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Regression analysis of controllable factors of 
surgical incision complications in closed calcaneal 
fractures

Kai Wu, Chuanshun Wang, Qiugen Wang, Haoqing Li
Department of Orthopedics, The First People’s Hospital Affi liated to Shanghai Jiao Tong University, Shanghai 200080, China

    Background: In surgeries of closed calcaneal fractures, the lateral L-shaped incision is usually adopted. Undesirable post-operative 
healing of the incision is a common complication. In this retrospective study, controllable risk factors of incision complications after 
closed calcaneal fracture surgery through a lateral L-shaped incision are discussed and the eff ectiveness of clinical intervention is 
assessed. Materials and Methods: A review of medical records was conducted of 209 patients (239 calcaneal fractures) surgically 
treated from June 2005 to October 2012. Univariate analyses were performed of seven controllable factors that might infl uence 
complications associated with the surgical incision. Binomial multiple logistic regression analysis was performed to determine factors 
of statistical signifi cance. Results: Twenty-one fractures (8.79%) involved surgical incision complications, including 8 (3.35%) cases 
of wound dehiscence, 7 (2.93%) of fl ap margin necrosis, 5 (2.09%) of hematoma, and 1 (0.42%) of osteomyelitis. Five factors were 
statistically signifi cant: Th e time from injury to surgery, operative duration, post-operative drainage, retraction of skin fl ap, bone 
grafting, and patients’ smoking habits. Th e results of multivariate analyses showed that surgeries performed within 7 days after fracture, 
operative time > 1.5 h, no drainage after surgery, static skin distraction, and patient smoking were risk factors for calcaneal incision 
complications. Th e post-operative duration of antibiotics and bone grafting made no signifi cant diff erence. Conclusion: Complications 
after calcaneal surgeries may be reduced by postponing the surgery at least 7 days after fracture, shortening the time in surgery, 
implementing post-operative drainage, retracting skin fl aps gently and for as short a time as possible, and prohibiting smoking.
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observation is that the outcome varies even when 
standardized surgical incisions, non-contact technique, 
and positive anti-infection measures are adopted. 
Therefore, there might be multiple factors infl uencing 
the outcome of calcaneal surgical incisions pertinent to 
the peri-operative period. Numerous former studies have 
variously reported that the healing of lateral skin fl aps is 
infl uenced by the patient’s age, cause and type of fracture, 
surgical wait time, body mass index, reduction of Böhler’s 
angle, quality of the suture, skin distraction method, and 
timing of the suture removal.[9-14] Yet, clinical analyses 
are required to determine which interventions related to 
surgery could improve the healing of lateral skin fl aps.

In the present study, we reviewed retrospectively and 
analyzed by logistic regression the data of 239 calcaneal 
fractures in 209 patients who received surgical treatment 
at Shanghai First People’s Hospital from June 2005 to 
October 2012, to determine independent factors that 
may infl uence the outcome of surgical incisions. The 
protective or risk function of each factor was assessed, and 
the eff ectiveness of clinical intervention was evaluated.

INTRODUCTION

High-energy calcaneal fractures have become 
increasingly common in the construction industry and 
traffi  c accidents, and patients’ need for early function 
is paramount.[1] As a result, the number of surgeries 
for calcaneal fractures has increased signifi cantly,[1] as 
well as associated surgical complications. The most 
common and recalcitrant of complications are related 
to surgical incisions; examples include infection of the 
incision and necrosis of the skin margin. The incidence 
rate of post-operative wound complications reported 
by Folk et al.[2] was 25%. Al-Mudhaff ar et al.[3] have 
reported complication rates of 18.1% infection, 12.1% 
wound dehiscence, and 3% hematoma. Other reported 
rates have ranged from 10% to 27%, respectively.[2,4-8]

The high incidence of post-operative wound complications 
is generally considered due to the anatomical structure of 
the calcaneus, the poor condition of injured soĞ -tissues, 
and the design of surgical incisions. However, our 
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MATERIALS AND METHODS

Cases enrolled were selected based on data in the records of 
patients who received open reduction with internal fi xation of 
calcaneal fractures in our hospital from June 2005 to October 
2012. A total of 209 patients (with 239 calcaneal fractures) 
were selected (147 men, 62 women; average age 37.6 year). 
For inclusion in the study, all patients were between the 
ages of 18 and 70 year, with a closed calcaneal fracture. In 
all cases a typical L-shaped lateral incision was performed. 
No patient combined the calcaneal fracture with an ankle 
fracture on the same side, nor suff ered from diabetes or 
vascular diseases of the lower limbs, nor had obvious soĞ -
tissue infections or skin diseases.

Pre-operative preparation and surgical method
Patients were placed in the lateral position on the uninjured 
side. A pneumatic tourniquet on the injured limb was 
maintained at 240 mmHg pressure.

The surgical approach was a lateral L-shaped skin incision, 
which originated 3-5 cm above the lateral malleolus, 
extended along the posterior margin of the fi bula passing 
the midpoint of the posterior margin of the Achilles tendon 
down to the junction of the lateral and plantar skin, and 
then turned anteriorly reaching 1 cm proximal to the base 
of the fi Ğ h metatarsal bone. The incision was deep to the 
bone. Full-thickness skin fl aps were distracted, and the 
peroneus was pulled upwards. To separate soĞ -tissues an 
electric scalpel was avoided. Either of two methods was 
used to distract skin fl aps. For the static method, three 
Kirschner wires were drilled into the talus bone and the 
calcaneal subtalar joint was kept constantly exposed with 
the bended wires. In the dynamic method, the fl aps were 
distracted manually by other surgeons.

AĞ er retraction of the skin fl ap, the calcaneus was reduced 
and the smoothness of the subtalar joint and height and 
width of the calcaneus was restored. For fractures with severe 
compression, bone defects were fi lled with autogenous, 
allograĞ , or artifi cial bone and fi xed with a calcaneal plate. 
The incision was closed with a two-layered suture.

Antibiotics were administered routinely from 30 min before 
surgery to 3 days aĞ er surgery for prophylactic purposes, 
and stopped when the incision was dry without exudation; 
otherwise administration was prolonged for several days. 
Usually, sutures were removed 3 weeks aĞ er surgery.

Criteria for cases positive for incision complications
A case history was considered to contain positive 
evidence of surgical incision complications if there 
was persistent exudation over 2 weeks, or delayed 
suture removal; hematoma; infection of the incision 
(i.e., positive bacterial culture); necrosis of the incision 
skin margin or dehiscence of the incision; deep infection, 
osteomyelitis, and sinus tract formation; the internal fi xator 
was taken out before healing of the fracture; or there was 
persistent negative pressure drainage of the wound.

Statistical treatment
The incidence of surgical incision complications was taken 
as the dependent variable, and possible associated factors as 
independent variables [Table 1]. According to the relevant 
literature, there are many factors that may infl uence the 
success of the surgical incision. These include the cause of the 
fracture (and height of the fall, if due to a falling accident), 
the age, weight, and general condition of the patient, the time 
between fracture and surgery, time under tourniquet, time in 
surgery, concomitant diseases or injuries, and post-operative 
care.[10,11] In the present study with a limited number of cases, 
logistic regression was conducted to analyze the case quantity 
requirements of independent variables; sample size should be 
10 times the number of variables for each group.[15,16] Factors 
that may infl uence each other were excluded. For example, 
time under tourniquet and surgical time are related, and 
since the data for time under tourniquet was not as reliable, 
surgical time was chosen.

We excluded factors that were known to have a direct 
infl uence on the dependent variable (e.g., infection, diabetes, 
and vascular diseases). Finally, we choose only factors 
that could be regulated and were related to surgical steps; 
uncontrollable factors such as age, gender, weight, height 
of fall, and type of fracture were not analyzed.

Table 1: Results of univariate analyses
Variable Factor Assignment Nx χ2 P

0 1
X

1
Surgical timing >7 days=0; ≤7 days=1 182 57 18.11 0.000

X
2

Operative time ≤1.5 h=0; >1.5 h=1 186 53 15.17 0.000

X
3

Skin distraction method Dynamic=0; static=1 176 63 4.070 0.044

X
4

Bone grafting No=0; yes=1 175 64 0.3280 0.567

X
5

Post-operative drainage Yes=0; no=1 176 63 18.16 0.000

X
6

Patient smoking No=0; yes=1 208 31 33.54 0.000

X
7

Post-operative antibiotics ≤3 days=0; >3 days=1 167 72 2.570 0.109

Total statistics 73.89 0.000
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Based on the above principles and previous literature as well 
as clinical experience, the following factors were selected 
as independent variables and assigned: 
1. Wait time from fracture to surgery, ≤7 day or >7 day; 
2. Time in surgery, ≤1.5 h or >1.5 h; 
3. Bone graĞ ing, yes or no; 
4. Skin fl ap distraction method, dynamic or static; 
5. Post-operative drainage, yes or no; 
6. Patients’ smoking, yes or no; and 
7. Antibiotics, applied ≤3 day or >3 day during the post-

operative period.

A standardized database was established using SPSS 17.0 
Statistical SoĞ ware (SPSS, Chicago, Illinois). Univariate 
analyses of the above seven factors were carried out based 
on the occurrence or not of complications. Factors with 
statistical signifi cance at P > 0.1 were then excluded from 
the fi nal logistic regression equation analysis.[15,16]

RESULTS

Among the 239 cases of calcaneal fracture reviewed in 
this study, 21 cases (8.79%) experienced surgical incision 
complications, of which 8 (3.35%) were wound dehiscence 
[Figure 1], 5 (2.09%) hematoma, 7 (2.93%) fl ap margin 
necrosis, and 1 (0.420%) osteomyelitis. Five factors in the 
univariate analyses carried statistical significance: the 
timing and duration of surgery, the skin distraction method, 
post-operative drainage, and patients’ smoking status 
[Table 1]. Bone graĞ ing and duration of antibiotics had no 
statistical relevance. The following regression equation was 
determined:

ln[P/(1 − P)] =  −5.769 + 1.700Xsurgical timing +/ 970Xduration of surgery  
+ 0.452Xskin distraction +2.118Xdrainage +2.623Xsmoking

The Hosmer-Lemeshow test for logistic regression indicated 
that the model fi t the data well [χ2 = 10.439, degree of 
freedom (df) = 7, P = 0.165; Table 2]. The results indicated 
that the surgical timing, duration of surgery, retraction of 
skin fl ap, post-operative drainage, and patients’ smoking 
were statistically relevant to the incidence of incision 
complications.

The risk of incision complications for surgeries occurring 
within 3 days of injury was 5.47 times higher than that of 
surgeries delayed more than 3 days. Incision complications 
when time in surgery was longer than 1.5 h were 7.17 
times more likely than for surgeries lasting <1.5 h. Static 
retraction was 1.57 times more likely to result in incision 
complications than dynamic retraction. Fractures that were 
given no post-operative drainage were 8.32 times more 
likely to suff er incision complications than those with post-
operative drainage. The risk of incision complications was 
13.8 times higher in smoking patients than in those who do 
not smoke. The application time for antibiotics and whether 
bone graĞ ing was performed had no statistical bearing on 
the incidence of complications.

DISCUSSION

The lateral extensile L-shaped incision is widely used 
in the treatment for calcaneal fractures. It provides 
adequate exposure and convenience for subtalar articular 
surface reduction. However, it is associated with a high 
incidence of incision complications, which if mishandled 
will not only make patients suffer, but also increase 
hospitalizations and expenses. Moreover, for some patients 
with severe infections the internal fi xator must be taken out 

Table 2: Statistical table of regression analysis
Factor Reference category β SE Walds P OR 95% CI for OR
Time from fracture to operative intervention Surgical timing >7 days 1.700 0.679 6.272 0.012 5.474 1.447-20.706

Duration of surgery Operation time <1.5 h 1.970 0.725 7.378 0.007 7.171 1.731-29.714

Skin distraction Dynamic skin distraction 0.452 0.201 5.071 0.024 1.571 1.060-2.328

Bone grafting No bone grafting 0.432 0.694 0.387 0.534 1.540 0.395-6.001

Post-operative drainage Post-operative drainage 2.118 0.680 9.692 0.002 8.318 2.192-31.564

Patient smoking No patient smoking 2.623 0.730 13.62 0.000 13.78 3.422-55.466

Post-operative antibiotics Post-operative antibiotics <3 days 0.629 0.730 0.743 0.389 1.876 0.449-7.840

SE = Standard error; OR = Odds ratio; CI = Confi dence interval

Figure 1: A male patient with many years of smoking history, with wound 
dehiscence and skin fl ap necrosis 8 weeks after surgery. Bacteriological culture 
showed that the infection was caused by methicillin-resistant Staphylococcus 
aureus
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sooner than intended, resulting in failure of the fracture 
reduction.

Poor bloo  d supply has been considered the reason for 
problems in lateral skin fl ap healing. However, studies of 
calcaneal vascular anatomy show that blood to the lateral 
heel is mainly supplied from the lateral calcaneal and tarsal 
arteries, and branches of the lateral malleolar artery. The 
blood supply of the incision corner is mainly from the lateral 
calcaneal artery [Figure 2].[17]

In our study, 239 open reduction/internal fixations 
of closed calcaneal fractures were performed by our 
senior surgeons through standard extensile L-shaped 
incision with non-contact technique, and positive anti-
infection measures were applied. The rate of wound 
complications was still very high (8.79%), but slightly 
lower than the rate reported from other studies (10-27%). 
Further analyses of incision complications indicate that 
they are most likely related to intervening measures in 
the peri-operative period and the particular condition 
of the patient.[2,6,13,18]

We designed this study to assess these risk factors or 
protective factors, and to evaluate the effect of clinical 
intervention. Non-surgical factors such as weight, age, 
cause of injury, or combinations of these were excluded 
from the present study because they cannot be regulated 
or controlled by the surgeon. Rather, the seven factors 
selected in this study are all under medical control, 
except for patient smoking. Analyzing through binomial 
logistic regression the influence of these factors on 
the incidence of incision complications, we found that 
the time from injury to surgery, operation time, skin 
distraction method, performance of post-operative 
drainage and patient smoking were statistically 
significant.

Surgical timing
Of the 21 cases of incision complications in this study, the 
time from fracture to surgery was <7 days in 5 (23.8%). 
Among orthopedic trauma surgeons the surgical timing 
of calcaneal fracture is controversial.[1,19,20] Two case 
groups were reported by Abidi et al.,[11] and the incidence 
of complications in the earlier-surgery group (4.8 days 
on average) was 16.6%, while in the delayed-surgery 
group (9.9 days in average) the incidence rose to 42.5% 
(P < 0.03). In Al-Mudhaff ar et al.’s[3] retrospective, six cases 
with complications underwent a mean wait time of 4 days 
(95% confi dence interval [CI]: 2-7 days), while 27 cases that 
were complication-free had a mean wait time of 9 days 
(95% CI: 7-10).

A current common view is that surgeries should be carried 
out aĞ er the condition of soĞ -tissues improves. However, 
complete regression of soĞ -tissue edema generally requires 
3 weeks. If the surgery is postponed for that long, hematoma 
at the fracture will occur with the formation of fi brous 
bony callus making separation and reduction of fracture 
fragments diffi  cult, and will hamper the fi nal success of 
the surgery.[1]

Emergency open reduction and internal fi xation can only 
be adopted in patients with good calcaneal skin condition 
without soĞ -tissue edema. The condition of soĞ -tissues 
should be based on a wrinkled skin test, rather than local 
swelling. This is because outward dislocation due to fracture 
of the lateral wall of the calcaneus could appear as soĞ -
tissue swelling. If there is tension blister on the skin, the 
surgery should be conducted aĞ er the vesicles are naturally 
healed.[21]

Duration of surgery
It is usually accepted that the longer the surgical time, the higher 
the incidence of incision problems. Koski et al.[18] reported a 
group of cases (126 patients, 148 calcaneal fractures) with 
an average surgical time of 101 min (range, 40-330 min), 
in which time in surgery was statistically associated with 
incision complications (P = 0.04). The average surgical time 
of cases with complications reported by Al-Mudhaff ar et al.[4] 
was 153 min, which was statistically diff erent from that of 
the group without complications (114 min).

Application of a tourniquet is standard routine in calcaneus 
surgery, and longer surgical time means longer hypoxia and 
ischemia of tissues and more severe damage to local soĞ -
tissue cells due to ischemia reperfusion, which detrimentally 
infl uences the healing of the incision. On the other hand, 
the tourniquet is most oĞ en taken away if the surgery lasts 
more than 1.5 h; hyperemia and swelling of local soĞ -tissues 
results and thus high tension when suturing the wound, 
which is also detrimental to healing. In the present study, 

Figure 2: Arteries supplying the L-shaped incision corner. (a) Lateral calcaneal 
artery. (b) lateral malleolar artery. (c) lateral tarsal artery
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we found through regression analysis that the relative 
risk of incision complications aĞ er surgeries of over 1.5 h 
is 7.29-fold that of surgeries completed within 1.5 h. This 
indicates that besides ensuring the quality of surgery, 
shortening the surgical time (i.e., tourniquet time) as much 
as possible will reduce problems of incision.

Retraction of skin fl ap
The static method of skin distraction is the most commonly 
used method clinically. It involves drilling three Kirschner 
wires into the lateral process of the talus bone, and 
non-contact skin distraction is eff ected when the wires 
are bent. Conversely, the dynamic method is to distract 
the soĞ -tissues manually using silk sutures or a bone 
detacher. Interestingly, the current study results showed 
that the risk of complication with the static distraction 
method was 1.59 times higher than when the dynamic 
was employed. Recently, it was reported that 24 of 109 
(22%) patients who underwent static distraction suff ered 
incision complications, while this was true of only 6 of 
68 (8%) patients in whom dynamic distraction was used; 
the incidence of complications with the static method 
was thus nearly 2.9 times higher than the dynamic.[22] 
However, which method is safer remains a controversial 
issue and further prospective studies based on a larger 
sample are required. Static distraction may incur more 
incision complications because it is a persistent state. When 
combined with a longer surgery, this is likely to infl uence 
the blood supply of the skin fl aps. Particularly in our study, 
surgeons using the dynamic method were careful to avoid 
prolonged ischemia of the skin fl aps.

Post-operative drainage
Both special anatomical position of the calcaneus and the 
L-shaped incision are prone to inadequate drainage of the 
wound, as well as local hematoma and infection. Thus, 
indwelling drainage is recommended, and this is supported 
by statistical analysis. In previous studies, the researchers 
concluded that negative pressure drainage is preferred to 
prevent wound complications.[23-25] With negative pressure 
drainage, it is easier to discharge congested blood and 
relieve edema; negative pressure can also promote the 
expansion of small arteries, mitosis, and the production 
of a new capillary bed; and negative pressure can reopen 
capillaries that are occluded around the wound, caused by 
injuries and infections.[26,27] Pressure bandaging by elastic 
b  andage is also recommended to supplement negative 
pressure drainage;[28] the fl aps are pressed evenly to reduce 
bleeding and the eff ect of negative pressure is enhanced by 
eliminating spaces.

In a multicenter prospective randomized study conducted 
by Stannard et al.,[24] closed continuous negative pressure 
drainage was used in treatments for high-risk lower 

limb fractures including calcaneal fracture. The patients 
given negative pressure wound therapy experienced 
signifi cantly fewer incision infections than those given 
standard post-operative dressings (12.7% and 28.3%, 
respectively). Therefore, in calcaneal surgeries if symptoms 
such as wound dehiscence and infections emerge at an 
early stage aĞ er surgery, continuous negative pressure 
drainage should be adopted as soon as possible to facilitate 
wound healing.

Smoking
It has been widely reported that smoking has a detrimental 
eff ect on the healing of fractures and wounds  .[2,13] According 
to statistical analysis based on the present study, the risk 
of incision complications is 14-fold higher in smoking 
patients than in non-smoking patients. Tobacco smoke 
contains at least three toxic substances: nicotine, tar, and 
carbon monoxide. These toxins contract blood vessels and 
reduce blood supply to the extremities, with decrease in 
the contractility of vessels, blood fl ow rate, and effi  ciency 
of oxygen transportation. Smoking also causes a decline in 
the body’s resistance to infections. These negative eff ects are 
reversible.[29] Post-operative complications may be reduced 
if patients stop smoking for 10 days aĞ er surgery.[30,31] We 
conclude that prohibiting smoking pre- and post-surgery is 
of great importance in reducing post-surgical complications 
in calcaneal fracture patients.

Antibiotics
In the present study, according to the regression 
equation the duration of application of antibiotics 
played no statistically signifi cant part in the incidence of 
incision complications. This indicates that application of 
antibiotics is not helpful in avoiding problems of incisions 
caused by inadequate pre-operative preparation, 
improper intra-operative operation, and nonstandard 
post-operative nursing. Prolonged application of 
antibiotics will never resolve such problems completely, 
but can only be used as a remedial measure in cases with 
incision problems.

Bone graĞ ing
For bone defects under the articular surface of the subtalar 
joint aĞ er reduction, the necessity of bone graĞ ing is still 
disputed. Grala et al.[32] in their study have reported that 
bone grafting favored early-stage weight bearing and 
could reduce risk of later collapse of the articular surface 
and incidence of nonunion. Bajammal et al.[33] pointed 
out that bone graĞ  can be used to fi ll the bone defect to 
prevent hematoma and reduce the infection rate. However, 
Rammelt et al.[34] and Longino and Buckley[35] have published 
data that there is no necessity to implant bone graĞ  for 
calcaneal fracture. A systematic review from Yang et al.[36] 
showed that the operative treatment of intraarticular 
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calcaneal fractures with bone graĞ s could restore Bohler’s 
angle beĴ er and the patients could return to full weight 
bearing earlier. Furthermore, the functional and effi  cacy 
outcomes appear to be similar between patients with or 
without bone graĞ ing, although some literature has reported 
an association between calcium sulfate and infection rate.[37] 
There have been no previous studies on the infl uence of bone 
graĞ ing on post-operative complications of the incision. 
In the present study, we found no statistical diff erence in 
complications between those who received bone graĞ ing and 
those who did not. However, clinical experience indicates 
that with less local space aĞ er bone graĞ ing hematoma may 
be avoided, thus reducing incision problems.

In the present study, we did not address the diversity of 
fracture types, correction of Böhler’s angle, bone graĞ ing 
materials, or internal fi xators, because of the small number 
of cases and the abnormal distribution of data. On the 
other hand, it may be that not all relevant factors were 
investigated in this study. For example, we only recorded 
the time in surgery, as the time under tourniquet was not 
available. In addition, the relationship between Böhler’s 
angle and the surgical incision is important and is worth 
investigating. In addition, as the number of known cases 
increases, more indices may be accounted for, and a multi-
center retrospective study based on larger sample volume 
will become feasible.
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CONCLUSION

When the lateral L approach is adopted in treatment of 
closed calcaneal fractures, aside from basic standards for 
performing the incision and ensuring proper soĞ -tissue 
protection, cautious use of the electric scalpel, and non-
contact technique, the results of our study are a reminder 
that additional controllable factors remain to prevent 
incision complications. Specifi cally,
1. Surgery should be timed to coincide with the wrinkly 

skin sign, usually occurring more than 7 days aĞ er 
fracture; 

2. The operative procedure (including time under 
tourniquet) should be made as short and effi  cient as 
possible; 

3. The tension and duration of skin fl ap distraction should 
be given special aĴ ention when static distraction is 
adopted; 

4. Negative pressure drainage should be routine aĞ er 
surgery; 

5. Patients should be advised not to smoke, both before 
and aĞ er surgery; and 

6. The duration of antibiotic treatment need not be more 
than 3 days, but can be prolonged if necessary.
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