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ABSTRAK

Non-union tibia pascatrauma merupakan kondisi ortopedi kompleks yang sering kali memerlukan
teknik bedah tingkat lanjut untuk mencapai hasil yang sukses. Kondisi ini dapat secara signifikan
mengganggu kualitas hidup dan aktivitas sehari-hari karena nyeri kronis dan keterbatasan fungsional,
yang menyebabkan prognosis yang buruk jika tidak ditangani dengan tepat. Seorang wanita berusia 38
tahun datang dengan non-union tibia kiri setelah kecelakaan lalu lintas. Penanganan awal meliputi
reduksi terbuka dan fiksasi eksternal (OREF) untuk menstabilkan fraktur. Namun, pencitraan tindak
lanjut menunjukkan penyembuhan tulang yang tidak memadai, ditandai dengan pembentukan kalus
yang buruk dan cacat tulang yang signifikan. Karena kegagalan proses remodeling tulang alami,
intervensi sekunder menggunakan teknik transportasi tulang dilakukan. Metode ini, berdasarkan
osteogenesis distraksi, melibatkan transportasi segmen tulang secara bertahap untuk mendorong
pembentukan tulang baru dan menutup cacat. Prosedur transportasi tulang, dikombinasikan dengan
fiksasi eksternal, secara efektif mengatasi cacat tulang besar yang diakibatkan oleh kegagalan OREF.
Sepanjang tindak lanjut, regenerasi tulang progresif diamati, dengan pasien melaporkan perbaikan baik
dalam nyeri maupun fungsi. Kasus ini menyoroti pentingnya strategi bedah adaptif untuk menangani
non-union dan peran transportasi tulang dalam mengobati fraktur tibialis yang kompleks.

Kata kunci: Transportasi tulang, osteogenesis distraksi, fiksasi eksternal, trauma ortopedi, non-union
tibialis.
ABSTRACT

Post-traumatic tibial non-union is a complex orthopedic condition that often requires advanced
surgical techniques to achieve successful outcomes. This condition can significantly impair quality of
life and daily activities due to chronic pain and functional limitations, leading to a poor prognosis if
not properly managed. A 38-year-old female presented with non-union of the left tibia following a road
traffic accident. Initial management included open reduction and external fixation (OREF) to stabilize
the fracture. However, follow-up imaging revealed inadequate bone healing, characterized by poor
callus formation and a significant bone defect. Due to the failure of the natural bone remodeling
process, a secondary intervention using the bone transport technique was undertaken. This method,
based on distraction osteogenesis, involved gradual bone segment transport to promote new bone
formation and close the defect. The bone transport procedure, combined with external fixation,
effectively addressed the large bone defect that resulted from the failure of OREF. Throughout follow-
up, progressive bone regeneration was observed, with the patient reporting improvements in both pain
and function. This case highlights the importance of adaptive surgical strategies for managing non-
union and the role of bone transport in treating complex tibial fractures.

Keywords: Bone transport, distraction osteogenesis, external fixation, orthopedic trauma, tibial non-
union.

INTRODUCTION

Post-traumatic non-union of the tibia presents significant challenges, particularly when
initial interventions fail to stimulate adequate bone healing. Tibial fractures are common in
orthopedic trauma, and while open reduction and external fixation (OREF) are frequently
employed, complications like non-union can arise. In some cases, despite proper stabilization
with external fixation, the natural process of callus formation and remodeling may not occur
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effectively. This failure can leave the patient with persistent bone defects and continued
functional impairment, highlighting the limitations of relying solely on the body’s natural bone
healing processes. The failure of callus remodeling necessitates more advanced surgical
interventions to promote proper bone healing and recovery.(Hadeed et al., 2023; Jiang et al.,
2021; Tripathy et al., 2021)

When callus formation and remodeling fail to adequately heal the bone, bone transport, a
technique developed by Gavriil Ilizarov, becomes an essential alternative. Bone transport uses
the principle of distraction osteogenesis to stimulate new bone formation by gradually
transporting bone segments across a defect with the help of an external fixation device. This
method enables controlled and progressive bone regeneration in areas where natural healing
processes are insufficient. Although bone transport can be associated with complications like
pin-site infections, it is recognized as one of the most effective techniques for treating large
bone defects, particularly in cases where OREF alone does not achieve the desired
outcomes.(Jiang et al., 2021; Pentela, 2023; Zaman et al., 2017)

In the case presented, the patient initially underwent OREF for a tibial fracture, but
subsequent follow-up revealed that callus formation and remodeling had not progressed as
expected. Imaging showed a large bone defect that persisted despite the initial surgery, and
natural healing was deemed insufficient to resolve the issue. As a result, bone transport was
selected as the next step in the treatment plan. This decision was based on the need for a more
controlled and active approach to bone regeneration, addressing the limitations of the previous
intervention. The implementation of bone transport in this case allowed for gradual bone
regeneration and eventual union, illustrating the success of this technique in managing complex
non-union cases where callus remodeling fails. This sequential approach highlights the
importance of adapting treatment strategies to the patient’s specific needs and the challenges
posed by non-union.(Khaled et al., 2022; Oh et al., 2015; Papagiannis et al., 2022) The case
underscores the value of bone transport in cases where the body’s natural healing processes are
inadequate, emphasizing the role of advanced surgical techniques in achieving optimal
outcomes in orthopedic trauma care.

CASE REPORT

The patient, a 38-year-old female, presented with post-traumatic non-union of the left tibia
following a road traffic accident eight months prior. She had undergone an initial procedure of
open reduction and external fixation (OREF) to stabilize the fracture. However, her main
concern remained persistent pain and difficulty with weight-bearing due to inadequate bone
healing. She had no significant family or psychosocial history, and her past medical history
was unremarkable. On the first day post-OREF, radiological imaging confirmed a complete
fracture of the left tibia and fibula with significant displacement and soft tissue swelling.

PREPOTIF : Jurnal Kesehatan Masyarakat Page 4863



Volume 8, Nomor 3, Desember 2024 ISSN 2623-1581 (Online)
ISSN 2623-1573 (Print)

Figure 1. Severe trauma to the lower leg, characterized by multiple lacerations and
exposed tissue around the ankle and foot.

Despite the initial intervention, follow-up imaging revealed poor callus formation and a
significant bone defect at the fracture site, leading to a diagnosis of non-union. This failure of
natural bone remodeling necessitated further surgical management. Radiographic evaluations
consistently showed a persistent gap in the bone structure, with minimal regeneration,
indicating that the OREF had failed to stimulate sufficient healing. Laboratory assessments
before the subsequent bone transport procedure indicated stable parameters, with slightly
improved hemoglobin levels and no signs of systemic infection.
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Figure 2. (a) Fracture Completa os Tibia et Fibula Sinistra (b) Malunion following
OREF (c) Bone Transport Procedure

Bone transport, based on distraction osteogenesis, was selected as the secondary
intervention to address the non-union. This technique involves using external fixation to
gradually transport bone segments across the defect, promoting new bone formation. The bone
transport approach was chosen for its effectiveness in treating large bone defects, especially
when traditional methods, such as OREF, were unsuccessful. Post-operative care included
wound management and close monitoring for potential complications, such as infection, a
common risk associated with external fixation.

The follow-up outcomes were positive, with progressive bone regeneration observed
through imaging and gradual closure of the bone defect. The patient reported significant
improvements in both pain and functional ability, which aligned with radiographic evidence of
successful bone healing. There were no significant adverse events during the recovery period,
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and the patient’s post-operative pain was effectively managed with medication. The absence
of complications such as infection or hardware failure further underscored the success of the
bone transport procedure in addressing the complex tibial non-union.

DISCUSSION

The approach to managing post-traumatic tibial non-union in this case highlights both the
strengths and limitations of sequential surgical interventions, particularly the transition from
open reduction and external fixation (OREF) to bone transport. One of the key strengths of this
approach is its adaptability. When the initial OREF procedure failed to promote adequate callus
formation and bone healing, bone transport provided an alternative solution that addressed the
persistent bone defect. This sequential strategy allowed for a flexible treatment plan that could
be modified based on the patient’s evolving condition. However, one of the limitations
encountered was the inherent complexity of bone transport, which requires precise surgical
execution and carries risks such as pin-site infections and prolonged recovery times. The
success of this approach heavily depended on close postoperative monitoring and the patient’s
adherence to follow-up care.(Deng et al., 2014; Liu et al., 2020; Yin et al., 2015)

The use of bone transport in managing non-union and large bone defects is well-supported
in the medical literature. Gavriil Ilizarov’s pioneering work on distraction osteogenesis forms
the theoretical foundation for this technique, which has been extensively applied in cases where
conventional methods fail to achieve bone union. Studies have shown that bone transport,
particularly with the use of external fixation, can lead to successful outcomes in complex
fractures and non-unions. The method leverages the body's natural ability to regenerate bone,
with gradual mechanical distraction stimulating osteogenesis at the fracture site. However, the
challenges associated with this technique including a higher incidence of complications such
as pin-site infections, delayed union at the docking site, and the psychological burden on
patients due to the lengthy duration of treatment.(Hamiti et al., 2022; Hemeda & Essawy, 2022;
Looi et al., 2017)

The rationale for choosing bone transport in this case was based on the failure of OREF to
stimulate bone healing. Non-union, particularly in weight-bearing bones like the tibia, can lead
to significant functional impairment and requires a treatment approach that not only stabilizes
the fracture but also promotes bone regeneration. Bone transport was selected because of its
ability to address the large bone defect that remained after the failed OREF. This technique
allowed for controlled bone lengthening and the gradual closure of the defect, providing a
solution where traditional bone grafting methods might not have been sufficient due to the size
of the defect and the patient’s previous lack of healing. The choice of bone transport was further
supported by the patient’s overall good health and ability to tolerate the prolonged recovery
process associated with this intervention.(Boksh et al., 2022; Nain, 2023; Tang et al., 2023)

Despite the success of the bone transport procedure in this case, the approach highlights
the importance of patient selection and close monitoring. Bone transport is a resource-intensive
procedure that requires significant patient commitment to follow-up care and rehabilitation.
Additionally, the risk of complications, such as infection and delayed union at the docking site,
necessitates ongoing vigilance from both the patient and the healthcare team. The decision to
proceed with bone transport must therefore be carefully weighed against the potential risks,
and alternative treatment options should be considered for patients who may not be able to
tolerate the prolonged course of treatment. Nonetheless, when executed properly and in the
right patient population, bone transport can achieve remarkable results in cases of complex
non-union.(Fahad et al., 2019; Ozpolat, 2021; Wani & Syed, 2015)
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CONCLUSION

This case underscores the adaptability and effectiveness of bone transport as a solution for
managing post-traumatic tibial non-union after the failure of OREF. The primary lesson from
this case is the importance of a flexible and individualized approach to treatment, where
interventions are tailored to the patient's evolving needs. The success of bone transport in this
case emphasizes the potential of this technique to address large bone defects and achieve bone
union in challenging cases, provided that the risks are carefully managed and the patient is
closely monitored throughout the process.

ACKNOWLEDGEMENT

Thank you to all the staff of the Padangan Regional Hospital, Bojonegoro given so that the
research could be carried out. Thanks are also expressed to all various parties who have
participated in this research.

REFERENCE

Boksh, K., Kanthasamy, S., Divall, P., & Abraham, A. (2022). Hexapod Circular Frame
Fixation for Tibial Non-Union: A Systematic Review of Clinical and Radiological
Outcomes. Strategies in Trauma and Limb Reconstruction. https://doi.org/10.5005/jp-
journals-10080-1570

Deng, Z., Cai, L., Jin, W., Ping, A., & Wei, R. (2014). One-Stage Reconstruction With Open
Bone Grafting and Vacuum-Assisted Closure for Infected Tibial Non-Union. Archives of
Medical Science. https://doi.org/10.5114/aoms.2013.34411

Fahad, S., Habib, A., Awais, M., & Rashid, H. (2019). Infected Non-Union of Tibia Treated
With llizarov External Fixator: Our Experience. Malaysian Orthopaedic Journal.
https://doi.org/10.5704/m0j.1903.006

Hadeed, A., Werntz, R., & Varacallo, M. (2023). External Fixation Principles and Overview.
StatPearls Publishing.

Hamiti, Y., Yushan, M., Yalikun, A., Lu, C. H., & Yusufu, A. (2022). Matched Comparative
Study of Trifocal Bone Transport Versus Induced Membrane Followed by Trifocal Bone
Transport in the Treatment of Segmental Tibial Defects Caused by Posttraumatic
Osteomyelitis. BMC Musculoskeletal Disorders. https://doi.org/10.1186/s12891-022-
05501-8

Hemeda, H., & Essawy, O. M. (2022). Outcome of Plate Augmentation in Management of
Tibial Nonunion After Intramedullary Nailing. American Journal of Biomedical and Life
Sciences. https://doi.org/10.11648/j.ajbls.20221002.19

Jiang, X., Zhao, G., Yasheng, T., Hong-tao, C., Amuti, N., Maimaitirexiati, M., Yibulayinmu,
A., Cao, M., & Yusufu, A. (2021). Ilizarov Bone Transport to Treat Infected Nonunion
of Long Bones: A Multicenter Retrospective Cohort Study. Journal of International
Medical Research. https://doi.org/10.1177/03000605211002701

Khaled, A., EI-Gebaly, O., & El-Rosasy, M. A. (2022). Masquelet-Ilizarov Technique for the
Management of Bone Loss Post Debridement of Infected Tibial Nonunion. International
Orthopaedics. https://doi.org/10.1007/s00264-022-05494-y

Liu, Y., Yushan, M., Liu, Z., Liu, J., Ma, C., & Ahemaitijiang, Y. (2020). Complications of
Bone Transport Technique Using the llizarov Method in the Lower Extremity: A
Retrospective  Analysis of 282 Consecutive Cases Over 10 Years.
https://doi.org/10.21203/rs.3.rs-19335/v1

Looi, C. S., Roohi, S. A., & Gill, R. S. (2017). A Case of Non-Union of Ulna Fracture Managed

PREPOTIF : Jurnal Kesehatan Masyarakat Page 4866



Volume 8, Nomor 3, Desember 2024 ISSN 2623-1581 (Online)
ISSN 2623-1573 (Print)

With Tibial Strut Cortico-Cancellous Bone Grafting in a Paediatric Patient. The Journal
of Hand Surgery (Asian-Pacific Volume). https://doi.org/10.1142/s0218810417720327

Nain, G. (2023). A Study to Evaluate the Functional and Radiological Outcome of the Ilizarov
Ring Fixator in the Treatment of Infected Non-Union Fracture Shaft of Tibia.
International Journal of Orthopaedics Sciences.
https://doi.org/10.22271/orth0.2023.v9.i3a.3401

Oh, C. Y., Jung, S. T, Cho, Y. J, Ahn, Y. S., & Na, B. R. (2015). Bone Transport for
Reconstruction in  Benign Bone Tumors. Clinics in Orthopedic Surgery.
https://doi.org/10.4055/ci0s.2015.7.2.248

Ozpolat, N. (2021). Management of Tibial Non-Unions With Masquelet Technique After
Failed Previous Treatment Options for Grade Il Open Fractures. Turkish Journal of
Trauma and Emergency Surgery. https://doi.org/10.14744/tjtes.2021.36768

Papagiannis, S., Sinos, G., Vrachnis, I., Balasis, S., & Kouzelis, A. (2022). A Case of
Reconstruction of an Open Tibial Fracture (Gustilo-Anderson Type 11IB) With Severe
Skin and Bone Loss Using Corticocancellous Bone Plugs From the lliac Crest and an
Ilizarov Frame. Cureus. https://doi.org/10.7759/cureus.22549

Pentela, H. K. (2023). Post-Traumatic Large Segmental Bone Loss — Does Bone Transport
Obviate the Need for Successful Soft-Tissue Cover — A Case Report. Journal of
Orthopaedic Case Reports. https://doi.org/10.13107/jocr.2023.v13.i05.3626

Tang, K., Day, W. W., Tarpada, S. P., & Kahn, M. (2023). Treatment of an Infected Tibial
Shaft Non-Union Using a Novel 3d-Printed Titanium Mesh Cage: A Case Report.
Cureus. https://doi.org/10.7759/cureus.34212

Tripathy, S. K., Varghese, P., Panigrahi, S., Panda, B. B., Srinivasan, A., & Sen, R. K. (2021).
External fixation versus open reduction and internal fixation in the treatment of Complex
Tibial Plateau Fractures: A systematic review and meta-analysis. Acta Orthopaedica et
Traumatologica Turcica, 55(5), 444-456. https://doi.org/10.5152/j.a0tt.2021.20350

Wani, N. B., & Syed, B. (2015). Ilizarov Ring Fixator in the Management of Infected Non-
Unions of Tibia. Sicot-J. https://doi.org/10.1051/sicotj/2015022

Yin, P., Zhang, L., Li, T., Wang, G., Li, J.,, Liu, J., Zhou, J., Zhang, Q., & Tang, P. (2015).
Infected Nonunion of Tibia and Femur Treated by Bone Transport. Journal of
Orthopaedic Surgery and Research. https://doi.org/10.1186/s13018-015-0189-5

Zaman, A., Javed, S., Ahmad, A., & Aziz, A. (2017). Massive Segmental Bone Loss Due to
Pantibial Osteomyelitis in Children Reconstructed by Medial Fibular Transport With
llizarov  Frame. Journal of  Taibah  University = Medical  Sciences.
https://doi.org/10.1016/j.jtumed.2017.04.006

PREPOTIF : Jurnal Kesehatan Masyarakat Page 4867



