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Abstract: Objective: This study aimed to identify risk factors associated with incision complications following the 
modified “L” approach for calcaneal fractures. Methods: Data from 100 patients treated with the modified “L” ap-
proach for calcaneal fractures between January 2018 and December 2021 were analyzed. These included 52 
cases in the poorly healing group and 48 in the well-healing group. Variables such as patient age, sex, body mass 
index, fracture type (Sanders classification), smoking history, alcohol consumption, diabetes status, timing of sur-
gery, tourniquet use, bone grafting, suture method, and postoperative incision care were evaluated. A nomogram 
was developed using R software to predict the risk of incision complications, validated through the area under the 
ROC curve, C-index, and decision curve analysis. Results: Both univariate and multivariate regression analyses 
identified fracture type, smoking history, diabetes, timing of surgery, and duration of tourniquet application as sig-
nificant predictors of incision complications. These factors were incorporated into a clinical predictive nomogram. 
The nomogram’s calibration curves demonstrated high accuracy, both internally and externally. The unadjusted 
concordance indes (C-index) was 0.793 [95% confidence interval (CI), 0.825-0.995], and the area under the curve 
for the nomogram was 0.7875882. Decision curve analysis confirmed the clinical applicability of the model at a 
threshold probability of 20-60%. Conclusion: We have developed a reliable clinical nomogram to predict the risk 
factors for incision complications in the modified “L” approach for calcaneal fractures, enhancing decision-making 
in clinical settings.
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Introduction

Calcaneus fractures, comprising about 2% of 
all fractures, typically affect young males in- 
volved in high-energy trauma, such as motor 
vehicle collisions or falls from significant hei- 
ghts [1, 2]. These fractures can also occur in 
older adults following low-energy incidents, like 
falls from a standing height, and are often com-
plicated by concurrent injuries to the spine, pel-
vis, or lower extremities. Individuals with osteo-
porosis are particularly vulnerable due to bone 
fragility, increasing their risk of calcaneus  
fractures [3]. Surgical intervention remains the 
primary treatment strategy, with techniques 
including open reduction and internal fixation 
(ORIF), percutaneous fixation, external fixation, 

and the modified “L” approach, often supple-
mented by bone grafting [4-6].

The modified “L” approach, a newer option for 
treating calcaneus fractures, provides several 
benefits over traditional methods used for simi-
lar fractures. This technique allows for improved 
access to the fracture site, facilitating better 
bone alignment and reducing the likelihood  
of malunion or nonunion. Additionally, it offers 
enhanced visualization of adjacent soft tissues, 
which helps minimize tissue damage and sup-
ports more effective healing [7, 8].

Common complications associated with the 
modified “L” approach for calcaneal fractures 
include infection, nerve damage, blood vessel 

http://www.ajtr.org
https://doi.org/10.62347/BNML7981


Incision complications in calcaneal fracture repair

1670 Am J Transl Res 2024;16(5):1669-1677

injury, delayed healing, and hardware failure [9, 
10]. Research suggests that factors such as 
inadequate surgical exposure, suboptimal sur-
gical technique, and poor post-operative care 
contribute to incision complications [11, 12]. 
Despite the frequent use of the “L” approach, 
which involves an “L”-shaped incision to access 
and realign the fractured bone, ambiguity re- 
mains concerning the specific risk factors for 
complications in this context.

Therefore, the aim of this study was to investi-
gate the risk factors associated with incision 
complications following the modified “L” app- 
roach for calcaneal fractures, with the goal of 
providing insight to reduce the incidence of 
such complications after surgery.

Materials and methods

Study design and ethics

This retrospective analysis was conducted with 
approval from the ethics committee of General 
Hospital of Ningxia Medical University. The 
study classified patients into two groups based 
on wound healing outcome: the control group 
(good healing) comprised patients with satis-
factory wound healing post-operation, while  
the observational group (poor healing) consist-
ed of patients experiencing complications relat-

ed to inadequate wound healing, such as 
wound nonunion, dehiscence, infection, or ne- 
crosis. Criteria for defining poor healing [13] 
included: discoloration of the incision margin, 
with a width not exceeding 1 cm, or evident 
signs of redness, hematoma, or exudate lasting 
> 7 days; incisional dehiscence or necrosis, 
with exposure of subcutaneous tissue, calca-
neal bone, or fixation hardware; and incisional 
infection, characterized by persistent inflam-
mation, warmth, pain, and purulent discharge, 
accompanied by elevated white blood cell 
count, C-reactive protein, and procalcitonin lev-
els. The study flowchart is depicted in Figure 1.

Inclusion criteria

(1) Patients with closed calcaneal fractures 
classified as Sanders type II/III/IV. (2) Patients 
who underwent open reduction and internal 
fixation (ORIF) using the modified “L” approach 
for calcaneal fracture. (3) Absence of evident 
local or systemic inflammation prior to surgery. 
(4) Availability of complete and reliable patient 
information, including comprehensive demo-
graphic data.

Exclusion criteria

(1) History of mental illness. (2) Presence of 
open fracture. (3) Serious underlying systemic 

Figure 1. The flow chart. ORIF: open reduction and internal fixation.
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conditions (e.g., severe hypertension, heart dis-
ease, cerebrovascular disease, vascular dis-
ease). (4) Patients with congenital or acquired 
immunodeficiency receive long-term corticoste-
roid therapy. (5) Pathologic fractures or bone 
tumors. (6) Secondary calcaneal fractures. (7) 
Incomplete patient information.

Data collection

Demographic and clinical data were collected 
from electronic medical records using a stan-
dardized methodology. The data included age, 
sex, body mass index, fracture type (Sanders 
classification), smoking history, alcohol con-
sumption, diabetes status, timing of surgery, 
duration of tourniquet use, bone grafting, tour-
niquet application time, suture technique, and 
postoperative incision characteristics.

Surgical procedure

The lateral “L” incision started approximately 
3-5 cm above the lateral malleolus, extending 
from the rear between the lateral malleolus 
and the Achilles tendon. The incision proceed-
ed downward at over 90 degrees between the 
dorsum of the foot skin and the thicker skin of 
the sole, curving anteriorly to end about 1 cm 
near the base of the fifth metatarsal bone, and 
slightly moving upwards to reach the perioste-
um. Care was taken to protect the sural nerve 
and small saphenous vein.

Using “NO Touch” technology, the entire lateral 
skin flap was lifted, and three 3.0 Kirschner 
pins were placed transversely from outside to 
inside through the fibula, talus, and cuboid, 
bending upwards to aid in exposing the fracture 
site. Operators must handle the flap gently to 
preserve its blood supply. Once the lateral 
aspect was fully exposed, the lateral bone frag-
ment was detached, and any hematoma and 
blood clots within the calcaneus were thor-
oughly removed.

The assistant utilized a point type reduction 
clamp to pull the calcaneal tuberosity distally, 
while the operator performed prying reduction 
to restore the height of the displaced fracture 
blocks and collapsed calcaneus. The proce-
dure was monitored under C-arm fluoroscopy  
to ensure that the calcaneus height, width, 
G-angle, and B-angle were satisfactorily re- 
stored.

A Kirschner wire was then inserted from the 
posterior lower part of the calcaneus into the 
talus for temporary fixation and reduction of 
the fracture block. The lateral bone block was 
repositioned and hammered from the outside 
inward to restore the width of the calcaneus 
and prevent lateral wall bulging. Bone grafting 
was considered based on the specific clinical 
scenario. An appropriate anatomic plate for the 
calcaneus was selected and secured with 
screws.

Statistical analysis 

Data were analyzed using SPSS version 20.0. 
Continuous variables were presented as mean 
± SD or median, and compared using indepen-
dent sample t-tests or rank sum tests. Cate- 
gorical variables were expressed as percentag-
es and analyzed using the chi-square test. A 
multivariate logistic regression model was em- 
ployed to identify factors influencing the risk  
of incision complications associated with the 
modified “L” approach for calcaneal fractures. 
A P-value < 0.05 was considered significant. 
The identified risk factors were then used to 
construct a predictive nomogram in R software 
(version 3.6.3). This involved determining the 
variables and their regression coefficients to 
develop the model, followed by the generation 
and validation of a ROC curve to assess the 
model’s accuracy.

Results

Clinical characteristics

Statistical analysis revealed significant differ-
ences between the two groups in fracture type, 
smoking history, diabetes, timing of operation, 
and tourniquet time (P < 0.05). However, no sig-
nificant differences were observed in bleeding 
volume, suture method, alcohol consumption, 
bone grafting, gender, age, or body mass index 
(P > 0.05) (Table 1).

Univariate and multivariate regression analysis

As indicated in Table 2, fracture type, smoking, 
diabetes, timing of operation, and tourniquet 
time were significantly associated with incision 
complications in the modified “L” approach for 
calcaneal fractures (P < 0.05). These factors 
were confirmed as independent predictors of 
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Table 2. Correlations between various vari-
ables and incision complications in modified 
“L” approach for calcaneal fracture
Value rho P
Age -0.071 0.454
Body mass index (kg/m2) -0.070 0.461
Sex 0.064 0.321
Fracture type -0.032 0.023
Bone grafting 0.088 0.355
Smoking -0.070 0.021
Alcohol use 0.088 0.355
Diabetes 0.431 < 0.001
Suture mode 0.338 0.123
Operation opportunity 0.458 < 0.001
Tourniquet time 0.431 < 0.001
Bleeding volume 0.332 0.233
Note: The correlation analysis was used for data with 
normally distributed data and Spearman correlation 
analysis was used for data not conforming to a normal 
distribution.

Table 1. Comparison of clinical data between the two groups

Clinical data Observation 
group (n=52)

Control
Group (n=48) t/χ2 P

Age 36.8±6.1 39.4±3.9 4.847 0.251
Body mass index 25.3±9.8 24.3±5.7 2.078 0.122
Sex 4.49 0.43
    Male (n%) 36 (69.2%) 41 (85.4%)
    Female (n%) 16 (30.8%) 7 (14.6%)
Fracture type 8.533 0.022
    I 10 (19.2%) 23 (47.9%)
    II 34 (65.4%) 19 (39.6%)
    III 8 (15.4%) 6 (12.5%)
Bone grafting 25 (48.0%) 21 (43.8%) 0.093 0.761
Smoking 29 (55.8%) 12 (23.1%) 5.283 0.032
Alcohol use 19 (36.5%) 20 (41.7%) 0.084 0.772
Diabetes 27 (51.9%) 12 (23.1%) 4.831 0.018
Suture mode 7.930 0.221
    A-D 20 (38.5%) 12 (23.1%)
    Vertical mattress type 32 (61.5%) 36 (76.9%)
Operation opportunity 9.26±1.89 7.36±1.87 4.004 0.003
Tourniquet time 93.95±10.04 102.16±10.59 -3.430 0.011
Bleeding volume 124.65±42.74 137.04±40.41 -1.175 0.334

incision complications through multiple regres-
sion analysis, as detailed in Table 3.

Development of nomogram model

The nomogram model, developed using R soft-
ware (version 3.6.3), includes the identified risk 

factors for incision complica-
tions in the modified “L” 
approach for calcaneal frac-
tures. The predictive probabil-
ity was calculated by summing 
the scores assigned to each 
risk factor, which correlated 
with the risk of incision com-
plication (Figure 2).

Calibration plot and AUC of 
thenomogram model

The unadjusted concordance 
index (C-index) for the nomo-
gram was 0.793 with a 95%  
CI of 0.825-0.995, indicating 
good model reliability. The cal-
ibration plot for the nomo-
gram, illustrated in Figure 3, 
and the area under the curve 
(AUC) of 0.7875882, shown  
in Figure 4, demonstrate the 
model’s effective discrimina-
tion and consistency in pre-
dicting risk factors for incision 

complications in the modified “L” approach for 
calcaneal fracture.

Decision curve analysis

The decision curve analysis for the model, 
depicted in Figure 5, shows that the model  
provides clinical utility when the threshold prob-
ability of incision complications is between 
20% and 60%. This indicates that the nomo-
gram is suitable for clinical application, assist-
ing in the decision-making process for ma- 
naging patients undergoing the modified “L” 
approach for calcaneal fractures.

Discussion

We identified fracture type, smoking history, 
diabetes, timing of surgery, and tourniquet 
duration as predictive risk factors for incision 
complication following the modified “L” app- 
roach for calcaneal fracture. These factors 
were incorporated into a clinical predictive 
nomogram, which has proven suitable for clini-
cal use.

Our findings also highlighted a significant cor-
relation between smoking and poor wound 
healing. The incidence of poor wound healing 
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Table 3. Multiple regression analysis
Dependent variable Independent variable B SE β P
Incision complications Fracture type 1.288 0.394 0.284 < 0.001

Smoking 0.593 0.283 0.188 0.038
Diabetes 2.538 0.940 0.501 0.031
Operation opportunity 0.095 0.040 0.623 0.018
Tourniquet time 2.042 0.854 0.712 0.009

Note: B: nonstandard regression coefficient; SE: standard error; β: multiple correlation coefficient adjusted for the degree of 
freedom.

Figure 2. Nomogram for predicting incision complications in modified “L” approach for calcaneal fracture.

among smokers was substantially higher than 
that in non-smokers. Research suggests that 
the combustion of tobacco produces large 
amounts of carbon monoxide, which competes 
with oxygen for binding to hemoglobin, resulting 
in decreased oxygen content (pO2) in arterial 
blood at the incision site [14, 15]. Additionally, 
nicotine, another major component of tobacco, 
alters the collagen structure of the skin, induc-
es vasoconstriction, impairs microcirculation, 
reduces blood supply to the extremities, and 
lowers oxygen delivery to end tissues, further 
exacerbating hypoxia and vasospasm in skin 
microvessels. Nicotine also diminishes meta-
bolic and immune functions [16]. However, the 
adverse effects of smoking on post-surgical 
incisions are not entirely irreversible. Several 
studies suggest that cessation of smoking one 
to two months before and one month after sur-
gery can significantly reduce the incidence of 
incision complications [17]. Although it may be 
challenging for patients with calcaneal frac-

tures to quit smoking 1-2 months before sur-
gery, it is beneficial for their postoperative 
wound healing to cease smoking and avoid 
second-hand smoke exposure as soon as pos-
sible after admission. Therefore, it is advisable 
for patients admitted with calcaneal fracture to 
quit smoking promptly, and for others in the 
ward to avoid smoking to reduce passive expo-
sure until wound healing is complete.

Diabetes impairs wound healing by affecting 
blood vessel walls and coagulation functions 
[18]. This impact is particularly pronounced in 
calcaneal surgeries due to the specialized 
blood supply to the calcaneus and surrounding 
skin. The blood supply to the tissues below the 
lateral malleolus primarily originates from the 
perforating branches, which track alongside 
the fibula and Achilles tendon, extending to- 
wards the junction of the dorsum of the foot 
and the plantar skin, then curving near the 
base of the fifth metatarsal bone, forming an 
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Figure 3. Calibration curves for predicting incision complications in modified 
“L” approach for calcaneal fracture.

Figure 4. ROC curves for predicting incision complications in modified “L” 
approach for calcaneal fracture.

“L” shaped route that delineates the intersec-
tion of blood supply from the flaps on either 

side of the incision. The an- 
teroposterior dorsalis pedis 
flap’s blood supply is provided 
by the anterior tibial artery, 
forming a local arterial net-
work, while the soft tissue 
below this division is nour-
ished by the peroneal and 
plantar arteries [19]. The “L” 
incision intersects the anteri-
or tibial artery and peroneal 
artery, with traditional surgi- 
cal methods potentially dam-
aging the vascular network 
between the foot’s dorsum 
and sole. The width variation 
of calcaneal fractures also 
impacts the lateral skin’s 
blood supply, especially when 
compounded with diabetes, 
hindering wound healing. Th- 
us, timely blood glucose moni-
toring and control are crucial 
for diabetic patients post- 
admission.

Our study indicates that San- 
ders type I fractures are typi-
cally managed conservatively. 
Among surgically treated pa- 
tients, the incidence of poor 
wound healing post-type II 
fracture surgery was 21.7%, 
escalating to 44.8% and 
63.6% post-type III and IV sur-
geries, respectively. Statistical 
analysis confirmed the signifi-
cant correlation between cal-
caneal fracture type and post-
operative incision complica-
tions. However, these factors 
were not independent risk  
factors. Higher-grade Sanders 
fractures (II, III, and IV) often 
result from severe trauma, 
leading to greater calcaneal 
deformation [20] and commi-
nution, exacerbating skin ne- 
crosis risk post-surgery. In- 
creased calcaneal width, acu- 
te lateral calcaneus wall com-
pression on the skin, and con-

tinuous post-injury trauma contribute to cause 
skin flap necrosis. Severe fractures prolong sur-



Incision complications in calcaneal fracture repair

1675 Am J Transl Res 2024;16(5):1669-1677

gery, complicating reductions and increasing 
postoperative complications [21]. Hence, pre-
operative CT scans, accurate classification, 
and comprehensive preoperative planning are 
vital for reducing surgery time and predicting 
postoperative outcome.

Prolonged use of a limb tourniquet during sur-
gery can disrupt blood circulation in the affect-
ed heel tissue, leading to tissue ischemia, 
hypoxia, and cellular damage. Additionally, an 
extended tourniquet duration often correlates 
with longer operation times, increased incision 
exposure, and a higher incidence of postopera-
tive wound healing complications [22]. How- 
ever, strict operation time constraints for calca-
neal fracture surgery may prompt surgeons to 
rush, resulting in inaccurate fracture reduction 
and compromised fixation, thereby affecting 
surgical outcome. Research on intraoperative 
tourniquet use indicates that prolonged tourni-
quet application heightens the risk of poor 
wound healing post-surgery [23]. Surgeons 
must therefore make a balanced assessment 
and not overlook one aspect at the expense of 
another. Backes et al. suggest a reasonable 
tourniquet application time of approximately  
90 minutes [24], underscoring the need for  
surgeons to possess thorough anatomic knowl-

ence rapid local swelling within three days post-
trauma, leading to the formation of tension 
blisters [25]. Additionally, patients may not 
have psychologically adjusted to their role as a 
patient, which can exacerbate intraoperative 
challenges such as increased bleeding and 
swelling, hindering fracture exposure and 
reduction. Severe swelling around the heel can 
complicate incision closure post-steel plate 
placement, further raising tension on the inci-
sion and increasing the risk of complications 
such as blister formation or rupture infection. 

Xu et al. [26] suggested that delaying surgery 
until three weeks after the injury allows for the 
organization of hematoma at the fracture site, 
which begins to form fibrous bone, making 
orthopedic surgery more challenging. The find-
ings of this case study indicated that the timing 
of the operation significantly affected wound 
healing. Therefore, it is recommended that sur-
gery for calcaneal fracture should not be per-
formed too early, but rather, it should be sched-
uled when local swelling has completely sub-
sided and the wrinkle sign is evident.

In summary, this study developed a clinical 
nomogram to predict the risk factors associat-
ed with incision complications in the modified 

Figure 5. Decision curve analysis for the nomogram. 

edge, surgical expertise, and a 
comprehensive surgical plan 
to prevent intraoperative chal-
lenges and minimize opera-
tion duration.

Surgical intervention should 
be promptly conducted follow-
ing the diagnosis of the frac-
ture to alleviate patient dis-
comfort and facilitate early 
pain relief. Performing surgery 
early offers advantages such 
as clearer fracture lines, in- 
complete hematoma organi-
zation, and relatively easier 
anatomical reduction. More- 
over, early intervention helps 
alleviate compression dam-
age to soft tissues caused by 
calcaneal deformation, there-
by minimizing soft tissue inju-
ry. However, these benefits do 
not entirely mitigate the draw-
backs. Research has indicat-
ed that patients often experi-
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“L” approach for calcaneal fractures. We con-
firmed that diabetes, smoking, fracture type, 
operation timing, and tourniquet use duration 
were independent risk predictors for incision 
complications in the modified “L” approach for 
calcaneal fractures.
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