
Author’s Photo Gallery

70

Dr. Claris Jia-Yi ShiDr. Ping Yen Yeo Dr. Derek Howard Park

Case Report

Access this article online

Website:
www.jocr.co.in

DOI:
https://doi.org/10.13107/jocr.2025.v15.i08.5888

1Department of Orthopaedic Surgery, Khoo Teck Puat Hospital, Singapore, 
²Gleneagles Medical Centre, Singapore.

Address of Correspondence: 
Dr. Ping Yen Yeo, 
Khoo Teck Puat Hospital, Singapore. 
E-mail: pingyenyeo@gmail.com

2025 Journal of Orthopaedic Case Reports  Published by Indian Orthopaedic Research Group    |

Dr. Rex Premchand Antony 
Xavier

Journal of Orthopaedic Case Reports 2025 August:15(8):Page 70-75 

1 1 2  1Ping Yen Yeo , Claris Jia-Yi Shi , Derek Howard Park , Rex PremchandAntony Xavier

Introduction: Intra-articular calcaneal fractures are generally treated with open reduction and internal fixation in order to restore calcaneal 
anatomy as well as subtalar and calcaneocuboid joint congruency. Bone loss is common due to the impaction of cancellous bone beneath the 
posterior facet as a result of axial loading. Critical-sized bone defects are commonly addressed with the Masquelet “induced membrane 
technique” incorporating autogenous or allogenous bone graft. Synthetic bone scaffolds are readily available and customizable through three-
dimensional (3D) printing. This case report describes the novel use of a custom 3D-printed polycaprolactone-tricalcium phosphate (PCL-
TCP) scaffold (Osteopore®) in conjunction with the Masquelet technique in the management of a critical-sized bone defect for a patient with an 
open intra-articular calcaneal fracture.
Case Report: A gentleman sustained an open right calcaneal intra-articular fracture after a fall from height. The fracture was initially stabilized 
with a joint spanning external fixator while the patient underwent multiple surgeries for wound debridement and insertion of cement spacer. The 
skin defect was covered using a contralateral anterolateral thigh flap and the external fixator was converted to an Ilizarov circular frame 1 month 
after soft-tissue reconstruction surgery. Ten weeks after the initial injury, a custom scaffold was utilized to fill the bone defect encapsulated by a 
pseudomembrane formed by the cement spacer from earlier surgeries. Autogenous bone graft and BMAC was harvested from the ipsilateral iliac 
crest and packed into the scaffold. A cancellous screw was inserted, from the posterior calcaneal tuberosity through the subtalar joint into the 
talus, to anchor the scaffold. The Ilizarov frame was removed 3 months later. The bone defect was adequately addressed resulting in good 
restoration of calcaneal anatomy as well as joint congruency. At 3 years post-operation, the patient is ambulant without walking aids, reports 
minimal pain, and remains infection-free. Repeat radiographs show callus formation, bony fusion, and graft incorporation.
Conclusion: This case report shows promising early results from the use of a custom PCL-TCP scaffold (Osteopore®) in conjunction with the 
Masquelet “induced membrane” technique in the management of a critical-sized bone defect for a patient with an open intra-articular calcaneal 
fracture.
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Abstract

Learning Point of the Article:
The use of custom 3D-printed scaffolds (Osteopore®) may be considered in the management of critical-sized bone defects in 

calcaneal fractures.

The Novel Use of a Custom Three-Dimensional-Printed 
Polycaprolactone-Tricalcium Phosphate Synthetic Bone Scaffold 

(Osteopore®) in the Management of a Critical-Sized Bone Defect for a 
Patient with an Open Intra-Articular Calcaneal Fracture – A Case Report
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Introduction
Calcaneal fractures are challenging to treat and associated with 
high morbidity and socioeconomic costs [1-3]. Displaced intra-
articular fractures are generally treated with open reduction and 
internal fixation to restore calcaneal width, height, and 
alignment as well as subtalar and calcaneocuboid joint 
congruency [4]. Critical-sized bone defects are common in 
intra-articular calcaneal fractures due to the impaction of 
cancellous bone beneath the posterior facet as a result of the 
axial loading mechanism of injury [2,5]. While controversial, 
such bone defects are commonly addressed with the use of 
autogenous and allogenous bone grafts [3]. Synthetic bone 
scaffolds have gained traction in recent decades due to their 
abundant availability and ease of customization facilitated by 
technological advances such as in three-dimensional (3D) 
printing [6-8]. This case report describes the novel use of a 
Food and Drug Administration and Health Sciences Authority-
approved custom biodegradable polycaprolactone (PCL)-
tricalcium phosphate (TCP) synthetic bone scaffold 
(Osteopore®) in conjunction with the Masquelet “induced 
membrane” technique in the management of a critical-sized 
bone defect in a patient with an open intra-articular calcaneal 
fracture.

Case Report
A 45-year-old gentleman sustained a Gustilo-Anderson 3B 
open right calcaneal intra-articular fracture after a fall from 
height of approximately 3 m. There were no other bony injuries 
besides the calcaneal fracture. The calcaneal fracture was 
initially stabilized with a joint spanning external fixator while 
the patient under went multiple surgeries for wound 
debridement. K-wires were used to reconstruct the subtalar 

joint, and a cement spacer was utilized to fill the significant bone 
void (Fig. 1 and 2). Twenty days after the initial injury, the large 
skin defect was covered using a contralateral anterolateral thigh 
flap. The external fixator was converted to an Ilizarov circular 
frame 1 month after soft-tissue reconstruction surgery. 
Approximately 10 weeks after the initial injury, a biodegradable 
PCL-TCP synthetic bone scaffold (Osteopore®) was utilized to 
f i l l  the critical-sized bone defect encapsulated by a 
pseudomembrane formed by the cement spacer from earlier 
surgeries (Fig. 3). The scaffold was a custom 3D-printed 
cuboid-shaped block measuring approximately 8 × 4 × 4 cm 
which was further cut to fit the exact bony defect. The 
approximate size of the scaffold needed was based on estimates 
of the size of the bone defect from pre-operative computed 
tomography (CT) scans. Autogenous bone graft and bone 
marrow aspirate concentrate (BMAC) was harvested from the 
ipsilateral iliac crest and packed into the porous scaffold (Fig. 4). 
A 6.5 mm cancellous screw was inserted, from the posterior 
calcaneal tuberosity through the subtalar joint into the talus, to 
anchor the scaffold (Fig. 5). The Ilizarov circular frame was 
removed 3 months later. Subsequently, the patient underwent 
elective removal of the right calcaneal screw and liposuction-
assisted debulking of right foot flap 1 year postoperatively.
There was good restoration of calcaneal width, height, and 
alignment as well as subtalar and calcaneocuboid joint 
congruency. The critical-sized bone defect was adequately 
addressed with the use of the synthetic scaffold in conjunction 
with the Masquelet “induced membrane” technique 
incorporating autogenous iliac crest bone graft and BMAC. At 3 
years post-operation, the patient is ambulant without walking 
aids, reports minimal pain, and remains infection-free. The 
surgical wounds are well healed, and the flap is healthy (Fig. 6). 71
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Figure 3: Intraoperative photo showing Osteopore® 
scaffold packed into bone defect.

Figure 1: Intraoperative photo demonstrating 
significant bone void.

Figure 2: Intraoperative fluoroscopic image 
demonstrating significant bone void.
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Repeat radiographs and CT scans show callus formation, bony 
fusion, and graft incorporation (Fig. 7 and 8). While there is 
some degree of interval collapse of the calcaneal height as well as 
subtalar and calcaneocuboid arthritis, the use of the synthetic 
scaffold provided a significant restoration of height as 
compared to the index injury radiographs.

Discussion
Historically, calcaneal fractures were almost exclusively treated 
conservatively and resulted in poor outcomes [9]. Despite 
i m p roved  u n d er stan d i ng  o f  f rac t u re  anato my  an d 
advancements in radiological and surgical capabilities, there is 
still no consensus on optimal treatment. Gougoulias et al. 
highlighted uncertainty whether general health outcome 
measures, injury specific scores and radiographic parameters 
improve with operative management, and whether the benefits 
of surgery outweigh the risks [10]. However, other studies have 

found better restoration of anatomy [11], improved patient-
reported visual analogue pain, and functional scores such as the 
36-item short form survey (SF-36) score [12], improved shoe-
wear and walking [1], as well as reduced incidence of post-
traumatic subtalar arthritis [1,13] with operative management. 
Amidst this debate, there is an apparent trend toward operative 
management of displaced intra-articular calcaneal fractures 
[12]. The decision for operative management in this case was 
made because it involved an open intra-articular calcaneal 
fracture with a critical-sized bone defect.

Bone loss in calcaneal fracture is a common problem arising 
from the impaction of cancellous bone beneath the posterior 
facet as a result of the axial loading mechanism of injury [2, 5]. 
There is further controversy over whether bone grafting is 
necessary, with proponents citing improved bone healing and 
better mechanical strength [14,15], while opponents highlight 
high infection rates, donor site morbidity, increased pain, and 
good healing with internal fixation even without bone grafting 
due to high calcaneal vascularity [16-19]. A recent meta-
analysis concluded that further substantiation is required for 
the routine use of bone graft in operative management of 
calcaneal fractures due to the lack of significant differences in 
restoration of calcaneal height, American Orthopedic Foot and 
Ankle Society hindfoot scores, Maryland foot evaluation, and 
rate of wound infection [20]. When the degree of bone loss is 
significant enough to cause a critical-sized bone defect – 
defined as those that are unlikely to heal spontaneously within 
the patient’s lifetime without intervention – bone grafting is 
often necessary [21]. In this case, there was a critical-sized bone 
defect in the calcaneum, and local vascularity was disrupted due 
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Figure 5: X-ray of final fixation construct.
Figure 4:  Intraoperative photo show ing 
Osteopore® scaffold packed with bone graft.

Figure 6: Clinical photo showing healed surgical 
wounds and well taken flap.

Figure 7: Post-operative X-ray.
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to the significant soft-tissue injury.
Various techniques have been described to address critical-
sized bone defects. As bone healing requires osteogenesis, 
osteoinduction, and osteoconduction [22], techniques are 
often combined to maximize success. The Masquelet “induced 
membrane” technique is a two-stage procedure that first uses a 
cement spacer to induce the formation of an osteogenic and 
osteoinductive fibrous membrane followed by bone grafting 
[21]. Autogenous bone grafts such as cancellous bone graft 
from the iliac crest remain the preferred choice as an osteogenic 
bone void filler, while structural grafts such as a free 
vascularized fibula grafts provide additional osteoconductivity. 
Allogenous bone grafts are an excellent alternative due its 
availability and abundance. Specific to the management of 
critical-sized bone defects in calcaneal fractures, the use of 
osteoconductive synthetic bone-graft substitutes such as TCP 
products has yielded good results [15,23-25], while 
circumventing the common problems with allografts such as 
host reaction to foreign antigens and the risk of disease 
transmission [21,26,27], or autografts such as donor site 
morbidity and pain [17,28]. Platelet-rich-plasma has also been 
used in addition to allografts to promote osteoinduction [29].
In recent decades, synthetic scaffolds are becoming increasingly 
popular due to the ability to customize them using 3D-printing 
in order to promote osteoconduction for large segmental bone 
defect [30,31]. Scaffolds serve as carriers for bone graft and act 
as templates for tissue growth and remodeling, optimizing the 
physical environment for bone regeneration [32]. PCL is a 
popular biopolymer for synthetic scaffolds due to its excellent 
biocompatibility and biodegradability [33]. The use of PCL-
TCP scaffolds and meshes has been well-described in 
ophthalmic surgery [34], neurosurgery [35], and craniofacial 

surgery [36]. In the field of orthopedic surgery, Kobbe et al. 
described an effective amalgamation of these techniques in the 
managing a critical-sized bone defect in a patient with an open 
femoral shaft fracture. A patient-specific PCL-TCP scaffold 
(Osteopore®) that f itted the anatomical defect and 
intramedullary nail used for fixation was utilized in conjunction 
with the Masquelet “induced membrane” technique involving 
autogenous bone graft harvested using the reamer-irrigator-
aspirator system and bone morphogenetic protein-2. At 12 
months post-operation, radiographs showed shows advanced 
bony fusion and bone formation inside and outside the fully 
interconnected scaffold architecture [37]. Laubach et al. also 
published good early outcomes from the use of scaffold guided 
bone regeneration using customized synthetic scaffolds 
(Osteopore®) combined with autologous bone grafting in four 
patients with complex post-traumatic long bone defects [32]. 
Post-operative radiographs and/or CT scans showed bony 
consolidation and scaffold incorporation, and all four patients 
were able to ambulate pain-free.
Similarly, this case report demonstrates the effective use of a 
custom scaffold in conjunction with the Masquelet “induced 
membrane” technique involving autogenous bone graft and 
BMAC in managing a critical-sized bone defect, this time in the 
context of an open calcaneal fracture. At 3 years post-operation, 
although there is radiographic collapse of the fracture reduction 
as well as subtalar and calcaneocuboid arthritis, the patient is 
ambulant with minimal pain, does not require walking aids, and 
has returned to work.

Conclusion
This case report shows promising early results from the novel 
use of a custom biodegradable PCL-TCP synthetic bone 
scaffold (Osteopore®) in conjunction with the Masquelet 
“induced membrane” technique in the management of a 
critical-sized bone defect for a patient with an open intra-
articular calcaneal fracture.

Clinical Message

Critical bone defects are a common problem in intra-articular 
calcaneal fractures. When faced with this clinical issue, readers may 
consider the technique described in this case report. The use of a 
custom scaffold in conjunction with the Masquelet “induced 
membrane” technique has been shown to be effective in the 
management of a calcaneal fracture with critical bone defect.
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Figure 8: Post-operative computed tomography scan.
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