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Abstract

Displaced intra-articular calcaneal fractures pose significant challenges due to their
complex anatomy and potential complications associated with traditional open reduction
and internal fixation (ORIF). Minimally invasive techniques have emerged as promising
alternatives, but achieving anatomical reduction and stable internal fixation remains a
hurdle. Here we present a novel minimally invasive approach utilizing the Vertebral Body
Stenting System (VBS) for treating a displaced intra-articular calcaneal fracture. A 49-year-
old male with a Sanders type IV fracture underwent a minimally invasive percutaneous
lateral approach. Fracture fragments were reduced under fluoroscopy using periosteal
elevator, K-wires, and a Steinmann pin. An inflatable VBS was introduced into the fracture
gap and expanded to achieve reduction and restore the crucial angle of Gissane. Radiopaque
cement was injected to fill the void and provide additional stability. Postoperative imaging
demonstrated good anatomical reduction and restoration of the crucial angle. At two months
follow-up, the patient had no pain, good functional outcomes, and was weight-bearing
without limitations. This case report presents the successful application of a minimally
invasive VBS technique for treating a displaced intra-articular calcaneal fracture. This
approach offers potential benefits of reduced soft tissue disruption, adequate fracture
reduction, internal support without bulky hardware, and potentially faster recovery. While
further research is necessary to evaluate long-term outcomes, this case highlights the
promising potential of VBS for managing complex calcaneal fractures.

Keywords: Calcaneal fracture, Minimally invasive, Vertebral Body Stenting System, VBS,
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Introduction

Displaced intra-articular calcaneal fractures present a significant challenge due to complex anatomy and
potential complications associated with traditional open reduction and internal fixation (ORIF). Minimally
invasive techniques have emerged as promising alternatives, offering benefits like reduced soft tissue
dissection, faster recovery, and earlier weight-bearing. Calcaneus fractures accounts approximately up to 2%
of all fractures. A displaced intra-articular fracture constitutes up to 75% of calcaneus fractures and it

represents about 60 % of all tarsal fractures in adults. [1]

Treating displaced intra-articular fractures of the calcaneus remains an obstacle for the orthopaedic surgeons.
The impact of conservative management on functional status is widely acknowledged. Problems with soft

tissues and insufficient reduction of fractures impede the surgical technique [2].

The use of percutaneously placed axial pins for the reduction of calcaneal fractures was first described in
1934 by Westheus [3]. Minimally invasive approaches for displaced intra- articular calcaneal fractures have
been increasingly described recently. These techniques are associated with less soft tissue dissection and
surgical complications when compared with extensile approaches, and allow for earlier return to activity,
weight bearing and good functional outcomes. To allow for a better manipulation of the fracture, minimally
invasive technique is considered as a better option to be obtained within the first two weeks of injury as the
fragments are still not consolidated and this will result with an effective manipulation of the fracture

fragments [4].

A minimally invasive method approach that should help with these issues is discussed in our case report.

Case Presentation

A 49-year-old male with a history of tobacco smoking, presented to our institution one week after sustaining
a fall from a height of one meter, landing directly on his left heel. His primary complaint was significant left

foot pain. He had previously sought treatment at another hospital, but desired a second opinion.

On initial presentation, the patient wore a below-knee backslab. Upon removal, moderate swelling and
ecchymosis were evident over the left medial ankle and foot. Notably, fracture blisters and open wounds
were absent. Comprehensive physical examination revealed no signs or symptoms of compartment

syndrome. Pulses and neurological status were intact. Importantly, the "wrinkle sign™ was not yet present,
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indicating that the soft tissue condition was not yet optimal for surgical intervention.

Therefore, the patient was managed conservatively with ice therapy, elevation, and re-application of the

backslab to facilitate soft tissue swelling reduction and pain management.

Radiographic assessment confirmed the diagnosis of an intra-articular calcaneal fracture. This was
characterized by disruption of the Bohler angle and an increase in the Gissane angle, suggestive of posterior

facet height loss (Figures 1 and 2). No extension into the calcaneocuboid joint was identified.

Figure-1 Figure-2

CT Findings

A computed tomography (CT) scan was performed to delineate the precise fracture anatomy, classify the

fracture pattern according to the Sanders system, and inform treatment strategy.

The CT images revealed a Sanders type IV fracture, characterized by three fracture lines and four main
posterior facet fragments (Figures 3 and 4). This complex fracture pattern demonstrates disruption of both
the intra-articular and extra-articular components of the calcaneus. Furthermore, the crucial angle of Gissane
measured approximately 165 degrees (Figure 5). This value significantly exceeds the normal range of 115-
145 degrees, indicating significant posterior facet height loss and a potential for compromised joint congruity

and long-term functional outcomes.
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Figure 3 Figure-4 Figure-5

Surgical Technique

One week following the initial presentation, the patient underwent a planned surgical procedure for definitive
fracture reduction and stabilization. A minimally invasive approach, carefully weighed against the potential
benefits of open reduction, was chosen due to the anticipated advantages in terms of soft tissue preservation

and faster recovery.

The patient was positioned supine on a radiolucent table, facilitating fluoroscopic imaging throughout the
procedure. Spinal anesthesia was administered, ensuring adequate analgesia while maintaining patient
cooperation. A sandbag was placed under the left hip to optimize surgical exposure and access to the fracture
site. Prior to draping, meticulous verification confirmed that patient positioning did not restrict fluoroscopic

visualization angles.

Prophylactic antibiotic administration (Cefazolin 2 g 1V) was initiated on the operating table to prevent
potential surgical site infections. Standard sterile draping and preparation protocols were followed to ensure

a sterile surgical field.

Reduction Technique

The minimally invasive fracture reduction employed a meticulous sequence of maneuvers to achieve optimal
anatomical restoration. Initial reduction of the lateral and medial walls of the calcaneus was facilitated using
pelvic reduction clamp over a soft tissue protection. This maneuver enabled us to reduce the blowout lateral
wall which was evaluated by fluoroscopic guidance. Following lateral wall reduction, a single Steinmann pin
was employed to maintain the alignment and act as a "joystick" for further adjustments. The pin was inserted

medially and advanced laterally in the most posterior part of the calcaneus away from fracture to effectively
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restore the calcaneal length. A Steinmann pin holder provided additional control during this maneuver to
prevent varus. To address the posterior facet depression, a small (approximately 1 cm) lateral stab incision
was created. An AO periosteal elevator was then introduced through the fracture gap, ensuring minimal soft
tissue disruption. This instrument facilitated mobilizing the fragments and elevation of the depressed
posterior facet fragment, restoring its anatomical position. After elevation of the facet and reducing the
crucial angle of Gissane, gap was created and before introducing the stent four Kirschner wires (K-wires)
was strategically placed at the inferior part of the defect from medial to lateral in one row, the purpose was
to introduce the stent above it and during inflation to direct the force only upward to reduce and hold the
posterior facet in its anatomic position. An intraoperative X-ray confirmed the preliminary reduction and

restoration of the crucial angle of Gissane closer to the normal range.

Introducing the Vertebral Body Stenting System (VBS) for Intra-Articular Calcaneal Fracture
Reduction:

To further stabilize the fracture and maintain the restored articular congruity, the minimally invasive
procedure incorporated the use of Vertebral Body Stenting System (VBS) from DePuy Synthes. Then 4 K-
wires was introduced from lateral to medial at the inferior part of the created gap to prevent inferior
displacement of the stent. Through the previously created lateral stab incision, a medium-sized Vertebral
Body Stent with Balloon was introduced into the fracture void. This pre-inflated stent, with a maximum
volume of 4.5 ml and maximum inflation pressure of 30 ATM, served as a crucial tool for both reduction
and internal support. Inflation proceeded under fluoroscopic guidance, gradually increasing pressure until an
appropriate resistance was encountered at around 20 ATM (Figure 7). The inflated stent acted as a highly
effective reduction tool. Its expandable nature compacted the softer inner bone within the calcaneus,
simultaneously creating a void space and elevating the depressed posterior facet fragment back to its
anatomical position (Figures 9, 10, 11, and 12). This restoration of height and improved articular surface
alignment contributed significantly to fracture stabilization were the inferiorly placed K-wires prevented
downforce. Following successful VBS deployment, and stent visualization to be holding the reduction
radiopaque, injectable polymethyl methacrylate cement (VERTECEM V+ CEMENT KIT) from DePuy
Synthes was utilized as a void-filling agent. Under fluoroscopic control, 4 ml of cement (2 syringes) were
injected into the newly created cavity within the calcaneus (Figure 8). This cemented augmentation provided

additional stability and maintained the fracture reduction. After a ten-minute cement curing period, the
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temporary Kirschner wires were safely removed. The surgical site was meticulously closed, dressed, and

supported with a below-knee backslab for additional immobilization. Final intraoperative radiographs

confirmed satisfactory reduction, restoration of the crucial angle of Gissane, and appropriate cement
distribution (Figures 13 and 14).

Figure-7 Figure-8 Figure-9

Figure-10 Figure-11 Figure-12
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Figure-13 Figure-14

Postoperative Care and Optimizing Recovery and Monitoring Outcomes

Following the minimally invasive procedure, the patient's care focused on optimizing recovery and
preventing potential complications. Thromboembolic prophylaxis with anticoagulants was resumed 12 hours
postoperatively, Patient did not require much pain control and he was discharged home on the first
postoperative day. Strict non-weight bearing on the left lower limb was enforced for the initial two weeks to
allow for undisturbed fracture healing and soft tissue recovery. Regular follow-up appointments were
scheduled within the orthopedic foot and ankle clinic to monitor progress and address any emerging concerns.
Thromboembolic prophylaxis with Enoxaparin (40 mg once daily subcutaneously) was continued for two
weeks following discharge. The dressing clinic visit within the first week confirmed no signs of infection or
complications. Suture removal was performed at the two-week mark, revealing a well-healed wound with no
soft tissue issues. After the initial non-weight bearing period, the patient progressed to partial weight bearing
for gradual return to mobility. Follow-up radiographs (Figures 15, 16, and 17) were obtained to assess
fracture alignment and stability. Additionally, a CT scan was performed within three weeks postoperatively
(Figures 18, 19, 20, and 21) for in-depth evaluation of the internal components and fracture healing process.
The crucial angle of Gissane on the follow-up CT scan measured approximately 145 degrees (Figure 22),
indicating near-anatomical restoration of the posterior facet and a significant improvement from the initial
measurements. Overall, the patient's postoperative course was uneventful, with no reported complications or
concerns. Continued follow-up appointments and imaging at scheduled intervals will be crucial to monitor

long-term fracture healing, maintain optimal outcomes, and address any potential issues that may arise.
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The calcaneus plays a crucial role in weight bearing, gait, and mobility, contributing significantly to 80% of
total body weight distribution. Achieving an anatomically congruent subtalar joint is paramount for restoring
optimal hind foot and ankle function. Displaced intra-articular calcaneal fractures, however, present a
complex challenge due to their potential to cause long-term disability, chronic pain, and impaired functional

outcomes [5].

Treatment strategies for these fractures remain a topic of debate, with both conservative and surgical
approaches employed. Traditionally, open reduction and internal fixation (ORIF) combined with primary
subtalar arthrodesis was the gold standard, achieving good-to-excellent outcomes in 60-85% of cases [9,
10,11]. However, concerns regarding extensive soft tissue dissection, hardware complications, and potential
for iatrogenic neurovascular injury have prompted exploration of alternative techniques like sinus tarsi
approach, nevertheless some articles in literature addressing the MIS approach to treated these notorious
fractures. The use of vertebroplasty balloons have been mentioned but very seldom and was not popularized.
This case report presents a novel application of the Vertebral Body Stenting System (VBS) and not only the
balloon which in our opinion significantly improve the reduction especially with the inferior buttressing with
K-Wires. We believe the VBS, which was originally designed for spinal stabilization in osteoporotic or acute
vertebral body fractures, offers several advantages over traditional ORIF in calcaneal fractures. Furthermore,
percutaneous access reduces soft tissue disruption, potentially minimizing wound healing complications,
infection risk, and pain. The VBS's expandable stent facilitates targeted manipulation of fracture fragments
under fluoroscopic guidance, allowing for accurate restoration of the articular surface. The stent provides
internal stability without bulky implants, reducing the risk of hardware-related complications like migration
or loosening. Minimized soft tissue disruption and reduced surgical trauma may contribute to faster recovery

and earlier weight-bearing.

While literature on this new technique remains limited, initial reports from Gupta et al. [16] and Jacquot and
Atchabahian [17] demonstrate promising outcomes in terms of bone healing and complication rates. But to
our knowledge no other case was discussing the used of the stunting system compared to balloon only and

non was utilizing the inferior K-wire buttressing.
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Figure 15

Figure-16 Figure-17 Figure-18

Figure-19 Figure-20 Figure-21
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Figure-22

Future Directions

Further research is warranted to evaluate the long-term efficacy and safety of the VBS technique for calcaneal
fractures. Additionally, exploring alternative void-filling materials like calcium phosphate/sulfate bone
substitutes instead of PMMA cement holds potential, particularly for younger patients, due to their favourable

clinical and radiological profiles [18,19 ].

Important Practice Points from our Case Report

1. Minimal invasive VBS technique offers a promising alternative to traditional ORIF for displaced intra-
articular calcaneal fractures. Percutaneous access minimizes soft tissue disruption, potentially leading to

faster recovery, reduced pain, and lower risk of wound complications.

2. The VBS's expandable nature allows for targeted manipulation and adequate restoration of the articular
surface under fluoroscopic guidance. This precise reduction is crucial for achieving optimal functional

outcomes and minimizing long-term complications like post-traumatic arthritis.

3. The VBS provides internal stability without the need for extensive hardware, reducing the risk of
hardware-related complications like migration or loosening. This may contribute to improved long-term

implant survivorship and potentially facilitate future hardware removal if desired.

4. Minimized surgical trauma and soft tissue disruption associated with the VBS technique may lead to
faster recovery, less pain, lower complications, less OR time, less expensive and earlier weight-bearing

compared to traditional ORIF, which can significantly improve patient quality of life and functional
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outcomes.

5. Further research is necessary to evaluate the long-term efficacy and safety of the VBS technique for
calcaneal fractures. Exploring alternative void-filling materials like calcium phosphate/sulfate bone
substitutes holds potential, especially for younger patients, due to their favorable clinical and radiological

profiles.

Conclusion

A novel minimally invasive VBS technique “stinting” successfully treated a displaced intra-articular
calcaneal fracture in our patient. This approach offers reduced tissue disruption, adequate reduction, and
internal support without bulky hardware, potentially leading to faster recovery. While further research is

needed, this case highlights the promising potential of VBS in managing complex calcaneal fractures.
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