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ARTICLE INFO ABSTRACT

Keywords: Introduction and importance: Massive segmental bone defects constitute a complex therapeutic challenge. The
Capanna most widely-accepted techniques to address such defects, i.e., distraction osteogenesis and vascularized bone
Bone defect grafts, are associated with significant limitations. The Capanna technique, which combined a structural allograft
Reconstruction . . . . . .

Arthrodesis with a vascularized fibular graft, has emerged as an effective alternative for cancer patients. However, few re-

ports exist on its use outside this context. The case presented here extends the indications of the Capanna
technique to the traumatic scenario, where it can also allow preservation of the joint.

Presentation of case: 63-year-old male with an open IIIC fracture of the right distal tibia also involving the ankle
joint that was sustained in a high-energy motor vehicle accident. Following a damage-control surgery and a
rectosigmoid tumor resection, the 12 cm bone defect was addressed by means of the Capanna technique. A
structural tibia allograft was used in combination with a contralateral vascularized fibular graft, both of which
were fixed with an anterolateral plate. Bone transport and arthrodesis were ruled out. The patient’s clinical
course was favorable, with healing of the graft and an acceptable outcome in terms of function and joint range of
motion.

Clinical discussion: This case highlights the versatility of the Capanna technique, showing that it can effectively be
used outside the oncologic scenario, to address post-traumatic defects with joint involvement.

Conclusion: Use of the Capanna technique without recourse to arthrodesis appears to be a valid alternative in the
treatment of intra-articular post-traumatic bone defects.

Intra-Articular Fractures
case report

1. Introduction cancer patients undergoing chemotherapy. The vascularized graft in-

duces revascularization and osteogenesis while the structural allograft

Segmental bone defects constitute a significant therapeutic challenge
for the orthopedic surgeon. The wide variety of techniques used for
managing them together with the absence of a treatment that can be
regarded as the gold standard make the challenge even more formidable
[1,2]. The two most commonly used techniques for managing defects
larger than 5 cm are distraction osteogenesis with an external fixator
and vascularized bone grafts, although both are associated with limi-
tations such as protracted treatment times in the case of the former and
poor mechanical stability in the case of the latter [2].

The technique developed by Capanna [3], which combines a vas-
cularized graft with a structural allograft, has been shown to be effective
in the context of complex reconstructions, particularly in the case of

provides mechanical stability. Over time, the allograft progressively
resorbs while the vascularized graft hypertrophies and gradually as-
sumes the mechanical and biological functions of the reconstructed
segment [4].

This is a case where the Capanna technique rather than an arthrod-
esis was successfully applied to address a traumatic segmental bone
defect in the distal tibia also involving the ankle joint. To the best of the
authors’ knowledge, this is the only report in the literature with these
characteristics. This case report has been reported in line with the
SCARE checklist [5].
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2. Presentation of case

The patient was a 63-year-old male who, after sustaining a high-
energy motor vehicle accident, was admitted to the emergency depart-
ment. The patient presented with an open grade IIIC metaphyseal-
diaphyseal fracture of the right distal tibia that also involved the ankle
joint (Table 1).

On the day of admission, a damage-control surgery was performed
where an artery bypass was conducted to revascularize the foot together
with an aggressive debridement. The resulting 12 cm bone defect was
obliterated with vancomycin and gentamycin-loaded cement (Vanco-
genx, Tecres, Sommacampagna, Italy) and stabilized with an external
fixator (Hoffmann III, Stryker Corp, Portage, USA). The soft tissues were
treated with vacuum-assisted closure (VAC) therapy (Fig. 1).

Two days later, a new debridement of the necrotic bone was carried
out until viable bone was encountered (paprika sign); the cement spacer
was also replaced (Fig. 2). In addition, the soft tissue defect was covered
with a free latissimus dorsi flap by a plastic surgeon.

Table 1
Case timeline.
Date Event
Day 0 Patient sustains his fracture
Day 0 Initial WBCT* scan showing a rectosigmoid tumor
Day 0 Damage-control surgery (debridement + external fixator)
Day 2 Second debridement and cement spacer replacement
Day 2 Coverage of soft tissue defect with free latissimus dorsi flap
Day 79 Resection of rectosigmoid neoplasm
Day 134 Removal of external fixator, pin site debridement and placement of a
plaster cast.
Day 146 Tibial reconstruction with Capanna technique.
Day 146 Positive samples for S. aureus: antibiotic treatment for 8 weeks
Day 232 Normal blood work
Day 237 Progressive weight-bearing authorized
Day 511 Full weight-bearing. Discomfort following long walks. No functional

limitations.

# Whole-body computed tomography.

T
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The CT-scan performed on admission revealed a non-occlusive rec-
tosigmoid neoplasm. As no metastasis was present, it was decided to
resect the neoplasm, which made in necessary to postpone the second
reconstructive stage until the patient was clinically stable.

Finally, final reconstruction through the Capanna technique was
performed four months after the accident. Twelve days before, a prior
surgical step was carried out consisting of removal of the external fix-
ator, debridement of the pin sites, and immobilization of the limb with a
plaster cast. During the Capanna procedure, the cement spacer was
removed and a debridement of the tibia was carried out until viable bone
was encountered. The resulting bone defect was filled with a tibial shaft
allograft obtained from a tissue bank (State Blood & Tisue Bank, Spain).
A “trench” was cut into the allograft to accommodate a vascularized
fibular graft from the contralateral side (Fig. 3). This graft, which was
placed in direct apposition to both tibial fragments, was anastomosed
termino-terminally to the anterior tibial artery and its accompanying
veins. To allow postoperative monitoring of viability, the graft included
an island skin flap. Fixation was completed with an anterolateral distal
tibial plate (ALPS, Zimmer Biomet, Warsaw, USA) (Fig. 4).

The immediate postoperative course was encouraging, with proper
vascularization of the fibular graft, good tolerance to rehabilitation and
satisfactory radiographic results. The samples obtained intraoperatively
were positive for Staphylococcus aureus, but the infection was effectively
treated with an 8-week-long course of levofloxacin (750 mg/12 h) and
rifampicin (600 mg/24 h). Proprioceptive weight-bearing was intro-
duced gradually from the third month post-op. At one year, the patient
was able to walk with full weight-bearing, without any significant
functional limitations, except for some occasional discomfort when
walking long distances. Fig. 5 shows satisfactory graft integration and no
signs of hardware failure; however, a syndesmosis injury is visible and
should be monitored. If the patient develops symptoms of instability or
discomfort in the future, treatment with a trans-syndesmotic screw
should be considered. The flap healed satisfactorily and ankle range of
motion was 5° dorsal flexion and 20° palmar flexion. Long-term follow-
up was not possible due to patient relocation.

:

Fig. 1. Radiographs performed following the damage-control procedure showing a bone defect resulting from the initial debridement as well as the external fixator

(Hoffmann III, Stryker Corp, Portage, USA) used to stabilize the ankle.
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Fig. 3. (a) Tibial segment obtained from a tissue bank (State Blood & Tissue Bank, Spain) from which the structural allograft was obtained (left); (b) vascularized

fibular graft from the contralateral leg including an island skin flap (right).

3. Discussion

The case presented here constitutes, to the best of the authors’
knowledge, the first report in the medical literature on the use of the
Capanna technique to reconstruct a segmental bone defect in the distal
tibia also involving the ankle joint, without recourse to arthrodesis. It is
also one of the few cases where the technique, originally developed to
mechanically reinforce vascularized fibular grafts in patients where
chemotherapy led to a higher risk of fracture and nonunion, was used
outside the context of oncology [3,4,6-8].

The authors evaluated several techniques as options for recon-
structing the affected limb, including bone transport. Although this

procedure is currently considered the gold standard [2], it is associated
with several important limitations, including the need for prolonged use
of external fixators, the high risk of pin tract infection and fractures of
the regenerate, and the unpredictability of union rates at the docking
site [1,4]. The 12 cm defect described in the present report would
require an excessively prolonged external fixation time, which was un-
feasible in this case given the patient’s reluctance to wear a fixator due
to the discomfort generated by the distal pins.

The Masquelet technique [9], which consists of inducing a pseudo-
synovial membrane through the local tissue reaction to a cement
spacer, followed by the placement of bone allograft into the resulting
cavity, was also considered. However, this option was ultimately
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Fig. 4. Image showing the vascularized fibular graft lodged in the structural
allograft’s intramedullary canal. Fixation was obtained with an anterolateral
plate (ALPS, Zimmer Biomet, Warsaw, USA).

discarded due to the massive size of the defect—which raises concerns
about the quality of the regenerated bone [10]—and the significant peri-
articular involvement present in this case.

Another option reviewed was the use of structural bone allografts,
associated with such advantages as initial mechanical stability, bone
stock preservation and the possibility to actively move the adjacent
joints [11]. Nonetheless, their use in isolation has been shown to result
in high rates of infection, fracture and nonunion, which in many cases
make it necessary to subject patients to additional surgeries [4,12].

Finally, the use of a vascularized fibular graft was considered given
the intrinsic blood supply of these grafts, which endows them with an
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excellent osteogenic potential and high rates of union to the host bone
[8]. However, the limited mechanical strength of these grafts, particu-
larly in weight-bearing areas such as the tibia, means that their use
should be restricted to pediatric patients or to the upper limb [2,8].

In the face of these limitations, a decision was finally made to carry
out a biological reconstruction using the Capanna technique [3], which
combines a structural allograft with a vascularized fibular graft, har-
nessing the mechanical advantages of the former and the biological
properties of the latter. Over the first few years after the procedure, the
allograft provides structural support while the partially weight-bearing
fibular graft undergoes progressive hypertrophy. As the allograph re-
sorbs, the fibula gradually takes on its structural function [4], a synergy
that allows for faster bone healing, fewer complications, and earlier
mobilization of the affected limb [7,13]. This makes the Capanna
technique an appropriate alternative, not only for cancer-associated but
also for septic bone defects [14,15].

Application of the Capanna technique to a bone defect also involving
a joint poses an additional challenge as the reconstruction must ideally
preserve the function of the joint. Although arthrodesis is a valid
reconstructive option that is frequently resorted to in the context of
segmental defects involving the ankle [15,16], the procedure unfailingly
leads to an irreversible loss of mobility in the joint. Several authors
[16,17] have also pointed out that joint fusion increases the risk of
secondary osteoarthritis in the adjacent joints due to a phenomenon
called compensatory mechanical overload, in addition to being associated
with high rates of nonunion and considerable mortality. In the case of
our patient, it was decided not to perform an arthrodesis so as to pre-
serve the joint and avoid the long-term functional consequences
resulting from the procedure. This was possible because the authors
succeeded in preserving the talar and the distal tibial joint surfaces.
Anatomical reduction and stabilization of the joint were obtained at the
same time as the bone allograft united to the vascularized fibular graft.
Although the graft did not reach as far as the joint, the skeletal

Fig. 5. Anteroposterior and lateral radiographs performed at one year from the Capanna operation. The image shows good integration of the allograft and hy-
pertrophy of the fibular graft. Long-term follow-up was not possible due to patient relocation.
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stabilization achieved resulted in an indirect resolution of the existing
ligament instability which, together with the preservation of the joint’s
congruency, helped obtain an acceptable functional range of motion (5°
dorsal flexion, 20° plantar flexion).

As far as the specificities of the case are concerned, following
Capanna’s recommendations [3], an intramedullary configuration was
selected for the vascularized fibular graft in the allograft’s medullary
canal to ensure the stability of the union. Fixation was achieved using an
anterolateral distal tibial plate. An intramedullary configuration
allowed for a more intimate contact between the grafts and the host
bone, in addition to providing a more mechanically robust structure
[7,18]. Alternatively, Capanna also described an onlay configuration,
reserved mainly for femur reconstructions [18]. As regards the origin of
the vascularized fibular graft, although Ozaky et al. [6] proposed the use
of the ipsilateral fibula, in this case it was decided to abide by the
original Capanna technique and harvest the graft from the contralateral
side [3].

This case highlights the versatility of the Capanna technique,
showing that it can effectively be used outside the oncologic scenario,
and opens the door to it being used to address complex post-traumatic
defects, even in the presence of joint involvement. Nevertheless, a
long-term follow-up is required to monitor the extent of graft integra-
tion, the ankle’s functional evolution, and the durability of the results
obtained.

4. Conclusions

Employing the Capanna technique while avoiding arthrodesis ap-
pears to be a valid alternative in the treatment of intra-articular post-
traumatic bone defects.

CRediT authorship contribution statement

Kilian Fraga Lavia: Conceptualization, methodology, validation,
formal analysis, investigation, writing—original draft preparation,
writing—review and editing, visualization, supervision. Sergi Bar-
rantes Verdoy: Conceptualization, methodology, writing—review and
editing. Eric Ruzafa Martinez: Conceptualization, methodology, wri-
ting—review and editing. Oriol Bermejo Segi: Conceptualization,
methodology, writing—review and editing. All authors have read and
approved the final manuscript.

Informed consent

Written informed consent was obtained from the patient for publi-
cation of this case report and accompanying images. A copy of the
written consent is available for review by the Editor-in-Chief of this
journal on request.
Ethical approval

This case report was exempt from ethical approval. According to the
guidelines of the corresponding institution, single-patient case reports
without experimental intervention are exempt from ethical committee
approval. Therefore, no reference number is applicable. Written
informed consent for publication was obtained from the patient.
Guarantor

Kilian Fraga Lavia.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

International Journal of Surgery Case Reports 135 (2025) 111870
Declaration of competing interest
None.
Acknowledgments

The authors would like to thank Maria Rabanal, Pablo Roza and Elisa
Alvarez (MBA Institute Medical and Biomechanical Research Chair of
the University of Oviedo) for their assistance with the literature search,
the preparation of the tables and the drafting of the final manuscript.

References

[1] O. Ashman, A.M. Phillips, Treatment of non-unions with bone defects: which
option and why? Injury 44 (Suppl. 1) (2013) S43-545, https://doi.org/10.1016/
$0020-1383(13)70010-X.

[2] N.G. Lasanianos, N.K. Kanakaris, P.V. Giannoudis, Current management of long
bone large segmental defects, Orthop. Trauma 24 (2010) 149-163, https://doi.
org/10.1016/J.MPORTH.2009.10.003.

[3] R. Capanna, C. Bufalini, M. Campanacci, A new technique for reconstructions of
large metadiaphyseal bone defects, Orthop. Traumatol. 2 (1993) 159-177, https://
doi.org/10.1007/BF02620523/METRICS.

[4] G.N. Panagopoulos, A.F. Mavrogenis, C. Mauffrey, J. Lesensky, A. Angelini, P.

D. Megaloikonomos, V.G. Igoumenou, J. Papanastassiou, O. Savvidou, P. Ruggieri,
P.J. Papagelopoulos, Intercalary reconstructions after bone tumor resections: a
review of treatments, Eur. J. Orthop. Surg. Traumatol. 27 (2017) 737-746, https://
doi.org/10.1007/s00590-017-1985-x.

[5] A. Kerwan, A. Al-Jabir, G. Mathew, C. Sohrabi, R. Rashid, T. Franchi, M. Nicola,
M. Agha, R. Agha, Revised Surgical CAse REport (SCARE) guideline: an update for
the age of Artificial Intelligence, Premier J. Sci. (2025), https://doi.org/10.70389/
PJS.100079.

[6] T. Ozaki, A. Hillmann, P. Wuisman, W. Winkelmann, Reconstruction of tibia by
ipsilateral vascularized fibula and allograft. 12 cases with malignant bone tumors,
Acta Orthop. Scand. 68 (1997) 298-301, https://doi.org/10.3109/
17453679708996706.

[7] M. Ceruso, C. Falcone, M. Innocenti, L. Delcroix, R. Capanna, M. Manfrini, Skeletal
reconstruction with a free vascularized fibula graft associated to bone allograft
after resection of malignant bone tumor of limbs, Handchir. Mikrochir. Plast. Chir.
33 (2001) 277-282, https://doi.org/10.1055/5-2001-16597.

[8] J. Li, Z. Wang, Z. Guo, G. Chen, J. Fu, G. Pei, The use of allograft shell with
intramedullary vascularized fibula graft for intercalary reconstruction after
diaphyseal resection for lower extremity bony malignancy, J. Surg. Oncol. 102
(2010) 368-374, https://doi.org/10.1002/js0.21620.

[9] A.C.Masquelet, F. Fitoussi, T. Begue, G.P. Muller, Reconstruction of the long bones
by the induced membrane and spongy autograft, Ann. Chir. Plast. Esthet. 45 (2000)
346-353.

[10] J. Frese, A.P. Schulz, B. Kowald, U.-J. Gerlach, K.-H. Frosch, R. Schoop, Treatment
outcome of the Masquelet technique in 195 infected bone defects—a single-center,
retrospective case series, Injury 54 (2023) 110923, https://doi.org/10.1016/j.
injury.2023.110923.

[11] D.L. Muscolo, M.A. Ayerza, L. Aponte-Tinao, M. Ranalletta, E. Abalo, Intercalary
femur and tibia segmental allografts provide an acceptable alternative in
reconstructing tumor resections, Clin. Orthop. Relat. Res. (2004) 97-102, https://
doi.org/10.1097/01.blo.0000141652.93178.10.

[12] E. Ortiz-Cruz, M.C. Gebhardt, L.C. Jennings, D.S. Springfield, H.J. Mankin, The
results of transplantation of intercalary allografts after resection of tumors. A long-
term follow-up study, J. Bone Joint Surg. Am. 79 (1997) 97-106, https://doi.org/
10.2106/00004623-199701000-00010.

[13] K. Muramatsu, T. Hashimoto, Y. Tominaga, T. Taguchi, Vascularized bone graft for
oncological reconstruction of the extremities: review of the biological advantages,
Anticancer Res. 34 (2014) 2701-2707.

[14] K.F. Lavia, O. Izquierdo, H.S. Boccolini, R. Hernandez, G. Pérez, M. Andrés,

M. Panadero, Treatment of a case of septic tibial nonunion by the Capanna
technique, Trauma Case Rep. 47 (2023) 100912, https://doi.org/10.1016/j.
tcr.2023.100912.

[15] K.F. Lavia, O.B. Segd, E. Ruzafa, S. Barrantes, C.T. Monsonet, A.L. Corbacho, First-
ever ankle arthrodesis with the Capanna technique in an infected open fracture,
JPRAS Open 39 (2024) 157-163, https://doi.org/10.1016/j.jpra.2023.12.009.

[16] A. Cifaldi, M. Thompson, B. Abicht, Tibiotalocalcaneal arthrodesis with structural
allograft for management of large osseous defects of the hindfoot and ankle: a
systematic review and meta-analysis, J. Foot Ankle Surg. 61 (2022) 900-906,
https://doi.org/10.1053/j.jfas.2022.01.003.

[17] D.V. Cardoso, A. Veljkovic, General considerations about foot and ankle
arthrodesis. Any way to improve our results? Foot Ankle Clin. 27 (2022) 701-722,
https://doi.org/10.1016/j.fc1.2022.08.007.

[18] H. Ridha, J. Bernard, D. Gateley, M.J. Vesely, Reconstruction of large traumatic
segmental defects of the femur using segmental allograft with vascularized fibula
inlay, J. Reconstr. Microsurg. 27 (2011) 383-390, https://doi.org/10.1055/s-
0031-1281520.


https://doi.org/10.1016/S0020-1383(13)70010-X
https://doi.org/10.1016/S0020-1383(13)70010-X
https://doi.org/10.1016/J.MPORTH.2009.10.003
https://doi.org/10.1016/J.MPORTH.2009.10.003
https://doi.org/10.1007/BF02620523/METRICS
https://doi.org/10.1007/BF02620523/METRICS
https://doi.org/10.1007/s00590-017-1985-x
https://doi.org/10.1007/s00590-017-1985-x
https://doi.org/10.70389/PJS.100079
https://doi.org/10.70389/PJS.100079
https://doi.org/10.3109/17453679708996706
https://doi.org/10.3109/17453679708996706
https://doi.org/10.1055/s-2001-16597
https://doi.org/10.1002/jso.21620
http://refhub.elsevier.com/S2210-2612(25)01056-9/rf0045
http://refhub.elsevier.com/S2210-2612(25)01056-9/rf0045
http://refhub.elsevier.com/S2210-2612(25)01056-9/rf0045
https://doi.org/10.1016/j.injury.2023.110923
https://doi.org/10.1016/j.injury.2023.110923
https://doi.org/10.1097/01.blo.0000141652.93178.10
https://doi.org/10.1097/01.blo.0000141652.93178.10
https://doi.org/10.2106/00004623-199701000-00010
https://doi.org/10.2106/00004623-199701000-00010
http://refhub.elsevier.com/S2210-2612(25)01056-9/rf0065
http://refhub.elsevier.com/S2210-2612(25)01056-9/rf0065
http://refhub.elsevier.com/S2210-2612(25)01056-9/rf0065
https://doi.org/10.1016/j.tcr.2023.100912
https://doi.org/10.1016/j.tcr.2023.100912
https://doi.org/10.1016/j.jpra.2023.12.009
https://doi.org/10.1053/j.jfas.2022.01.003
https://doi.org/10.1016/j.fcl.2022.08.007
https://doi.org/10.1055/s-0031-1281520
https://doi.org/10.1055/s-0031-1281520

	Joint-preserving reconstruction of a traumatic distal tibial defect using the Capanna technique: a case report
	1 Introduction
	2 Presentation of case
	3 Discussion
	4 Conclusions
	CRediT authorship contribution statement
	Informed consent
	Ethical approval
	Guarantor
	Funding
	Declaration of competing interest
	Acknowledgments
	References


