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Ab s t r Ac t
Aim: To describe the surgical technique of performing an all-internal lengthening to address a large diaphyseal femur defect in the sarcoma patient.
Background: Various strategies exist to address large intercalary bone defects with various biomechanical and biological implications.
Case description: A 23-year-old female with high-grade osteosarcoma of her left femur underwent wide resection and an internal reconstruction 
of a 12.5-cm femoral defect using dual magnetic lengthening intramedullary nails resulting in restoration of leg lengths, and pre-resection 
function with minimal residual disability.
Conclusion: Preoperative chemotherapy, wide resection and post-operative chemotherapy for osteosarcoma are the current standard of care. 
Resection often leads to large bone defects requiring complex reconstruction. Following intercalary bone resection, biological reconstruction 
is a consideration. An all-inside technique was developed in an effort to minimise complications of long-term external fixation for distraction 
osteogenesis, or extensile secondary grafting procedures for induced membrane strategy.
Clinical significance: This previously unreported surgical technique allows for an all-internal lengthening of large diaphyseal bone defects. 
While specifically used in an oncologic post-resection setting, this technique is applicable to the broader limb reconstruction and lengthening 
practice and overcomes some inherent limitations to previously described techniques.
Keywords: Distraction osteogenesis, Limb lengthening.
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bAc kg r o u n d
Osteosarcoma is the most common primary malignancy of 
bone with a peak incidence in the second decade of life. Current 
standard of care consisting of preoperative chemotherapy, 
wide resection with limb preservation and post-operative 
chemotherapy has led to 5-year survival approaching 70%.1,2 
However, with that, comes the complexity of managing the often-
large segmental osseous defect as a result of tumour resection. 
Historically, this has been accomplished with reconstruction 
using allograft, endoprosthesis, prosthetic–allograft composite 
or various vascularised autograft options. Intercalary resections 
resulting in large defects with preservation of adjacent articular 
ends are further amendable to biological reconstruction. For 
over 20 years, distraction osteogenesis using the patient’s own 
bone to restore length has been performed in sarcoma patients.3 
This includes the use of stacked hexapod frames, monoplanar 
or circular frames in singularity, or assisted lengthening over 
intramedullary nails.4–9

Despite these techniques, management of large osseous 
defects remains a challenge as external fixation is wrought with 
high complication rates in sarcoma patients.3 Additionally, few 
methods adequately address defects that are of size more than 
10 cm. Furthermore, the large defects are much more challenging 
in the femur given decreased ability to apply ringed fixation, 
deformity induction from monorail external fixation, increased risk 

of contractures about the knee and deep pin infection secondary 
to the duration required to span large defects distracting at rates 
of 1 mm/day.10–13

Recently, the magnetic growing nails have offered promise, 
and new techniques have described the use of locking-plate 
assisted expandable intramedullary nails for osteogenesis in tibia 
and femur defects.14–16 We describe the novel technique of using 
dual expandable intramedullary nails for an all-inside distraction 
osteogenesis in the setting of sarcoma resection for management 
of a large diaphyseal femur defect with completion of distraction 
within 10 months of index surgery.
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Prior to manuscript development, the patient was informed 
that data concerning the case would be submitted for publication 
and the patient agreed.

cA s e de s c r i p t i o n
A 23-year-old, otherwise healthy female, initially presented with 
non-specific, atraumatic left thigh pain. Workup including plain 
radiographs and full femur magnetic resonance imaging (MRI) 
demonstrated a 4 cm × cm 4 × 2 cm juxtacortical lesion arising 
from the posterior aspect of the proximal femur concerning for 
malignancy without evidence of skip lesions (Figs 1A to E). Open 
biopsy was performed and confirmed the diagnosis of high-grade 
osteosarcoma (Fig. 1F). Staging studies were negative for metastatic 
disease, and 4 weeks following open biopsy, the patient began  
12 weeks of AOST0331-MAP/EURAMOS-1 protocol chemotherapy 
as dictated by our institutional paediatric tumour board.17 While 
not traditional, this 4-week period between biopsy and treatment 
initiation was needed to stabilise our patient’s social situation, 
and provide appropriate genetic and psychological counselling 
with the goal to maximally optimise the patient prior to initiation 
of our protocol.

Three weeks following preoperative chemotherapy comple-
tion, resection and reconstruction was performed. Surgery began 
with placement of four parallel 5-mm Schanz pins from lateral to 
medial, two distally in the posterior femur and two proximally 
at the level of the lesser trochanter, to set rotation and pre-
resection length for controlled establishment of post-resection 
alignment. With length and rotation accounted for, a standard 
lateral approach to the femur was performed. Prior to resection, 
parallel etches were made with a microsagittal saw on the lateral 
femur at the osteotomy sites for further rotational assessment 
during reconstruction. The tumour resection was then completed 
yielding negative intraoperative margins. In total, 12.5 cm of bone 
was resected. Reconstruction was then performed using two 
PRECICE intramedullary lengthening nails (NuVasive, San Diego, 
CA). First, the previously constructed external fixation frame was 
reattached to the Schanz pins in parallel orientation and with 

femoral etchings realigned to restore rotation of the limb. Due to 
the size of the osseous and soft tissue defects, the limb was then 
acutely shortened to 7 cm, using the frame, for a remaining 5.5-cm 
defect. The antegrade nail, 8.5 mm × 165 mm, was lengthened 
5 cm on the back table and inserted through a standard greater 
trochanteric entry point. The nail was statically locked proximally 
and distally within the proximal aspect of the future transport 
segment. A second PRECISE nail, 8.5 mm × 165 mm, in its maximally 
shortened position was placed in retrograde fashion and statically 
locked distally and proximally allowing for slight overlap with the 
antegrade nail to enhance construct stability (which accounts for 
the use of comparatively smaller diameter nails). This allowed the 
antegrade nail to function as a shortening nail while the retrograde 
nail served as a lengthening nail (Fig. 2). Next, a transverse 
osteotomy was made using a 3.5-mm drill and stiletto osteotome in 
the distal meta-diaphysis creating a free distal intercalary segment 
for proximal transport. The external fixator was removed and all 
wounds were irrigated and closed in standard layered fashion. 
The patient was made non-weight bearing post-operatively with 
initiation of 1 mm/day of lengthening starting post-operative  
day 7. The surgical pathology revealed 60% necrosis and post-
operative chemotherapy was resumed 3 weeks after resection and 
stopped 1 week prior to her second stage reconstruction.

Two months post-index surgery, both nails were removed, 
and the original retrograde nail, now maximally lengthened 5 cm, 
was repurposed and placed back into the patient in antegrade 
fashion (to now serve as a shortening nail), and a new 190 mm × 
8.5 mm nail was placed in retrograde fashion (to function as the 
new lengthening nail) for planned 5 cm of an additional distraction  
(Fig. 3). Three weeks post-operatively, chemotherapy was 
resumed and the patient completed her remaining 12 weeks of 
post-operative chemotherapy for a total of 6 cycles, 25 weeks, 
of pre- and post-operative chemotherapy. Lengthening was 
completed 2 months following her second surgery resulting 
in nearly 10 cm of distal intercalary segment transport and  
2 cm of proximal callous within the resection site (Fig. 4). Overall  
healing index (HI) was found to be 12.2 days/cm. No changes 
were made to the distraction protocol while on chemotherapy. 

Figs 1A to F: Representative preoperative imaging. (A) Anteroposterior; (B) Lateral plain radiographs; (C and D) Sequential coronal; (E) Sagittal 
T1-fat saturated post contrast magnetic resonance imaging; (F) Histopathology of patient lesion obtained from open biopsy
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She remained foot flat weight-bearing for an additional 6 months 
to allow the regenerate to consolidate and mature. The second 
planned return to surgery was 10 months after the initial operation 
to replace her dual-nail construct with a standard retrograde 
intramedullary nail (380 mm × 12 mm) to promote stability and 
restore anatomic mechanical axis. The most recent follow-up, 18 
months after index surgery, demonstrated stable reconstruction 

without evidence of recurrence. The patient resumed her normal 
activities and on exam, had 0–100 knee flexion with 5/5 strength 
and no reported pain. Overall Musculoskeletal Tumor Society (MSTS) 
functional score was found to be 93 with the patient reporting 
only a mild limp when running long distances. Imaging at that 
time demonstrated a stable appearing femur with abundant 
callus and maturing regenerate (Fig. 5). Overall lengthening was 
radiographically and clinically determined to be within 1 cm of the 
contralateral femur.

di s c u s s i o n
Osteosarcoma is the most common primary malignancy of bone 
with current treatment strategies leading to limb preservation in 
the majority of patients. When the tumour is not juxta–articular, 
intercalary resection can often be performed maintaining the 
adjacent joint. Options for intercalary reconstruction include 
endoprosthesis, allograft, autograft or a combination of these 
constructs.1 While intercalary endoprosthesis and other constructs 
for segmental defects have had some success, particularly in older 
patients or those with decreased life expectancy, their long-term 
durability is of less robust.3,18–20 As a result, continued efforts to 
generate durable biological reconstruction methods, especially 
for younger patients, are important.

Despite advancements, the management of large segmental 
osseous defects with external frames continues to have high 
complication and low satisfaction rates in sarcoma patients.21,22 
While innovation has been successful primarily in the tibia with the 
application of expandable nails and multiplanar frames, the femur 

Figs 2A to F: Representative intraoperative fluoroscopic imaging at the time of index surgery

Figs 3A to D: Interval distraction of femur with distraction osteogenesis regenerates at 6 months status post-index procedure

Fig. 4: Standing limb length film obtained 4 months post-index 
reconstruction demonstrating 9.5 cm of distal femoral regenerate and 
2.5 cm of proximal resection callous with femoral lengths within 1 cm 
of total length
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has had less success using multiplanar frames for large defects with 
studies primarily comparing frame to nail in much smaller defects.23 
As a result, solutions avoiding complications such as pin site and 
deep infections and addressing patient intolerance of external 
frames for long durations remains important.24 To that effect, 
frame-assisted lengthening over nails has been shown to decrease 
duration of frame time, quicken bone healing, and protect against 
fracture through pin sites.25 Still, the pairing of external frame 
with intramedullary device does confer a risk of deep infection 
communication via pin site infection.11,26

The all-inside lengthening method described here aims 
to address limitations and complications related to the use of 
either external fixators or endoprosthesis for reconstruction 
of large defects in young patients. Ideally, this technique is 
best served in the setting of larger defects which cannot be 
addressed by a single internal lengthening nail. Additionally, 
while used in this case for a purely diaphyseal defect, so as long 
as an adequate intercalary segment can be accommodated, and 
enough bone proximally and distally exists in which to statically 
lock the nails this technique could be a viable alternative to 
traditional reconstruction methods. This strategy also minimise 
soft tissue complications associated with external frames by 
circumventing the need for pin–tracts throughout the duration 
of lengthening.27,28 Intramedullary distraction provides stable 
in-axis fixation across an established mechanical alignment, 
which is set at the time of surgery. This case demonstrates the 
application of this technique to a large osseous defect without 
reliance on subsequent open operations, as would be necessary 
with induced-membrane reconstructive procedures performed 
over intramedullary implants.29 Additionally, as compared to 
other internal lengthenings/reconstructions, the use of a dual 
lengthening nail construct allows the surgeon to address very 
large defects by simultaneously shortening one nail while 
lengthening the other. This allows for regenerate growth both 
proximal and distal to the intercalary segment which would 
otherwise be beyond the abilities of single nail constructs. While 
three surgeries were needed in this case, the second and third 
surgeries were not extensile and done as minimally invasive as 
possible. In cases of smaller bone defects, this strategy could 
theoretically be performed with just two surgeries. Ultimately, 

the need for additional, albeit less invasive, surgery is inherent 
to this technique and should be considered prior to performing.

Limitations of this report are those inherent to single case 
reports. Moreover, given only this single-case example, detailed 
indications for this strategy have not yet been established. The 
future applications of this method will need to be followed and 
evaluated for the general applicability of the technique beyond the 
oncology patient. This technique is presented as an isolated case 
and claims of superiority over previously established techniques 
are beyond the scope of this report. Additionally, as this technique 
employs off-label use of internal lengthening nails (reuse of the 
previously implanted nail), the surgeon should critically assess 
the viability of this treatment technique on an individual patient 
level. Ideally, this treatment strategy should be compared to 
other means of addressing large bone voids such as intercalary 
allograft with or without vascularised autograft augmentation. 
Specifically, as it relates to performing an internal lengthening 
while on concurrent chemotherapy, we did not observe any issue 
in bony regenerate growth/remodelling nor is there any data to 
suggest otherwise. However, this is certainly at least a theoretical 
risk which should be fully considered and investigated. Other 
potential disadvantages of this technique are those inherent to 
the use of a magnetically expandable nail.30 These include an 
increased risk of mechanical failure (nail bending and breakage) 
and other implant related issues such as adverse tissue reactions. 
The working length of short segment lengthening where the two 
nails overlap is biomechanically the weakest point in this construct. 
We chose to use relatively smaller nails for this technique so as to 
allow for a portion of nail overlap. We feel this overlap is critical 
so as to improve construct stability with the use of comparatively 
smaller diameter nails. Additionally, compared to other lengthening 
techniques, performing an all-inside lengthening requires a 
significantly higher upfront cost due to the high cost of magnetic 
lengthening nails. Notably though, overall cost is likely similar to 
other proposed techniques due to a lower complication profile 
and need for fewer overall operations to achieve a similar amount 
of lengthening.31 In our case, three PRECICE nails were needed 
followed by a standard intramedullary nail. In smaller defects, this 
technique could be performed with just two PRECICE nails. Also, 
use of this technique requires a prolonged period of restricted 

Figs 5A to D: Representative post-operative imaging at 18-months follow-up. (A and C) Anteroposterior and (B and D) Lateral plain radiographs 
demonstrating maturing callous after completion of distraction
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weight bearing. Techniques which allow osteogenesis over an 
external lengthening frame allow for earlier weight-bearing, 
and may be more appropriate for some patients.32 Lastly, while 
small studies have evaluated the MRI compatibility of magnetic 
motor expandable nails, the safety of this technique is not fully 
understood. If MRI is required for disease surveillance throughout 
the duration of lengthening, more studies are needed to determine 
the effect of magnetic resonance on the implant magnetic motor.33

co n c lu s i o n
Preoperative chemotherapy, wide resection and post-operative 
chemotherapy for osteosarcoma is the current standard of care. 
Resection often leads to large bone defects requiring complex 
reconstruction. Following intercalary bone resection, biological 
reconstruction is a consideration. An all-inside technique was 
developed in an effort to minimise complications of long-term 
external fixation for distraction osteogenesis, or extensile secondary 
grafting procedures for induced membrane strategy.

Clinical Significance
This previously unreported surgical technique allows for an all-
internal lengthening of large diaphyseal bone defects. While 
specifically used in an oncologic post-resection setting, this 
technique is applicable to the broader limb reconstruction and 
lengthening practice, and overcomes some inherent limitations 
to the previously described techniques. 

re f e r e n c e s
 1. Messerschmitt PJ, Garcia RM, Abdul–Karim FW, et al. Osteosarcoma. 

J Am Acad Orthop Surg 2009;17(8):515–527. DOI: 10.5435/00124635-
200908000-00005.

 2. Grimer RJ, Taminiau AM, Cannon SR, et  al. Surgical outcomes 
in osteosarcoma. J Bone Joint Surg Br 2002;84(3):395–400. DOI: 
10.1302/0301-620x.84b3.12019.

 3. Ozaki T, Nakatsuka Y, Kunisada T, et  al. High complication rate of 
reconstruction using Ilizarov bone transport method in patients with 
bone sarcomas. Arch Orthop Trauma Surg 1998;118(3):136–139. DOI: 
10.1007/s004020050333.

 4. Dahl MT, Morrison SG, Georgiadis AG, et  al. What’s new in limb 
lengthening and deformity correction. J Bone Joint Surg Am 
2019;101(16):1435–1439. DOI: 10.2106/JBJS.19.00584.

 5. Napora JK, Weinberg DS, Eagle BA, et  al. Hexapod stacked  
transport for tibial infected nonunions with bone loss: long-term 
functional outcomes. J Orthop Trauma 2018;32(1):e12–e18. DOI: 
10.1097/BOT.0000000000001005.

 6. Bernstein M, Fragomen A, Rozbruch SR. Tibial bone transport over 
an intramedullary nail using cable and pulleys. JBJS Essent Surg Tech 
2018;8(1):e9. DOI: 10.2106/JBJS.ST.17.00035.

 7. Ferchaud F, Rony L, Ducellier F, et  al. Reconstruction of large  
diaphyseal bone defect by simplif ied bone transport over 
nail technique: a 7-case series. Orthop Traumatol Surg Res 
2017;103(7):1131–1136. DOI: 10.1016/j.otsr.2017.05.016.

 8. Wen H, Yang H, Xu Y. Extreme bone lengthening by bone  
transport with a unifocal tibial corticotomy: a case report. BMC 
Musculoskelet Disord 2019;20(1):555. DOI: 10.1186/s12891-019- 
2927-z.

 9. Yang Z, Jin L, Tao H, et  al. Reconstruction of large tibial bone  
defects following osteosarcoma resection using bone transport 
distraction: a report of two cases. Oncol Lett 2016;12(2):1445–1447. 
DOI: 10.3892/ol.2016.4777.

 10. Wang W, Yang J, Wang Y, et  al. Bone transport using the Ilizarov 
method for osteosarcoma patients with tumor resection and 

neoadjuvant chemotherapy. J Bone Oncol 2019;16:100224. DOI: 
10.1016/j.jbo.2019.100224.

 11. Song H-R, Oh C-W, Mattoo R, et  al. Femoral lengthening over an 
intramedullary nail using the external fixator: risk of infection and 
knee problems in 22 patients with a follow-up of 2 years or more. 
Acta Orthop 2005;76(2):245–252. DOI: 10.1080/00016470510030652.

 12. Zlowodzki M, Prakash JS, Aggarwal NK. External fixation of complex 
femoral shaft fractures. Int Orthop 2007;31:409–413. DOI: 10.1007/
s00264-006-0187-7.

 13. Zhang Q, Zhang W, Zhang Z, et al. Femoral nonunion with segmental 
bone defect treated by distraction osteogenesis with monolateral 
external fixation. J Orthop Surg Res 2017;12(1):183. DOI: 10.1186/
s13018-017-0684-y.

 14. Barinaga G, Beason AM, Gardner MP. Novel surgical approach to 
segmental bone transport using a magnetic intramedullary limb 
lengthening system. J Am Acad Orthop Surg 2008;26(22):e477–e482. 
DOI: 10.5435/JAAOS-D-17-00487.

 15. Olesen UK, Nygaard T, Prince DE, et  al. Plate-assisted bone 
segment transport with motorized lengthening nails and locking 
plates: a technique to treat femoral and tibial bone defects. J Am 
Acad Orthop Surg Glob Res Rev 2019;3(8):e064. DOI: 10.5435/
JAAOSGlobal-D-19-00064.

 16. Wright J, Bates P, Heidari N, et al. All internal bone transport: use of 
a lengthening nail and double plating for management of femoral 
bone loss. Strategies Trauma Limb Reconstr 2019;14(2):94–101. DOI: 
10.5005/jp-journals-10080-1431.

 17. Whelan JS, Bielack SS, Marina N, et al. EURAMOS-1, an international 
randomised study for osteosarcoma: results from pre-randomisation 
treatment. Ann Oncol 2005;26(2):407–414. DOI: 10.1093/annonc/
mdu526.

 18. Misaghi A, Goldin A, Awad M, et al. Osteosarcoma: a comprehensive 
review. SICOT-J 2018;4:12. DOI: 10.1051/sicotj/2017028.

 19. Ruggieri P, Mavrogenis AF, Bianchi G, et  al. Outcome of the 
intramedullary diaphyseal segmental defect fixation system for bone 
tumors. J Surg Oncol 2011;104(1):83–90. DOI: 10.1002/jso.21893.

 20. Zheng K, Yu X-C, Hu Y-C, et  al. Outcome of segmental prosthesis 
reconstruction for diaphyseal bone tumors: a multi-center 
retrospective study. BMC Cancer 2019;19(1):638. DOI: 10.1186/s12885-
019-5865-0.

 21. Paley D. Problems, obstacles, and complications of limb lengthening 
by the Ilizarov technique. Clin Orthop Relat Res 1990;250:81–104. DOI: 
10.1097/00003086-199001000-00011.

 22. Mukhopadhaya J, Raj M. Distraction osteogenesis using combined 
locking plate and Ilizarov fixator in the treatment of bone defect: 
a report of 2 cases. Indian J Orthop 2017;51:222–228. DOI: 10.4103/ 
0019-5413.201710.

 23. Horn J, Grimsrud Ø, Dagsgard AH, et al. Femoral lengthening with a 
motorized intramedullary nail. Acta Orthop 2015;86(2):248–256. DOI: 
10.3109/17453674.2014.960647.

 24. Landge V, Shabtai L, Gesheff M, et al. Patient satisfaction after limb 
lengthening with internal and external devices. J Surg Orthop Adv 
2015;24(3):174–179. PMID: 26688988.

 25. Rozbruch SR, Kleinman D, Fragomen AT, et al. Limb lengthening and 
then insertion of an intramedullary nail: a case-matched comparison. 
Clin Orthop Relat Res 2018;466(12):2923–2932. DOI: 10.1007/s11999-
008-0509-8.

 26. Chen F, Wang Z, Bhattacharyya T. Outcomes of nails versus plates for 
humeral shaft fractures: a medicare cohort study. J Orthop Trauma 
2013;27:68–72. DOI: 10.1097/BOT.0b013e31824a3e66.

 27. Saw A, Chua YP, Hossain G. Rates of pin site infection during 
distraction osteogenesis based on monthly observations: a 
pilot study. J Orthop Surg (Hong Kong) 2012;20(2):181–184. DOI: 
10.1177/230949901202000209.

 28. Ceroni D, Grumetz C, Desvachez O, et al. From prevention of pin-tract 
infection to treatment of osteomyelitis during paediatric external 
fixation. J Child Orthop 2016;10(6):605–612. DOI: 10.1007/s11832-016-
0787-8.



Intramedullary Nails for Treatment of Bony Defect in Patient with Sarcoma

Strategies in Trauma and Limb Reconstruction, Volume 17 Issue 3 (September–December 2022)194

 29. Morelli I, Drago L, George DA, et al. Managing large bone defects 
in children: a systematic review of the “induced membrane 
technique”. J Pediatr Orthop B 2018;27(5):443–455. DOI: 10.1097/
BPB.0000000000000456.

 30. Lee DH, Kim S, Lee JW, et  al. A comparison of the device-related 
complications of intramedullary lengthening nails using a new 
classification system. Biomed Res Int 2017:2017:8032510. DOI: 
10.1155/2017/8032510.

 31. Dvorzhinskiy A, Zhang DT, Fragomen AT, Rozbruch SR (2021) Cost 
comparison of tibial distraction osteogenesis using external 

lengthening and then nailing vs internal magnetic lengthening 
nails. Strategies Trauma Limb Reconstr 16(1):14–19. DOI: 10.5005/
jp-journals-10080-1513.

 32. Davda K, Heidari N, Calder P, et al. “Rail and nail” bifocal management 
of atrophic femoral nonunion. Bone Joint J 2018;100-B(5):634–639. 
DOI: 10.1302/0301-620X.100B5.BJJ-2017-1052.R1.

 33. Gomez C, Nelson S, Speirs J, et  al. Magnetic intramedullary 
lengthening nails and MRI compatibility. J Pediatr Orthop 
2018;38(1):e584–e587. DOI: 10.1097/BPO.0000000000001236.


	Dual Magnetically Expandable Intramedullary Nails for Treatment of a Large Bony Defect in a Patient 
	Abstract
	Background
	Case Description 
	Discussion
	Conclusion
	Clinical Significance 
	References


