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Abstract

Background: The optimal treatment of displaced intra-articular
calcaneal fractures (DIACF) is controversial. This study compared the
fixation stability of screws and locking plates in DIACF treated via the
sinus tarsi approach (STA).

Methods: We retrospectively evaluated 118 DIACF cases treated via
STA and extracted data that could affect treatment outcomes. Loss of
Bohler’s angle after surgery was measured to compare fixation stability.
Results: The loss of Bohler’s angles was significantly smaller in the
locking plate group than in the screw group (2.6+2.7° vs. 5.6£5.3°
P<0.01). There was no difference in the clinical outcomes between the
groups. On multivariate logistic regression analysis, screw fixation was
significantly associated with loss of Bohler’s angle by >10° (odds ratio,
8.63; 95% confidence interval, 1.16-64.4; P<0.05).

Conclusions: Locking plate fixation is more reliable than screw fixation
for preventing correction loss in DIACF treated via STA.

Level of evidence: 111

Keywords: calcaneal fracture, Bohler’s angle, sinus tarsi approach,

locking plate fixation, screw fixation
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1. Introduction

Calcaneal fractures account for almost 1-2% of all fractures, and
approximately 75% are intra-articular fractures. Displaced intra-articular
calcaneal fractures (DIACF) have an adverse economic impact on
society and negatively affect daily activities and quality of life due to the
difficulties of returning to preinjury employment or level of activity [1-
3]

Several studies have shown that anatomical reconstruction of the
calcaneus in DIACF decreases malunion and subtalar arthritis [4],
resulting in higher functional scores and fewer socioeconomic burdens
[5]. In the surgical treatment of DIACFs, the extensile lateral approach
(ELA) has long been considered the standard approach [6,7], despite the
high rate of wound complications. The thin and weak soft tissue on the
lateral side of the calcaneus can be easily damaged by the intraoperative
procedure [8]. Consequently, minimally invasive surgical methods have
been developed in recent years. In particular, the sinus tarsi approach
(STA) is an effective and reliable method with good visualization of the
posterior facet and fewer wound complications than ELA [9].

Although percutaneous screw fixation for comminuted calcaneal
fractures is considered to have lower stability than plate fixation [2],
limited studies have compared the stability of screw fixation and plate
fixation via STA. This study aimed to compare the stability of screw and
locking plate fixation in DIACF treated via STA by evaluating the

degree of correction loss after the surgery.

2. Materials and methods
2.1.  Study participants
The medical records of patients who had undergone screw or locking

plate fixation via STA at our institute for DIACFs between January 2013
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and June 2020 were retrospectively reviewed. This study included 118
consecutive fractures. The exclusion criteria were as follows: (1)
patients aged <18 years, (2) patients with open fractures, (3) patients
with <12 months follow-up, and (4) patients with pathological fractures.
The operative procedures were left to the discretion of the surgeon.
Patients were divided into two groups according to the fixation method:
screw or locking plate fixation. Patients’ demographic data in each group
were corrected for age, sex, body mass index (BMI), past medical
history, Essex—Lopresti classification, Sanders classification, and
waiting time until the surgery. The Institutional Review Board of

Okayama University Hospital approved this study.

2.2.  Radiographic and clinical outcomes

Bohler’s angle [10] was measured using plain lateral radiographs of the
calcaneus preoperatively, immediately postoperatively, and at the 12-
month follow-up. Correction loss was indicated by the difference in
Bohler’s angle between postoperative and 12-month follow-up.
Additionally, we evaluated the quality of joint reduction by measuring
the residual intra-articular step-off with an immediately postoperative
Brodén view.

The Sanders classification [11] was determined based on axial computed
tomography (CT) images at the widest point of the posterior facet.

Two orthopedic surgeons blinded to patients’ radiographic and clinical
findings evaluated all radiographs and CT images.

Clinical outcomes were evaluated using the American Orthopaedic Foot
and Ankle Society (AOFAS) score at the last available follow-up and the
incidence of postoperative complications were reviewed from the chart.
Postoperative infection was classified as superficial or deep infections

according to the criteria of the US Center for Disease Control and
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Prevention [12].

2.3.  Operative procedure

All surgical procedures were performed by senior orthopedic surgeons
under general or spinal anesthesia in the lateral decubitus position with
the affected side up. A tourniquet was routinely applied to the ipsilateral
thigh.

According to the STA reported by Hospodar [13], a skin incision of
approximately 4 cm was made from the tip of the fibula to the
calcaneocuboid joint toward the base of the fourth metatarsal bone. After
longitudinal and medial traction was applied by pulling down a Kirchner
wire or Schanz pin inserted into the calcaneal tuberosity, the posterior
facet was elevated and reduced along the talus. Then, transverse
compression by Bohler’s clamp was applied to reduce the shortening,
bulging, and internal rotation of the calcaneal body. Multiple temporary
Kirschner wires were used to maintain the reduction. Then, the reduction
quality was evaluated by direct visualization of the posterior facet and
confirmation of the lateral, Brodén, and Harris views on the C-arm
radiograph. When the posterior facet could not be visualized adequately,
a Z-shaped incision of the calcaneofibular ligament was added to
improve visualization.

In the screw group, one or two 4.0 mm cannulated cancellous screws
were inserted from the lateral to the sustentaculum tali to stabilize the
posterior facet. Another two or three 4.0 mm cannulated cancellous
screws were inserted from the calcaneal tuberosity to support the
elevated posterior facet.

In the locking plate group, a minimally invasive locking plate (MIS LC,
Zimmer Biomet, Warsaw, IN, USA or MINI-Calc Plate, Acumed,

Hillsboro, OR, USA) was slipped in through the same incision after
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detaching the soft tissue from the lateral wall. Every fragment was
securely fixed by inserting screws in the anterior body, posterior facet,
and calcaneal tuberosity. Another small skin incision was required to
insert the distal screws.

After surgery, the affected limb was non-weight-bearing for 4-6 weeks;
partial weight-bearing was started gradually from 4-6 weeks
postoperatively, and full weight-bearing was started at 8-10 weeks

postoperatively.

2.4. Statistical analyses

Descriptive statistics are presented as meantstandard deviation for
continuous variables and as numbers and percentages for categorical
variables. The normality of each variable was evaluated using the
Shapiro—Wilk test. The Mann—Whitney U test was used to assess the
difference in continuous variables, and Fisher’s exact test was used to
analyze categorical variables. Multiple logistic regression analysis was
performed to predict correction loss of Bohler’s angle by >10° [14]
based on age, sex, time from injury to surgery, BMI, Sanders
classification, and operative procedure. These variables were selected
because of their clinically important significance. Values of P<0.05 were
considered statistically significant. The Variance Inflation Factor (VIF)
was used to check for multicollinearity. Statistical analyses were
performed using EZR software (Saitama Medical Center, Jichi Medical

University, Tochigi, Japan) [15].

3. Results
The demographic and baseline characteristics of the 109 patients and
118 feet (male, 80; female, 29) are shown in Table 1. The Mann—

Whitney U test and the Fisher’s exact test showed no significant
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difference in almost all baseline characteristics between the two groups,
except the waiting time until surgery, which was shorter in the screw
group than in the locking plate group (3.0 days vs. 9.9 days, P=0.001).
Table 2 shows the average Bohler’s angles and postoperative intra-
articular step-off in the two groups. Preoperative Bohler’s angle in the
locking plate group was significantly smaller than in the screw group
(P=0.01). There was no statistically significant difference in the
immediately postoperative and 12-month postoperative Bohler’s angle
(P=0.90 and P=0.58 respectively) and intra-articular step-oft (P=0.08).
Loss of Bohler’s angle was significantly smaller (P=0.002) in the
locking plate group than in the screw group (Fig. 1).

The AOFAS score was 87.249.1 in the locking plate group and 85.0+9.2
in the screw group, and the difference was not statistically significant
(p=0.07). There was no statistically significant difference in the
incidence of postoperative complications between the two groups. Deep
infection occurred in one case in the locking plate group, which was
resolved with plate extraction and antibiotic treatment (Table 3).

In the multivariate logistic regression analysis, correction loss of
Bohler’s angle by >10° was eight-fold more likely to occur with screw
fixation compared to that with locking plate fixation (odds ratio, 8.63;
95% confidence interval, 1.16-64.4; P<0.05) (Table 4). None of the VIF
values were >5, and the mean VIF of the model was <2, meaning there

was no collinearity in the model.

4. Discussion

This study aimed to establish whether screw or plate fixation is the
preferred technique to stabilize DIACF via STA from the point of view
of fixation stability. Stability was evaluated by the degree of correction

loss of Bohler’s angle. Loss of Bohler angle after surgery was
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significantly lower in the locking plate group than in the screw group,
and multivariate analysis showed that screw fixation had a significantly
higher risk of correction loss by >10° than the locking plate fixation.
Examples were shown in Figure 2 and 3.

In DIACEF, the anatomical reduction of the articular surface and the
whole shape of the calcaneus is essential [16]. Accordingly, we
performed morphological reduction, including posterior facet and
Bohler’s angle via STA in all cases. Previous studies have reported that
the correction loss of Bohler’s angle at 12 months postoperatively with
non-locking plate fixation was as large as 4-10° [14,17] and that locking
plate may be preferable to non-locking plate fixation because the
fixation stability of the locking plate was higher [18]. Similarly, in this
study, the correction loss of Bohler’s angle for DIACF was significantly
less in the locking plate fixation group, averaging 5.6° in the screw
group and 2.6° in the locking plate group.

Percutaneous reduction and screw fixation for comminuted calcaneal
fractures are associated with lower quality of reduction [19] and lower
fixation stability than plate fixation [2]. In addition, this study suggests
that even if articular reduction via STA is performed correctly, screw
fixation does not have sufficient fixation stability for maintaining the
reduction.

Some studies have shown that preoperative and postoperative Bohler’s
angle does not correlate with postoperative functional outcomes [20,21].
In other studies, better restoration of Bohler’s angle was associated with
better postoperative clinical outcomes [6,22,23]. In our study, the
difference in the AOFAS scores was not statistically significant between
the two groups; however, it tended to be higher in the locking plate
group than in the screw group. Recently, a finite element analysis

showed that decreased Bohler’s angle increased the possibility of
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subtalar arthrosis [24], indicating the importance of restoration of
Bohler’s angle to maintain the function of the subtalar joint. The authors
supported the use of a locking plate to maintain reduction and function.
Wound complications and infection are common postoperative
complications of calcaneal fractures. A study of soft tissue micro-
circulation, which is important for adequate wound healing, showed that
regions near the STA have higher blood flow than those surrounding the
ELA [25]. The rate of postoperative wound complications with STA is 5-
6%, significantly less than that with ELA [9,26]. This study’s incidence
of postoperative complications was similar to that previously reported,
with no difference between the screw and locking plate groups.
Generally, surgery should be performed after skin blisters have healed
and soft tissue swelling has diminished within 1-2 weeks after injury
[16]. We delayed surgery via STA for the same duration reported in a
previous study [26] until soft tissue swelling decreased, particularly in
the locking plate group. Consequently, the time before surgery in the
locking plate group was significantly longer than that in the screw group
in our study. However, previous studies have reported that plate fixation
via STA can be performed with a shorter waiting time until surgery than
ELA [26,27]. Furthermore, in our study, soft tissue complications did not
increase in the locking plate group. Therefore, locking plate use via STA
may not increase soft tissue invasion.

This study has several limitations that must be considered. First, this
study has a potential selection bias because the selection of fixation
methods was not randomized. Second, all radiographs were evaluated by
two orthopedic surgeons who were blinded to the patient’s radiographic
and clinical findings. Nevertheless, interobserver variability and
misalignment of the lateral image of the calcaneus on radiographs can

cause measurement errors [28]. Further, weight-bearing images were not
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obtained at follow-up. Third, a previous study showed that six-month
radiograph evaluations revealed the collapse of Bohler’s angle [17]. The
follow-up in this study was >12 months, but no long-term prognosis was
established, and no complications were observed. To overcome these
limitations, longer-term randomized controlled studies that include

various factors, such as functional outcomes, are needed.

5. Conclusion
This study suggests that locking plate fixation via STA is a more
effective treatment than screw fixation via STA for DIACF, with less

correction loss of Bohler’s angle at 12 months postoperatively.

Acknowledgments: We would like to thank Editage
(https://www.editage.com/) for editing and reviewing this manuscript for

English language.

References

[1] Potter MQ, Nunley JA. Long-term functional outcomes after
operative treatment for intra-articular fractures of the calcaneus. J
Bone Joint Surg Am 2009;91:1854-60.
https://doi.org/10.2106/jbjs.H.01475

[2] Weng QH, Dai GL, Tu QM, Liu Y, Lutchooman V, Hong JJ, et al.
Comparison between percutaneous screw fixation and plate
fixation via sinus tarsi approach for calcaneal fractures: an 8-10-
year follow-up study. Orthop Surg 2020;12:124-32.
https://doi.org/10.1111/0s.12597

[3] Alexandridis G, Gunning AC, Leenen LP. Patient-reported health-

related quality of life after a displaced intra-articular calcaneal

11



290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

fracture: a systematic review. World J Emerg Surg 2015;10:62.

https://doi.org/10.1186/s13017-015-0056-z

[4] Brauer CA, Manns BJ, Ko M, Donaldson C, Buckley R. An

economic evaluation of operative compared with nonoperative
management of displaced intra-articular calcaneal fractures. J
Bone Joint Surg Am 2005;87:2741-9.

https://doi.org/10.2106/jbjs.E.00166

[5] Rammelt S, Zwipp H, Schneiders W, Diirr C. Severity of injury

predicts subsequent function in surgically treated displaced
intraarticular calcaneal fractures. Clin Orthop Relat Res

2013;471:2885-98. https://doi.org/10.1007/s11999-013-3062-z

[6] Buckley R, Tough S, McCormack R, Pate G, Leighton R, Petrie D,

et al. Operative compared with nonoperative treatment of
displaced intra-articular calcaneal fractures: a prospective,
randomized, controlled multicenter trial. J Bone Joint Surg Am
2002;84:1733—44. https://doi.org/10.2106/00004623-200210000-

00001

[7] Sanders R. Displaced intra-articular fractures of the calcaneus. J

Bone Joint Surg Am 2000;82:225-50.

https://doi.org/10.2106/00004623-200002000-00009

[8] Lin J, Xie C, Chen K, Sun S, Zhou K, Zhou C, et al. Comparison

of sinus tarsi approach versus extensile lateral approach for
displaced intra-articular calcaneal fractures Sanders type IV. Int
Orthop 2019;43:2141-9. https://doi.org/10.1007/s00264-019-

04318-w

[9] Yeo JH, Cho HJ, Lee KB. Comparison of two surgical approaches

for displaced intra-articular calcaneal fractures: sinus tarsi versus

extensile lateral approach. BMC Musculoskelet Disord

12



318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

2015;16:63. https://doi.org/10.1186/s12891-015-0519-0

[10] Bohler L. Diagnosis, pathology, and treatment of fractures of the
OS calcis. JBJS 1931;13:75-89.

[11] Sanders R. Intra-articular fractures of the calcaneus: present state
of the art. J Orthop Trauma 1992;6 252-65.
https://doi.org/10.1097/00005131-199206000-00022

[12] Mangram AJ, Horan TC, Pearson ML, Silver LC, Jarvis WR.
Guideline for Prevention of Surgical Site Infection, 1999. Centers
for Disease Control and Prevention (CDC) Hospital Infection
Control Practices Advisory Committee. Am J Infect Control
1999;27:97-132; quiz 3—4; discussion 96.

[13] Hospodar P, Guzman C, Johnson P, Uhl R. Treatment of displaced
calcaneus fractures using a minimally invasive sinus tarsi
approach. Orthopedics 2008;31:1112.
https://doi.org/10.3928/01477447-20081101-08

[14] Backes M, Dorr MC, Luitse JS, Goslings JC, Schepers T.
Predicting loss of height in surgically treated displaced intra-
articular fractures of the calcaneus. Int Orthop 2016;40:513-8.
https://doi.org/10.1007/s00264-015-2982-5

[15] Kanda Y. [Statistical analysis using freely-available “EZR (Easy
R)” software]. Rinsho Ketsueki 2015;56:2258-66.
https://doi.org/10.11406/rinketsu.56.2258

[16] Rammelt S, Sangeorzan BJ, Swords MP. Calcaneal fractures -
should we or should we not operate? Indian J Orthop
2018;52:220-30. https://doi.org/10.4103/ortho.1JOrtho_555 17

[17] Johal HS, Buckley RE, Le IL, Leighton RK. A prospective
randomized controlled trial of a bioresorbable calcium phosphate

paste (alpha-BSM) in treatment of displaced intra-articular

13



346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

calcaneal fractures. J Trauma 2009;67:875-82.
https://doi.org/10.1097/TA.0b013e3181ae2d50

[18] Chen K, Zhang H, Wang G, Cheng Y, Qian Z, Yang H.
Comparison of nonlocking plates and locking plates for
intraarticular calcaneal fracture. Foot Ankle Int 2014;35:1298-302.
https://doi.org/10.1177/1071100714547520

[19] Wu J, Zhou F, Yang L, Tan J. Percutaneous reduction and fixation
with kirschner wires versus open reduction internal fixation for the
management of calcaneal fractures: a meta-analysis. Sci Rep
2016;6:30480. https://doi.org/10.1038/srep30480

[20] Nooijen LE, Spierings KE, Sanders FRK, Dingemans SA, Halm
JA, Schepers T. Determining the correlation between lateral
radiograph morphology and the outcome following surgically
treated intra-articular calcaneal fractures. Foot Ankle Spec
202114:105-13. https://doi.org/10.1177/1938640019897220

[21] Mauffrey C, Klutts P, Seligson D. The use of circular fine wire
frames for the treatment of displaced intra-articular calcaneal
fractures. J Orthop Traumatol 2009;10:9-15.
https://doi.org/10.1007/s10195-008-0037-z

[22] Agren P-H, Mukka S, Tullberg T, Wretenberg P, Sayed-Noor AS.
Factors affecting long-term treatment results of displaced
intraarticular calcaneal fractures: a post hoc analysis of a
prospective, randomized, controlled multicenter trial. J Orthop
Trauma 2014;28:564-8.
https://doi.org/10.1097/bot.0000000000000149

[23] Qiang M, Chen Y, Jia X, Zhang K, Li H, Jiang Y, et al. Post-
operative radiological predictors of satisfying outcomes occurring

after intra-articular calcaneal fractures: a three dimensional CT

14



374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

quantitative  evaluation. Int Orthop 2017;41:1945-51.
https://doi.org/10.1007/s00264-017-3577-0

[24] Giiltekin A, Acar E, Ugur L, Yildiz A, Serarslan U. The
importance of Bohler's angle in calcaneus geometry: a finite
element model study. Jt Dis Relat Surg 2021;32:420-7.
https://doi.org/10.52312/jdrs.2021.81251

[25] Carow JB, Carow J, Gueorguiev B, Klos K, Herren C, Pishnamaz
M, et al. Soft tissue micro-circulation in the healthy hindfoot: a
cross-sectional study with focus on lateral surgical approaches to
the calcaneus. Int Orthop 2018;42:2705-13.
https://doi.org/10.1007/s00264-018-4031-7

[26] Kline AJ, Anderson RB, Davis WH, Jones CP, Cohen BE.
Minimally invasive technique versus an extensile lateral approach
for intra-articular calcaneal fractures. Foot Ankle Int 2013;34:773—
80. https://doi.org/10.1177/1071100713477607

[27] Schepers T, Backes M, Dingemans SA, de Jong VM, Luitse JSK.
Similar anatomical reduction and lower complication rates with
the sinus tarsi approach compared with the extended lateral
approach in displaced intra-articular calcaneal fractures. J Orthop
Trauma 2017;31:293-8.
https://doi.org/10.1097/bot.0000000000000819

[28] Gonzalez TA, Ehrlichman LK, Macaulay AA, Gitajn IL,
Toussaint RJ, Zurakowski D, et al. Determining measurement
error for Bohler's angle and the effect of x-ray obliquity on
accuracy. Foot Ankle Spec 2016;9:409-16.

https://doi.org/10.1177/1938640016656236

15



400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

FIGURE LEGENDS

Fig. 1 Correction loss of Bohler’s angle in the screw and locking plate
groups

The mean correction loss of Bohler’s angles is 5.6+5.3° in the screw group
and 2.64+2.7° in the locking plate group. This difference is statistically
significant (P=0.002).

Data are represented as meantstandard deviation. **P<0.01.

Fig. 2

Radiograph of lateral view (A) of 39 year-old-male shows joint depression
type fracture of left calcaneus sustained after falling from stairs. The
fracture was reduced and fixed with a locking plate 6 days after the injury
via STA (B). Radiograph at 12-month follow-up shows that reduction is
maintained (C). The Bohler’s angle in each radiograph is -14, 29, and 28

degrees respectively.

Fig. 3

Radiograph of lateral view (A) of 48 year-old-male shows joint depression
type fracture of left calcaneus sustained after falling from height. The
fracture was reduced and fixed with screws 4 days after the injury via STA
(B). Radiograph at 12-month follow-up shows re-displacement (C). The

Bohler’s angle in each radiograph is 0, 35, and 15 degrees respectively.
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Table 1. Baseline and clinical characteristics of patients who
underwent surgery for intra-articular calcaneus fracture

Data are shown as cases (%) for categorical variables or mean+standard
deviation for continuous variables. BMI, body mass index; Time, time
elapsed between injury and surgery. Asterisks indicate significant

differences. “*P<0.01.

Table 2. Radiographic evaluation in the two groups
Data are shown as meantstandard deviation.

Asterisks indicate significant differences. "P<0.05.

Table 3. Clinical outcomes in the study groups
Data are shown as cases (%) for categorical variables or mean+standard
deviation for continuous variables. AOFAS, American Orthopaedic Foot

and Ankle Society.

Table 4. Multivariate logistic regression analysis associated with

correction loss of Bohler’s angle by >10°

Cl, confidence interval; BMI, body mass index; Time, time elapsed
between injury and surgery. Asterisks indicate significant differences.

*P<0.05.
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Variables

Screw (n =73)

Locking Plate (n = 45)

P-value

Age (years)

Sex (cases [%])

BMI (kg/m?)
Hypertension (cases [%])

Diabetes mellitus (cases

[%])

Essex—Lopresti type (cases

[%])

Sanders type (cases [%])

Waiting time until the
surgery (days)

Male

Tongue

Joint depression

Type I or I
Type III or IV

53.5+13.7
51 (69.9)
23.3+3.8
18 (24.7)
7(9.6)

42 (57.5)

31 (42.5)

31 (42.5)
42 (57.5)

3.0+£3.9

60.0+17.1
29 (64.4)
23.0+4.5
11 (24.4)
4(8.9)

30 (66.7)

15 (33.3)

15 (33.3)
30 (66.7)

9.9+£3.7

0.19
0.39
0.54
1.00
1.00

0.34

0.09

<0.01™

Table 1



Variables

Screw (n=73)

Locking plate (n=45) P-value

Bohler’s angle (°)

Intra-articular step-off
(mm)

Preoperative

Immediate
postoperative

12 months
postoperative

Immediately
postoperative

10.3£13.5

26.9=%x7.0

21.9%£93

1.5x1.3

6.0x10.7 0.01
26.3%8.9 0.90
23.4£98 0.58

1.0x0.7 0.08

Table 2



Variables Screw (n=73) Locking plate (n=45) P-value

Complication Wound dehiscence 2(2.7) 2(4.4) 0.62
(cases [%])

Superficial infection 0 (0.0) 0 (0.0)

Deep infection 0 (0.0) 1(2.2) 0.37

Sural nerve injury 4 (5.5) 3(6.7) 0.70
AOFAS score 85.0%£9.2 87.2%9.1 0.07

Table 3



Dependent variables Independent variables Odds ratio 95% CI P-value

Correction loss by >10° Age (years) 1.02 0.97-1.06 0.46
Sex 0.29 0.05-1.58 0.15
Time (days) 1.13 0.96-1.34 0.15
BMI 0.90 0.75-1.07 0.22
Sanders classification 2.28 0.96-5.42 0.06
Screw fixation 8.63 1.16-64.4 0.04"

Table 4
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