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Background: To analyze the epidemiology and features of calcaneus osteomyelitis following open reduction
and internal fixation (ORIF) after closed calcaneus fracture.

Methods: We retrospectively analyzed 127 cases who were diagnosed with calcaneal osteomyelitis following
ORIF via the extended lateral “L-shaped” approach after closed calcaneus fracture between March 2016 and
August 2019 in our hospital. We analyzed participant demographics including gender, age, body mass index
(BMI), trauma mechanism, Sanders classification, co-morbidity, time between initial injury and surgery,
operating time, soft tissue stripping tools, tourniquet pressure, bone grafting option, internal fixation option,
presence of bleeding after tourniquet deflation, and drainage option.

Results: The majority of cases (n=127) were male (4.5 times more than female gender), at a ratio of 4.47:1.
Falling from height was the main trauma mechanism (79.53%), followed by traffic accident (14.17%), and
jumping (6.3%). A total of 51 cases (40.16%) were left-side fractures, and 76 (59.84%) were right-sided.
According to the Sanders classification, 12 cases were type II (9.45%), 61 cases were type III (48.03 %), and
54 cases were type IV (42.52%). There were 25 participants with the co-morbidity of type 2 diabetes mellitus
(19.69%), 7 with hypertension (5.51%), and 1 case each of psoriasis and sicca syndrome (0.8%). The mean
time to surgery was 4.7 days (4-9 days), and 123 participants (96.85%) were treated within 7 days. The mean
operating time was 102.1 min (75-135 min). Forty-four participants (34.65%) received the conventional
scalpel and 83 participants (65.35%) the electric scalpel during soft tissue stripping intraoperatively. The
mean tourniquet pressure was 432.3 mmHg (350-550 mmHg). Autologous bone grafting was observed
in 6 cases (4.72%), allograft bone grafting in 11 cases (8.67%), and OsteoSet grafting in 7 cases (5.51%).
A locking plate was used in 114 cases (89.76) while anatomical plate in 13 cases (10.24%). A total of 27
participants (21.26%) bled after tourniquet deflation. Drainage tubes were applied in 30 participants (23.62%)
while rubber drainage strips in 5 participants (3.94%).

Conclusions: Young males dominated the calcaneus osteomyelitis following traumatic calcaneus fracture
cohort in this study. A fall from height was the most frequent trauma mechanism. The presence of severe
calcaneus fracture, Sanders type III (48.03%) and type IV (42.52%), were the common fracture types in this
population group.
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Introduction

Calcaneus fracture is a common clinical event that accounts
for about 0.4-2% of all fractures and approximately 60-75%
of tarsal bone related fractures (1-3). It remains difficult
to manage surgically due to the irregular anatomical shape
similar to cuboid, varied thickness of the surrounding soft
tissues, and poor blood supply, resulting in burden of living
quality and health care. Soft tissue involvement is related to
this high-energy injury, and intra-articular fracture might
present the worst outcomes (4,5).

The optimal intervention of calcaneus fracture
currently remains controversial. Dhillon ez a/. reported
that open reduction and internal fixation (ORIF) through
a lateral approach could afford the possibility of weight-
bearing without pain in daily life (5). Simultaneously, the
improvement of computerized tomography (CT) has assisted
in the extensive application of this surgical protocol that has
been considered the standard of treatment options (6). Some
surgeons are in favor of this surgical protocol on account of
its capacity to restore calcaneal morphology and anatomic
reduction of the articular surface (1).

However, complications following ORIF should not be
neglected and osteomyelitis is one of the possible sequelae of
calcaneus injury (7). Osteomyelitis is a challenging complication
that composes 3-11% of all bone infections (8). Even though
the treatment of osteomyelitis has been standardized as
surgical debridement, intravenous antibiotic therapy, and/
or reconstruction (7), it can still lead to devastating disorders
like loss of function, altered gait, partial or total calcanectomy,
amputation, and even more severe, death (9). It is critical
to prevent the occurrence of osteomyelitis proactively, thus
leading us to retrospectively study 127 hospitalized patients
diagnosed with calcaneus osteomyelitis following ORIF after
closed calcaneus fracture (March 2016 to August 2019). We
analyzed the epidemiology and identified the characteristics
of calcaneus osteomyelitis following closed calcaneus fracture,
and hoped to gain an understanding of its clinical features to
develop the base of knowledge for treatment and prevention of
calcaneus osteomyelitis.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-21-208).

Methods

From March 2016 to August 2019, a total of 127 patients
diagnosed with calcaneal osteomyelitis following routine
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extended lateral “L-shaped” approach for ORIF after
calcaneus fracture in our hospital were recruited to this
retrospective study. We excluded patients with conserved
fracture, severe systemic disease, and psychosis. The
surgical procedures were performed by five experienced
senior surgeons. Participant data including age, gender,
medical history, and co-morbidities were collected from
clinical records and verified by a telephone interview. The
trauma mechanism and operative details were gathered
from the in-hospital records, and the relative symptoms
of calcaneal osteomyelitis were collected from medical
records. Evidence of calcaneal osteomyelitis was obtained
from laboratory physicians and radiologists blinded to the
participants’ information.

An existing co-morbidity was defined as a participant
having any of the following: type 2 diabetes mellitus,
hypertension, psoriasis, or sicca syndrome. All procedures
performed in this study involving human participants were
in accordance with the Declaration of Helsinki (as revised
in 2013). The study was approved by Ethics committee
of Tongde Hospital of Zhejiang Province (No.: 2015016).

Individual consent for this retrospective analysis was waived.

Statistical analysis

Statistical analysis was performed using SPSS 19.0 software
(IBM, USA) and figures were created by Original.ab 9.0
(OriginLab Corporation., USA). Measurement data were
presented as mean, median and range. Counting Data were
presented as frequency (percentage).

Results

The overall duration of calcaneus osteomyelitis among
participants was 6-23 months, with an average of 14.3 months.
The demographic data of calcaneus fracture are shown in
Table 1. There were 104 (81.89%) males and 23 (18.11%)
females, aged 22-82 years, with a mean age of 46.8 years.
All participants were diagnosed as unilateral closed fracture
(left: 51; right: 76). The mean BMI was 25.2 (17.9-36.9).
Of the 127 participants, 101 (79.53%) fractures resulted
from a fall, 18 (14.17%) from traffic accidents, and 8 (6.3%)
from jumping (Figure I). The CT imaging results showed,
according to the Sanders classification, 12 (9.45%) fractures
were in type II, 61 (48.03%) were in type Il and, 51 (42.52%)
were in type IV (Figure 2). Among the 127 cases, 25 (19.69%)
had the co-morbidity of type 2 diabetes mellitus, 7 (5.51%)
of hypertension, 1 (0.8%) of psoriasis, and 1 (0.8%) of sicca

Ann Palliat Med 2021;10(3):3154-3161 | http://dx.doi.org/10.21037/apm-21-208


http://dx.doi.org/10.21037/apm-21-208
http://dx.doi.org/10.21037/apm-21-208

3156

Table 1 Participant demographics

Huang et al. Epidemiology & clinical features of calcaneus osteomyelitis

Demographic

Value
(n/mean, median and range)

Gender
Male
Female
Age(y)
BMI
Etiology
Fall
Traffic accident
Jumping
Fracture side
Left
Right
Sanders classification
Type ll
Type llI
Type IV
Accompanied pathology
Type 2 diabetes mellitus
Hypertension
Psoriasis
Sicca syndrome
Without
Time to surgery (d)

Operating time (min)

Stripping tools of soft tissue

Conventional scalpel

Electronic scalpel

Tourniquet pressure (mmHg)

Bone graft
Autologous bone
Allograft bone
OsteoSet
Without

Internal fixation

104 (81.89)
23 (18.11)
46.8/45/[22-82)]
25.2/25.5/(17.9-36.9)

101 (79.53)
18 (14.17)
8(6.3)

51 (40.16)
76 (59.84)

12 (9.45)
61 (48.03)
54 (42.52)

25 (19.69)
7 (5.51)
1(0.8)
1(0.8)
93 (73.2)
4.7/5/[2-9]
102.1/100/[75-135]

44 (34.65)
83 (65.35)
432.3/450/[350-550]

6 (4.72)
11 (8.67)
7 (5.51)
103 (81.1)

Table 1 (continued)
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Table 1 (continued)

Value

D hi
emographic (n/mean, median and range)

Locking plate 114 (89.76)
Anatomic plate 13 (10.24)
Bleeding after tourniquet deflation
Yes 27 (21.26)
No 100 (78.74)
Drainage
Drainage strip 30 (23.62)
Rubber drainage tube 5(3.94)
Without 92 (72.44)
BMI, body mass index.
B Fal
Il Traffic accident
Il Jumping

18 (14.17%)

101 (79.53%)

Figure 1 Trauma mechanism.

syndrome (Figure 3).

Time to operative intervention of the participants
ranged from 2 to 7 days (average of 4.7 days). A total of 93
(73.23%) cases received treatment within the first week,
and 4 cases 1 week later (Figure 4). It took 75-135 min to
perform the surgical procedures (mean time: 102.1 min).
Soft tissue dissection was performed using a conventional
scalpel in 44 (34.65%) participants and an electronic scalpel
in 83 (65.35%) participants. Tourniquet pressure exerted
on participants was controlled within 350-550 mmHg,
with a mean pressure of 432.3 mmHg. Bone grafting was
applied to participants when necessary, among which
6 (4.72%) cases received autogenous bone grafting, 11
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I sanders type Il
Il Sanders type Il

- Sanders type IV
12 (9.45%) P

54 (42.52%)

61 (48.03%)

Figure 2 Sanders classification.

I without

I DM type 2

I Hypertension

Il Co-existence of type 2 DM and hypertension

- Psoriasis

- Sicca syndrome
25 (16.54%)

B 7 551%)

B 4 (3.15%)
1(0.8%
0.8%

93 (73.2%)

Figure 3 Co-morbidity.

140

96.85%
120
100

80

60

Number of cases

40

20
3.15%
0 |

MO to 7 days 8 days or more

Figure 4 Time to surgery.
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I Autologous bone
Il Allograft bone

Il Osteoset
6 (4.72%) I \Vithout
11 (8.67%)
7 (56.51%)

103 (81.1%)

Figure 5 Bone grafting.

I Drainage strip
Il Rubber drainage tube

I Without

35 (23.62%)

5 (3.94%)

92 (72.44%)

Figure 6 Drainage.

(8.67%) received allograft bone grafting, and 7 (5.51%)
received OsteoSet (Wright Medical, Memphis, TN, USA)
grafting (Figure 5). Internal fixation involved a locking
plate on 114 (89.76%) cases and anatomical plate on 13
(10.24%). When the tourniquets were deflated, bleeding
occurred in 27 (21.26%) cases. In total, 35 cases were
treated with drainage at the end of the operation, among
which 30 (23.62%) were with drainage strip and 5 (3.94%)
with a rubber drainage tube, respectively (Figure 6).

All participants received the standard surgical debridement,
intravenous antibiotic therapy, and/or reconstruction in
our hospital. Some 102 participants (80.32%) were cured
through complete debridement, antibiotic therapy, and with
or without flap transplantation, and 15 participants (11.81%)
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received retreatment abovementioned after relapse and
were cured; 10 participants (7.87%) received OsteoSet bone
grafting in addition to the abovementioned therapies and
were cured.

Discussion

There is currently an insufficiency of literature associated
with calcaneal osteomyelitis. Limited references have
reported that calcaneal osteomyelitis contributes only a
small part of all reported bone infections (10). Although
ORIF via an extensible lateral L-shaped approach is
recognized as a gold standard treatment for calcaneus
fracture, this surgical protocol may also induce the
complication of wound infection, with an incidence of
2-15%. The incidence of osteomyelitis has accounted for
1-4% of closed fracture complications (11). Calcaneal
osteomyelitis is likely to result in partial or total
calcanectomy, or more severely, amputation (10). Therefore,
due to its limb-threatening nature, it is important to
understand the epidemiology and clinical features of
osteomyelitis following surgery for calcaneal fracture. In a
recent study, we made a demographic description of all the
participants. Males were the majority (81.89%) when the
inclusion criteria were the same. Our results were consistent
with two current meta-analyses that osteomyelitis was a
predominantly male disease (12,13). Despite the truth
the calcaneus osteomyelitis mainly affected males, it was
revealed that women aged >40 years were more likely to
be affected [19 out of 23 (72.61%)] (data not shown). Out
of the 127 cases, there were 93 cases >40 years (73.23%)
(data not shown). We considered that older adults were
prone to osteomyelitis because they had a weaker tolerance
for surgery and poorer ability to resist disorders that lead
to infection, such as diabetes mellitus and orthopedic
surgeries. A study on the surgical outcomes of intraarticular
calcaneal fractures found that patients aged >30 years had
poor outcomes compared with those under 30 years, thus
leading to complication (14). Additionally, age >65 years
is an important risk factor of calcaneus osteomyelitis (15).
Healthy patients who develop osteomyelitis following a
traumatic injury have the highest chance of recovering at
young age (8). According to the counts of various trauma
mechanism, a fall from height (79.53%) became the main
origin of calcaneus fracture, followed by traffic accident
(14.17%), and jumping (6.3%). We speculated that there
could be predisposing influences at the national level: China
actively engages in infrastructure construction, and males
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comprise the major labor force.

The Sanders classification, which shows number of
displaced fracture fragments and fracture line, is widely
used to help stratify patients and thereby assist in modifying
potential surgical interventions. The findings of Sanders
classification suggested that most fractures were type III
(48.03%) or type IV (42.52%), representing the severity and
complexity caused by traumatic injury. Sanders type IV can
result in severe comminuted fracture and lateral calcaneal
wall rupture, aggravating the surrounding soft tissue
contusion and increasing the difficulty of intraoperative
reduction. Furthermore, complex fractures need prolonged
operating time, which is another risk factor of wound
complications with or without osteomyelitis (6,16). There
were 25 (19.69%) cases accompanied by type 2 diabetes
mellitus, 7 (5.51%) by hypertension, and 1 each by psoriasis
or sicca syndrome (0.8%). Notably, diabetes mellitus itself,
in addition to open calcaneal fractures, hematogenous
seeding, and surgical site infections, is the most common
risk factor of osteomyelitis and the commonest co-morbidity
of the osteomyelitis cohort (17). It is likely that any co-
morbidity increases the chance of calcaneus osteomyelitis
following ORIF. Patients with co-morbidities might be
immunocompromised to avoid infection. Worse still,
specific medications for co-morbidities are likely to affect
patients’ general condition due to pharmacokinetics that
might influence complications following ORIF. Notably,
diabetes mellitus alone is the largest driver of the increase in
osteomyelitis incidence estimated to be approximately 0.3%
per year (13).

The mean time to surgery in our study was 4.7 days,
which was shorter than the 8.2 days reported by Cao
et al. (18), while comparable to the 5.2 days demonstrated
by Court-Brown (19). There is evidence that delay of
operation may increase the infection rate (6), however,
surgery must be delayed due to associated soft tissue
swelling and the best intervention time is 7-14 days
after the original fracture. Visible skin wrinkling and
no remaining pitting edema indicates positive surgical
intervention may be safely implemented (11). In our
study, most participants were treated within the first week
following trauma and surgeries were performed depending
on the general condition of participants, and local soft
tissue conditions. The mean operating time in the present
study was 102.1 min, while it was 153 min in a study
conducted by Al-Mudhaffar (6). Abidi ez 4/. found that
operating time was related to the occurrence of calcaneal
osteomyelitis (20).
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When conducting surgical procedures, surgeons selected a
conventional or electronic scalpel to strip soft tissue according
to individual patient condition. Electronic scalpel was used
on 83 cases (65.35%), and conventional scalpel 44 cases
(34.65%). The electronic scalpel was regarded as a satisfactory
surgical tool as it has been verified with a significant
role in reducing blood loss and surgery duration (21).
However, electronic scalpels might also increase the
incidence of complications related to the surgical wound (21).

Applying a tourniquet for surgery provides a bloodless
surgical field (22,23). In our study, inflation spectrum was
350-550 mmHg, with a mean pressure of 432.3 mmHg.
Although a previous study reported that tourniquets
could induce complications like nerve injury, pain, venous
thromboembolism, and so on (23), few studies have
demonstrated the relationship between osteomyelitis
occurrence and tourniquet pressure.

Bone grafting is commonly used during surgical
procedures for fractures with acute or chronic osteomyelitis
related bone loss, non-unions, malunions, and bony lesions
to augment bone regeneration and provide structural
support. Although bone grafting is recognized as an
efficient, reliable, and promising orthopedic method, some
studies have reported infectious complications associated
with this procedure. In addition, bone grafting requires
more operating time due to the determination of material,
size, volume, and structure of graft appropriate to the defect
(24-26). Conventionally, autologous bone is considered the
optimal material since it is capable of meeting all necessary
components including osteoconduction, osteoinduction,
and osteogenesis of bone regeneration (27), and of avoiding
histoincompatibility. Despite these superior advantages, the
supply of autologous bone is limited and the donor site may
suffer complications like the irritation of the sural nerve.
Allograft is osteoconductive with reduced osteoinductivity
and is available in various forms. Although allograft
bypasses the harvesting quantity problems associated with
autograft, it is still insufficient to meet clinical demands,
and more importantly, has potential for transmission of
infective agents (28). Bone graft substitutes, in particular
calcium phosphate and recombinant human bone
morphological proteins, are used in particular scenarios,
for instance, the reconstruction of large bone defects (24).
Bone graft substitutes can generate, when combined with
bone morphogenetic protein (BMP), osteoinductive and
osteogenic properties. In our investigation, due to various
etiology and Sanders classification, options of bone grafting
were adapted to the participants’ needs. Consequently, there
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were 6 (4.71%) cases which received autologous bone, 11
(8.67) of allograft, and 7 (5.51) of OsteoSet for grafting.

The internal fixation was performed through the usage
of 2 types of plates: locking plate and anatomical plate. Case
counts of the 2 types were 114 (89.76%) and 13 (10.24%),
respectively. Both of these fixations can be expected to
acquire good clinical efficacy. The option of internal
fixation was based on factors such as fractures’ state, co-
morbidity, and skin condition. Theoretically, a locking plate
has a potential advantage in osteoporotic bone, provides
sufficient strength to resist pullout, and this fixation allows
screws to improve the stability of construction and facilitate
bridging fixation, helping to maintain the reduced calcaneus
morphology (29,30). In particular, the locking plate is fit for
Sanders type II and III fractures (31). An anatomical plate was
specially designed for calcaneus fracture and could be tailored
and modified intraoperatively. Nevertheless, a locking plate
is costlier than anatomical plate. Both fixations may face the
problematic complication of wound healing (32,33).

A meta-analysis publicized in 2014 found no significant
difference between early and delayed tourniquet release in
blood loss (34). Another study reported early tourniquet
release might decrease the risk of complication (35). Thus,
tourniquets used in our surgical procedures were deflated
early before wound closure. The outcome showed a total of
27 (21.26%) cases bled after tourniquet deflation. Another
report revealed that an increase in total blood loss and
operation time occurred after early tourniquet release (36).
Unnecessary blood loss probably aggravated the poor
calcaneal blood supply, resulting in an unfavorable prognosis.

Wound drainage was applied according to the wound
condition: 30 (23.62%) cases were drained with a drainage
strip, 5 (3.94%) with rubber drainage tube, and 92 (72.44%)
without. It has been demonstrated that local drainage
after surgery assists the surgical incision healing process,
if necessary (37). However, whether drainage assists in
calcaneus osteomyelitis requires confirmation through

further study.

Conclusions

Our recent study showed that calcaneus osteomyelitis
following traumatic calcaneus fracture occurred
predominantly in young men. A fall from height was the
most frequent trauma mechanism. The presence of severe
calcaneus fracture, Sanders type III (48.03%) and type
IV (42.52%), were the common fracture types in this
population group. Despite successful developments in
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the surgical intervention of calcaneus fracture, calcaneus
osteomyelitis following ORIF after calcaneus fracture
still remains a problematic challenge. Understanding the
frequency, distribution, and clinical features of calcaneal
osteomyelitis following calcaneus fracture may help to
minimize the occurrence of osteomyelitis. Future multi-
center studies with large samples are needed to further
understand the epidemiology and characteristics of calcaneal
osteomyelitis following calcaneus fracture.
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