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The role of bone grafts in
 displaced intra-articular
calcaneal fractures
A prospective study protocol
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Abstract
Background: Whether the bone graft is needed in treating the displaced intra-articular calcaneal fractures (DIACFs) is still
controversial. Therefore, in our study, we will explore the results of 2 approaches for the DIACFs surgical treatment.

Methods: The present report follows the Consolidated Standards of Reporting Trials (CONSORT) guidelines. All patients will be
assigned randomly into 2 different groups through tossing the coins. Three experienced surgeons are assigned randomly to each
group to implement the surgeries utilizing any of the surgical approach. Assignments are concealed in a sealed opaque envelope.
Patients who meet the following conditions will be included in this experiment:

(1) DIACFs (greater than 2mm) involve Sanders Type IIC, Type IIB as well as some Type III; and

(2) surgical treatment can be implemented within 7 days after injury. Some patients with obvious swelling can wait for 2 weeks before
operation;

(3) patients with closed fracture and;

(4) unilateral fracture. In the 2 groups, the patients will follow the standard postoperative protocols.
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Patients are asked to finish 2 questionnaires, namely, American Orthopaedic Foot and Ankle Society score and short form 36. The
ranges of motion of the ankle and the subtalar joint will be also measured. Postoperative complications such as deep infection,
wound infection, and wound edge necrosis, the injury of sural nerve, and hematoma are recorded.

Results: Our study can provide significant information on the necessity of bone graft in DIACFs internal fixation treatment.

Trial registration: This study protocol was registered in Research Registry (researchregistry6246).

Abbreviations: DIACFs = displaced intra-articular calcaneal fractures, ORIF = open reduction and internal fixation.
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1. Introduction

The calcaneal fractures account for approximately 1% to 2% of
all the fractures in human body, with 11.5 cases per 100,000
people occur every year, of which more than half are displaced
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intra-articular calcaneal fractures (DIACFs).[1–4] Owing to the
constant pain, stiffness, and abnormal gait, DIACFs usually lead
to permanent disability and reduce the quality of life, which
predominantly occur mainly in active young patients. As a result,
these fractures can lead to severe long-term disability and high
socioeconomic impact.[5–7]

There is still controversy about whether DIACFs should be
treated surgically or non-surgically. Historically, DIACFs have
not been treated surgically because of unexpected surgical
reduction and fixation.[8] At present, the open reduction and
internal fixation (ORIF) is regarded as a reference standard in
treating the DIACFs, as anatomical reduction is important for a
good functional outcome of the foot and ankle.[9–11]

Nevertheless, whether the bone graft is needed in treating the
DIACFs is still controversial. Orthopedics who insist on bone
grafts believe that it will promote fracture healing, prevent the
arthritis after traumatic, result in complete weight bearing early,
and enhance the mechanical strength, and helping to prevent
severe collapse in the late stage.[12,13] Those who do not like bone
grafts suggest that internal fixation can support the surface of the
joint adequately, while extra bone grafting can enhance the pain
after operation and the blood loss, increase the complications,
infection rate, and incidence rate of donor site.[13,14–17]

https://orcid.org/0000-0001-7753-9539
https://orcid.org/0000-0001-7753-9539
mailto:largeestwu1980@163.com
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/licenses/by/4.0
http://dx.doi.org/10.1097/MD.0000000000023740


He et al. Medicine (2020) 99:52 Medicine
In recent years, a number of clinical trials have assessed the
influence of non-bone grafts and bone grafts in the DIACFs
surgical treatment. However, the outcomes of these studies are
inconsistent, and the number of high-quality prospective trials
conducted is limited, thus it is impossible to determine whether
bone grafting is necessary for surgical treatment of intra-articular
calcaneal fractures.[18,19] Therefore, in our study, we will explore
the results of 2 approaches for the DIACFs surgical treatment
(ORIF with or without bone grafts). Our study can provide
significant information on the necessity of bone graft in DIACFs
internal fixation treatment.
2. Materials and methods

2.1. Patients and design

This trial has been approved by the institutional review
committee of our hospital (Affifiliated Nanhua Hospital of
University of South China, protocol number 172003) and has
been prospectively registered on Research Registry (researchreg-
istry6246). The present report follows the Consolidated Stand-
ards of Reporting Trials (CONSORT) guidelines. All patients will
be assigned randomly into 2 different groups through tossing the
coins. Three experienced surgeons are assigned randomly to each
group to implement the surgeries utilizing any of the surgical
approach. Assignments are concealed in a sealed opaque
envelope.
Patients who meet the following conditions will be included in

this experiment:
(1)
 DIACFs (greater than 2mm) involve Sanders Type IIC, Type
IIB as well as some Type III; and
(2)
 surgical treatment can be implemented within 7 days after
injury. Some patients with obvious swelling can wait for 2
weeks before operation;
(3)
 patients with closed fracture and;

(4)
 unilateral fracture.
While patients with the following conditions will be excluded:
(1)
 patients with known systemic or local infection;

(2)
 patients with the medical contraindications (involving

diabetes and severe nerve or vascular injury);

(3)
 open fractures, Sanders Type IIA and Sanders Type IV.

Sanders Type IV is excluded due to the posterior facet is too
comminuted to allow rapid reduction. And Sanders Type IIA
is excluded owing to we believe that the displaced posterior
articular surface is too small for reduction and fixation.
2.2. Techniques and interventions

The patient is placed on the luminous operating table in lateral
decubitus position. And the upper thigh is fixed with tourniquet,
and an incision with L shape is made on lateral side. Through a
sharp dissection, the subperiosteal flap is formed to protect the
sural nerve and surrounding soft tissue. After the fracture line is
clearly visible, the broken fragments of lateral wall of fracture are
lifted to serve as a covering for the calcaneus. This clearly exhibits
the collapsed posterior articular surface. Through utilizing
periosteal stripping as the lever or placing the osteotome on
the lower side, the collapsed bone mass is lifted to its normal
upper position. Subsequently, the temporary fixation of posterior
facet is carried out from thalamic section to sustentaculum
2

through Kirchnerwires. The valgus/varus alignment and reduc-
tion of calcaneocuboid joint, posterior articular surface,
calcaneal ulnar joints, susten-taculum, and anterior process are
examined by fluoroscopy with Harris axial, lateral, as well as
serial Broden images. At this stage, the bone defects are found as
posterior facet is lifted from the impact site, and in group A, the
cancellous allograft is tightly packed into patients’ calcaneus
bone in accordance with the surgeon’s preference. No bone graft
is performed in the group B, which reached the height of
calcaneus.
2.3. Rehabilitation

In the 2 groups, the patients will follow the standard
postoperative protocols. On the third day after operation, the
patients begin to walk without weight-bearing. When the patient
can tolerate, the mobilization trainings of subtalar and ankle joint
will be begun. After 6 weeks, patients begin to conduct gradual
weight-bearing, starting at 25 percent of their weight. Complete
weight bearing is allowed after twelve weeks, provided that the
stabilized and reduced fracture position is still unchanged, and
that there are clinical radiological signs of the bone healing at the
time (no tenderness, swelling or pain at the site of the clinical
fracture, and no fracture line is visible on the X-rays).
2.4. Outcomes

Both subjective and objective outcome-scoring systems will be
assessed in our study. The CT scan and radiographs are utilized to
evaluate the degree of fracture reduction and whether to maintain
fracture reduction. Patients are asked to finish 2 questionnaires,
namely, AmericanOrthopaedic Foot and Ankle Society score and
short form 36. short form 36 is a recognized result module of
patient and AFASS is a result evaluation by a tested physician.
The ranges of motion of the ankle and the subtalar joint will be
also measured. Postoperative complications such as deep
infection, wound infection, and wound edge necrosis, the injury
of sural nerve, and hematoma are recorded.t

2.5. Statistical analysis

The statistical analysis can be carried out through applying the
software of SPSS v. 24 (IBM Corp., Armonk, NY) for Windows.
The continuous data with normal distribution can be represented
as mean ± SD. The non-paired t test and Mann-Whitney U test
are respectively utilized for the comparison of continuous
variables with near normal distribution and non-normal
distributions. The classification data are analyzed statistically
with Fisher exact test or Chi-square test. P value less than .05
suggests that there is statistical significance.
3. Discussion

The treatment of displaced intra-articular calcaneal fractures is
still controversial. Nonsurgical treatment may be recommended
for patients with minor intra-articular displacement and patients
with surgical contraindications. Buckley et al believed that ORIF
have better functional effects on the treatment of displaced intra-
articular calcaneal fractures than non-surgical treatment. At
present, ORIF is regarded as a reference standard in treating the
DIACFs, as anatomical reduction is important for a good
functional outcome of the foot and ankle. Whether bone graft is
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needed in treating the DIACFs is still controversial. In our study,
we will explore the results of 2 approaches for the DIACFs
surgical treatment (ORIF with or without bone grafts). Our
experiment can provide significant information on the necessity
of bone graft in DIACFs internal fixation treatment.
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