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Abstract
Background Limb salvage surgery is an important method for treating malignant tumors of the bone involving the 
adjacent parts of the major joints in children. This technique allows for preservation of limb function, especially in 
the lower limb. However, the reconstruction of the proximal end of the tibia after removing the tumor mass with a 
rational scale to preserve the total knee joint and reduce limb length discrepancy presents a challenge.

Case presentation We present a case of osteosarcoma of the proximal tibia. After being treated with an extended 
tumor resection, the proximal tibia of the child was restructured using endoprosthetic replacement with epiphyseal 
preservation. This procedure preserves the entire articular surface and growth plate of the knee joint of the affected 
limb and provides a feasible alternative protocol for retaining the function and growth potential of the affected limb. 
The patient remained disease-free and normal limb motor function was observed during the 3.5 year follow-up since 
the initial surgery.

Conclusions Preservation of the epiphysis enabled our patient to perform better limb function after limb-
saving surgery as a result of his undamaged knee joint and minimized limb-length discrepancy. We believe that 
endoprosthetic replacement with preservation of the epiphysis can provide the best strategy for reconstruction after 
resection of focal malignant tumors in long bones without epiphytic involvement.
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Background
Osteosarcoma (OS) is one of the most common malig-
nant bone tumors in adolescents. With the gradual devel-
opment of imaging and neoadjuvant chemotherapy, limb 
salvage resection can provide sufficient tumor resection 
in children with osteosarcoma of the tibia while preserv-
ing lower limb function [1, 2]. Therefore, limb salvage 
surgery has become the preferred treatment option. 
Compared with adult patients, adolescent patients are 
still in the growth and development stages, and they 
have very high requirements for the reconstruction of 
the affected limb structure and function after surgery, as 
well as for the subsequent growth of the affected limb. 
Therefore, it is important to preserve normal knee joint 
structure as much as possible. In some cases, the growth 
plate of the tibia can impede the tumour spread [3]. 
Therefore, for a small number of patients with osteosar-
coma far from the proximal tibial metaphysis, preserving 
the tibial epiphysis through tumor resection surgery can 
effectively reconstruct joint function and reduce differ-
ences in lower limb length without affecting the patient’s 
prognosis. Currently, customized tumor prostheses can 
maintain the integrity of the knee joint and growth of the 
femur [4, 5]; it also has the advantages of low cost, simple 
surgery, and high strength compared to traditional hinge 
knee replacement surgery.

In this report, we present the case of a 12-year-old 
Chinese boy with osteosarcoma of the proximal tibia 
who underwent limb-salvage tumor resection, followed 
by endoprosthetic replacement with preservation of the 

epiphysis. The legal guardians of the patient acquired a 
full description of the protocol and agreed to submit the 
case data for publication.

Case presentation
A 12-year-old Chinese boy was brought to our hospital 
with complaints of soreness in the left lower leg in the 
previous 1 month. The inner side of the boy’s left leg 
was significantly swollen compared to the opposite side. 
Radiography findings (Fig. 1a) showed an invasive lesion 
in the proximal tibia with osteogenic changes and a vis-
ible periosteal reaction; however, the proximal epiphyseal 
plate was not invaded by the tumor tissue. In addition, 
as shown in Fig.  1b, MRI images of the patient’s proxi-
mal tibia showed normal medullary tissue with low signal 
expression being eroded by tumor tissue with high signal 
expression. However, the erosion range of the tumor tis-
sue had not yet penetrated the epiphyseal plate or affected 
the epiphysis. Histological identification of the diagnosis 
was performed using a percutaneous puncture biopsy 
(Fig. 2). Under a microscope, a large amount of karyoki-
nesis was observed with poor differentiation and a high 
cell/matrix ratio. The pathological result indicated osteo-
sarcoma, and the Enneking surgical staging was Enneking 
stage IIB. Previous studies have reported that osteosar-
coma should be treated with wide-margin resection and 
that an adequate cancer-free margin could play a pivotal 
role in preventing recurrence [6]. Therefore, after receiv-
ing two cycles of neoadjuvant chemotherapy (includ-
ing doxorubicin, methotrexate, cyclophosphamide, 

Fig. 1 Pictures of Patient. X-ray radiograph (a) and magnetic resonance I maging (MRI) (b) of the proximal tibia, showing a lesion that did not affect the 
proximal epiphyseal
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vincristine, and cisplatin), soft tissue swelling and pain in 
the patient’s left lower limb significantly decreased, and 
the patient was sensitive to chemotherapy. Therefore, 
the patient subsequently underwent limb salvage surgery 
with extensive resection of left tibial osteosarcoma and 
prosthetic reconstruction. The level of tibial osteotomy 
was determined using a C-arm X-ray machine and was 

carefully identified. The level of the growth plate in the 
proximal tibia was determined as the proximal bound-
ary of the excision, and the distal excision boundary 
was located in the bone shaft 3 cm away from the tumor 
margin. The mass, together with a layer of normal tissue 
around it and the track of the percutaneous biopsy, were 
completely removed (Fig.  3). Border imprints and gross 
specimens were obtained, and a pathological examina-
tion was conducted. The patient received a custom-made 
titanium alloy prosthesis (Beijing Chunlizhengda Medi-
cal Instruments Co., Ltd., China), after which endopros-
thesis installation was performed (Fig.  4). Locking bolts 
were used to fix the prosthesis and the epiphysis to avoid 
rotation, and the epiphysis was fixed at the proximal end 
of the hydroxyapatite(HA)-coated prosthesis. HA coat-
ings can promote bone lengthening and increase long-
term fixation strength [7]. The ligamentum patellae were 
first sutured at the anchoring point at the front end of 
the prosthesis using non-absorbable tendon lines. Sub-
sequently, the muscle flap obtained from the medial gas-
trocnemius was rotated forward to surround the frontal 
surface of the endoprosthesis. Finally, the medial gas-
trocnemius muscle flap was stitched together with the 
ligamentum patellae to provide stronger fixation and 
soft tissue coverage. During surgery, the ligament around 
the patient’s knee joint was preserved, which helped 
improve the patient’s postoperative knee joint range of 
motion and avoid the occurrence of limited extension. 
The patient began dynamic rehabilitation physiotherapy 
on the first day after the operation and underwent full 
weight-bearing exercise three weeks later. One month 
after surgery, the patient’s ROM reached 5°-0-120°. Three 
months after surgery, the patient’s ROM returned to 
10°-0-145°. One month after surgery, two cycles of che-
motherapy were administered according to the guide-
lines, totaling approximately three months (including 
doxorubicin, methotrexate, ifosfamide, vincristine, and 
cisplatin). The patient underwent routine follow-up 
examinations at 1, 3, and 6 months after surgery, followed 
by follow-up every 6 months thereafter. The patient did 
not show any signs of recurrence during the most recent 
follow-up 3.5 years after surgery. At present, the differ-
ence in length between his two limbs is very small, with 
his left lower limb being approximately 0.5 centimeters 
shorter than his right lower limb (Fig. 5). Finally, we used 
the Musculoskeletal Tumor Society (MSTS) scoring sys-
tem to assess the patient’s recovery of limb function. At 
the most recent follow-up, the patient’s MSTS score was 
28. Recovery of the patient’s limb motor function was 
satisfactory.

Discussion
With the development of limb salvage treatments, limb 
salvage surgery has become increasingly preferred.

Fig. 3 There sected tumour with a layer of normal tissue and the needle 
biopsy track

 

Fig. 2 Microscopic image of the lesion with hematoxylin-eosin staining
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In this case, the patient was a 12 year old boy in a criti-
cal period of growth and development. Therefore, main-
taining the normal biomechanical structure of the knee 
joint as much as possible, retaining sufficient normal 
bone tissue to ensure mechanical strength, and retaining 
normal distal femoral growth plates of the affected limb 
could effectively improve limb function, accelerate limb 
recovery, and reduce future differences in limb length. 
Meanwhile, based on the patient’s MRI, we found that 
the growth plate at the proximal tibia had not invaded. 
The open physis of children is a type of cartilage tissue 
that can hinder the spread of tumors [3, 8]. Previous 
studies have suggested that tumor tissue that is close 
to but not in contact with the epiphyseal plate can pre-
serve the epiphyseal plate [9]. Kiss et al. [10] reported 

that radical excision of malignant tumors adjacent to 
the physeal plate with preservation of the proximal tibial 
epiphysis produced better limb function for the patient 
and did not increase the ratio of local recurrence or mor-
tality rate in patients followed up for 4.9 years on aver-
age. Takeuchi et al. [11] also found that transverse growth 
impairment and collapse of the epiphysis were absent in 
children who underwent epiphysiological preservation 
surgery for osteosarcoma around the knee joint. More-
over, the radical excision of malignant tumors adjacent 
to the physeal plate with preservation of the proximal 
tibial epiphysis can preserve the complete joint surface 
and reduce damage to the ligaments and soft tissues 
around the knee joint. This can increase knee joint stabil-
ity after surgery. Patients can undergo early rehabilitation 

Fig. 5 3.5 years after surgery, the affected limb was similar to the unaffected side in length, form, and function

 

Fig. 4 Endoprosthetic replacement for proximal tibial reconstructionin vivo. (a) The endoprosthesis installation was performed in vivo. Anteroposterior 
(b) and lateral (c) radiopraphs of the patient at the third day post-operatively following excision of the tumour and endoprosthetic replacement
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exercises to restore knee joint ROM to a normal range to 
prevent extension lag. Therefore, we performed epiphy-
seal preservation resection from the proximal tibial 
growth plate, which can preserve sufficient mechanical 
strength of the epiphysis and intact the knee joint struc-
ture without affecting patient prognosis. Compared with 
traditional surgery, our surgical method greatly improved 
the functional activity of the affected limb after surgery, 
preserved the growth potential of the affected limb, and 
reduced the difference in length between the two lower 
limbs.

In this case, after extensive resection of the left proxi-
mal tibial osteosarcoma, a large bone defect of approxi-
mately 16  cm appeared in the tibia. Currently, the 
reconstruction of the proximal end of the tibia to restore 
a functional joint and reduce the length discrepancy of 
the lower legs in juveniles after resection of the bone is 
difficult [4, 12]. Current reconstruction strategies for 
proximal tibial segmental lesions include vascularized 
or non-vascularized autografts [13–15], allografts [16], 
segmental bone transport [17], prosthetic replacement, 
tumor segment inactivation and replantation. Autografts, 
allografts, and segmental bone transport prevent early 
weight bearing and pose a risk of disease transmission. 
Moreover, fixation after transplantation is influenced by 
adjuvant chemotherapy, which suppresses bone healing. 
For vascularized or non-vascularized autograft trans-
plantation, factors such as limited graft resources, unex-
pected morbid donor tissue, and mismatch between the 
graft and defect hinder successful reconstruction [18]. 
Previously, prospective cohort studies have reported a 
considerably high morbidity of complications in recon-
structions using vascularized fibular free flaps [19]. For 
allograft transplants, the disadvantages of reconstruc-
tion are related to high rates of fracture, nonunion, and 
infection following intercalary replacement [20, 21]. This 
suggests that children are more likely to fall victim to 
such complications after the fibula autograft. Segmental 
bone transport has drawbacks such as malunion at the 
anchor point and infection around the internal fixator. 
Ferchaud et al. [22] assessed the treatment effect of seg-
mental bone transport using a unilateral external fixation 
device for several patients with femoral or tibial defects 
and observed re-ascending of the transported segment 
after external fixatorablation in some of them, thereby 
giving rise to a second external fixation operation and 
resumption of the transported segment. Patients with 
tumor inactivation and replantation are usually prone 
to complications, such as nonunion of the osteotomy, 
bone resorption, fracture, and infection. In summary, we 
believe that the preferred method of bone reconstruc-
tion in this patient was prosthetic joint replacement. As 
school-aged children, patients have a high demand for 
early recovery and mobility. Prosthetic replacement is the 

most common method used to reconstruct large bony 
defects in patients with knee osteosarcoma. The advan-
tages of this procedure include its technical simplicity, 
immediate postoperative recovery of mechanical stabil-
ity, early functional recovery, and maintenance of nor-
mal joint biomechanics. Therefore, for this patient, after 
neoadjuvant chemotherapy, prosthetic joint replacement 
surgery had the fastest early functional recovery, the best 
biomechanical structure, and fewer complications.

Customized tumor prostheses are preferred for joint 
replacement surgery in adolescents with preserved 
epiphyses. Currently, various prostheses are available, 
including tumor total knee prostheses [23], total proxi-
mal tibia reconstruction, expandable prostheses, and 
custom tumor prostheses. A major limitation of the total 
knee prosthesis is that it eliminates the unaffected distal 
femoral physis, which contributes to approximately 40% 
of the limb’s growth [24]. An expandable prosthesis was 
developed to resolve this problem. However, the expand-
able prostheses are expensive. In addition, invasive/
noninvasive expandable prosthesis placement requires 
multiple operations and general anesthesia [25] and has 
some complications [26]. The customized tumor pros-
thesis not only reduces the length discrepancy of the 
lower leg but also has the advantages of low price, simple 
installment and high strength. Therefore, we believe that 
a customized tumor prosthesis may have been a favorable 
choice for this patient. Lu et al. [27] and Wong et al. [28] 
achieved remarkable curative effects using special tumor 
prostheses to repair tumor bone defects in patients. In 
addition, considering the risk of internal fixation loosen-
ing and infection during prosthetic replacement surgery 
[29], we made relevant improvements to the customized 
tumor prostheses. Given that aseptic loosening around 
the proximal prosthesis is more likely to occur than that 
around the distal end [30], the customized tumor pros-
thesis we used was incorporated into a hydroxyapatite 
(HA) collar. The proximal porous surface permits early 
cancellous bony ingrowth to obtain immediate stability, 
enhancing long-term fixation and reducing the infec-
tion rate caused by poor integration of the prosthesis and 
bone [7]. However, it is difficult to provide sufficient soft 
tissue coverage using traditional surgical methods. The 
adjacent muscle flap made of medial gastrocnemius was 
obtained to wrap around the anterior surface of the endo-
prosthesis of this patient so as to resist infection. Simul-
taneously, considering the postoperative knee range of 
the patient, we kept the collateral ligament above the 
proximal epiphysis of the tibia as much as possible, and 
preserved the medial and lateral collateral ligaments and 
the termination points of patellar ligaments as much as 
possible on the residual bone of the affected limb to help 
maintain knee joint balance. The patient did not experi-
ence any complications such as loosening or infection 
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during the 3.5 year follow-up period. Therefore, choos-
ing a customized tumor prosthesis that matches the pre-
served epiphysis can effectively improve limb function 
and early recovery, maintain a normal biomechanical 
structure, prevent loosening and infection, and provide a 
good prognosis for tibial reconstruction.

Endoprosthetic replacement with preservation of the 
epiphysis requires more detailed preoperative plan-
ning to ensure the accuracy of the prosthesis design and 
implantation. Postoperatively, problems such as uneven 
or excessive growth of the epiphyseal plates may occur, 
resulting in unequal limb lengths and changes in knee 
joint force lines. Although endoprosthetic replacement 
with preservation of the epiphysis preserves the nor-
mal joint surface and most of the surrounding ligaments 
of the knee joint, long-term and complex rehabilitation 
exercises are required after surgery.

Conclusions
Limb salvage surgery is an important treatment for 
osteosarcomas adjacent to the knee joint in children and 
adolescents. Internal prosthesis replacement surgery that 
preserves the epiphysis can reconstruct the proximal tibia 
of children and adolescents; thus, the entire joint surface 
and growth plate of the knee joint of the affected limb are 
preserved while also preserving the function and growth 
potential of the affected limb. After the resection of focal 
malignant bone tumors in the long bone without inva-
sion of the epiphysis, endoprosthetic replacement with 
preservation of the epiphysis can provide the best strat-
egy for functional reconstruction of the affected limb.

Abbreviations
MRI  Magnetic Resonance Imaging
MSTS  Musculoskeletal Tumor Society

Acknowledgements
Not applicable.

Author contributions
Sj G and XC contributed to acquisition and analysis of data and drafting of the 
work and surgery. WT X and HT contributed to acquisition of data and surgery 
plan. Sj G ，YS and XG contributed to analysis of data. ZO revised the work. DP 
designed the surgery and gave final approval and took overall responsibility 
for the published work. All authors read and approved the final manuscript. 
XC, DP contributed equally to this manuscript and should be considered 
co-corresponding author.We would like to thank Editage (www.editage.cn) for 
English language editing.

Funding
This work was supported by the Hunan Provincial Natural Science Foundation 
of China (No. 2022JJ30441); the Changsha Natural Science Foundation of 
China (No. kq2202270; kq2208316); the Scientific Research Fund of Hunan 
Provincial Education Department (No. 21B0383);the Project of Hunan 
Provincial Health Commission (grant nos. 202202023751;D202304077225).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Written informed consent was obtained from the patient for publication of 
this case report and any accompanying images. A copy of the written consent 
is available for review by the editor-in-chief of this journal.

Competing interests
The authors declare no competing interests.

Received: 27 November 2023 / Accepted: 1 July 2024

References
1. Durfee RA, Mohammed M, Luu HH. Review of osteosarcoma and current 

management. Rheumatol Ther. 2016;3:221–43.
2. Abdelgawad MA, Parambi DGT, Ghoneim MM, Alotaibi NH, Alzarea AI, Hassan 

AH, et al. A meta-analysis comparing efficiency of limb-salvage surgery vs 
amputation on patients with osteosarcoma treated with neoadjuvant che-
motherapy. Int Wound J. 2022;19:1616–24. https://doi.org/10.1111/iwj.13758.

3. Norton KI, Hermann G, Abdelwahab IF, Klein MJ, Granowetter LF, Rabinowitz 
JG. Epiphyseal involvement in osteosarcoma. Radiology. 1991;180:813–16.

4. Mercuri M, Capanna R, Manfrini M, Bacci G, Picci P, Ruggieri P, et al. The man-
agement of malignant bone tumors in children and adolescents. Clin Orthop 
Relat Res. 1991;264:156–68.

5. Moseley CF. A straight-line graph for leg-length discrepancies. J Bone Joint 
Surg Am. 1977;59:174–79.

6. Bacci G, Longhi A, Versari M, Mercuri M, Briccoli A, Picci P. Prognostic factors 
for osteosarcoma of the extremity treated with neoadjuvant chemotherapy: 
15-year experience in 789 patients treated at a single institution. Cancer. 
2006;106:1154–61.

7. Chao EYS, Fuchs B, Rowland CM, Ilstrup DM, Pritchard DJ, Sim FH. Long-term 
results of segmental prosthesis fixation by extracortical bone-bridging and 
ingrowth. J Bone Joint Surg Am. 2004;86:948–55.

8. Kuettner KE, Pauli BU, Soble L. Morphological studies on the resistance of 
cartilage to invasion by osteosarcoma cells in vitro and in vivo. Cancer Res. 
1978;38(2):277–87.

9. San-Julian M, Aquerreta JD, Benito A, Cañadell J. Indications for epiphyseal 
preservation in metaphyseal malignant bone tumors of children: relation-
ship between image methods and histological findings. J Pediatr Orthop. 
1999;19(4):543–8.

10. Kiss S, Terebessy T, Szöke G, Kiss J, Antal I, Szendröi M. Epiphysis preserving 
resection of malignant proximal tibial tumors. Int Orthop. 2013;37:99–104.

11. Takeuchi A, Yamamoto N, Hayashi K, Matsubara H, Kimura H, Miwa S, et al. 
Growth of epiphysis after epiphyseal- preservation surgery for childhood 
osteosarcoma around the knee joint. BMC Musculoskelet Disord. 2018;19:185.

12. Finn HA, Simon MA. Limb-salvage surgery in the treatment of osteosarcoma 
in skeletally immature individuals. Clin Orthop Relat Res. 1991;(262):108–18.

13. Chen CM, Disa JJ, Lee HY, Mehrara BJ, Hu QY, Nathan S, et al. Reconstruction 
of extremity long bone defects after sarcoma resection with vascularized 
fibula flaps: a 10-year review. Plast Reconstr Surg. 2007;119:915–24. discussion 
925.

14. Beris AE, Lykissas MG, Korompilias AV, Vekris MD, Mitsionis GI, Malizos KN, et 
al. Vascularized fibula transfer for lower limb reconstruction. Microsurgery. 
2011;31:205–11.

15. Guo X, Li X, Liu T, Shuai C, Zhang Q. Pasteurized autograft reconstruction 
after resection of periacetabular malignant bone tumors. World J Surg Oncol. 
2017;15:13.

16. Lozano-Calderón SA, Swaim SO, Federico A, Anderson ME, Gebhardt MC. 
Predictors of soft-tissue complications and deep infection in allograft recon-
struction of the proximal tibia. J Surg Oncol. 2016;113:811–7.

17. Demiralp B, Ege T, Kose O, Yurttas Y, Basbozkurt M. Reconstruction of 
intercalary bone defects following bone tumor resection with segmental 
bone transport using an ilizarow circular external fixator. J Orthop Sci. 
2014;19:1004–11.

http://www.editage.cn
https://doi.org/10.1111/iwj.13758


Page 7 of 7Gui et al. BMC Musculoskeletal Disorders          (2024) 25:567 

18. Chang DW, Weber KL. Use of a vascularized fibula bone flap and intercalary 
allograft for diaphyseal reconstruction after resection of primary extremity 
bone sarcomas. Plast Reconstr Surg. 2005;116:1918–25.

19. Schuh R, Panotopoulos J, Puchner SE, Willegger M, Hobusch GM, Windhager 
R, et al. Vascularised or nonvascularised autologous fibular grafting for the 
reconstruction of a diaphyseal bone defect after resection of a musculoskel-
etal tumor. Bone Joint J. 2014;96–b:1258–63.

20. Aponte-Tinao L, Ayerza MA, Muscolo DL, Farfalli GL. Survival, recurrence, 
and function after epiphyseal preservation and allograft reconstruction in 
osteosarcoma of the knee. Clin Orthop Relat Res. 2015;473:1789–96.

21. Liu S, Tao S, Tan J, Hu X, Liu H, Li Z. Long-term follow-up of fibular graft for the 
reconstruction of bone defects. Med (Baltim). 2018;97:e12605.

22. Ferchaud F, Rony L, Ducellier F, Cronier P, Steiger V, Hubert L, et al. Reconstruc-
tion of large diaphyseal bone defect by simplified bone transport over nail 
technique: a 7-case series. Orthop Traumatol Surg Res. 2017;103:1131–36.

23. Jeon DG, Kawai A, Boland P, Healey JH. Algorithm for the surgical treat-
ment of malignant lesions of the proximal tibia. Clin Orthop Relat Res. 
1999;(358):15–26.

24. Muscolo DL, Ayerza MA, Aponte-Tinao LA, Ranalletta M. Partial epiphy-
seal preservation and intercalary allograft reconstruction in high-grade 
metaphyseal osteosarcoma of the knee. J Bone Joint Surg Am. 2005;87(Suppl 
1):226–36.

25. Ruggieri P, Mavrogenis AF, Pala E, Romantini M, Manfrini M, Mercuri 
M. Outcome of expandable prostheses in children. J Pediatr Orthop. 
2013;33:244–53.

26. Staals EL, Colangeli M, Ali N, Casanova JM, Donati DM, Manfrini M. Are com-
plications associated with the Repiphysis® expandable distal femoral prosthe-
sis acceptable for its continued use? Clin Orthop Relat Res. 2015;473:3003–13.

27. Lu Y, Chen G, Long Z, Li M, Ji C, Wang F, et al. Novel 3D-printed prosthetic 
composite for reconstruction of massive bone defects in lower extremities 
after malignant tumor resection. J Bone Oncol. 2019;16:100220.

28. Wong KC, Kumta SM. Joint-preserving tumor resection and reconstruc-
tion using image-guided computer navigation. Clin Orthop Relat Res. 
2013;471:762–73.

29. Liu T, Zhang X, Zhang Q, Zhang X, Guo X. Total femoral reconstruction with 
custom prosthesis for osteosarcoma. World J Surg Oncol. 2016;14:93.

30. Sewell MD, Hanna SA, McGrath A, Aston WJ, Blunn GW, Pollock RC, et al. Inter-
calary diaphyseal endoprosthetic reconstruction for malignant tibial bone 
tumors. J Bone Joint Surg Br. 2011;93:1111–17.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	Endoprosthetic replacement with preservation of the epiphysis for proximal tibial reconstruction after osteosarcoma resection in children: a case report
	Abstract
	Background
	Case presentation
	Discussion
	Conclusions
	References


