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Abstract

Introduction: Displaced intra-articular calcaneal fractures (DIACFs) are associated with
a high incidence of wound complications. Minimally invasive approaches (MIAs) have
enabled earlier intervention compared with the extensile lateral approach (ELA). However,
the relationship between surgical timing, approach and outcome remains poorly defined.
This systematic review evaluated the relationship between surgical timing, approach, and
postoperative outcomes in DIACFs. Materials and Methods: A systematic review was
conducted in accordance with the PRISMA 2020 guidelines. Studies published between
January 1990 and April 2026 were searched through PubMed, Embase and Web of Science.
Studies reporting the timing to surgery, approach, and postoperative outcomes in operated
DIACFs were included. Patients were stratified into three groups according to timing
(0–7 days, 8–21 days, and >21 days). Complication rates, radiographic and functional
outcomes were analyzed. Results: A total of 25 studies, encompassing 1915 patients, were
included. Patients mostly underwent surgery within seven days (60.1%), followed by
8–21 days (37.8%) and >21 days (2.1%). The complication rate was 21.7%, with wound
dehiscence (8.9%) and infection (5.2%) being the most prevalent. Dehiscence and necrosis
were predominantly associated with the ELA, particularly between days 8–21. Infection
rates increased when the delayed sinus tarsi approach was used. No differences were found
in radiographic or functional outcomes. Conclusions: Surgical timing does not appear to
be an independent outcomes predictor. Complications depend on the interplay of timing,
approach, and soft-tissue condition. An individualized treatment, with no rigid temporal
thresholds, is probably the best approach.

Keywords: calcaneal fractures; timing to surgery; sinus tarsi approach; extended lateral
approach; wound-related complications
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1. Introduction
Calcaneus fractures account for 2% of all fractures and 50–60% of fractures of the tarsal

bones, 75% of which are intra-articular [1,2]. They mostly affect people of working age
(30–60 years), representing a socio-economic burden given that the average time to return to
work is one year, although it can last up to three years [3,4]. These fractures are associated
with a high risk of early postoperative complications, specifically infection and, above all,
wound healing issues affecting up to 25% of patients, and late complications, such as chronic
pain, stiffness, osteoarthritis, and hindfoot deformities requiring subsequent arthrodesis [5].
Over the last decade, much has been discussed on the most optimal strategy for reducing
early and late postoperative complications, including the type of fixation and surgical
approach. However, there is still no standard of care, and controversy exists regarding
the most effective treatment method for displaced intra-articular fractures of the calcaneus
(DIACFs) [6]. The extended lateral approach (ELA) historically required resolution of soft-
tissue swelling and the appearance of skin wrinkling, the so-called ‘wrinkle sign’, before
surgery could safely be performed, typically necessitating a delay of 7 to up to 21 days from
injury [5,7]. Despite this precaution, the ELA has been associated with wound complication
rates ranging from 13% to over 37% [8–11].The sinus tarsi approach (STA) and other
minimally invasive approaches (MIAs), such as the percutaneous, have been introduced
to reduce wound complications and enable earlier surgery, with a mean time to operating
room of approximately 6 days for the STA versus 13 days for the ELA [12,13]. A recent
systematic review and meta-analysis confirmed that the STA significantly reduces wound
healing complications compared to the ELA, with comparable radiographic and functional
outcomes in Sanders type II and III fractures [10,14]. However, the literature agrees that
the STA is comparable to the ELA in terms of quality of reduction, but only in the hands of
experienced surgeons [15]. Despite this shift in practice, the relationship between surgical
timing and outcome remains poorly defined and contradictory across the literature. Alajmi
et al. reported a significant correlation between delay time and complication incidence
following the STA [16]. Basile et al. found no significant difference in wound complications
or quality of reduction when STA fixation was performed within versus beyond 21 days
in polytrauma patients [17]. Additionally, Swords et al. demonstrated that ORIF via the
ELA performed more than 25 days after injury can still achieve satisfactory anatomical
reduction and acceptable functional outcomes with low complication rates [18]. These
conflicting findings reflect a fundamental gap in the literature: while timing has long been
regarded as an intrinsic advantage of minimally invasive approaches over the ELA, it
has never been systematically evaluated as an independent predictor of DIACF outcomes
across different fixation techniques and surgical approaches. This systematic review aims
to evaluate the role of surgical timing in the outcomes of DIACFs, examining complication
rates and radiographic and functional outcomes in relation to time from injury to surgery,
accounting for the surgical approach. The present study hypothesized that the influence of
surgical timing on postoperative complications differs according to the surgical approach.
Specifically, we hypothesized that delaying surgery after injury may reduce wound-related
complications when using the extensile lateral approach, whereas surgical timing may have
a less pronounced impact on outcomes following minimally invasive approaches.

2. Materials and Methods
2.1. Eligibility Criteria

All the clinical studies investigating treatment and outcomes of DIACFs specifying
the timing from trauma to surgery were accessed. Only studies published in peer-reviewed
journals, from 1990 onwards, were considered. Studies with levels I, II, and III of evidence,
according to the Oxford Centre of Evidence-Based Medicine, were considered [19]. Non-
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English language studies, reviews, opinions, letters, and editorials were not considered.
Animal, in vitro, biomechanic, computational, and cadaveric studies were not eligible.
Studies were eligible for inclusion if they met all of the following criteria: 1) regarded
adult patients (≥18 years) with a displaced intra-articular calcaneal fracture, managed
operatively; 2) had explicit reporting of the timing from trauma to surgery and the type of
surgical approach adopted; 3) had a minimum clinical and radiological follow-up period of
6 months; and 4) reported early postoperative outcomes and complications, specifically the
incidence and type of wound-related complications. Missing quantitative data under the
outcomes of interests warranted the exclusion of the study.

2.2. Search Strategy

This study was conducted according to the 2020 Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines and the recommendations of the
Cochrane Handbook for Systematic Reviews of Interventions [20,21]. The study protocol
and supporting methodological documentation were retrospectively deposited in the Open
Science Framework (OSF) and are publicly available at https://osf.io/9usph (accessed on
25 June 2026) The PICO algorithm was preliminarily established:

- P (Population/Problem): Patients (≥18 years) with displaced intra-articular calcaneal
fracture treated surgically.

- I (Intervention): Surgical fixation of displaced intra-articular calcaneal fractures per-
formed at different time intervals after injury, 0–7 days, 8–21 days, and >21 days, using
either the extensile lateral approach or minimally invasive approach.

- C (Comparison): The complication rate for fixation using the ELA or MIAs, including
the sinus tarsi and the percutaneous approaches, across the timing subgroups.

- (Outcomes): Primary outcome: Clinical outcome and wound-related complications
according to time to surgery and surgical approach. Secondary outcome: Radiographic
outcomes according to time to surgery and surgical approach.

In April 2026, the following databases were accessed: PubMed, Web of Science, and
Embase. For PubMed, a search strategy with Medical Subject Headings (MeSH) terms
as the core was designed, supplemented by free-text terms in the Title/Abstract fields to
avoid missing relevant studies. The core MeSH search was: (“Calcaneus/injuries”[Mesh]
OR “Calcaneus/surgery”[Mesh]). The supplementary free-text search was: ((calca-
neus[Title/Abstract] OR calcaneal[Title/Abstract]) AND (fracture*[Title/Abstract] OR
“intra-articular”[Title/Abstract] OR displaced[Title/Abstract]) AND (surg*[Title/Abstract]
OR operati*[Title/Abstract] OR fixation[Title/Abstract])). The free search included terms
such as calcaneus, fractures, surgical treatment, timing to surgery, complications, wound
healing, early fixation and delayed fixation. The two searches were combined with OR, and
a publication date filter from January 1990 to April 2026 was applied. As Web of Science
does not provide a MeSH vocabulary, free words were used for searching in titles, abstracts,
and keywords with selected indexed terms when applicable. A combination of terms such
as calcaneal fractures, surgical treatment, timing to surgery, complications, wound healing,
early fixation and delayed fixation were used.

For Embase, the search strategy combined Emtree-controlled vocabulary with free-text
keywords searched within the title and abstract fields, using a search strategy equivalent to
that applied in PubMed.

2.3. Selection and Data Collection

The retrieved records were exported and duplicates were removed. Two authors (LS
and GS) independently screened titles and abstracts; the full texts of potentially relevant
studies were then assessed against the inclusion and exclusion criteria. Disagreements

https://doi.org/10.3390/app16157579

https://osf.io/9usph
https://doi.org/10.3390/app16157579


Appl. Sci. 2026, 16, 7579 4 of 17

were resolved by a senior author (DL). A cross-reference check of the included studies was
performed to identify additional relevant papers.

2.4. Data Items

Two authors (LS and GS) independently extracted the data, with disagreements
resolved by the senior author (DL). For each study, the following parameters were collected:
author, year and journal of publication, study design, level of evidence (LoE) and length
of the follow-up (months). The following data at baseline were retrieved: number of
patients initially included, patients deceased or lost to follow-up, mean age at the time of
surgery and mean body mass index (BMI) at the time of surgery. Outcome-related data was
collected: fracture type according to the Sanders classification [22], time from trauma to
surgery and the surgical approach adopted. Patients were categorized post hoc into three
subgroups according to the time-to-surgery ranges reported in the original studies: within
0–7 days, 8–21 days, or >21 days from trauma. When available, fixation characteristics (type
of plate and screws, screw configuration and postoperative instructions) were also collected.
Finally, postoperative clinical (AOFAS score) [23] and radiological outcomes, complications
and re-interventions were recorded, with emphasis on wound-healing complications and
also on sural nerve and peroneal tendon injury, deep infection, implant failure, malunion
and non-union. A superficial infection was defined as a wound which showed signs of
infection, including erythema and discharge, but which responded to antibiotic treatment
with no surgery being required. A deep infection was defined as an infection which required
surgical intervention, regardless of the type of surgery. Data extraction was performed
using Microsoft Office Excel version 16.0 (Microsoft Corporation, Redmond, WA, USA).

2.5. Methodological Quality Assessment and Quality of the Recommendations

Risk of bias was assessed independently by two authors (LS and GS), with disagree-
ments resolved by the senior author (DL). The Risk of Bias in Non-randomized Studies
of Interventions (ROBINS-I) tool was used to assess the risk of bias in non-randomized
controlled trials (RCTs) [24] The following biases were evaluated in seven different domains:
bias due to confounding factors and due to patient selection; bias in the classification of
interventions; bias due to missing data; deviation from intended interventions; erroneous
measurement of outcomes; and bias in the selection of reported outcomes. The Risk of
Bias 2 (RoB 2) tool was used to assess the risk of bias in RCTs. The following endpoints
were evaluated: randomization process, deviation from intended intervention, missing
data, outcome measurement, and bias in the selection of reported outcomes [25].

2.6. Synthesis Methods

All statistical analyses were performed using IBM SPSS for Windows, Version 26 (IBM
Corp., Armonk, NY, USA). Descriptive statistics were performed for all demographic and
surgical variables. Continuous data were reported as means and standard deviations (SDs),
whereas categorical data were expressed as absolute numbers and percentages. The non-
parametric approach was used since the numerical variables were not normally distributed,
verified by Kolmogorov–Smirnov test. Comparisons in order to identify possible significant
differences between the time subgroups were conducted using the Kruskal–Wallis test
for continuous parameters and the chi square test for categorical variables. Statistical
significance was defined as p < 0.05. All analyses were performed at the study level on
pooled aggregated data; the complication and outcome counts reported by each study were
summed within the relevant timing and approach subgroups.
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3. Results
3.1. Study Selection

The systematic literature search identified 12,076 articles. After removing duplicates
and screening the titles and abstracts, 5544 articles were assessed for eligibility. Of these,
5422 were excluded for not meeting the predefined study design criteria or due to un-
availability of the full text. Of the remaining 122 studies, a further 54 were excluded. A
final selection of 68 reports were assessed for eligibility. Ultimately, only 25 studies were
included in this systematic review. The results of the literature search are shown in Figure 1.

Figure 1. PRISMA flow chart of the literature search.

3.2. Methodological Quality Assessment

Risk of bias in the 20 non-RCTs was assessed with ROBINS-I (Table 1). Confounding
was rated serious in six of the 20 studies, owing chiefly to the absence of demographic risk-
factor data such as smoking status and diabetes; no study was at serious risk from selection,
classification of interventions or from deviations from intended interventions. Missing
data were rated low in 14 studies and moderate in six. Overall, six of the 20 non-RCTs
(30%) were at serious risk of bias and the remaining 17 at moderate risk, indicating reduced
methodological quality. The five RCTs were assessed with RoB 2 (Table 2); concerns arose
mainly from measurement of the outcomes and selection of the reported results, yielding
an overall rating of “some concerns” in all the studies (80%).

Table 1. Risk of bias assessment of the non-RCTs (ROBINS-I).

Study D1
Confounding

D2
Selection

D3
Classification

D4
Deviations

D5 Missing
Data

D6
Measurement

D7 Reported
Result Overall

Ahmed et al. 2025 [26] Moderate Low Low Low Low Low Moderate Moderate
Basile et al. 2023 [17] Moderate Low Low Low Low Moderate Moderate Moderate
Cao et al. 2015 [27] Moderate Low Low Low Low Low Moderate Moderate
Cho et al. 2021 [28] Moderate Moderate Low Low Moderate Moderate Moderate Moderate
Chotikkakamthorn et al. 2021 [29] Serious Moderate Low Low Low Low Moderate Serious
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Table 1. Cont.

Study D1
Confounding

D2
Selection

D3
Classification

D4
Deviations

D5 Missing
Data

D6
Measurement

D7 Reported
Result Overall

Court-Brown et al. 2009 [30] Serious Low Low Low Moderate Low Moderate Serious
Cursaru et al. 2022 [31] Serious Low Low Low Low Moderate Moderate Serious
Esenkaya et al. 2018 [32] Moderate Low Low Low Low Moderate Moderate Moderate
Jansen et al. 2018 [33] Moderate Low Low Low Low Moderate Moderate Moderate
Kwon et al. 2015 [34] Moderate Low Low Low Moderate Moderate Moderate Moderate
Liao et al. 2025 [35] Moderate Moderate Low Low Moderate Moderate Moderate Moderate
Peng et al. 2019 [36] Serious Low Low Low Low Moderate Moderate Serious
Schepers et al. 2017 [37] Serious Low Low Low Low Moderate Moderate Serious
Shams et al. 2023 [38] Moderate Low Low Low Low Moderate Moderate Moderate
Shih et al. 2018 [39] Moderate Low Low Low Low Moderate Moderate Moderate
Swords et al. 2020 [18] Moderate Low Low Low Moderate Moderate Moderate Moderate
Sypien & Grzelecki 2025 [40] Moderate Low Low Low Low Moderate Moderate Moderate
Usami et al. 2023 [41] Moderate Low Low Low Low Moderate Moderate Moderate
Weng et al. 2020 [42] Moderate Moderate Low Low Low Moderate Moderate Moderate
Zhao et al. 2022 [43] Serious Moderate Low Low Moderate Moderate Moderate Serious

Table 2. Risk-of-bias assessment of the RCTs (RoB 2).

Study D1
Randomization

D2
Deviations

D3 Missing
Data

D4
Measurement

D5 Reported
Result Overall

Ebrahimpour
et al. 2021 [44] Some concerns Some

concerns Low Some
concerns

Some
concerns

Some
concerns

Feng et al. 2016
[45] Some concerns Some

concerns Low Some
concerns

Some
concerns

Some
concerns

Kir et al. 2018
[46] Some concerns Some

concerns Low Some
concerns

Some
concerns

Some
concerns

Li et al. 2018
[47] Low Low Low Low Some

concerns
Some

concerns
Wang et al.
2020 [48] Some concerns Some

concerns Low Some
concerns

Some
concerns

Some
concerns

3.3. Study Characteristics and Results of Individual Studies

A final cohort of 1915 patients treated for DIACFs was included in the analysis. The
mean age of the cohort was 42.77 ± 5.04 years, reflecting the typical distribution of these
injuries in middle-aged adults. The mean follow-up time was 24.65 months. Table 3
presents the general characteristics and demographics of the included studies.

Table 3. Characteristics and baseline demographics of the included studies (LoE: level of evidence;
MoI: mechanism of injury; FFH: fall from height; RTA: road traffic accident; SI: sport injury; other).

Author, Year DOI Journal LoE Patients
(n) Mean Age (y) Mean BMI

(kg/m2) MoI

Ahmed et al. 2025
[26] 10.7417/CT.2025.5196 Clin Ter 3 21 34.1 N/A FFH; RTA

Basile et al. 2023
[17] 10.3390/jcm12052039 J Clin Med 2 54 38.35 24.84 N/A

Cao et al. 2015 [27] 10.1053/j.jfas.2014.09.003 J Foot Ankle Surg 3 33 36 N/A FFH; RTA;
SI

Cho et al. 2021 [28] 10.3390/ijerph181910400 Int J Environ Res 3 25 55.84 23.45 ± 2.55 FFH; RTA
Chotikkakamthorn
et al. 2021 [29] 10.5152/j.aott.2021.20003 Acta Orthop

Traumatol Turc 3 42 43.4 23.2 N/A

Court-Brown et al.
2009 [30] 10.1016/j.injury.2009.03.044 Injury 4 178 41 N/A N/A

Cursaru et al. 2022
[31] 10.3892/etm.2022.11119 Exp Ther Med 4 60 46.8 N/A N/A
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Table 3. Cont.

Author, Year DOI Journal LoE Patients
(n) Mean Age (y) Mean BMI

(kg/m2) MoI

Ebrahimpour et al.
2021 [44] 10.1007/s12306-019-00635-w Musculoskelet Surg 3 88 41.11 N/A FFH; RTA;

Other
Esenkaya et al. 2018
[32] 10.5505/tjtes.2017.62355 Ulus Travma Acil

Cerrahi Derg 3 14 44.12 N/A N/A

Feng et al. 2016 [45] 10.1186/s12891-016-1122-8 BMC Musculoskelet
Disord 1 80 39.5 N/A N/A

Jansen et al. 2018
[33] 10.1053/j.jfas.2018.05.015 J Foot Ankle Surg 3 64 50 N/A N/A

Kir et al. 2018 [46] 10.1177/2309499018792742 J Orthop Surg 2 60 39.2 N/A FFH; RTA
Kwon et al. 2015
[34] 10.1177/1071100714552483 Foot Ankle Int 3 405 45 N/A N/A

Li et al. 2018 [47] 10.1177/1071100718774808 Foot Ankle Int 3 52 43 N/A FFH
Liao et al. 2025 [35] 10.1016/j.injury.2025.112896 Injury 2 133 36.4 23.1 FFH; RTA
Peng et al. 2019 [36] 10.1186/s13018-019-1162-5 J Orthop Surg Res 3 40 39.94 N/A N/A
Schepers et al. 2017
[37] 10.1097/BOT.0000000000000819 J Orthop Trauma 3 125 46.96 N/A N/A

Shams et al. 2023
[38] 10.1177/1938640020987750 Foot Ankle Spec 3 70 34.3 N/A FFH

Shih et al. 2018 [39] 10.1186/s12891-018-1995-9 BMC Musculoskelet
Disord 4 20 50 N/A N/A

Swords et al. 2020
[18] 10.1097/BOT.0000000000001694 J Orthop Trauma 4 20 39.8 N/A FFH

Sypien & Grzelecki
2025 [40] 10.3390/jcm14041369 J Clin Med 4 48 57 26.35 FFH

Usami et al. 2023
[41] 10.1016/j.heliyon.2023.e14046 Heliyon 4 45 51 N/A N/A

Wang et al. 2020
[48] 10.1016/j.biopha.2020.110295 Biomed

Pharmacother 2 35 40.1 N/A FFH; RTA;
Other

Weng et al. 2020
[42] 10.1111/os.12597 Orthop Surg 3 150 39 N/A FFH; RTA

Zhao et al. 2022 [43] 10.1097/MD.0000000000030847 Medicine 3 52 46.03 N/A FFH

3.4. Results Synthesis

The analysis included a total of 1915 patients who had been treated for displaced intra-
articular calcaneus fractures. The mean time from trauma to surgery could be extracted
for 1280 patients and was 6.47 ± 5.78 days (0–35 days). For the remaining 635 patients,
individual timing data or a study-level overall mean were not reported. However, these
patients were presented within predefined timing groups in the original studies, each
characterized by a reported mean time to surgery and an associated time range or interval.
Because these reported intervals were fully consistent with the timing categories adopted in
the present review, patients were assigned to the corresponding timing subgroup according
to the classification provided by the original authors. Therefore, allocation was based on
reported group-level timing data. Overall, the majority of patients were treated within
seven days of injury (60.1%, n = 1151). A total of 37.8% (n = 724) fell into the 8–21-day
subgroup and only 2.1% (n = 40) into the >21-day subgroup. Age differed significantly
across timing subgroups (p < 0.001); the 8–21-day subgroup was the oldest (0–7 days,
41.4 ± 5.4 y; 8–21 days, 45.2 ± 3.2 y; >21 days, 39.1 ± 0.7 y). Surgical approaches were
distributed as follows: the ELA was used in 36.7% of patients (n = 703), the STA in 46.4% of
cases (n = 889), and a percutaneous approach in 16.9% of cases (n = 323). The distribution
of approaches differed significantly across timing subgroups: the proportion treated with
the ELA was the lowest in the 0–7-day subgroup, and the percutaneous approach was used
exclusively within 7 days. The distribution of approaches across the timing subgroups is
shown in Table 4.
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Table 4. Surgical approaches stratified by timing subgroup, n (% within timing subgroup). ELA = extensile
lateral approach; STA = sinus tarsi approach.

Surgical Approach 0–7 Days 8–21 Days >21 Days Total
ELA 279 (24.2%) 404 (55.8%) 20 (50.0%) 703 (36.7%)
STA 549 (47.7%) 320 (44.2%) 20 (50.0%) 889 (46.4%)
Percutaneous 323 (28.1%) 0 (0.0%) 0 (0.0%) 323 (16.9%)
Total 1151 (100%) 724 (100%) 40 (100%) 1915 (100%)

Internal fixation with screws, plates or K-wires was used in 98.2% of cases (n = 1881)
and primary arthrodesis in 1.0% (n = 19); the treatment was not specified in the remaining
0.8% (n = 15). A fixation sub-analysis was not possible because (1) the fixation strategy
was not specified in four studies [18,31,33,37] and (2) the specific type of implant was not
reported in any included study. Primary arthrodesis versus internal fixation did not differ
across timing subgroups.

The overall complication rate was 21.7% (416 events in 1915 patients). Wound dehis-
cence and necrosis were observed in 8.9% (n = 170) and 1.6% (n = 31) of patients, respectively.
The most common complications were wound dehiscence (8.9%, n = 170), infection (5.2%,
n = 100) and wound necrosis (1.6%, n = 31). Other complications were malunion (1.1%),
sural nerve injury (0.9%), osteoarthritis (0.8%), implant failure (0.6%), peroneal tendon
injury (0.4%), residual pain (0.3%) and non-union (0.1%). A rate of 1.8% for miscellaneous
complications was also recorded, including tarsal tunnel syndrome, algodystrophy, and
lateral impingement. Table 5 presents a summary of population complications.

Table 5. Overall complications among the population.

Complication Patients (n) Percentage (%)
Wound dehiscence 170 8.9
Wound necrosis 31 1.6
Infection 100 5.2
Sural nerve injury 17 0.9
Peroneal tendon injury 8 0.4
Residual pain 5 0.3
Implant failure 12 0.6
Osteoarthritis 16 0.8
Malunion 22 1.1
Non-union 1 0.1
Other 34 1.8
Total 416 21.7
Percentages were calculated over the whole population (n = 1915). Counts represent
complication events; a patient with more than one complication is counted more than once.

The complication events were then stratified by timing subgroup (Table 6).
The lowest rate of complications was observed in the >21-day subgroup, with a rate

of 0.96% (two infections, one wound dehiscence and one malunion). However, it should
be noted that this subgroup was smaller in size than the other two. In both the 0–7-day
and 8–21-day subgroups, the events were more evenly distributed, with wound dehiscence
the most frequent in each. Infection represented the largest share of events in the >21-day
subgroup (50.0%). Sural nerve injury and implant failure occurred at higher rates (5.3% and
5.8%, respectively) in the 0–7-day group, as did osteoarthritis (7.3%). Malunion occurred in
a higher percentage (9.7%) of cases in the 0–7-day group (Table 6).
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Table 6. Complications stratified by timing subgroup, n (% of complication events within subgroup).

Complication 0–7 Days 8–21 Days >21 Days Total
Wound dehiscence 55 (26.7%) 114 (55.3%) 1 (25.0%) 170 (40.9%)
Wound necrosis 20 (9.7%) 11 (5.3%) 0 (0.0%) 31 (7.5%)
Infection 43 (20.9%) 55 (26.7%) 2 (50.0%) 100 (24.0%)
Sural nerve injury 12 (5.8%) 5 (2.4%) 0 (0.0%) 17 (4.1%)
Peroneal tendon injury 8 (3.9%) 0 (0.0%) 0 (0.0%) 8 (1.9%)
Residual pain 2 (1.0%) 3 (1.5%) 0 (0.0%) 5 (1.2%)
Implant failure 11 (5.3%) 1 (0.5%) 0 (0.0%) 12 (2.9%)
Osteoarthritis 15 (7.3%) 1 (0.5%) 0 (0.0%) 16 (3.8%)
Malunion 20 (9.7%) 1 (0.5%) 1 (25.0%) 22 (5.3%)
Non-union 1 (0.5%) 0 (0.0%) 0 (0.0%) 1 (0.2%)
Other 19 (9.2%) 15 (7.3%) 0 (0.0%) 34 (8.2%)
Total events 206 (100%) 206 (100%) 4 (100%) 416 (100%)
Values are column percentages (share of complication events within each timing subgroup), not
per-patient incidence. Counts are complication events, not patients.

Subsequently, complication rate was stratified by surgical approach within each timing
subgroup (Table 7).

Table 7. Complication events stratified by surgical approach within each timing subgroup, n (%
within timing subgroup).

0–7 8–21 >21

Complication ELA
N = 279

STA
N = 549

Perc
N = 323

ELA
N = 404

STA
N = 320

ELA
N = 20

STA
N = 20

Wound dehiscence 24/279 (8.6%) 24/549 (4.4%) 7/323 (2.2%) 93/404 (23.0%) 21/320 (6.6%) 0/20 (0.0%) 1/20 (5.0%)
Wound necrosis 12/279 (4.3%) 7/549 (1.3%) 1/323 (0.3%) 11/404 (2.7%) 0/320 (0.0%) 0/20 (0.0%) 0/20 (0.0%)
Infection 17/279 (6.1%) 22/549 (4.0%) 4/323 (1.2%) 6/404 (1.5%) 49/320 (15.3%) 0/20 (0.0%) 2/20 (10.0%)
Sural nerve injury 2/279 (0.7%) 9/549 (1.6%) 1/323 (0.3%) 0/404 (0.0%) 5/320 (1.6%) 0/20 (0.0%) 0/20 (0.0%)
Peroneal tendon
injury 0/279 (0.0%) 5/549 (0.9%) 3/323 (0.9%) 0/404 (0.0%) 0/320 (0.0%) 0/20 (0.0%) 0/20 (0.0%)

Residual pain 1/279 (0.4%) 1/549 (0.2%) 0/323 (0.0%) 0/404 (0.0%) 3/320 (0.9%) 0/20 (0.0%) 0/20 (0.0%)
Implant failure 0/279 (0.0%) 9/549 (1.6%) 2/323 (0.6%) 0/404 (0.0%) 1/320 (0.3%) 0/20 (0.0%) 0/20 (0.0%)
Osteoarthritis 5/279 (1.8%) 7/549 (1.3%) 3/323 (0.9%) 0/404 (0.0%) 1/320 (0.3%) 0/20 (0.0%) 0/20 (0.0%)
Malunion 5/279 (1.8%) 11/549 (2.0%) 4/323 (1.2%) 1/404 (0.2%) 0/320 (0.0%) 1/20 (5.0%) 0/20 (0.0%)
Non-union 0/279 (0.0%) 1/549 (0.2%) 0/323 (0.0%) 0/404 (0.0%) 0/320 (0.0%) 0/20 (0.0%) 0/20 (0.0%)
Other 0/279 (0.0%) 17/549 (3.1%) 2/323 (0.6%) 15/404 (3.7%) 0/320 (0.0%) 0/20 (0.0%) 0/20 (0.0%)
Total complication
events 66/279 (23.7%) 113/549 (20.6%) 27/323 (8.4%) 126/404 (31.2%) 80/320 (25.0%) 1/20 (5.0%) 3/20 (15.0%)

Overall, the highest proportion of reported complication events was observed in pa-
tients treated with the ELA between 8 and 21 days, with 126 events among 404 patients
(31.2%). This was followed by the STA performed between 8 and 21 days, with 80 events
among 320 patients (25.0%); the ELA within 7 days, with 66 events among 279 patients
(23.7%); and the STA within 7 days, with 113 events among 549 patients (20.6%). The percu-
taneous approach, which was performed only within the first 7 days, showed 27 events
among 323 patients (8.4%). In the >21-day subgroup, complication events were uncommon,
although the interpretation is limited by the very small sample size, with one event among
20 ELA patients (5.0%) and three events among 20 STA patients (15.0%).

Wound dehiscence was the most frequent wound-related complication and was most
commonly observed after the ELA performed between 8 and 21 days, occurring in 93 of
404 patients (23.0%), or within 7 days (24/279, 8.6%). Lower rates of wound dehiscence
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were observed after the STA between 8 and 21 days (21/320, 6.6%) and within 7 days
(24/549, 4.4%) and percutaneous fixation within 7 days (7/323, 2.2%).

Overall, wound dehiscence was more prevalent following the ELA than the STA or
the percutaneous approach.

A similar trend was observed for wound necrosis, which was mainly observed after the
ELA, occurring in 12 of 279 patients treated within 7 days (4.3%) and in 11 of 404 patients
treated between 8 and 21 days (2.7%). It was uncommon after the STA within 7 days (7/549,
1.3%) and after percutaneous fixation (1/323, 0.3%), and no cases were reported after the
STA between 8 and 21 days.

Likewise, the distribution of infections differed according to both timing and surgical
approach. The highest infection rate was observed after the STA performed between 8
and 21 days, with 49 infections among 320 patients (15.3%). Infection was also reported
in two of 20 patients treated with the STA after 21 days (10.0%), although this estimate is
based on a very small subgroup. Lower rates were observed after the ELA within 7 days
(17/279, 6.1%), the STA within 7 days (22/549, 4.0%), the ELA between 8 and 21 days
(6/404, 1.5%), and percutaneous fixation within 7 days (4/323, 1.2%).

Additional complications were less frequent across all timing-and-approach sub-
groups. Sural nerve injury was mainly reported after the STA, occurring in nine of
549 patients treated within 7 days (1.6%) and in five of 320 patients treated between 8
and 21 days (1.6%). Lower rates were observed after the ELA within 7 days (2/279, 0.7%)
and percutaneous fixation within 7 days (1/323, 0.3%), whereas no cases were reported
after the ELA between 8 and 21 days.

Osteoarthritis was uncommon and was reported mainly in the 0–7-day subgroup,
with rates of 1.8% after the ELA (5/279), 1.3% after the STA (7/549), and 0.9% after percuta-
neous fixation (3/323). Only one case was reported after the STA between 8 and 21 days
(1/320, 0.3%), and no cases were observed after the ELA between 8 and 21 days.

Malunion was also infrequent, occurring in five of 279 patients treated with the ELA
within 7 days (1.8%), 11 of 549 patients treated with the STA within 7 days (2.0%), and four
of 323 patients treated percutaneously within 7 days (1.2%). In the 8–21-day subgroup,
malunion was reported only after the ELA (1/404, 0.2%).

Finally, other complications, including peroneal tendon injury, residual pain, implant
failure and non-union were rare across all subgroups.

No significant differences were recorded in the clinical (AOFAS score) and radio-
graphic outcomes between timing subgroups or approaches. However, the analysis is
limited by incomplete reporting, as 12 out of the 25 papers did not specify the clinical
outcome in terms of AOFAS score [17,18,26,29,30,33,37,38,40–42], and six out of the 25 did
not specify the radiographic outcome [30,31,33,46–48].

4. Discussion
The aim of this systematic review was to evaluate the role of surgical timing in the out-

come of DIACFs, assessing complication rates and radiographic and functional outcomes
in relation to the time from injury to surgery and to the surgical approach adopted.

An important difference between our review and previous reviews is the way surgical
timing was evaluated. While earlier studies comparing minimally invasive and extensile
approaches considered timing as a secondary variable, they did not specifically investigate
its impact as a primary outcome. For example, previous reviews often reported only mean
time-to-surgery values, despite substantial variability within the included cohorts, with
treatment intervals ranging from a few days to several weeks after injury [10,14]. Such an
approach might mask potential differences associated with specific surgical windows and
introduce bias when interpreting outcomes. In contrast, the present study was specifically
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designed to assess surgical timing as the primary outcome and to analyze outcomes
according to distinct time intervals, thereby providing a more focused evaluation of the
role of timing in the management of these injuries.

Our findings suggest that timing cannot be interpreted as an independent predictor of
postoperative complications. Instead, they indicate that timing should be interpreted in
conjunction with the surgical approach adopted.

Differences were observed between the timing subgroups in terms of complications.
The 0–7-day subgroup demonstrated a higher incidence of wound necrosis, sural nerve
injury, implant failure, malunion and osteoarthritis. In contrast, wound dehiscence occurred
at a higher rate in the 8–21-day subgroup, while infection and malunion were the most
common complications in the >21-day group. These differences, however, must consider
the uneven distribution of surgical techniques across timing subgroups. The sinus tarsi
approach and percutaneous approach were predominantly utilized during the first week
after injury, whereas the extensile lateral approach was more frequently adopted between
8 and 21 days after trauma. In relation to this, it should be noted that the highest rates of
complication in both the STA and the ELA subgroups were recorded in the time group
where each approach was utilized the most, i.e., in the 0–7-day and 8–21-day groups,
respectively. Furthermore, the population size is limited; specifically, the population of the
>21-day group was lower than that of the other two subgroups, which restricts the ability
to draw definitive conclusions. In addition, the population of the 8–21-day group was
older than that of the other subgroups, suggesting a reduced capacity of soft-tissue healing
which necessitated a longer timeframe for resolving soft-tissue issues prior to undertaking
an open approach. On the other hand, the younger age of the >21-day subgroup was
probably due to polytrauma patients whose surgery was deferred until their overall clinical
condition stabilized rather than for soft-tissue reasons alone.

These findings suggest that this apparent association between timing and complica-
tions is therefore strongly confounded by approach, population and age distribution.

Complications were stratified by approach within each timing window. The soft-tissue
complications of wound dehiscence and necrosis were predominantly associated with the ELA
and clustered in the 8–21-day window. This is consistent with the established understanding
that extensile exposure is the principal driver of wound morbidity and that the outcome
depends more on the readiness of the soft tissues than on the time since the injury [49].
Moreover, these findings are in line with those reported by Kwon et al., who observed that
delaying surgery did not reduce complication rates among patients treated with the ELA [34].

As for the STA, there was an opposite trend with a progressive reduction in the
wound-related complication rate from the 0–7-day to the 8–21-day subgroup, particularly
in wound necrosis. Accordingly, although the sinus tarsi approach is generally associated
with a relatively low rate of surgical-site infection and wound complications, Schepers et al.
reported that operating within the first week after injury significantly increases the risk of
surgical-site infection intra-approach [3]. These findings, however, differ from the ones
found by Kwon et al., who observed that fixation performed more than 14 days after injury
significantly increased wound complications in minimally invasive procedures [34].

Interestingly, our results showed that infections occurred more frequently within the
STA subgroup. In addition, the infection rate in the ELA group decreased when surgery
was delayed, probably due to the resolution of soft-tissue problems. The STA, by contrast,
showed the opposite behavior with respect to infection. Expressed as a rate within the
approach, the STA infection rate rose from approximately 4.0% (22/549) in the first week
to 15.3% (49/320) between 8 and 21 days, whereas the ELA infection rate fell over the
same interval, from 6.1% (17/279) to 1.5% (6/404). Contrary to the traditional belief that
postponing surgery reduces overall complications, this increase in the STA subgroup may
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be explained by the greater technical difficulty of obtaining reduction through limited
exposure once an early callus has developed, with a consequent increase in operative time,
itself a recognized predictor of poorer outcomes in DIACFs treated through the STA [3,34].
The same direction was reported by Alajmi et al., who described a direct correlation between
delay and complications following the STA [16].

These observations suggest that rigid temporal thresholds may not be applicable,
and that timing should be guided by soft-tissue status and the selected technique. This
perspective is shared by many authors. Court-Brown et al., in a series of 178 operatively
treated fractures, found no correlation between surgical delay and deep infection [30]. Ho
et al. similarly demonstrated that early fixation can be safely performed when careful
attention is paid to soft-tissue management. In their series, surgery was undertaken within
72 h whenever fracture blisters and soft-tissue compromise were absent, resulting in a
remarkably low infection rate [50]. De Boer et al. demonstrated that the severity of
soft-tissue injury and patient-related risk factors are stronger predictors of postoperative
complications than timing itself [51]. Therefore, the concept of a universally optimal surgical
window is unlikely to be applicable to all patients. The concept of individualized timing
is further supported by Rammelt et al., who emphasized that there is no single treatment
strategy suitable for all calcaneal fractures. According to these authors, the decision
regarding when to operate should depend on fracture morphology, patient characteristics,
and local soft-tissue conditions [52].

Sural nerve injury also varied according to the surgical approach. As expected, the
STA was more frequently associated with sural nerve injury across timing groups. Peroneal
tendon injury was observed exclusively after the STA or percutaneous fixation. Therefore,
nerve- and tendon-related complications followed an approach-dependent rather than a
timing-dependent pattern.

With regard to the clinical and radiographic outcomes and long-term complications,
the present review was not sufficient to provide a definitive opinion. The AOFAS score was
reported in only 13 of the 25 studies, the radiographic parameters in 19, and the follow-up
period was not sufficiently long to evaluate long-term complications such as osteoarthritis.
The present literature on this subject and the analyzed studies in this paper include studies
that evaluate the role of the surgical approach with regard to wound-related complications
only, not extending the analysis to the evaluation of long-term or other complications, such
as residual pain, which therefore were not possible to detect in this review. For example,
only four studies mentioned residual pain [11,26,33]. This explains the low rate of residual
pain, osteoarthritis and other complications recorded in this analysis.

On the other hand, all authors concur that the radiographic equivalence between the
ELA and MIAs is contingent on the expertise of the surgeon and that an extended waiting
period may result in fracture reduction difficulties, especially after 21 days [52,53]. Court-
Brown et al. found no statistical correlation between surgical delay and deep infection
rate in 178 operatively managed intra-articular calcaneal fractures, identifying surgeon
experience as the primary determinant of infectious complications [30]. Rodemund et al.
evaluated percutaneous screw-only osteosynthesis, finding that surgery within seven days
of admission had no significant impact on radiographic or functional outcomes [12]. In
contrast, the limited number of studies that have evaluated the percutaneous approach
versus the STA in our study demonstrated an improvement in length, height, and width
in patients undergoing the STA compared to percutaneous treatment within the same
subgroups [45]. Therefore, these findings should be regarded as hypothesis-generating
rather than conclusive.

A major factor influencing the timing of surgery after calcaneal fractures is the
condition of the surrounding soft tissues. Among the available assessment tools, the
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Tscherne–Oestern classification provides a structured evaluation of soft-tissue injury sever-
ity in both closed (C0–C3) and open (O1–O4) fractures and has been associated with
postoperative complications and outcomes in several fracture types [54]. However, none
of the studies included in the present review systematically reported soft-tissue injury
according to a validated classification system, preventing a stratified analysis based on
soft-tissue severity. Moreover, although the Tscherne–Oestern classification represents a
useful framework for describing soft-tissue damage and predicting functional outcomes,
some authors have highlighted the potential difficulty and inter-operator variability of
applying the Tscherne classification to closed fractures [55]. In addition, this classification
does not take into account the location of soft-tissue injury and patient host factors, which
can influence the prognosis [56].

Hence, the current evidence does not allow the formulation of evidence-based rec-
ommendations or a standardized decision-making algorithm; the findings of the present
review are in line with the AO Principles of Fracture Management, which state that soft-
tissue recovery should remain the primary determinant of surgical timing. The return of
skin wrinkles is the most widely accepted indicator of when surgery can be performed.
Although this typically occurs 7–14 days after injury, the AO guidelines present this time-
frame as a practical guide rather than a mandatory temporal threshold. They also recognize
that less invasive techniques may be suitable when soft-tissue conditions prevent extensive
exposure. Our findings extend this concept by suggesting that the relationship between
surgical timing and postoperative complications should be considered in relation to the
surgical approach employed. In particular, as minimally invasive techniques have become
more widely adopted, greater flexibility in surgical timing may be feasible for certain
patients, provided careful assessment of the soft tissues remains central to decision-making.
Therefore, our findings support an individualized rather than a strictly time-based ap-
proach. Soft-tissue assessment should be used to provide a guide for surgical timing, with
patients presenting minimal soft-tissue compromise potentially being suitable for earlier
intervention, particularly when less invasive approaches are planned. Conversely, in the
presence of marked swelling, fracture blisters, skin compromise, or more severe soft-tissue
injury, surgery should be deferred until adequate soft-tissue recovery has occurred, regard-
less of the number of days elapsed since injury. Despite tools such as the Tscherne–Oestern
classification, in current clinical practice, the wrinkle sign remains the most widely adopted
indicator of soft-tissue readiness for surgery. Finally, from a practical perspective, clinicians
may consider, whenever feasible, less invasive techniques to minimize soft-tissue complica-
tions. Nevertheless, it is important to highlight that the extensile lateral approach should
not be regarded as inherently unsafe or “invasive”, as meticulous soft-tissue handling,
strict adherence to the “no-touch technique”, and careful preservation of the lateral flap
can allow this approach to be performed safely with satisfactory outcomes [57].

This review has several limitations. First, the predominance of retrospective and
heterogeneous studies, in conjunction with the incomplete reporting of functional scores,
precluded a formal meta-analysis. Second, established risk factors for wound complications,
such as smoking and diabetes, were seldom reported, a deficiency reflected in the high
proportion of studies rated at serious risk of confounding on ROBINS-I. Another limitation
relates to the availability of timing data. For a subset of patients, individual time-to-surgery
values were not reported, and allocation was based on timing groups provided in the
original studies. Although these groups were consistent with the predefined categories
adopted in the present review, this approach may have introduced some degree of mis-
classification and between-study heterogeneity. Furthermore, the data on the classification
of the fracture or the implant and the type of fixation was not reported on a per-patient
basis. Consequently, it was not possible to stratify according to classification or perform a
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fixation-based sub-analysis. Soft-tissue conditions were not uniformly classified across the
included studies. As a result, we were unable to stratify patients according to the severity
of soft-tissue injury, which may represent an important factor influencing both surgical
timing and postoperative outcomes. Importantly, all analyses were conducted at the study
level rather than at the patient level; complication rates were derived from data aggregated
within each study rather than from individual patient data, so the observed associations
between timing, approach and complications may be confounded by between-study dif-
ferences in age, fracture severity, comorbidities and surgeon experience and cannot be
assumed to hold at the individual-patient level.

Furthermore, the follow-up period documented in the included papers was insufficient
to accurately evaluate long-term complications, such as osteoarthritis. The majority of the
included studies were wound complications-oriented, with a paucity of attention given
to other “minor complications”, such as residual pain. Ultimately, the distribution of the
included population differed substantially across the timing subgroups, and the >21-day
group comprised only 40 patients. This marked imbalance limited the statistical power of
comparisons involving this subgroup. Therefore, findings related to the >21-day group
should be interpreted with caution and regarded primarily as descriptive observations
rather than definitive evidence for statistical inference.

Interestingly, our findings only partially confirmed our initial hypothesis. While the
influence of surgical timing appeared to differ according to the surgical approach, delaying
surgery did not consistently reduce wound-related complications following the extensile
lateral approach. Moreover, minimally invasive approaches also appeared to be influenced
by surgical timing more than expected.

Rather than supporting a simple “earlier versus later” paradigm, our results suggest
that the interaction between surgical timing, soft-tissue condition, and operative technique
is likely to be the main determinant of postoperative outcomes.

These findings further reinforce the concept that timing should be individualized accord-
ing to the overall clinical scenario rather than determined by predefined temporal thresholds.

5. Conclusions
To the best of our knowledge, this is the first systematic review specifically investi-

gating the role of surgical timing in the management of displaced intra-articular calcaneal
fractures. The available evidence suggests that, when planning operative treatment for
displaced intra-articular calcaneal fractures, timing must be considered alongside soft-
tissue conditions, surgical approaches and patient-specific factors in order to achieve good
outcomes and predict postoperative complications. Future prospective studies are needed
to further clarify the relationship between timing and outcomes. In particular, these should
systematically evaluate important confounding factors associated with wound complica-
tions and postoperative outcomes, including diabetes, smoking status, preoperative skin
and soft-tissue conditions, fracture type and severity, and fixation method. In addition, they
should incorporate standardized soft-tissue classifications such as the Tscherne–Oestern
system to better define the relationship with soft-tissue status, ultimately facilitating the
development of evidence-based treatment algorithms for calcaneal fractures.
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