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Abstract

Background Calcaneal fractures are often major injuries associated with considerable morbidity. The optimal surgical
management of displaced calcaneal fractures remains contentious with open, percutaneous and arthroscopically assisted
percutaneous approaches all offering potential benefits for patients. The aim of this study was to assess which of these three
separate surgical approaches to the management of displaced calcaneal fractures provides the best radiographic deformity
correction.

Methods This is a retrospective observational study of all calcaneal fractures undergoing operative fixation at a single
major trauma centre in the UK. The primary outcome was pre- and post-operative assessment of the deformity correction
using radiographic parameters (angle of Gissane and Bohler’s angle). Secondary outcomes included fracture configuration,
complications and re-operation rate.

Results Between 01/01/2009 and 31/12/2019, 152 calcaneal fractures in 134 patients underwent operative management via
either an open or percutaneous approach. One-way ANOVA testing of the pre- and post-operative radiographic parameters
demonstrated that an open approach offered superior post-operative correction of Bohler’s angle when compared to percutane-
ous alone (p <0.05); however, there was no difference in post-operative angle of Gissane (p >0.05). The mean follow-up for
complication and re-operation data was 3.5 years (range 0.1-12.4). Overall complication rate following all surgical fixation
was 7.2% with a further 32.2% requiring further long-term surgical intervention for subtalar arthritis or removal of metalwork.
Conclusion Arthroscopically assisted percutaneous fixation does not offer superior radiographic deformity correction com-
pared to percutaneous technique alone. Open fixation yielded improved correction of Bohler’s angle when compared to
percutaneous alone; however, there was no difference in post-operative angle of Gissane.

Level of evidence: II1.

Keywords Calcaneal fracture - Osteosynthesis - Percutaneous surgery - Gissane angle - Bohler’s angle - Deformity
correction - Observational study - Calcaneus fracture - Open reduction internal fixation - Minimally invasive surgery -
Arthroscopy

Abbreviations ANOVA  Analysis of variance

AA-perc  Arthroscopically assisted percutaneous STROBE Strengthening the Reporting of Observational
fixation Studies in Epidemiology

ORIF Open reduction internal fixation RCT Randomised control trial

MIRPF Minimally invasive reduction with percutane-
ous fixation
Introduction

< Daniel Yeomans

danyeomans @gmail.com Fractures of the calcaneus constitute 2% of all fractures and

are the most common fracture of the tarsal bones [1-3].
' Avon Orthopaedic Centre, Southmead Hospital, Bristol, UK These high-energy injuries frequently occur in young males
2 Guy’s and St Thomas’ NHS Foundation Trust, London, UK following a fall from height or road traffic collision [3, 4].
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They are challenging to manage and subsequent osteoarthri-
tis of the subtalar joint is associated with significant morbid-
ity [5-9]. Anatomical restoration of the articular surface and
calcaneal shape has been shown to predict greater functional
outcome scores [4].

Controversy exists over the best management of dis-
placed intra-articular calcaneal fractures [10, 11]. Surgi-
cal options include open reduction and internal fixation
(ORIF) through an extended lateral approach or sinus tarsi
incision, minimally invasive reduction with percutaneous
fixation (MIRPF) or primary arthrodesis [12—16]. Prospec-
tive randomised controlled trials have failed to achieve a
consensus on whether operative intervention provides any
long-term functional benefit over conservative management
[10, 17-19]. The UK Heel Fracture Trial [17] reported a sig-
nificantly higher complication rate in operatively managed
injuries though an extended lateral approach, performed
within 3 weeks of injury. However, only 7.5% of all calca-
neal fractures attending hospitals were enrolled in this trial
during the study period. The generalisability of this trial
remains contentious within the orthopaedic community.

Anatomical reduction of the articular surface may help
reduce the risk of pain from subsequent subtalar arthritis in
a generally active patient cohort, often requiring a good level
of mobility to continue working. However, other important
aims of surgery are to correct the overall calcaneal shape,
restoring calcaneal height, width and correcting out of varus.
This aims to prevent the additional secondary problems of
calcaneofibular impingement from the lateral wall blowout,
a locked midfoot from the hindfoot varus and anterior ankle
impingement from loss of the usual talar calcaneal angle.
There remains debate about the relative importance of calca-
neal shape versus subtalar joint reduction in these fractures.

Percutaneous or minimally invasive approaches may
reduce disruption to the soft tissue envelope and lower the
risk of complications [20, 21]. A variety of such techniques
have been described including K-wire fixation, cannulated
screw fixation and calcaneal nail (C-nail) [22]. A percutane-
ous approach offers the potential to correct shape, avoiding
the risks of larger incisions, relying on fluoroscopy to judge
joint reduction. The use of arthroscopy to assist with joint
reduction has also been described [23]. A recent systematic
review of the literature found a total of 8 studies looking
at outcomes from percutaneous arthroscopically assisted
fixation, concluding the technique provides a good alterna-
tive with low complication rates [24]. The optimal surgical
management of displaced calcaneal fractures remains con-
tentious with open, percutaneous and AA-perc approaches
all offering potential benefits for patients.
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Aims and objectives

The aim of this study was to assess which surgical approach
(open, percutaneous or AA-perc) for the management of dis-
placed calcaneal fractures provided the best radiographic
deformity correction.

Methods
Study design

This is a retrospective observational study of consecutive
patients with a calcaneal fracture who underwent operative
management with either an open, percutaneous or AA-perc
surgical approach.

Study setting

This study took place at a single Major Trauma Centre in the
UK. All operations were performed by one of six consultant
foot and ankle or trauma surgeons.

Study outcomes

The primary outcome was pre- and post-operative assess-
ment of the deformity correction using radiographic param-
eters. The specific parameters chosen were the angle of Gis-
sane and Bohler’s angle which were assessed according to
the original literature recommendations [25-27] (Fig. 1).
Secondary outcomes included complications and re-oper-
ation rates.

Participants

The inclusion criteria for this study were patients aged
16 years and older who presented with an open or closed
calcaneal fracture and underwent operative intervention
using either an open, percutaneous or AA-perc surgical
approach. The decision for operative fixation was made in
a multidisciplinary trauma meeting with consultant consen-
sus. The technique chosen represents an evolution in our
departmental philosophy in the treatment of these fractures,
which has predominantly moved to percutaneous fixation.
The addition of arthroscopy is individual surgeon choice,
with no clear departmental guidelines. Non-operative cal-
caneal fractures were excluded. Fractures are managed non-
operatively if they are very minimally displaced or if patients
were not fit for surgery. Rarely highly comminuted fractures
are managed non-operatively if the consensus opinion is that
the fracture is unreconstructable. A decision was made to



European Journal of Orthopaedic Surgery & Traumatology (2024) 34:823-832

825

Fig. 1 Normal lateral weight-bearing radiograph of calcaneum demonstrating a angle of Gissane and b Bohler’s angle

compare these three groups in order to understand the dif-
ference between open and percutaneous approaches as well
as the impact of arthroscopic assistance on radiographic
outcomes.

Data collection

Data including patient demographics, radiographic param-
eters, operative fixation technique and complications were
retrospectively collected in August 2021 from hospital
records. Data collection was conducted using a standard-
ised proforma. All assessment of radiographic parameters,
fracture configuration and classification was conducted by
a fellowship-qualified surgeon. Radiographic assessment of
fracture configuration (assessed using the Essex-Lopresti
and Sanders classifications) and deformity correction was
based on non-weight-bearing lateral foot and axial calcaneal
radiographs.

Operative technique

All patients were managed under general anaesthesia. Intra-
venous antibiotics were given on induction. Tourniquet use
was at the discretion of the operating surgeon. A pre-opera-
tive CT scan was obtained in all patients to aid pre-operative
planning.

Open technique

When the soft tissue swelling has improved the patient is
typically positioned in the lateral position, operated side
upwards. An extended lateral incision is used as described
by Eastwood and Atkins [28]. A full thickness flap is
elevated protecting the sural nerve and peroneal tendons.

This allows direct access to that whole lateral calcaneum
and visualisation into the posterior facet of the subtalar
joint. Intra-articular joint depression-type fractures can be
reduced by folding out the blown out lateral wall, elevating
the depressed posterior facet fragments and correcting the
calcaneal tuberosity out of varus. The fracture is then stabi-
lised with a low-profile small fragment calcaneal plate. The
wound is closed with deep interrupted absorbable sutures
and interrupted nylon to skin, and care is taken to avoid
tension on the skin edges. The patient is typically placed in
a backslab for 2 weeks to protect the wound. Once healed,
patients are transitioned into a walking boot and allowed
non-weight-bearing foot and ankle range of motion. Weight
bearing is usually started from 6 weeks.

Percutaneous technique

The patient is typically positioned in the lateral position
operative side upwards. There is no need to wait for soft
tissue swelling to settle. Depending on surgeon choice, the
patient can be positioned with the lower limb prone (either
patient entirely prone or in the floppy lateral position with
the operative side down, which with hip external rotation
allows the ankle to be positioned prone). A tourniquet is
usually not required. The aim of this technique is similar
to open surgery, to correct the tuberosity out of varus, cor-
rect height and length, reduce the lateral wall blow out and
elevate the depressed posterior facet fragments. Surgery is
performed under fluoroscopic guidance. The exact sequence
of reduction manoeuvres depends on surgeon choice and
fracture configuration. The tuberosity position is usually
addressed first. Two large guidewires from the cannulated
screw system are inserted parallel from a posterosuperior
entry point in the tuberosity. They aim plantarward. They are
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advanced as far as the primary fracture line and then used
to joystick the tuberosity restoring length, pulling it down
to restore height and out of varus. This helps to disimpact
the depressed posterior facet joint fragments. If there is poor
hold in the fragment, a 5 mm Steinmann pin can be inserted
to aid the manoeuvre.

A periosteal elevator or equivalent is inserted through a
percutaneous lateral stab incision under the depressed pos-
terior facet lateral fragment. These fragments can then be
elevated under fluoroscopic guidance. When the joint reduc-
tion is achieved, the guidewire for a small cannulated screw
is inserted through this fragment and into the sustentaculum
tali, often through an additional incision. Typically a par-
tially threaded headed screw is used to apply some compres-
sion. They final position of the tuberosity is then confirmed
clinically and fluoroscopically before the large guidewires
are advanced into the anterior process. Following this, if a
good wire position is not achieved others can be inserted
to replace them. Two large fully threaded headed cannu-
lated screws are then inserted, acting as positional screws
for the tuberosity and raft screws to support the posterior
facet reduction (Fig. 2). A ‘kickstand’ screw can be inserted
for further stability. This screw runs from the plantar poste-
rior position of the tuberosity with the tip ending under the
lateral posterior facet fragment.

Arthroscopically assisted percutaneous technique

This technique follows the same operative steps as the per-
cutaneous technique. The major difference is the use of
arthroscopy as an adjunct for visualisation of the reduction
of the posterior facet. We typically use 2 sinus tarsi portals,

but occasionally a posterior approach is used with stand-
ard posterolateral and posteromedial portals. A standard
30-degree, 4.0-mm knee arthroscope and an arthroscopic
shaver are used to achieve adequate visualisation. The frac-
ture haematoma is cleared allowing excellent visualisation of
the posterior facet of the subtalar joint. Under arthroscopic
visualisation, the posterior facet can be reduced percutane-
ously using a periosteal elevator or similar. Percutaneous
screw placement and reduction of the tuberosity are per-
formed as described for the percutaneous technique.

Statistical analysis (including power calculation)

A post hoc power calculation was performed, and sample
size calculations were based on an independently established
data of radiographic deformity correction following surgi-
cal fixation of calcaneal fractures. A sample of 31 feet in
each group was estimated to give a power of 0.80 and an
alpha risk of 5%. The paired t test was used to compare pre-
and post-operative radiographic measurements. One-way
ANOVA testing was used to determine whether there was
any statistically significant difference between the means
of the three groups. Categorical data were reported with
descriptive statistics. Statistical significance was defined as
a P value of less than 0.05.

Ethics and funding

This project was registered and approved by the trust Clini-
cal Governance Department. This study was reported in line
with STROBE [29] guidelines for reporting of observational

Fig.2 Pre- and post-operative radiographs demonstrating percutaneous fracture reduction and fixation of a calcaneal fracture
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studies. There was no funding to support this study. None of
the authors have any financial conflicts of interest to declare.

Results

Between 01/01/2009 and 31/12/2019, 152 calcaneal frac-
tures in 134 patients (91 males and 43 females). The mean
age was 46.1 +13.9 (range 16.0-77.0) years. The median
number of days from injury to operation was 4. Table 1
shows the patient demographics and classification of cal-
caneal fractures for patients included in the study. The
mean follow-up for complication and re-operation data was

3.5 years (range 0.1-12.4). Complete pre- and post-operative
imaging was available for 86.8% of cases (Table 2).

One-way ANOVA testing of the pre- and post-operative
radiographic parameters was used to compare the deformity
correction as shown in Table 3. All techniques showed a sig-
nificant improvement in both angle of Gissane and Bohler’s
angle. The open approach offered superior post-operative
correction of Bohler’s angle when compared to percutane-
ous alone (p <0.05); however, there was no difference in
post-operative angle of Gissane. The addition of arthroscopy
for percutaneous fixation did not significantly improve the
deformity correction when compared to percutaneous fixa-
tion alone. Visualisation of the data is shown in Figs. 3 and
4.

Table 1 Classification of calcaneal fractures based on Essex-Lopresti and Sanders classification stratified by surgical approach

Surgical approach Open fixation Percutaneous fixation AA-perc fixation Total
No. of feet 41 70 41 152
No. of patients 37 60 39 134
Age (mean +SD) 42.7+14.1 46.3+144 485125 46.1+13.9
Gender (M:F) 28:9 36:24 29:10 91:43
Follow-up (mean +SD) 41+39 32425 26+29 32431
Sanders classification (%)
1 1(24) 12 (17.1) 3(7.3) 16 (10.5)
2A 11 (26.8) 16 (22.9) 13 (31.7) 40 (26.3)
2B 4(9.8) 8(11.4) 10 (24.4) 22 (14.5)
2C 0(0) 8(11.4) 2(4.9) 10 (6.6)
3AB 12 (29.3) 5@7.1) 512.2) 22 (14.5)
3AC 5(12.2) 5@.1) 4(9.8) 14 (9.2)
3BC 124) 34.3) 2 (4.9) 6(3.9)
4 1(24) 4(5.7) 2 (4.9) 7 (4.6)
Essex-Lopresti (%)
Depression-type 26 (63.4) 32 (45.7) 25 (61.0) 83 (54.6)
Tongue-type 9 (22.0) 30 (42.9) 16 (39.0) 55 (36.2)
AA-Perc: Arthroscopically assisted percutaneous fixation
Table 2. Radiogra}phic defor.mity Surgical approach Open fixation Percutaneous fixation AA-perc fixation Total
correction following operative
treatment of calcaneal fractures Number of cases 35 58 39 132
stratified by surgical approach Angle of Gissane
(mean+SD)
Pre-operative 114.6+15.8 105.4+18.7 110.2+14.1 109.2+17.0
Post-operative 123.1+8.6 120.3+10.9 122.8+8.6 121.8+9.7
p value <0.05 <0.05 <0.05 <0.05
Bohler’s angle
(mean +SD)
Pre-operative 124+13.2 794182 12.3+£149 10.4+16.1
Post-operative 31.6+54 2277135 26.1+£9.2 26.0+£11.2
P value <0.05 <0.05 <0.05 <0.05

AA-perc: Arthroscopically assisted percutaneous fixation
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Table 3 One-way ANOVA testing of pre- and post-operative radiographic parameters following calcaneal fracture fixation stratified by fixation

technique
Angle Comparative groups Mean difference 95% Confidence interval p value
@)

Pre-operative angle of Gissane AA-perc vs Open 4.4 —-4.38,13.6 0.21
AA-perc vs Percutaneous -4.8 -13.0,3.4 0.17
Open vs Percutaneous -9.2 -17.7,-0.7 0.02%

Post-operative angle of Gissane AA-perc vs Open 0.3 -5.0,5.6 0.88
AA-perc vs Percutaneous -25 -7.3,23 0.23
Open vs Percutaneous -2.8 -7.7,2.1 0.20

Pre-operative Bohler’s angle AA-perc vs Open 0.1 —-8.8,9.0 0.98
AA-perc vs Percutaneous —-4.4 —-12.3,3.5 0.21
Open vs Percutaneous —4.5 —-12.6,3.6 0.20

Post-operative Bohler’s angle AA-perc vs Open 5.5 -0.37,11.4 <0.05
AA-perc vs Percutaneous -34 -8.6,1.8 0.27
Open vs Percutaneous -89 —-14.3,-3.5 <0.05*

AA-perc: Arthroscopically assisted percutaneous fixation
Open: Open fixation
Percutaneous: Percutaneous fixation
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Five patients (n=6 calcaneal fractures) died during the
study period. The mean time from injury to death was 3.6 years
(range 0.13-7.4). A thigh tourniquet was used in 48 cases (23
Percutaneous and 25 Open) with an average time of 8§7.9 min
(range 26—137). Complication rates are high regardless of sur-
gical technique. We observed 2 wound complications in the
extended lateral group and 9 in those fixed percutaneously.
One of the nine percutaneous complications required surgical
debridement and metalwork removal. Both (2/2) of the wound
complications seen in the extended lateral approach required
debridement, metalwork removal and soft tissue coverage.
There was a higher percentage of patients requiring subtalar
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Percutaneous Fixation Open Fixation

fusion in the open group compared to either percutaneous or
AA-perc. However, percutaneous surgery was associated with
a higher re-operation rate for minor elective removal of metal-
work (usually due to prominent screw heads causing second-
ary irritation once the fracture had united).

Discussion

This study has demonstrated that regardless of surgical
technique, significant sagittal deformity correction can be
achieved with either open or percutaneous surgery. The
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Open approach offered superior post-operative correction
of Bohler’s angle when compared to percutaneous alone;
however, there was no difference in post-operative angle of
Gissane. Complication rates and re-operation rates are high
for both open and percutaneous techniques. Although not
statistically significant, wound complication in 2/2 patients
who underwent open surgery required reconstructive surgery
under the care of the plastic surgeons compared to none of
the percutaneously fixed patients.

It remains unclear whether operatively treated calcaneal
fractures have superior clinical outcomes than non-opera-
tively treated [7, 10, 30], though a recent meta-analysis sug-
gested that operative intervention does significantly reduce
the rate of subtalar arthrodesis [3, 11]. Buckley et al. [10]
demonstrated that a Bohler angle on presentation of <0
degrees was 10 times more likely to require a secondary
subtalar fusion than a Bohler angle on presentation of > 15
degrees and a Sanders type IV calcaneal fractures were 5.5
times more likely to be fused than a simple Sanders type
II fracture. Non-operative care was six times more likely
to lead to a late fusion as compared to open reduction and
internal fixation treatment [31]. A greater proportion of
calcaneal fractures treated with open reduction and inter-
nal fixation went on to undergo subtalar fusion whilst those
treated with AA-perc fixation had the lowest proportion
going on to subtalar fusion.

In this study, arthroscopic assistance to help in fracture
reduction was not significantly improved over the standard
percutaneous approach which is reflected by a recent system-
atic review which found that there is no evidence to support
the routine use of arthroscopy in fracture reduction and fixa-
tion [23, 24, 32, 33]. There is a dearth of evidence looking
specifically at calcaneal fractures, and this is certainly an
avenue for future research [34-36].

Percutaneous Fixation Open Fixation

In non-operatively treated intra-articular calcaneal frac-
tures, Bohler's angle has been shown to decrease by 11
degrees in the subsequent year [37]. Numerous RCTs have
shown that a severely depressed Bohler’s angle on presenta-
tion has a poor 2-year outcome regardless of treatment and
worse functional outcomes [38], but correlation of improve-
ment in/restoration of Bohler's angle after treatment with
improved clinical outcomes has also been proved [39, 40]
and disproved in multiple studies [19, 41]. Studies have
suggested the Sanders and Essex-Lopresti classification of
injury has greater prognostic value in functional outcomes
[42], but not all studies are in agreement [10, 38, 41].

Bohler’s and Gissane’s angle restoration improves some
but not all post-operative clinical outcome measures, where
other radiological markers (calcaneal length, posterior facet
height, length of posterior facet) had no correlation with the
same outcomes [43]. Critically, the angle of Gissane is rarely
utilised in the literature, but in some respects it performs
better than Bohler's angle, particularly in relation to intra-
observer error [44].

In this study, the groups were not completely heteroge-
neous, with more even distribution of Sanders type 2 and
3 fractures in the open fixation group, but more skewed
towards type 3 fractures in the percutaneous and AA-perc
group. This may represent a different mechanism of injury,
with more high-energy injuries occurring in recent years
(as open fixation was predominately performed in the early
years of data set collection) or it may represent changes in
surgical decision-making over the course of the study. Deci-
sion making may have changed relative to the intended aims
of fixation (anatomical reduction, compared to restoration of
calcaneal height, pitch and lateral wall congruity such that
future subtalar arthrodesis yields an acceptable outcome).
Open reduction may traditionally have been reserved for
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those cases where an anatomical reduction was deemed
possible pre-operatively (as reflected in the tighter range
of post-operative values from normal radiological values in
the operative set of open procedures than in the percutane-
ous data set), and surgeons may have been more inclined
to manage severe fracture patterns (Sanders 3 and 4) either
non-operatively or with acute subtalar arthrodesis. The
higher-energy cases may also have had significant soft tissue
considerations that made open fixation a less viable option.
Surgeons may be more inclined to undertake severe frac-
ture patterns utilising a percutaneous approach due to less
concerns over wound healing, a perceived ability to better
restore bony architecture or due to changes in surgical aims
from strict anatomical reduction. Restoration of calcaneal
pitch, height and width is now regularly considered more
important than anatomical restoration of the subtalar joint,
particularly as many with severe fracture patterns will go on
to subtalar arthrodesis in the future regardless of the surgical
outcome. The rate of removal of metalwork in the percutane-
ous group can potentially be reduced in the future through
advances in technology and design of screws, e.g. headless
compression screws. This would give the percutaneous treat-
ment option a more favourable re-operation profile.

Although open approach cases showed a more reliable
restoration of near normal radiological values, the cases in
the percutaneous and arthroscopically assisted data set were
shown to have greater pre-operative articular deformity (50%
Sanders II or IV) with worse mean Bohler's angles than the
open approach data set.

Ultimately, surgical aims, including the implications for
complications and future surgeries, will determine the most
appropriate method of fixation. Other studies investigating
the outcomes between percutaneous fixation with cannulated
screws and open fixation show no difference in radiographic
outcomes, complications and implant cost [45—47].

Limitations

This study was appropriately powered to investigate the
radiological deformity correction following three different
methods of surgical osteosynthesis following calcaneal frac-
ture. This study, although retrospective in nature, had a large
sample size with a mean 3-year follow-up for complications
and re-operation.

Future directions

Importantly, this study lacks the use of validated foot-spe-
cific or health-related quality of life clinical patient-reported
outcome measures. Further research would enable compari-
son between the different surgical techniques in terms of
clinical as well as radiographic outcome.
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Conclusion

The optimal surgical approach for the management of dis-
placed calcaneal fractures remains contentious. The main
finding from this study is that AA-perc fixation does not
offer superior radiographic deformity correction compared
to percutaneous technique alone. It also demonstrates a supe-
rior restoration of Bohler’s angle when using open com-
pared to percutaneous methods. The clinical significance of
this is unknown. Taking into account surgeon familiarity,
we would propose percutaneous fixation + arthroscopy for
such injuries given reduced soft tissue insult and less severe
complication profile. The role of arthroscopy to assist frac-
ture reduction needs further research as in our series did
not appear to improve anatomical restoration. Further work
should also focus on the clinical patient-reported outcomes
following the different surgical techniques used for operative
management of calcaneal fractures.
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