [Title/Abstract]) OR Incisions, Surgical
[Title/Abstract]) OR Surgical Incisions [Title/Abstract]) OR
approach [Title/Abstract])) AND ((((((((((((((“Surgical Proce-
dures, Operative”[Mesh]) OR Operative Surgical Procedure
[Title/Abstract]) OR Surgical Procedure, Operative[Title/Ab-
stract]) OR Procedure, Operative Surgical[Title/Abstract]) OR
Procedures, Operative Surgical[Title/Abstract]) OR Operative
Procedures|Title/Abstract]) OR Operative Procedure[Title/Ab-
stract]) OR Procedure, Operative[Title/Abstract]) OR Proce-
dures, Operative[Title/Abstract]) OR Operative Surgical
Procedures[Title/Abstract]) OR Surgery, Ghost[Title/Abstract])
OR Ghost Surgery[Title/Abstract])) OR (((“General Surgery”[-
Mesh]) OR Surgery, General[Title/Abstract]) OR Surgery[Title/
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Abstract]))) AND ((((((((((((((((“Fractures, Bone”[Mesh]) OR
Broken Bones[Title/Abstract]) OR Bone, Broken[Title/Abstract])
OR Bones, Broken[Title/Abstract]) OR Broken Bone[Title/
Abstract]) OR Bone Fractures|[Title/Abstract]) OR Bone Frac-
ture[Title/Abstract]) OR Fracture, Bone[Title/Abstract]) OR
Spiral Fractures[Title/Abstract]) OR Fracture, Spiral|[Title/Ab-
stract]) OR Fractures, Spiral[Title/Abstract]) OR Spiral Fracture
[Title/Abstract]) OR Torsion Fractures[Title/Abstract]) OR
Fracture, Torsion[Title/Abstract]) OR Fractures, Torsion[Title/
Abstract]) OR Torsion Fracture[Title/Abstract])) AND (((“Cal-
caneus”[Mesh]) OR Heel Bone[Title/Abstract]) OR Bone, Heel
[Title/Abstract]).

2.2. Inclusion and exclusion criteria

Inclusion criteria consisted of 1) adult calcaneal fracture patients;
2) studies comparing postoperative functional outcomes of
calcaneal fractures via ELA and STA; 3) studies reporting at least
1 of the following outcomes: postoperative calcaneal height,
postoperative calcaneal width, complications (marginal necrosis,
postoperative infection, and nerve injury), operative time, length
of hospital stay, postoperative Bohler angle, postoperative
Gissane angle, and AOFAS scores; and 4) cohort studies,
controlled clinical trials, and RCTs.

Exclusion criteria consisted of 1) animal or cadaver studies; 2)
studies in which valid data cannot be extracted or converted; 3)
case reports; 4) systematic reviews and meta-analyses; and 5)
conference papers without full text.

The 2 authors (CP and BY) independently screened titles and
abstracts of the resulting studies based on inclusion criteria and
excluded ineligible studies. Subsequently, the authors read the full
texts independently to determine whether a study should be
included in the final analysis. Any discrepancies that occurred
were resolved through discussions with a third author until a
consensus between all 3 authors (HT) was reached.

2.3. Outcome measures

The primary outcomes include calcaneal height, calcaneal width,
and the complications (marginal necrosis, wound infection, and
nerve injury), and the secondary outcomes include operative
time, length of hospital stay, Bohler angle, and Gissane angle.

Calcaneal height and width are 2 important outcome indicators
for predicting postoperative functional recovery. Calcaneal height
is a radiographic parameter measured on the lateral radiographic
view from the most posterior point of the tuberosity to the
calcaneocuboid joint. There are 3 parts that should be calculated
about the width of the calcaneus, including the width of the
anterior calcaneus, middle calcaneus, and posterior calcaneus. The
width of the calcaneus is defined as the horizontal line of each part
on the same axial plane. And the loss of height and width of the
calcaneus predicts postoperative dysfunctions, such as walking
pain and varied load-bearing point of the heel.

Incision-related complications, operative time, and postopera-
tive hospital stay are important considerations for the clinical
application of STA. All these outcomes can be found after the
surgery of calcaneal fractures, often used as indicators of recovery
time.

The Bohler angle is an imaging index that serves as an
anatomical landmark for the posterior articular surface of the
subtalar joint. A decrease in the Bohler angle indicates a collapse
of the load-bearing posterior articular surface of the calcaneus,
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which subsequently moves the center of gravity of the body
forward and reduces the calcaneal height. The Gissane angle
represents the angle between the anterior and posterior articular
surfaces of the calcaneus. An increased Gissane angle indicates a
collapse of the posterior surface of the calcaneus.

The AOFAS rating scale is used to score postoperative
function; the maximum potential score is 100 points, and a
score of 75 points or more is excellent,['3:1420-35]

www.md-journal.com

2.4. Data extraction

Two authors (CP and BY) independently extracted the data from
each study that met the inclusion criteria. The following outcome
measures were collected: postoperative calcaneal height, postop-
erative calcaneal width, complications (marginal necrosis,
postoperative infection, and nerve injury), operative time, length
of hospital stay, postoperative Bohler angle, postoperative
Gissane angle, and AOFAS scores. Baseline data included: study

Searching records:726

Embase (n=149)
Pubmed (n=553)
Cochrane (n=24)

Hand searching records

(n=21)

h 4

Total records
(n=747)

A.[

Duplicate records

(n=111)
¥
Titles and Abstracts

(n=636)
Case reports(n=49)
Meta analyses(n=9)
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Irrelevant literatures(n=486)
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Full-text articles
(n=66)

A

—
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Outcome independent(n=6)

Included studies
(n=18)

Figure 1. Literature selection. Flowchart for selection of included studies.
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Main characteristics of all eligible studies included in the meta-analysis.

Fixed type Fecet Mean age (year) Female (n) Follow-up Quality
Studies Period Design (ELA/STA) (ELA/STA) (ELA/STA) (ELA/STA) (month) score
AlexJ 201301%! 2005.10-2008.12 S Plates; screws 79/33 42.2/46.4 12/7 50 5
Basile 20162" 2012.1-2012.12 RCT Plates; plates 20/18 39.55/41.89 5/5 24 4
Bindia 2017121 2014.1-2016.12 RCT Plates, plates 60.60 35.8/38.6 23/20 12 5
ChengL 2017%% 2014.1-2015.1 RCT Plates; plates 33/33 35.1/36.2 11/8 4
LiLH 201614 2009.1-2014.1 RCT Plates; plates 32/32 41/40 86 12 6
M.Weber 2008 1995-2006 cS Plates; screws (3 plates) 26/24 40,04/42.67 76 3
Missa 20162 2002-2012 S Plates; screw 23/27 7
Moon 2009 2002.7-2007.2 cS 12 Plates and 8 screws; Screws 20/13 43.3/46.3 1/5 39.1 5
Schepers 20177 2012-2015 S Screws; plates 6065 46 17/22 28 4
Sicm A 20178 2012.1-2015.7 cS Plates: plates 35/36 49/47 13/13 18 5
Wuzp 201212 2004.1-2009.12 S Plates; plates 170/213 41.49/39.42 E1/6 12 7
Xia 201419 2007.1-2010.9 RCT Plates; plates’ 53/64 37/38 213 28 5
YangLei 20178" 2014.5-2016.5 CsS Plates; plates 50/54 36.835.9 14/16 8
Yeo 20152 2004.9-2011.2 cS Plates; screws 60:40 46 22115 001 5
ZShi 201389 S Plates; plates 15/15 45.7/43.1 32 20 5
ZhouHC 201763 2012.3-2015.2 cS Plates; pcrews (2 plates) 37/28 43.8/43.6 97 15 5
ZhuHB 201384 2011.3-2013.4 RCT Plates; plates 18/20 36.4/36.6 7/5 15 3
Jinti Lin 20192 2009.1-2016.4 cS Plates; plates 47135 38/36 717 50 7

ELA: conventional plate; STA: percutancous plate; Jadad score for RCTs; Newcastle-Ottawa Scale score for CS.
CS=cohort studies, ELA=extensile lateral approach, RCTs =randomized controlled trials, STA=sinus tarsi approach.

time, type of study, mode of internal fixation, number of feet, the
average age of patients, male to female ratio, and follow-up time.
Discrepancies were resolved by discussions with a third author
until an agreement was reached by all 3 authors (HT). We
contacted the original authors via email to obtain the data that
was not available in the original.

2.5. Quality assessment

Two authors (CP and BY) independently assessed the quality of
the included literature using the modified Jadad scale for RCTs

where scores 1 to 3 are considered low quality and scores 4 to 7
are high quality.®®! Cohort studies were assessed using the
Newcastle-Ottawa Scale,’®”! where scores 1 to 4 are considered
low quality and scores 5 to 9 are high quality. Discrepancies were
resolved by discussions with a third author (HT) until all 3
authors agreed.

2.6. Statistical analysis

Review Manager (Version 5.3) and Stata (Version 14) were used
for data analysis. Dichotomous variables were assessed using risk

STA ELA
Study or Subgroup Mean SD Total Mean SD Total Weight
5.2.1 ELA with plate and STA with screw
Yeo02015 451 7.725 40 465 6.7 60 5.6%
Subtotal (95% CI) 40 60 5.6%
Heterogeneity: Not applicable
Test for overall effect: Z=0.94 (P = 0.35)
5.2.2 ELA with plate and STA with plate
Bin Jia2017 419 295 60 39.2 2.87 60  0.0%
Jinti Lin2019 48.75 4.44 35 46.61 84 47  6.0%
Xia2014 38.6 21 64 382 25 49  357%
Yang lei2017 43.8 2.8 54 445 28 50 27.9%
ZhuHB2013 54.5 1.9 20 545 1.8 18 24.9%
Subtotal (95% CI) 173 164 94.4%

Heterogeneity: Tau? = 0.21; Chi? = 4.61, df = 3 (P = 0.20); I = 35%
Test for overall effect: Z=0.22 (P = 0.83)

Total (95% CI) 213 224 100.0%
Heterogeneity: Tau? = 0.18; Chi? = 5.53, df = 4 (P = 0.24); I> = 28%

Test for overall effect: Z=0.01 (P = 1.00)

Test for subgroup differences: Chi? = 0.92, df =1 (P = 0.34), > = 0%

Mean Difference
IV, Random, 95% Cl

Mean Difference
IV, Random, 95% CI

———
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Figure 2. Calcaneal height analysis. Forest plot for the calcaneal height.
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Mean Difference
IV, Fixed, 95% CI

Mean Difference
1V, Fixed. 95% CI

STA ELA
Study or Subgroup Mean SD Total Mean SD Total Weight
6.2.1 ELA with plate and STA with screw
Yeo2015 37.6 6.175 40 393 465 60  2.5%
Subtotal (95% CI) 40 60 2.5%
Heterogeneity: Not applicable
Test for overall effect: Z = 1.48 (P = 0.14)
6.2.2 ELA with plate and STA with plate
Bin Jia2017 323 214 60 34.1 248 60  0.0%
Jinti Lin2019 43.59 8.135 35 45.37 3.9775 47 1.5%
Xia2014 33.6 22 64 33.2 22 53 19.8%
Yang 1€i2017 31 22 54 303 24 50 16.1%
ZhuHB2013 34.5 1.2 20 344 1.7 18  14.2%
Subtotal (95% CI) 173 168  51.6%
Heterogeneity: Chi? = 2.92, df = 3 (P = 0.40); I = 0%
Test for overall effect: Z=1.38 (P = 0.17)
6.2.5 ELA with screw and STA with plate
Schepers2017 36 1.5 65 36 1.5 60 45.8%
Subtotal (95% CI) 65 60 45.8%
Heterogeneity: Not applicable
Test for overall effect: Z = 0.00 (P = 1.00)
Total (95% CI) 278 288 100.0%

Heterogeneity: Chi? = 6.45, df = 5 (P = 0.27); I = 22%
Test for overall effect: Z = 0.75 (P = 0.45)
Test for subgroup differences: Chi? = 3.53, df =2 (P = 0.17), I = 43.3%

Figure 3. Calcaneal width analysis.
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Forest plot for the calcaneal width.

STA ELA Odds Ratio Odds Ratio
Study or Subgroup _Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% C1
811 Flap necrosis

Basie2016 o 18 2 20 1% ozopotass |
Bin Jia2017 160 5 60 35% o0d9ozies) |
JintiLin2018 13 3 47 18%  0.43[0.04,4.33) — T
LiLH2016 0o = 4 3 s2%  otopottey
M.Weber2008 0 24 126 10% o3spotsey |
Schepers2017 4 6 9 60 63%  037[0.11,128) -7

Wy Zp2012 0 213 6 170 s2%  00sfooo 108 |

Xia2014 0 64 8 53 6% 00400074 T

Yang lei2017 0o s 5 50 a1%  008foootan |
Yeo2015 2 40 8 60 44%  034[0.07,170] |

Zhou HC2017 0o 28 3 a7 21%  oarpotsaq T
Subtotal (95% CI) 633 615 308%  09[0.10,036] >

Total events 8 54

Heterogeneity: Chi* = 4.56, df = 10 (P = 0.92); ¥ = 0%

Testfor overall effect: Z = 5.06 (P < 0.00001)

8.1.2 Wound infection

Bin Jia2017 160 3 60 21% 0320003319 T
Chengl2017 2 3 4 33 27%  047(008,275 - 1

Jinti Lin2019 4 35 13 47 74%  034[010,115] I

LiLH2016 2 = 5 %2 34% 036006201 -1
Moon2009 0o 13 120 08% 048[0.02 1273
Siem A2017 2 3% 10 35 69%  015(003,073]

Wy Zp2012 4 213 14 170 110%  021(0.07,066] —

Xia2014 0 64 2 53 19%  0.16[001,340] [
Yang l6i2017 0 s 150  11%  030[0.01,761] 7
Yeo2015 0 40 o 60 Not estimable

Zhou HC2017 128 2 37 12%  065[006,7.53
Subtotal (95% Ci) 608 7 2%  028[046,049] L 4

Total events 16 55

Heterogeneity: Chi“ = 2.04, df =9 (P = 0.99): F = 0%

Testfor overall effect: Z = 4.47 (P < 0.00001)

8.1.3 Nerve injury symptoms

Alex J2013 13 3 79 12%  079[008,7.90] — T
Bin Jia2017 0 &0 4 60 32%  otoporten [
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Yang lei2017 0 s 3 s 26% onpot2en |
Yeo2015 2 40 460 22%  074[0.13,4.23 T
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Heterogeneity: Chi* = 3,64, df =7 (P = 0.82); = 0%

Testfor overall effect: Z = 3.21 (P = 0.001)

Total (95% CI) L2 1724 100.0%  025[0.17,0.36] *

Total events 31 141 ) ) )

Heterogeneity: Ch” = 10.90, df = 28 (P = 1.00) = 0%
Test for overalleffect: Z = 7.48 (P < 0.00001)
Test for subgroup differences: Chi = 1.08,df = 2 (P = 0.58), = 0%
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Figure 4. Postoperative complications analysis. Forest plot for postoperative
complications.

ratios and 95% confidence interval (CI). Continuous variables
were analyzed as the mean + standard deviation and 95% CIL. A
value of P<.05 was considered statistically significant, and I*
values were calculated to assess heterogeneity across the studies.
An I*<50% was considered low heterogeneity, and a fixed-
effects model was used. An I> > 50% indicated high heterogene-
ity, and the source of heterogeneity was determined through
sensitivity analysis, subgroup analysis, and regression analysis. If
the heterogeneity could not be reduced, a random-effects model
was used. Sensitivity analysis was performed by removing the
included studies one by one. Subgroup analysis was conducted
based on different types of internal fixation, where there were 5
subgroups, including 1) ELA plate fixation vs STA screw fixation,
2) ELA plate fixation vs STA plate fixation, 3) ELA screw fixation
vs STA plate fixation, 4) ELA mixed fixation vs STA screw
fixation, and 5) ELA plate fixation vs STA mixed fixation. Egger
test was used to check for publication bias if more than 10 articles
were included in the data analysis.

3. Results

After an initial search, 726 articles were available from the
following databases: 149 from Embase, 553 from PubMed, and
24 from Cochrane. We manually searched references of the 21
additional related articles. A total of 111 duplicate articles were
removed, and another 570 articles were excluded by screening
titles and abstracts. The remaining 66 articles were enrolled for
full-text review, and an additional 48 articles (42 content-
unrelated and 6 outcome-unrelated articles) were excluded
thereafter. Thus, 18 articles were included in the final analysis
(details of the literature selection are shown in Fig. 1).
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STA

Study or Subgroup Mean SD_Total

Mean

ELA
SD Total Weight

Mean Difference
1V, Random, 95% CI

Mean Difference
IV, Random, 95% CI

1.3.1 ELA with plate and STA with screw

Yeo02015 61.7 8.75 40 763 75 60 8.5%
Subtotal (95% CI) 40 60 8.5%
Heterogeneity: Not applicable

Test for overall effect: Z = 8.65 (P < 0.00001)

1.3.2 ELA with plate and STA with plate

Basile2016 12215 8.32 18 187.5 17.24 20 7.3%
Bin Jia2017 395 417 60 624 658 60 8.7%
ChenglL2017 537 86 33 913 139 33  8.0%
Wu Zp2012 73.64 12 213 101.31 15 170  8.6%
Xia2014 62 85 64 93 11.25 53  8.4%
Yang lei2017 47.2 3.3 54 67.5 5.5 50 8.7%
Z Shi2013 822 155 15 784 18.6 15 6.1%
ZhuHB2013 502 9.1 20 92 95 18 8.0%
Subtotal (95% Cl) 477 419  63.7%

Heterogeneity: Tau? = 80.19; Chi? = 204.24, df = 7 (P < 0.00001); 1> = 97%
Test for overall effect: Z = 9.22 (P < 0.00001)

1.3.3 ELA with screw and STA with plate

Schepers2017 105 9.25 65 134 7.75 60 8.5%
Subtotal (95% CI) 65 60 8.5%
Heterogeneity: Not applicable

Test for overall effect: Z = 19.05 (P < 0.00001)

1.3.4 ELA is mix and STA with screw

Moon2009 56.5 112 13 66.2 15 19 71%
Subtotal (95% Cl) 13 19 71%
Heterogeneity: Not applicable

Test for overall effect: Z = 2.09 (P = 0.04)

1.3.5 ELA with plate and STA is mix

M.Weber2008 108 26.25 24 160 48.75 26 3.8%
Zhou HC2017 773 74 28 831 8.4 37  84%
Subtotal (95% CI) 52 63 12.2%

Heterogeneity: Tau? = 1005.23; Chi? = 17.22, df = 1 (P < 0.0001); I = 94%
Test for overall effect: Z = 1.20 (P = 0.23)

Total (95% ClI) 621 100.0%
Heterogeneity: Tau? = 91.47; Chi? = 348.99, df = 12 (P < 0.00001); I? = 97%
Test for overall effect: Z = 9.35 (P < 0.00001)

Test for subgroup differences: Chi? = 53.88, df = 4 (P < 0.00001), I = 92.6%
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Figure 5. Operative time analysis. Forest plot for the operative time.

Among the 18 included articles, 3 were written in Chinese,
1 was written in Korean, and the rest were written in English.
Publication times ranged from August 2008 to February
2019. Across the 18 articles, 1648 calcaneus were reported:
838 for ELA and 810 for STA.'3'*20-351 The main
characteristics and baseline data of the eligible studies are
shown in Table 1.

Of the 6 RCTs, there was 1 low-quality study™®¥ that did not
describe the method of random number generation and 5 high-
quality studies. Of the 12 cohort studies, 2 low-quality studies did
not depict researcher choices clearly,*>*”V and the other 10 were
high-quality studies.

3.1. Calcaneal height

Six studies reported postoperative calcaneus height (STA: 273
feet; ELA: 284 feet).12!-23-30732:3%1 Ag [2=80%, indicating high

heterogeneity, the study by Jia et al'®! was removed for sensitivity

analysis. I* was reduced to 28%, and the random-effects model
was used. Subgroup analysis revealed no statistical difference in
the calcaneal height between STA and ELA, irrespective of the
type of internal fixation used (odds ratio (OR)=0.01; 95% CI:
—0.72, 0.72; P>.05) (Fig. 2).

3.2. Calcaneal width

Seven studies reported postoperative calcaneal width (STA: 338
feet, ELA: 348 feet).!'?-1:23:2830:321 A¢ 2 =759, indicating high
heterogeneity, sensitivity analysis was performed after removing
Jia et al®''* was then reduced to 22%, and the fixed-effects
model was used. Subgroup analysis revealed no statistical
difference in calcaneal width between STA and ELA, irrespective
of the type of internal fixation used (OR=0.14; 95% CI: —0.22,
0.49; P=.45) (Fig. 3).
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Figure 6. Publication bias analysis for operative time. Egger regression plot for
operative time. (P<.05 indicated publication bias, P>.05 indicated no
publication bias.)

3.3. Compilications

Three common postoperative complications, including marginal
necrosis, wound infection, and nerve injury, were analyzed by
subgroup analysis. The results showed that the incidence of
incision complications in STA was lower than that in ELA (OR=
0.25; 95%CI: 0.17, 0.36; P<.001) (Fig. 4).

www.md-journal.com

3.4. Marginal necrosis

Eleven studies reported marginal necrosis (STA: 633 feet, ELA:
615 feet).[20:21:23-25:2729-331 Ag [2=(%, the fixed-effects model
was used. The incidence of marginal necrosis in STA was
significantly lower than that in ELA (OR=0.19; 95% CI: 0.10,
0.36; P<.001).

3.5. Wound infection

Eleven studies reported wound infections (STA: 608 feet, ELA:
597 feet). 142172428331 Ag [2=(0%, the fixed-effects model was
used. The incidence of wound infection in STA was significantly
lower than that in ELA (OR=0.28; 95% CI: 0.16, 0.49;
P<.001).

3.6. Nerve injury

Eight studies reported postoperative nerve injury (STA: 472 feet,
ELA: 512 feet).[13:14:21,23,25.29.31.321 Ag 12— (0%, the fixed-effects
model was used. The incidence of wound infection in STA was
significantly lower than that in ELA (OR=0.30; 95% CI: 0.14,
0.62; P<.001).

3.7. Operative time

Thirteen studies reported operative time (STA: 647 feet, ELA:
621 feet)1420-22:25:27.29-35] There was high heterogeneity (I* =

STA
Study or Subgroup SD_Total
2.3.2 ELA with plate and STA with plate

ELA

Mean Mean SD Total Weight

Bin Jia2017 6.2 2.25 60 12.6 2.68 60 17.0%
ChenglL2017 53 14 33 85 27 33 16.9%
Jinti Lin2019 16.2 93 0 22 133 47

Yang 1ei2017 53 11 54 117 23 50 17.1%
ZhuHB2013 109 35 20 142 36 18 15.3%
Subtotal (95% CI) 167 208 66.3%

Heterogeneity: Tau? = 2.63; Chi? = 32.65, df = 3 (P < 0.00001); I>=91%
Test for overall effect: Z = 5.68 (P < 0.00001)

2.3.3 ELA with screw and STA with plate

Schepers2017 3 05 65 4 1 60 17.3%
Subtotal (95% CI) 65 60 17.3%
Heterogeneity: Not applicable

Test for overall effect: Z =6.98 (P < 0.00001)

2.3.5 ELA with plate and STA is mix

M.Weber2008 45 1.75 24 583 35 26 16.4%
Subtotal (95% CI) 24 26 16.4%

Heterogeneity: Not applicable
Test for overall effect: Z=1.72 (P = 0.09)

Total (95% Cl) 256 294 100.0%
Heterogeneity: Tau? = 9.61; Chi? = 299.89, df = 5 (P < 0.00001); 1> = 98%

Test for overall effect: Z = 2.80 (P = 0.005)

Test for subgroup differences: Chi? = 20.12, df = 2 (P < 0.0001), I = 90.1%

Mean Difference Mean Difference

IV. Random. 95% CI IV. Random. 95% Cl
-6.40 [-7.29, -5.51] -
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Figure 7. Length of hospital stay analysis. Forest plot for the hospital stay.
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STA
Study or Subgroup SD_Total Mean

ELA

Mean SD_Total Weight

Mean Difference Mean Difference

1V, Random, 95% CI

1V, Random, 95% ClI

3.3.1 ELA with plate and STA with screw

Alex J2013 26.1 0 33 279 0 79
Missa2016 18 8.5 27 22 5 23 47%
Ye02015 26.5 10.1 40 253 10.225 60 4.4%
Subtotal (95% CI) 100 162 9.1%
Heterogeneity: Tau? = 9.49; Chi? = 3.36, df = 1 (P = 0.07); I? = 70%

Test for overall effect: Z=0.56 (P = 0.58)

3.3.2 ELA with plate and STA with plate

Bin Jia2017 315 335 60 27.2 3.22 60 10.0%
ChenglL2017 34.6 4.1 33 331 3.7 33  8.4%
Jinti Lin2019 22.25 9.3625 35 18.91 12.6 47  3.5%
LiLH2016 234 3.5 32 249 4.4 32  83%
Wu Zp2012 27.76 57 213 2851 88 170 9.2%
Xia2014 28.6 3.7 64 27.9 4.1 49  94%
Yang [ei2017 345 3.7 54 33.2 3.8 50 9.4%
ZhuHB2013 23.8 2.3 20 249 1.9 18 9.6%
Subtotal (95% Cl) 511 459 67.8%

Heterogeneity: Tau? = 4.32; Chi? = 52.63, df =7 (P < 0.00001); I> = 87%
Test for overall effect: Z = 1.04 (P = 0.30)

3.3.3 ELA with screw and STA with plate

Schepers2017 27 2 65 26 25 60 10.7%
Subtotal (95% Cl) 65 60 10.7%
Heterogeneity: Not applicable

Test for overall effect: Z=2.46 (P = 0.01)

3.3.4 ELA is mix and STA with screw

Moon2009 20.1 7.7 13 229 8.5 20 2.8%
Subtotal (95% CI) 13 20 2.8%
Heterogeneity: Not applicable

Test for overall effect: Z=0.98 (P = 0.33)

3.3.5 ELA with plate and STA is mix

Zhou HC2017 27.2 2.7 28 265 2.7 37 9.7%
Subtotal (95% Cl) 28 37 9.7%
Heterogeneity: Not applicable

Test for overall effect: Z = 1.04 (P = 0.30)

Total (95% Cl) 77 738 100.0%

Heterogeneity: Tau? = 2.68; Chi? = 61.03, df = 12 (P < 0.00001); I> = 80%
Test for overall effect: Z = 0.95 (P = 0.34)
Test for subgroup differences: Chi? = 2.59, df =4 (P = 0.63), I? = 0%
Figure 8. Bohler angle analysis
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-4.00 [-7.80, -0.20]
1.20 [-2.86, 5.26]
-1.45 [-6.55, 3.64]

4.30[3.12, 5.48]
1.50 [-0.38, 3.38]
3.34[-1.41, 8.09]

-1.50 [-3.45, 0.45]

0.75[-2.28, 0.78]
0.70 [-0.76, 2.16]
1.30 [-0.14, 2.74]

-1.10 [-2.44, 0.24]
0.84 [-0.75, 2.44]

-

1.00 [0.20, 1.80]
1.00 [0.20, 1.80]

-~

-2.80 [-8.40, 2.80]
-2.80 [-8.40, 2.80]

0.70 [-0.63, 2.03]
0.70 [-0.63, 2.03]

0.52 [-0.56, 1.60]

Favours [experimental] Favours [control]

. Forest plot for the Bohler angle.

97%), but no source of heterogeneity was found by sensitivity
analysis, subgroup analysis (Figure S1, Supplemental Digital
Content, http:/links.lww.com/MD/G314), or regression analysis
(Figure S2, Supplemental Digital Content, http:/links.lww.com/
MD/G314), and the random-effects model was used. The
operative time of STA was significantly lower than that of
ELA (OR=-26.44;95% CI: —31.99, —20.90; P < .001) (Fig. 5).
Subgroup analysis (ELA plate fixation vs STA mixed fixation)
revealed no difference in operative time between the 2 groups. An
inconsistent fixation method used in the control group indicated
poor stability in the outcomes. Egger test showed no publication
bias (P=.337) (Fig. 6).

3.8. Length of hospital stay

Seven studies reported length of hospital stay (STA: 291 feet,
ELA: 294 feet).!2!72323:27:31.341 There was high heterogeneity
(I?=98%), but no source of heterogeneity was found by
sensitivity analysis, subgroup analysis (Figure S3, Supplemental
Digital Content, http:/links.lww.com/MD/G314), and regres-
sion analysis (Figure S4, Supplemental Digital Content, http://
links.Ilww.com/MD/G314), and the random-effects model was
used. Length of hospital stay in STA was significantly lower than
that in ELA (OR=-3.83; 95% CI: —6.23, —1.42; P=.002)
(Fig. 7). Subgroup analysis (ELA plate fixation vs STA mixed
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Figure 9. Publication bias analysis for Bohler angle. Egger regression plot for
Bohler angle (P<.05 indicated publication bias, P>.05 indicated no
publication bias.)
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fixation) found no difference in the length of hospital stay
between the 2 groups. There was poor stability in the outcomes as
an inconsistent type of internal fixation was used in the control
group. This may be caused by the high rates of complications
after ELA surgery.

3.9. Béhler angle

Fourteen studies reported the Bohler angle (STA: 717 feet, ELA:
738 feet).[13:1421-24.26.27.29-341 There was high heterogeneity
(I’=80%), but no source of heterogeneity was found by
sensitivity analysis, subgroup analysis (Figure S5, Supplemental
Digital Content, http:/links.lww.com/MD/G314), and regres-
sion analysis (Figure S6, Supplemental Digital Content, http:/
links.lww.com/MD/G314), and the random-effects model was
then used. There was no statistical difference in the Bohler angle
between the 2 groups (OR=0.52; 95% CI: —0.56, 1.60; P=.34)
(Fig. 8). Subgroup analysis (ELA screw fixation vs STA plate
fixation) showed that the Bohler angle of ELA was slightly larger
than that of STA, but it was only reported in 1 study, and further

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% Cl

STA ELA
Study or Subgroup Mean SD Total Mean SD Total Weight
4.3.1 ELA with plate and STA with screw
Alex J2013 120.1 0 33 11838 0 79
Missa2016 88 6.5 27 129 8 23 10.0%
Ye02015 1165 6.55 40 119 18.025 60  9.8%
Subtotal (95% CI) 100 162  19.8%

Heterogeneity: Tau? = 697.71; Chi? = 129.79, df = 1 (P < 0.00001); I* = 99%
Test for overall effect: Z =1.19 (P = 0.23)

4.3.2 ELA with plate and STA with plate

Bin Jia2017 116.5 4.82 60 1204 4.51 60 10.4%
ChenglL2017 119.8 7.9 33 1182 7.3 33 10.1%
Jinti Lin2019 112.37 16.72 35 111.18 16.39 47  9.2%
Xia2014 120.9 6.4 64 1194 7.2 49  10.3%
Yang [ei2017 114.6 8 54 1152 6.1 50 10.3%
ZhuHB2013 115.1 6.1 20 116.6 55 18  10.1%
Subtotal (95% CI) 266 257 60.3%
Heterogeneity: Tau? = 5.26; Chi? = 16.92, df = 5 (P = 0.005); I = 70%

Test for overall effect: Z = 0.52 (P = 0.60)

4.3.4 ELA is mix and STA with screw

Moon2009 114.2 8.7 13 1113 8.6 20  9.5%
Subtotal (95% Cl) 13 20 9.5%
Heterogeneity: Not applicable

Test for overall effect: Z=0.94 (P = 0.35)

4.3.5 ELA with plate and STA is mix

Zhou HC2017 125.4 41 28 126.2 5 37 10.3%
Subtotal (95% CI) 28 37 10.3%
Heterogeneity: Not applicable

Test for overall effect: Z=0.71 (P = 0.48)

Total (95% CI) 407 476 100.0%

Heterogeneity: Tau? = 97.51; Chi? = 362.90, df =9 (P < 0.00001); I* = 98%
Test for overall effect: Z=1.39 (P = 0.16)
Test for subgroup differences: Chi? = 2.64, df = 3 (P = 0.45), I? = 0%
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Figure 10. Gissane angle analysis. Forest plot for the Gissane angle.
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Figure 11. Publication bias analysis for Gissane angle. Egger regression plot
for Gissane angle (P< .05 indicated publication bias, P>.05 indicated no
publication bias.).

Medicine

verification is required. Egger test showed no publication bias
(P=.978) (Fig. 9).

3.10. Gissane angle
Eleven studies reported the Gissane angle (STA: 407 feet, ELA:

476 feet).[13,14,21—23,26,30—

34 There was high heterogeneity (I>=

98%), but no source of heterogeneity was found by sensitivity
analysis, subgroup analysis (Figure S7, Supplemental Digital
Content, http:/links.lww.com/MD/G314), regression analysis
(Figure S8, Supplemental Digital Content, http:/links.lww.com/
MD/G314), and the random-effects model was used. Subgroup
analysis showed that there was no significant difference in
Gissane angle between STA and ELA, regardless of which type of
internal fixation was used (OR=—-4.45;95% CI: —10.71, 1.81;
P=.16) (Fig. 10). Egger test showed no publication bias
(P=.095) (Fig. 11).

STA
Study or Subgroup SD Total Mean

ELA

Mean SD Total Weight

Mean Difference
IV, Random, 95% CI

Mean Difference

IV, Rando

m, 95% CI

7.3.1 ELA with plate and STA with screw

Missa2016 71 7.5 27 76 8 23 6.7%
Yeo2015 90 4.5 40 86 4.5 60 11.1%
Subtotal (95% CI) 67 83 17.8%

Heterogeneity: Tau? = 37.65; Chi* = 14.19, df = 1 (P = 0.0002); I> = 93%
Test for overall effect: Z = 0.06 (P = 0.95)

7.3.2 ELA with plate and STA with plate

Basile2016 82.17 115 18 81.95 10.89 20 3.6%
ChenglL2017 92.3 7.2 33 907 6.9 33  82%
Jinti Lin2019 7545 14.66 35 72.44 14.99 47 4.2%
LiLH2016 79.8 7.9 32 793 8.2 32 72%
Siem A.2017 825 4.05 36 75 875 35 8.5%
Wu Zp2012 86.53 6.79 213 8559 7.23 170 11.7%
Yang lei2017 83.3 3.15 54 826 341 50 11.9%
Z Shi2013 912 159 15 824 147 15 1.8%
ZhuHB2013 842 443 20 856 268 18  10.2%
Subtotal (95% Cl) 456 420 67.4%
Heterogeneity: Tau? = 3.29; Chi? = 22.91, df = 8 (P = 0.003); I* = 65%

Test for overall effect: Z = 1.88 (P = 0.06)

7.3.4 ELA is mix and STA with screw

Moon2009 808 114 13 741 235 20 1.6%
Subtotal (95% Cl) 13 20 1.6%
Heterogeneity: Not applicable

Test for overall effect: Z = 1.09 (P = 0.27)

7.3.5 ELA with plate and STA is mix

M.Weber2008 87.21 8.75 24 8265 135 26 4.4%
Zhou HC2017 88.4 6.6 28 832 53 37 8.9%
Subtotal (95% Cl) 52 63 13.3%

Heterogeneity: Tau? = 0.00; Chi? = 0.03, df =1 (P = 0.86); 1= 0%
Test for overall effect: Z = 3.70 (P = 0.0002)

Total (95% Cl) 588 586 100.0%
Heterogeneity: Tau? = 5.20; Chi? = 47.68, df = 13 (P < 0.00001); I* = 73%
Test for overall effect: Z = 2.48 (P = 0.01)

Test for subgroup differences: Chiz = 5.47, df = 3 (P = 0.14), 2 = 45.1%

Figure 12. AOFAS Score analysis. Forest plot for the AOFAS score. AOFAS =American Orthopaedic Foot & Ankle Society.
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Figure 13. Publication bias analysis for AOFAS Score. Egger regression plot
for the AOFAS score (P < .05 indicated publication bias, P> .05 indicated no
publication bias.). AOFAS =American Orthopaedic Foot & Ankle Society.

3.11. AOFAS score

Fourteen studies reported postoperative AOFAS scores (STA:
588 feet, ELA: 586 feet),1#20:22726:28.29.31-35] There was high
heterogeneity (I*=73%), but no source of heterogeneity was
found by sensitivity analysis, subgroup analysis (Figure S9,
Supplemental Digital Content, http:/links.lww.com/MD/G314),
and regression analysis (Figure S10, Supplemental Digital
Content, http:/links.lww.com/MD/G314). The random-effects
model was then used. Postoperative AOFAS scores in STA were
higher than those in ELA (OR=2.03; 95% CI: 0.43, 3.64;
P=.01) (Fig. 12). However, subgroup analysis (ELA plate
fixation vs STA mixed fixation) showed higher AOFAS scores in
STA than ELA; otherwise, all other subgroup analyses showed no
statistical difference between the 2 groups. Egger test revealed no
publication bias (P=.708) (Fig. 13).

4. Discussion

Our meta-analysis showed that surgical treatment utilizing an
STA can effectively reduce incision-related complications,
operative time, and hospital stay in patients with calcaneal
fractures, which is similar to some other articles.!'8! However,
this approach has similar therapeutic effects compared with ELA
in terms of calcaneal height, calcaneal width, Gissane angle,
Bohler angle, and AOFAS score.

A calcaneal fracture is the most common type of humeral
fractures, and secondary diseases include traumatic arthritis,
Achilles tendinitis, and tendonitis.!*! Patients suffer from foot
pain and movement disorders, and present with abnormal gait or
claudication due to the abnormality in the whole force line of the
foot, manifested as reduced foot arch and calcaneus valgus.*!
Therefore, effective treatments are particularly important for
calcaneal fracture patients. Conventional treatments include non-
surgical and surgical options, and in recent years, surgical
treatment for calcaneal fractures has become the preferred
method. However, there is still a large dispute over the optimal
surgical incisions and approaches. In the traditional ELA, an L-
shaped incision of 8 to 10 cm is made to fully expose the fracture
site, the subtalar joint, and bone tissue at the inner calcaneal wall,
which is convenient for direct reduction and strengthening

11
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fixation of the fracture.*®*! In STA, a small incision of 3 to 4cm
is made parallel to the sole of the foot to expose the fracture,
which is believed to better protect the blood supply and nerves
around the incision. However, some researchers believe that,
compared with ELA, an STA does not have obvious clinical
advantages, **! especially in the recovery of important anatomical
landmarks (calcaneal height, calcaneal width, Gissane angle, and
Bohler angle).'”*%* In addition, STA has less exposure to the
fracture compared with ELA, which may result in decreased
ability to ensure a proper anatomical reduction of the calcaneus
and subtalar joints, and even influence long-term functional
recovery.[*"*?! Even more compelling is the evidence that STA
may increase wound complications.*3! However, our meta-
analysis showed that both surgical approaches were effective in
reducing calcaneal fractures, and STA was not worse than ELA in
restoring calcaneal height, calcaneal width, Gissane angle, and
Bohler angle. Despite shortened operative times and hospital
stays and reduced postoperative incision-related complications,
STA had no obvious advantages in the long-term functional score
at present. Further clinical trials are needed for verification.

In this study, primary outcome measures included calcaneal
height, calcaneal width, and postoperative wound-related
complications, including marginal necrosis, nerve injury, and
wound infection. Compared with ELA, STA causes fewer wound
complications due to the smaller surgical incision that avoids
important vascular nerve structures and has less interference with
bones and soft tissues around the fracture. The long incision used
for ELA is more likely to damage the peroneal artery and its
branches, resulting in insufficient blood supply to the lateral skin
and a higher incidence of wound complications.'**! We found
high heterogeneity between the 2 groups in terms of calcaneal
height and calcaneal width, However, sensitivity analysis showed
that when excluding Jia et al,*'' the heterogeneity was
significantly reduced. There was no statistically significant
difference between the 2 groups after the removal of heteroge-
neous sources.

In this study, there was shortened operative time with STA,
which may be due to the fact that it is unnecessary to be overly
careful when utilizing a small incision. In addition, the STA group
had a shorter postoperative hospital stay when compared to the
ELA group with longer incisions. In the latter group, much more
soft tissue was damaged, accompanied by more severe incision
complications, which subsequently resulted in a more complex
recovery. The results of the meta-analysis showed no significant
difference in Bohler and Gissane angles between STA and ELA.
This indicates that although the incision in STA incision was
smaller and operative time was shortened, STA did not affect the
anatomical reduction of the calcaneus.

In this meta-analysis, AOFAS scores were used to assess
postoperative functions, including pain, range of motion,
walking distance, and stability. Previous studies have shown
no significant difference in functional recovery between the 2
surgical approaches.[17:9:2%:26:29:40441 E1 A can fully expose the
fracture site for a more comprehensive treatment of calcaneal
injuries (especially subtalar joint injuries), at the expense of
higher incision complication incidence and longer hospital stay.
STA can mitigate some troubles in postoperative recovery, at the
expense of a potential impact on the anatomical reduction of the
calcaneus and subtalar joints due to limited surgical exposure.
However, STA revealed no disadvantage in terms of anatomical
reduction. Our meta-analysis data showed that the AOFAS score
in the STA group was significantly higher than that in the ELA
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group. In other words, postoperative functional recovery was
better after STA, consistent with the results of Zeng et al.l'®!
However, our subgroup analysis showed no difference between
ELA and STA in terms of ELA plate fixation vs STA screw
fixation, ELA plate fixation vs STA plate fixation, and ELA mixed
fixation vs STA screw fixation. Only ELA plate fixation vs STA
mixed fixation showed the AOFAS score was higher in the STA
group than the ELA group. However, this group contained only 2
studies and STA mixed fixation may result in poor stability of the
experimental results, meaning that this result should be treated
with caution.

4.1. Limitations

This meta-analysis only collected 6 RCTs (the rest being cohort
studies), which may have biased the collected data. Additionally,
the number of patients in some included studies is
small,1*293%351 which may lead to unreliable results in the
meta-analysis.

4.2. Strengths

In this meta-analysis, we established strict criteria for literature
inclusion and exclusion, excluded inappropriate studies con-
tained in previous meta-analyses, and only included RCT and
cohort studies. During data analysis, we adopted various
analytical methods such as sensitivity analysis, subgroup
analysis, and regression analysis. In particular, we grouped the
studies according to the types of research and internal fixation for
subgroup analyses. This study is currently the most comprehen-
sive meta-analysis concerning the outcomes of calcaneal
fractures.

5. Conclusions

Our meta-analysis results show that, compared with ELA, an
STA is superior in the treatment of calcaneal fractures, due to
effective anatomical reduction of the calcaneus, effective
reduction of the incidence of incision complications, and
shortened operative time and postoperative hospital stay.
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