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ABSTRACT

Objective: This study aimed to describe a novel minimally invasive surgical technique for the management of intraoperative and postop-
erative fractures occurring at the tip of intramedullary lengthening nails without altering the original treatment plan.

Methods: This technical note describes a surgical technique applied in two representative cases of peri-implant fractures encountered dur-
ing intramedullary limb lengthening procedures between 2011 and 2017. The technique involves bypassing the fracture line by utilizing 
the residual elongation capacity of the nail, followed by stabilization with a percutaneously applied locking compression plate (LC-DCP) 
and cable system. Key technical steps, intraoperative considerations, and postoperative management are outlined.

Results: The described technique enabled successful stabilization of both intraoperative femoral and postoperative tibial fractures with-
out implant exchange or alteration of the treatment plan. The planned lengthening goals were achieved, fracture healing was confirmed 
radiographically, and both patients regained pain-free ambulation with satisfactory functional outcomes. No major complications or align-
ment problems requiring additional intervention were observed.

Conclusion: This technique provides a practical, reproducible, and minimally invasive solution for managing peri-implant fractures asso-
ciated with intramedullary lengthening nails. By preserving the existing implant and avoiding additional surgical procedures, it may 
reduce treatment complexity, cost, and morbidity while maintaining satisfactory clinical outcomes.

Level of Evidence: Level IV, Therapeutic study.

Introduction

Motorized intramedullary limb-lengthening techniques 
are an innovative method used in the treatment of limb 
inequality and lower extremity reconstruction because of 
the enhanced patient comfort they provide. Although these 
systems are more costly than external fixators, their use as 
an alternative method is rapidly gaining popularity.1 In 
addition, motorized internal limb-lengthening techniques 
have been reported to be associated with fewer complica-
tions than conventional external fixation methods.2-6

However, various implant-specific complications have 
been reported in the literature associated with these 
systems. The most frequently emphasized complica-
tions in the literature are superficial and deep infec-
tions, mechanical axis deviations, joint dislocations, 
fractures, or mechanical failures of the intramedullary 
lengthening nail, early union, and regenerate failure.7,8 
In addition, specific complications such as fracture 
of the intramedullary lengthening nail device, rod 
malfunctions, bolt back out of the initial intraopera-
tive position, intramedullary nail displacement during 
lengthening, and femur fracture at the proximal lock-
ing bolt site have also been reported in the literature.2,4

The management of these complications can be chal-
lenging and often requires a change in treatment 

strategy. However, such complications requiring 
changes in the treatment plan can impose a significant 
burden on both the patient and the health care system 
due to increased costs and extended treatment duration.

In this article, a new surgical technique is presented 
for the management of an intraoperative fracture at 
the proximal locking screw site of the femur and a 
postoperative fracture at the distal locking screw site 
of the tibia in 2 different patients who underwent 
femoral and tibial lengthening using the Fitbone 
intramedullary nail. This technique made it possible 
to bypass the fracture line using the elongation capac-
ity of the intramedullary nail and stabilize it with the 
help of readily available conventional implants with-
out the need to change the treatment plan during the 
management of complications. To the authors’ knowl-
edge, this is the first report to describe such a surgical 
technique in the literature that addresses the manage-
ment of this complication both intraoperatively and 
postoperatively.

Case presentation

Between 2011 and 2017, 2 patients who developed 
intraoperative or postoperative peri-implant fractures 
during limb-lengthening procedures were retrospec-
tively identified and presented.
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Case 1: Intraoperative fracture at the femoral proximal locking 
screw site
A 38-year-old male patient with a 57-mm shortening of the right 
lower extremity due to poliomyelitis sequelae was scheduled for 
femoral lengthening with a Fitbone intramedullary nail (Figure 1). 
The planned distraction was intentionally set 1.5 cm shorter ini-
tially to facilitate easier ambulation due to the presence of foot drop. 
Following rigid stepped reaming of the femur with brittle bone and 
a narrow canal, the intramedullary nail barely fitted, and a fracture 
occurred during the insertion of a single non-threaded proximal lock-
ing screw. Intraoperatively, a new surgical technique was developed 
to stabilize the fracture line (Figure 2).

After fracture reduction, the nail was extended by 25 mm—approxi-
mately 2.5 times the medullary canal diameter, as recommended in 
prosthesis revision principles—to bypass the fracture line, utilizing 
part of its total 80 mm elongation capacity. A manually pre-shaped 
4.5 mm LC-DCP plate was inserted percutaneously into the proximal 
femur to stabilize the fracture and aligned so that 1 hole coincided 
with the locking hole of the nail. The plate was then fixed using 
the nail’s locking screw, placed proximal to the lengthening site. 
Additional stability was achieved with 3 bicortical screws proximally, 
2 unicortical screws distally (to avoid motor damage), and a cable 
wire reinforcing the unicortical screws.

Postoperatively, the patient was mobilized with partial weight-bear-
ing for 2 weeks. Lengthening was started on the sixth day at a rate 
of 1 mm/day, and a total of 32 mm was achieved. Both the plate and 
the Fitbone nail were removed at 20 months. At final follow-up, the 
patient demonstrated satisfactory functional recovery.

Case 2: Postoperative fracture at the tibial distal locking screw site
A 22-year-old female patient with a 70-mm shortening of the right 
lower extremity due to fibular hemimelia underwent tibial lengthen-
ing with a Fitbone intramedullary nail, with a second-stage femoral 
lengthening planned subsequently (Figure 3). The tibial lengthening 
procedure was uneventful, and distraction was initiated on the sixth 
postoperative day at 1 mm/day. However, at 2 months, a fracture 
of the anterior cortex developed at the distal locking screw site of 
the tibia. This was considered a failure fracture that occurred in the 
region where cortical thinning had resulted from reaming.

To manage this complication, the nail was extended by 20 mm—
approximately 2.5 times the medullary canal diameter, as recom-
mended in prosthetic revision principles—to bypass the fracture line, 
and a pre-shaped 3.5 mm LC-DCP plate was percutaneously applied 
distally (Figure 4). Stabilization was achieved with 4 bicortical screws 
distal to the fracture, 1 distal locking screw securing both the plate 

and the nail, and a cable wire proximally. During fixation, a minor 
distraction loss was observed.

The patient followed a partial weight-bearing protocol for 2 weeks 
and was mobilized with protected loading for 6 weeks. Fracture heal-
ing was confirmed radiographically during monthly follow-ups. At 6 
months, the lengthening process was completed, with a total gain of 
40 mm, as the remaining lengthening had been initially planned to be 
performed at the femur. The plate and Fitbone nail were removed at 
19 months. Subsequently, femoral lengthening was performed using 
a Precice intramedullary nail at the fifth postoperative year, and an 
additional 30 mm of lengthening was achieved. At the final follow-
up, both patients reported pain-free ambulation, full return to daily 
activities, and satisfactory limb function.

Discussion

This study presents a new surgical technique for the management of 
intraoperative and postoperative complications in femoral and tibial 
lengthening surgeries performed with the Fitbone intramedullary 
nail. The technique provided an inexpensive and practical solution 
in both cases and demonstrated that complications can be managed 
without the need for an additional surgical procedure or changes to 
the treatment plan. Furthermore, according to Paley’s classification, 
this condition, initially considered an intraoperative complication, 
was successfully reclassified as a problem, highlighting the effective-
ness of the method.9

Frost et  al10 reported that complications related to intramedullary 
lengthening nails were more frequent than previously appreciated, 
with device-related problems being the most common, followed by 
joint complications, and a higher complication rate in tibial lengthen-
ing and in patients over 30 years of age. In their multicenter cohort 
involving 257 patients and 314 limbs, complications were identified 
in 53% of segments, with 269 different events recorded in 175 limbs. 
In a subsequent study examining the management and outcomes of 
these complications, minimal intervention was required in 11% of 
segments, significant treatment plan modifications were necessary in 
15%, the intended lengthening goal could not be achieved in 5%, and 
new pathology or permanent sequelae occurred in 3%.11 Supporting 
these findings, a systematic review of 41 studies demonstrated that 
approximately 1 in 3 limb-lengthening procedures is associated with 
a complication, and 1 in 4 results in an unfavorable outcome such as 
major treatment modification, failure to achieve the planned length, 
or permanent sequelae.11

In addition, comorbid conditions such as polio sequelae and fibular 
hemimelia have been reported to further increase complication rates 
during lengthening procedures.12,13 Factors such as poor bone qual-
ity, asymmetric load distribution, and existing deformities elevate 
the risk of both intraoperative and postoperative complications in 
these patients. Beyond their clinical consequences, such complica-
tions may also impose a significant socioeconomic burden due to pro-
longed rehabilitation periods, delayed return to work, and increased 
healthcare costs.

There is insufficient information in the literature on the management 
of specific complications such as fracture at the proximal locking 
screw site of the femur or postoperative fracture at the distal lock-
ing screw site of the tibia. In this study, such complications were 
encountered in patients with polio sequelae and fibular hemimelia 
and were successfully managed with the minimally invasive surgical 

H I G H L I G H T S

•	 A novel minimally invasive surgical technique was developed to treat frac-
tures occurring at the tip of intramedullary lengthening nails without altering 
the original treatment plan.

•	 The fracture line was bypassed by utilizing the residual elongation capacity 
of the Fitbone nail, followed by stabilization with a percutaneously applied 
LC-DCP plate.

•	 Both intraoperative (femoral) and postoperative (tibial) fractures were success-
fully managed using the same technique in two different patients.

•	 The applied method preserved regenerate quality and maintained satisfactory 
BHI values consistent with the literature.

•	 This is the first report to describe fracture management by combining residual 
nail elongation with plate fixation in Fitbone-based lengthening cases.
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techniques presented. These findings further support that concomi-
tant pathologies may increase the risk of complications and highlight 
the importance of appropriate surgical techniques.

From a biomechanical standpoint, combining the intramedullary nail 
with a percutaneously applied plate provides additional rigidity to 
the construct, particularly in osteoporotic or thinned cortices. This 

combination not only utilizes the resistance of the intramedullary 
nail to translational and bending moments, but also shares the load 
on the screws applied to the bone. Cable augmentation increased the 
torque of unicortical screws, improving plate stability. Furthermore, 
the safe transfer of distractive forces to the fragment is ensured by 
means of the locking screw holes of the intramedullary nail and the 
locked plate screw.

Figure 1. A: Preoperative length radiograph showing limb length discrepancy. B, C: Immediate postoperative radiographs demonstrating intramedullary nail placement and 
fracture fixation. D, E: Anteroposterior and lateral views showing fracture bypass and lengthening achieved using the nail’s elongation capacity. F: Length radiograph after 
completion of lengthening. G: Final radiographic evaluation showing successful limb lengthening and fracture healing.

Figure 2. a-d: Femoral fracture occurring during insertion of the proximal locking screw after nail placement and its treatment with surgical technique.
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Bypassing the fracture line by utilizing the remaining elongation 
capacity of the intramedullary nail and providing stabilization 
with conventional implants such as LC-DCP plates has significantly 
reduced surgical cost and invasiveness. The locking screw of the 
nail and the plate holes worked synergistically to safely transmit 
distraction forces across the fracture line, while unicortical screw 
placement and cable reinforcement enhanced torsional stabil-
ity without jeopardizing the nail’s motor function. Alternatively, 
replacement of the nail with an external fixator, application of the 
Lengthening Over Nail technique could have been considered, but 
these methods have several disadvantages. These disadvantages 
include prolonged surgical time, risk of damage to regenerate, 
risk of refracture, additional complications of the new procedure, 
increased bleeding risk, the need for additional interventions to 
remove the fixator and to ensure proper locking, and overall nega-
tive impact on patient health.

In accordance with the principles of relative stability, the plate length 
was chosen based on fracture morphology. In Case 1, a plate length 
approximately 8-10 times the fracture line was selected for a simple 
fracture, while in Case 2, which presented a spiral-oblique pattern, 
a plate exceeding 2.5 times the fracture length was preferred. This 
selection ensured appropriate strain distribution and minimized 
stress concentration.

In the study, the bone healing index (BHI), which is an important 
parameter in evaluating the effectiveness of treatment in lengthen-
ing patients, was calculated. In the literature, it has been reported 
that the average BHI for the femur is 1.1-1.5 months/cm and for the 
tibia is 1.2-1.8 months/cm.14,15 In this study, the BHI values calculated 
after femur and tibia lengthening procedures were found to be 1.4 
months/cm and 1.5 months/cm, respectively, and these values were 
found to be consistent with the literature. These results indicate that 
the surgical techniques used effectively promote fracture healing in 
both regions. In addition, it was observed that the minimally invasive 
techniques applied did not negatively affect the regenerate quality 
and contributed to the healing process. Preservation of regenerate 
quality both optimizes BHI values and accelerates the healing pro-
cess. Furthermore, no mechanical axis deviation was detected that 
would require a change in the treatment plan, which further sup-
ports the reliability and effectiveness of the applied techniques. This 
advantage is considered an important contributing factor to overall 
treatment success.

In the literature, mechanical failure during femoral lengthening 
with the PRECICE nail has been reported, where exchange nailing 
was performed as a solution for implant-related complications.16 
Although nail replacement is a potential option for the management 
of such complications, it significantly prolongs the operative time 

Figure 3. A: Preoperative radiograph showing limb length discrepancy, anteroposterior, lateral. B-D: Longitudinal radiographs immediately after the Fitbone nail 
application. E, F: Radiographs showing the fracture developing during lengthening using the nail’s elongation capacity. G, H: Anteroposterior and lateral radiographs 
showing the method used for fracture fixation. I, J: Radiographic evaluation during the lengthening procedure. K-M: Radiographs after the tibial lengthening procedure was 
completed. N: Final radiographic evaluation following the completion of the femoral lengthening procedure.
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and significantly increases costs due to the procurement of a new 
nail. Furthermore, further damage to the bone canal may occur dur-
ing the removal of the existing nail, which may adversely affect the 
stability and outcome of both the fracture and the lengthening pro-
cedure. In addition, nail exchange can also increase the risk of infec-
tion, creating additional challenges for the patient.

Long plates and minimally invasive surgical techniques have also 
been reported as an effective option for the management of peri-
implant fractures.16 These methods have been reported to provide 
effective stabilization with less damage to soft tissue and lower 
implant failure rates.16 However, the compatibility of these tech-
niques with intramedullary lengthening nails is limited. In particular, 
the placement of some screws to stabilize the fracture line without 
interrupting the lengthening process poses a risk for a nail when the 
fracture line coincides with the intramedullary lengthening nail.

The presented technique mitigated the disadvantages of the afore-
mentioned methods, simplified the surgical process, and enabled 
cost-effective complication management. This approach provides 
orthopedic surgeons with a practical, reproducible, and minimally 
invasive option for managing peri-implant fractures encountered 
during intramedullary lengthening procedures. By allowing compli-
cation control without additional surgery or alteration of the treat-
ment plan, this technique may contribute to improved outcomes and 
reduce the complexity of patient management in daily orthopedic 
practice.

Although this technique has been successfully applied in cases, 
some limitations should be considered. The primary limitation is 
that the technique requires the intramedullary nail to have adequate 
residual elongation capacity after the planned lengthening to com-
plete the target distraction. In case of insufficient capacity, it may 
not be possible to bypass the fracture line. Another limitation is that 

it may be difficult to provide stability with plates and screws, espe-
cially in osteoporotic bone structures or extensive cortical damage. 
Furthermore, using part of the nail’s lengthening capacity for frac-
ture management requires more careful monitoring of the lengthen-
ing process.

Conclusion

This study demonstrates that both intraoperative and postoperative 
fractures associated with intramedullary lengthening nails can be 
effectively managed using a minimally invasive technique. Preserving 
the existing nail without altering the treatment plan allows complica-
tions to be resolved efficiently while maintaining patient satisfaction 
and optimizing surgical outcomes.
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