
Evaluation of patient outcomes after operative treatment of
intra-articular calcaneus fractures

Kevin Steelman*, Nicholas Bolz, Enrique Feria-Arias, and Robert Meehan

Detroit Medical Center, Department of Orthopaedic Surgery, Harper University Hospital, 3990 John R, Detroit, MI 48201, USA

Received 30 November 2021, Accepted 13 December 2021, Published online 31 December 2021

Abstract – Background: Percutaneous reduction with fixation and open reduction internal fixation are often used to
treat intra-articular calcaneus fractures with no consensus on the preferred method. Open techniques have been
associated with an increased risk of wound complications, while percutaneous techniques may result in inferior
reduction capabilities. These injuries pose a challenge to patients as they often result in poor patient outcomes.
We retrospectively analyzed patient outcomes of a single surgeon’s experience in treating these injuries at a busy urban
Level 1 trauma center. Methods: Patients with intra-articular calcaneus fractures managed operatively over 10 years
with a minimum six-month follow-up were included. Patients were divided into two cohorts based on operative
technique: closed reduction and percutaneous fixation (CRPF) or open reduction internal fixation (ORIF). Descriptive
analysis of each cohort included postoperative infection, the need for repeat operations, development of post-traumatic
subtalar arthritis, and reduction capabilities as assessed by Bohler’s angle. Results: Sixty-two patients were included in
this study, with 33 patients in the CRPF group and 29 patients in the ORIF group. Infection requiring a return to the
operating room occurred in 1 (3%) CRPF and 7 (24%) ORIF patients. Instrumentation was removed in 23 (70%) CRPF
and 9 (31%) ORIF patients. Clinical subtalar arthritis developed in 10 (30%) CRPF and 7 (24%) ORIF patients,
requiring arthrodesis in 2 (6%) and 5 (17%) patients, respectively. Both techniques had acceptable restoration of
Bohler’s angle immediately postoperatively and at final follow-up. Conclusions: Percutaneous reduction with fixation
and open reduction internal fixation may both be considered for the surgical treatment of intra-articular calcaneal
fractures. Indications for each technique may vary between surgeons, and each has its own set of risk factors and
complications, however, both have been shown to result in an acceptable reduction. Level of Evidence: Level IV.
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Introduction

The annual incidence of calcaneus fractures is approxi-
mately 11.5 per 100,000, representing nearly 2% of all fractures
[1]. Calcaneal fractures can lead to severe long-term pain and
disability, making proper management critical. Despite this,
there remains a lack of consensus in the literature between
operative vs. nonoperative care, as well as operative technique.

The goal of calcaneal fracture treatment, as defined by the
American Orthopedic Foot and Ankle Society (AOFAS), is
to restore the normal alignment and contour of the calcaneus.
This is achieved by restoring heel height and length (frequently
determined by the measurement of Bohler’s angle), the realign-
ment of the posterior facet of the subtalar joint, and restoring
the mechanical axis of the foot [1].

Current indications for operative treatment include dis-
placed intra-articular posterior facet fractures, anterior process

fractures with more than 25% involvement of the calca-
neocuboid joint, displaced fractures of the calcaneal tuberosity,
fracture-dislocations, and select open fractures [2]. As new
operative techniques gain momentum, surgeons have increasing
options for intervention. These include but are not limited to:
open reduction internal fixation (ORIF) via extended L-shaped
incision, limited incision sinus tarsi ORIF, closed reduction
with percutaneous fixation (CRPF), and arthroscopic-assisted
fixation. Given the increased risk for wound complications with
operative treatment, conservative management is often recom-
mended when appropriate [3–9]. Even when calcaneal fracture
patterns meet operative indications, the optimal operative
technique remains controversial.

This study attempts to add to the literature on an already
controversial topic by describing patient outcomes after opera-
tive treatment of intra-articular calcaneus fractures in two
groups of patients: 1) Those treated with ORIF through an
extensive lateral approach, and 2) those treated with CRPF.
Outcomes investigated in this study included rates of infection*Corresponding author: krsteelman1@gmail.com
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[1–6, 10–13], removal of instrumentation [14, 15], development
of post-traumatic subtalar arthritis [3, 16], and reduction capa-
bilities of each method through the restoration and maintenance
of Bohler’s angle [2, 7, 10, 17–20]. This study is relevant as
patients with these injuries continue to struggle with long-term
complications and chronic pain after operative treatment.

Materials and methods

After obtaining Institutional Review Board approval, we
conducted a retrospective review of all intra-articular calcaneal
fractures treated over 10 years (October 2003 to September
2013) at a large, urban, level 1 trauma center. Patients were
identified using the electronic medical record (EMR). All
procedures were performed by a single foot and ankle
fellowship-trained orthopedic surgeon with significant experi-
ence utilizing both techniques. An extensile lateral approach
was used in the ORIF cohort, and a combination of percuta-
neous screws was used in the CRPF cohort after restoring
calcaneal anatomy through the use of a universal distractor
and Schanz pins to joystick fragments into anatomic position.

The decision to proceed with CRPF or ORIF was dictated
by the following protocols as dictated by the senior author:

– CRPF: Simple, two-part facet patterns less than 1–2 weeks
old, or in patients with complex medical comorbidities or
social situations such as homelessness. Also, bilateral
injuries, regardless of fracture pattern if they were able to
be operated on within 7–10 days.

– ORIF: Fracture patterns involving more than two pieces of
the posterior facet, significant comminution of the facet, or
was older than 2–3 weeks old.

Inclusion criteria required patients over the age of 18, frac-
tures involving the posterior facet, fractures undergoing ORIF
using an extensile lateral approach or minimally invasive
CRPF, and at least six months of clinical follow-up postopera-
tively. Minimally invasive CRPF technique was defined as
closed reduction maneuvers only, with no open exposure to
the subtalar joint. Patients who sustained a complication or
reoperation prior to the six-month follow-up were included in
the analysis to minimize any positive bias. Patients failing to
meet these criteria or without intra-articular fractures were
excluded.

Demographic data included age, gender, race, mechanism
of injury, open versus closed fracture, the time between injury
and surgery, diabetes, tobacco use, and worker’s compensation
status. Fractures were classified according to the Sanders Clas-
sification on preoperative computed tomography (CT). The
classification was performed by one of the authors (EF) and
confirmed by the single operative surgeon (RM). Bohler’s angle
was measured on lateral X-ray preoperatively, postoperatively,
and at the final clinical follow-up.

Clinical outcomes measured included 1) development of
infection, 2) removal of instrumentation, 3) development of
post-traumatic subtalar arthritis, and 4) postoperative calcaneal
reduction as determined by restoration of Bohler’s angle on

lateral radiographs. Postoperative infections were considered
superficial if they were treated with oral antibiotics without
operative intervention. Infections were considered deep if they
required IV antibiotics and/or operative intervention (e.g., irri-
gation and debridement). Development of post-traumatic subta-
lar arthritis was diagnosed on clinical presentation (symptoms
requiring steroid injection or subtalar arthrodesis) rather than
radiographic criteria. Bohler’s angle was measured at three dis-
tinctive time periods in each group: preoperatively, immediately
postoperatively, and at final follow-up.

Descriptive statistics were used to evaluate significance
using an alpha factor of 0.05. Categorical variables were eval-
uated with chi-square testing analysis, while continuous vari-
ables utilized ANOVA analysis. All statistical analysis was
performed using IBM SPSS software version 25 (IMB,
Armonk, NY, USA).

Results

A total of 62 fractures in 52 patients were included in this
study. Twenty-nine fractures were treated with ORIF, and 33
fractures were treated with CRPF. Patient demographics and
mechanism of injury can be viewed in Table 1. All Fractures
were classified according to Sander’s classification [21, 22] as
well as the Essex-Lopresti classification. Fracture classifications
can be viewed in Table 2.

This study found a higher number of infections in the ORIF
cohort, and infection was often associated with smoking status
and the presence of diabetes in both groups. In the ORIF group,
7 patients (24%) developed a superficial infection, and 7
patients (24%) developed a deep infection. All patients who
had a deep infection required reoperation in the form of irriga-
tion and debridement (I&D), with 4/7 (57%) patients requiring
more than one I&D (range 2–4). Five of the 7 ORIF deep infec-
tions (71%) were smokers, and 2/7 (29%) of the ORIF superfi-
cial infections were smokers. Seven out of 14 (50%) ORIF
smokers had deep or superficial infections. There were two dia-
betic patients in the ORIF group (7%), and both had superficial
infections (100%). In the CRPF group, four patients (12%)
developed a superficial infection, and one patient (3%) devel-
oped a deep infection that required I&D. The deep infection
patient was a smoker (100%), and three of the four superficial
infections (75%) were smokers. Four out of 22 (18%) of CRPF
smokers had deep or superficial infections. There were no
diabetic patients in the CRPF cohort.

There was also a high number of reoperations in this study,
the majority of which were for the removal of instrumentation.
Thirty-seven patients (60%) had additional operations within
our follow-up interval: 24 (73%) in the CPRF group and
13 (45%) in the ORIF group. Instrumentation was removed
in 32 patients, 23 in the CRPF group and 9 in the ORIF group.
All postoperative complications and reasons for reoperation can
be viewed in Table 3.

Seven patients (24%) in the ORIF group and 10 patients
(36%) in the CRPF group developed symptomatic post-trau-
matic subtalar arthritis as defined above. Five out of the
7 (71%) patients in the ORIF group with symptomatic subtalar
arthritis went on to have a subtalar arthrodesis, as did
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2/10 (20%) patients in the CRPF group. Of the seven ORIF
patients diagnosed with subtalar arthritis, 3 (43%) underwent
a subtalar steroid injection. In the CRPF group, nine of the
10 (90%) patients with symptomatic subtalar arthritis under-
went a subtalar steroid injection, with only 1 progressing to a
subtalar fusion.

Both cohorts resulted in a satisfactory reduction, as evi-
denced by acceptable ranges of Bohler’s angle at all time
points. Preoperatively, the average Bohler’s angle for the ORIF
group was 2.5 degrees (range: �25.0 to 28.1 degrees) and
8.0 degrees for the CRPF group (range: �40.4 to 36.0 degrees).
In the immediate postoperative period, the average Bohler’s
angle was 33.1 degrees (range 16.2–44.4 degrees) and

30.1 degrees (range 29.4–39.3 degrees) for the ORIF and CRPF
groups, respectively. At the final follow-up the average
measured Bohler’s angle was 25.4 degrees (range: �5.0 to
41.9 degrees) for the ORIF group and 25.0 degrees (range:
�4.6 to 39.2 degrees) for the CRPF group. Examples of pre
and postoperative Bohler’s angles for CRPF and ORIF groups
can be seen in Figures 1 and 2, respectively.

Discussion

Despite technical advances in the operative management of
intra-articular calcaneus fractures, these injuries remain a
challenge to both patients and orthopedic surgeon. As shown
in both this study and throughout the literature [2, 7, 10,
17–20], both open and percutaneous techniques result in an
adequate reduction of the posterior facet of the calcaneus, yet
patients continue to develop significant postoperative complica-
tions and morbidity. This study found high rates of both super-
ficial and deep infection, particularly in the ORIF cohort (48%).
We also found a high number of reoperations in both cohorts,
the majority of which were for removal of calcaneal instrumen-
tation (62%). Post-traumatic subtalar osteoarthritis occurred in
21% of the study population, regardless of maintenance of
Bohler’s angle at final follow-up in both cohorts (average
25.4 degrees for ORIF and 25.0 degrees for CRPF).

This study was limited by its retrospective nature, complete-
ness of the EMR, patient compliance and follow-up, and the
heterogeneous nature of our two cohorts. This precluded us
from directly comparing radiographic outcomes and complica-
tions between the two groups. It also prevented accurate analy-
sis of pain scores, pre and postoperative subtalar range of
motion, and patient-reported outcome measurements (PROM).
However, published metanalysis of calcaneal fractures has
shown no difference in pain between open and minimally inva-
sive techniques [23]. Additional complications may have
occurred outside the window of follow-up or at outside institu-
tions. We attempted to minimize this bias by including those
patients with less than six months follow-up who experienced
postoperative complications. Another limitation of this study
was the lack of a formal operative algorithm guiding treatment.
As previously mentioned, patients with two-part posterior facet

Table 1. Patient demographics and mechanism of injury of intra-
articular calcaneus fractures treated with open reduction internal
fixation (ORIF) and closed reduction percutaneous fixation (CRPF).

Demographic Study population CRPF ORIF
Number of patients (n) 62 33 29
Age (mean +/� SD, years) 41.0 43 41
Sex (number [%])
Males 52 30 (91%) 22 (76%)
Females 10 3 (9%) 7 (24%)

Body Mass Index 26.5 26.6 26.2
Ethnicity (%)
Caucasian 39 33 45
African American 48 52 45
Hispanic 2 0 3
Native American 2 3 0
Other 10 12 7

Tobacco Use (n, [%]) 36 (58%) 22 (67%) 14 (48%)
Workers compensation 4 (6%) 2 (6%) 2 (7%)
Open fractures 4 (6%) 2 (6%) 2 (7%)
Mean follow-up (months) 26.0 27.4 23.8
Mean time to surgery (days)* 12 4.5 20.8
Mechanism of injury (n)
Fall 54 29 25
Motor vehicle collision 5 2 3
Motorcycle accident 2 1 1
Assault 0 1 0

Table 2. Preoperative Sanders and Essex-Lopresti classification of
calcaneus fractures in ORIF and CRPF groups.

Variable Study population CRPF ORIF
Sanders classification
Type II 42 (68%) 22 (67%) 20 (69%)
IIA 11 4 7
IIB 22 14 8
IIC 9 4 5

Type III 16 (32%) 8 (24%) 8 (31%)
IIIAB 15 8 7
IIIAC 1 0 1
IIIBC 0 0 0

Type IV 2 (3%) 2 (6%) 0 (0%)
Essex-Lopresti classification
Depression 50 (81%) 25 (76%) 25 (86%)
Tongue-Type 0 (0%) 8 (24%) 4 (14%)

Table 3. Complications, rates of infection, incidence of post-
traumatic osteoarthritis, and reoperation in ORIF and CRPF groups.

Variable Study
population

CRPF ORIF

Infection 19 (31%) 5 (15%) 14
(48%)

Superficial infection 11 (18%) 4 (12%) 7 (24%)
Deep infection 8 (13%) 1 (3%) 7 (24%)

Subtalar arthritis 17 (21%) 10
(36%)

7 (24%)

Re-operation (number of
patients)

37 (60%) 24
(73%)

13
(45%)

Arthrodesis (cases) 7 5 2
I&D (cases) 8 1 7
Hardware removal (cases) 32 23 9
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fractures within two weeks of injury were generally treated with
CRPF, and patients with complex fractures over two weeks
were treated with ORIF. Exceptions to this protocol were made
in certain patients with high-risk medical comorbidities or
social situations. Additionally, the senior author preferred a
competence of 20–30 open cases before attempting reduction
by closed methods. In doing so, there was a trend of more
CRPF cases towards the end of the study, equating to increased
operative experience associated with many cases in the CRPF
cohort. Finally, this study was limited by the lack of consistent
postoperative CT scans to assess the reduction of the posterior
facet and axial alignment of the foot and the development of
subtalar arthrosis. The senior author did not obtain postopera-
tive CT scans on all patients to control healthcare costs, utiliza-
tion, and resources. This was a necessary action as this work

was done at a large, for-profit, inner-city hospital. If a patient
had evidence of delayed union on radiographs or clinical or
radiographical evidence of subtalar arthrosis, then a CT scan
would be ordered at 6–12 months postoperatively.

A major challenge facing the management of intra-articular
calcaneal fractures is the high incidence of postoperative surgi-
cal site infections and wound complications [1]. The deep and
superficial infection rates in our study were higher than what
previous reports indicate [2, 5, 6, 10–13]. This is likely a mul-
tifactorial consequence of the patient comorbidities at our insti-
tution and the lack of early postoperative follow-up for patients
without complications, preventing study inclusion. Although no
direct comparisons could be made, the trend of higher infection
rates with ORIF remains consistent with prior reports. This may
explain the increasing use of minimally invasive techniques in

Figure 1. (A) Preoperative lateral foot radiograph of joint depression-type calcaneal fracture. Bohler’s angle measured 4.2 degrees through
intersecting lines tangential to the superior tuber and the superior aspect of the posterior facet, and the superior aspect of the posterior facet and
the anterior calcaneal process. In (B) a postoperative lateral foot radiograph is shown status post closed reduction with percutaneous fixation
with two cannulated, fully threaded 6.5 mm screws with restoration of Bohler’s angle measuring 23.5 degrees.

Figure 2. (A) Preoperative lateral foot radiograph of a comminuted, joint depression-type calcaneal fracture. Bohler’s angle measured 5.2
degrees through intersecting lines tangential to the superior tuber and the superior aspect of the posterior facet, and the superior aspect of the
posterior facet and the anterior calcaneal process. In (B) a postoperative lateral foot radiograph is shown status post open reduction with
internal fixation with a 3.5 mm lateral calcaneus plate with an additional two 2.7 mm lag screws underneath the posterior facet. There is
restoration of Bohler’s angle measuring 25.2 degrees.
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managing intra-articular calcaneal fractures [21]. Conversely,
one prior study found no difference in infection rate between
open and minimally invasive techniques, especially when the
calcaneal artery is patent [4].

A large percentage of our study population needed return
trips to the operating room, and the most common reason for
this was the removal of instrumentation (62%). Angers-Goulet
et al. in 2018 showed a much lower removal of instrumentation
rate of 13.6% in their study population at 2 years, with a higher
proportion of screw removal in illicit drug users and in patients
with inflammatory arthritis [14]. Guo et al. in 2021 similarly
found significantly higher rates of implant removal in their
own cohort of minimally invasive ORIF procedures compared
with percutaneously fixed calcaneus fractures [15].

Disruptions of the posterior facet may lead to the develop-
ment of post-traumatic subtalar arthritis and a subsequent
decrease in patient quality of life [3, 16]. In 2013, Agren
et al. conducted a prospective randomized study of 82 patients
with displaced intra-articular calcaneal fractures [3]. They
reported a significant long-term benefit to operative fixation
(open or percutaneous) over conservative treatment in terms
of reducing pain, improving functional scores, and decreasing
the incidence of post-traumatic subtalar arthritis. We found that
24% of ORIF patients and 36% of CRPF patients experienced
symptomatic post-traumatic subtalar arthritis. Our post-CRPF
20% subtalar fusion rate is similar to reported arthrodesis rates
of 15% following percutaneous fixation [16].

The immediate postoperative Bohler’s angles in both
cohorts fell within acceptable ranges (20–40 degrees), indicating
that both operative interventions were successful in restoring
calcaneal height. The similar final follow-up Bohler’s angles
in each group also suggest that both surgical treatments allow
for maintenance of stable fixation. This agrees with current
evidence indicating no difference in radiological outcomes
between open and minimally invasive procedures [2, 17–20].

Much debate rests on utilizing the traditional extensile
lateral approach or minimally invasive techniques [24]. Those
in favor of extensile approaches argue improved visualization
results in more anatomic reduction, thereby mitigating the
likelihood of the development of post-traumatic arthritis
[3, 16, 24, 25]. In contrast, a prospective study utilizing postop-
erative CT-based assessment has shown minimally invasive
techniques allow adequate anatomic reduction and stable fixa-
tion [7]. Proponents of minimally invasive techniques cite the
decreased time from initial injury to surgery, an independent
factor shown to significantly reduce infection rates in calcaneus
fractures [10], as well as the lower infection rates typically asso-
ciated with this technique. A full review of these techniques is
beyond the scope of this study; however, this information can
be found in a 2017 review article published by Dhillon and
Prabhakar [25].

Conclusion

This descriptive study of operative fixation of intra-articular
calcaneal fractures utilizing CRPF and ORIF shows both tech-
niques can result in adequate radiographic outcomes with the
maintenance of reduction when used in the appropriate patient.

CRPF may be the preferred operative treatment in patients at
higher risk for infection, such as diabetics and smokers. Also,
reoperation is common in these patients and is mostly attributed
to the removal of instrumentation. Further prospective random-
ized controlled trials need to be done to definitively state which
operative technique is superior for patients with these difficult
injuries.
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