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Abstract 

Background: The purpose of this study was to evaluate the outcomes of bifocal bone transport in the treatment of 
femoral bone defects caused by infections.

Methods: Clinical and radiographic data of patients with infected femoral nonunion treated by the bifocal bone 
transport at our hospital were analyzed retrospectively, from January 2008 to December 2019. Depending on the 
location of bone defects, the patients were divided into three groups (proximal, intermediate, and distal). The Asso-
ciation for the Study and Application of the Method of Ilizarov (ASAMI) criteria was applied to assess the bone and 
functional outcomes. Postoperative complications of three groups were documented and compared.

Results: Seventy-six cases of infected femoral bone defects (31 cases of proximal, 19 cases of intermediate, and 26 
cases of distal) were managed by bifocal bone transport successfully with a mean follow-up time of 30.8 months 
(range, 23 to 41 months). There were 58 men (76.3%) and 18 women (23.6%), with a mean age of 38.8 years (range, 23 
to 60 years). The bone union was received in 76 cases with a mean of 6.9 months (range, 5 to 8 months). Pin tract infec-
tion was observed in twenty-nine cases (38.1%), 7 cases (9.2%) of muscle contractures, 3 cases (7.9%) of joint stiffness, 
13 cases (17.1%) of axial deviation, 2 cases (2.6%) of delayed union, one case (1.3%) of nonunion, and none (0%) of 
transport gap re-fracture. One patient (1.3%) was scheduled for knee arthroplasty when bone transport treatment 
ended.

Conclusions: Bone transport using an external rail fixator was a practical method to treat the femoral bone defects, 
since the satisfactory rate of bone union and limb function recovery. Complications of distal femoral bone transport 
were more severe than the proximal and intermedia, but the rate of complication was the least of the three groups. 
Soft-tissue-related complications were more likely to occur in the intermediate bone transport.
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Background
Femoral bone defects caused by the infection have still 
been a tricky problem for orthopedic surgeons, which 
is commonly brought out by open fracture and chronic 
osteomyelitis [1–5]. Soft tissue problems (sinus tract 
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or necrosis) and limb-length discrepancy usually fol-
low such bone defects, because the poor blood supply is 
caused by the long period of bacterial microorganisms 
breeding and previous multiple debridements [6–8]. 
Some procedures have been certified their efficacy to 
manage femoral defects, including the Ilizarov technique, 
vascularized or non-vascularized bone grafting, and the 
Masquelet technique [9–11]. Bone transport based on 
the principle of distraction osteogenesis, pioneered by 
Ilizarov, has gradually become the practical choice for 
orthopaedic surgeons to treat infected femoral nonunion. 
Of this technique, all possible pathologies can be resolved 
simultaneously, including infection, defects, length, 
alignment, and soft tissue problems. Via published arti-
cles [12–16], the advantages of external rail fixators are 
lightweight, simple intraoperative installation, conveni-
ent postoperative care, and acceptable patient compli-
ance. However, the structure of the unilateral framework 
is not stable enough, which requires exquisite preopera-
tive design and postoperative care to prevent potential 
complications, such as pin tract infection, axial deviation, 
soft tissue contracture, joint stiffness, etc.

For above, the purpose of this study was to evaluate the 
efficacy of bifocal bone transport in the treatment of fem-
oral defects caused by infection, and the complications 
of different locations’ bone transport were compared for 
avoiding the potential risks.

Methods
Study design
After receiving the written informed consent from partic-
ipants and approval from our hospital’s Ethics Commit-
tee, the medical records and radiographs were evaluated 
retrospectively of all patients whose infected femoral 
bone defect treated by single-level bone transport using a 
unilateral external rail fixator (Orthofix limb reconstruc-
tion system, Verona, Italy), from January 2008 to Decem-
ber 2019. Inclusion criteria were as follows: femoral 
bone defect caused by infection; sinus tract or abscess of 
affected limbs; positive intraoperative culture or histol-
ogy supporting a deep infection; bifocal bone transport 
for the reconstruction of the bone defect. Patients were 
excluded for those younger than 18 years old, incomplete 
medical records, poor compliance, or follow-up time less 
than twenty months.

The demographic data, initial injury, previous surgi-
cal and medical treatment, comorbidities, antimicro-
bial utilization, biopsy, or culture results of secretions 
were documented. In physical examinations, the range 
of motion (ROM) of the hip and knee and condition 
of soft tissues were evaluated. The index of inflamma-
tory was recorded, such as C-reactive protein (CRP), 
white blood cell (WBC), procalcitonin, and erythrocyte 

sedimentation rate (ESR). Cierny and Mader’s (CM) clas-
sification evaluated the degree of bone infection. The sen-
sitive antibiotics were given to all patients intravenously 
for 2 weeks depending on the bacteria isolated. If no bac-
teria were isolated, intravenous antibiotic prophylaxis 
with a second-generation cephalosporin (cefuroxime 3 g, 
twice daily) was given at least 6 weeks before surgery and 
1 week after surgery.

Surgical technique
Patients were positioned supine on the radiolucent table, 
and spinal anesthesia was performed. Firstly, the affected 
limb’s necrotic bone and soft tissue were removed until 
the residual bone showed evidence of punctate cortical 
hemorrhage (paprika sign). The infected biopsies and 
cultures were collected during the surgical procedure. 
The surgical area was flushed with 0.9% saline under low 
pressure. The gloves of all participating surgeons and sur-
gical instruments were replaced. Antibiotic-impregnated 
cement spacer (5 g vancomycin per 40 g gentamicin-
loaded bone cement, Heraeus, Hanau, Germany) equal in 
length to the bone defect was then filled into the defect 
to receive a high level of local antibiotic concentrations. 
Afterward, External fixators were placed on the proxi-
mal and distal femur in an anterolateral position parallel 
to the respective joint. Three 4.5-mm-diameter Schanz 
screws were inserted at the fragment of the proximal and 
distal femur, and two same Schanz screws were inserted 
at the transport bone fragment under the guidance of the 
intraoperative radiography machine. Simultaneously, the 
desired femoral length and alignment were maintained. 
These screws were angled at right angles to the anatomi-
cal axis of the femur. After the external fixator sliding 
clamps were assembled and the external frame debugged 
to parallel to the axis of the femur, the minimally invasive 
osteotomy was performed by Gigli saw. Depending on 
the size of the skin loss, the direct suturing under appro-
priate tension, local propulsive skin flap, or vascularized 
free flap was utilized to cover it. Removal of the spacer 
was conducted when the infection was under control, 
which could be determined by laboratory parameters 
such as WBC, CRP, and ESR.

Postoperative management
Distraction osteogenesis was conducted under the guid-
ance of a senior orthopaedic surgeon at the 6 postopera-
tive days, with a velocity of 0.5 mm/12 h, twice per day. 
Weight-bearing walking was encouraged for patients 
throughout the stage of distraction. The pin tract care 
was instructed to the patients to prevent the pin tract 
infection, such as washing the pin tract daily using a 
swab with 0.9% saline. Subsequently, radiography, WBC, 
ESR, and CRP were examined at 1, 3, 6, 9, 12, 18, and 
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24 months after bone transport. Bone grafting at the 
docking site was recommended to prevent docking site 
nonunion when the distraction stage ended.

Data collection and outcome evaluation
Patients who met the inclusion criteria were followed 
by the postoperative questionnaires routinely using the 
smartphone after discharge. Artificially, the femur was 
divided into three parts equally according to the ana-
tomical length of the femur, namely, the proximal, inter-
mediate, and distal. The Association for the Study and 
Application of the Method of Ilizarov (ASAMI) criteria 
was applied to assess the bone and functional results. The 
incidence and distribution of complications in different 
locations’ femoral bone transport were compared.

Statistical analysis
Data were input in a Microsoft Excel spreadsheet 
(Redmond, WA, USA), reported as frequencies and 
percentages, and then analyzed by the SPSS 20.0 soft-
ware package (Chicago, IL, USA). One-way ANOVA 
was used to compare quantitative variables of three 
groups (proximal, intermediate, and distal). The chi-
square test conducted comparisons of the excellent 
and good rate of bone and functional outcomes. Statis-
tical significance was p < 0.05.

Results
Seventy-six patients who met the criteria were included 
in this study between January 2008 to December 2019. 
There were 58 men (76.3%) and 18 women (23.6%), with 
a mean age of 38.8 years (range, 23–60 years). Seventy-six 
femoral defects (31 cases of proximal, 19 cases of inter-
mediate, and 26 cases of distal) caused by infection were 
managed for bifocal bone transport using a unilateral 
external rail fixator, with a mean postoperative follow-
up time of 30.8 months (23 to 41 months) (Table 1). The 
mechanisms of initial injury in all patients were sum-
marized, including road traffic accidents (46.1%), falling 
injury (17.1%), direct trauma (22.3%), or other (14.4%). 
There were 63 cases of open fractures (82.8%) and 13 
cases of closed (17.1%), with a mean of 2.8 previous 
operations was 3.2 (range, 1–7). The skin sinus tract took 
place in 43 patients, and 17 of them were in an inactive 
sinus scar (quiescent infection). A planned arthrodesis 
combined with bone transport was managed for a patient 
who had previous knee ankyloses. Pain and limitation 
of limb function were present in two-thirds of patients 
(knee ROM, 15–75°). With the CM classification, 51 
cases in type III and 25 cases in type IV. Positive bacteria 
isolated was observed in 61 cases (80.2%) (Table 2). After 
the debridement surgery, the mean length of bone defects 
was 4.6 cm (range, 3.7–5.6 cm). There was no statistical 
significance in age (p = 0.105), gender (p = 0.647), obe-
sity (BMI > 25, p = 892), smoking (p = 0.318), antibiotics 

Table 1 Demographic of patients

Variables Proximal
(n = 31)

Intermediate (n = 19) Distal
(n = 26)

P value

Age (years) 41 (23–55) 38 (22–51) 39 (20–57) 0.105

Gender (male, female) 23M8F 16M3F 19M7F 0.647

BMI > 25(yes) 12 8 9 0.892

Smoking (yes) 18 10 16 0.318

Antibiotics (yes) 27 13 21 0.529

Mode of fracture (open) 25 17 21 0.683

Duration of post-traumatic osteomyelitis (months) 30 (22–32) 29 (22–35) 31 (16–41) 0.298

Table 2 Summary of patients with isolated organism and final outcome

MRSA methicillin-resistant Staphylococcus aureus

Organism Number of cases Outcome

S. aureus 44 (57.8%) Resolved by intravenous antibiotic therapy.

S. epidermidis 11 (14.4%) Resolved by intravenous antibiotic therapy.

E. coli 6 (7.8%) Resolved by oral antibiotics.

MRSA 0 (0%) –

None isolated 15 (19.2%) Resolved by oral antibiotics or intravenous antibiotics.
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utilization (p = 0.529), mode of fracture (p = 0.683), and 
duration of osteomyelitis (p = 0.298).

Infection was eradicated in all patients, and the total 
bone union was received in 76 of 76 cases (100%), with 
a mean bone union time (BUT) of 6.9 months (range, 
5–8 months). The mean external fixation time (EFT) 
was 11.8 months (range, 6–21 months), and the external 
fixation index (EFI) was 1.71 months/cm (range, 1.38–
2.41 month/cm). There was statistical significance among 
the BUT (p = 0.002) and EFT (p < 0.001) in Table  3. 
According to ASAMI criteria (Table 4), the excellent and 
good rate of bone and functional recovery in the proxi-
mal bone transport were higher than the other (P vs I vs 
D, 80.6% vs 78.9% vs 69.2, 93.5% vs 89.4% vs 69.2%). The 
whole procedure of bifocal bone transport described in 
this study was shown in Fig. 1.

Pin tract infection was observed in 29 patients (38.1%) 
and successfully treated by dressing change combined 
with culture-sensitive oral antibiotics. Besides, there 
were 7 cases (9.2%) of muscle contractures, 3 cases (7.9%) 
of joint stiffness, 13 cases (17.1%) of axial deviation, 2 
cases (2.6%) of delayed union, one case (1.3%) of nonun-
ion, and none (0%) of transport gap re-fracture (Table 5). 
Axial deviations were corrected by adjusting the external 
fixator radiologically, under local anesthesia. Muscle con-
tractures were managed by the tension-release surgery to 
reconstruct function. Delayed unions and nonunion were 
recovered by the treatment of autologous bone grafting 

and compaction of the regenerate intermediate con-
nective tissue zone by the same frame (Table 6). Finally, 
the patient associated with knee joint stiffness obtained 
physical therapy to improve the ROM of the knee under 
the direction of a senior physiotherapist. And the knee 
ROM of two was recovered to 10–85° degrees. Unfortu-
nately, the joint stiffness and intractable pain still existed 
in one patient, and he was scheduled for knee arthro-
plasty when bone transport treatment ended.

Discussion
This study aimed to collect and assess the postoperative 
results and distribution of complications related to bone 
transport using a unilateral external rail fixator in treat-
ing femoral bone defects caused by an infection in our 
hospital from January 2008 to December 2019. Radical 
debridement combined with antibiotic spacer was nec-
essary to ensure an infection-free limb. Bone transport 
using an external rail fixator was a pragmatic method 
to reconstruct the femoral defects and resolve the limb 
deformity, such as shortening, angular, sclerosis, and 
muscle atrophy caused by the initial injury. In this study, 
the rate of total bone union was 100%, and the per-
patient complication was 0.82. The excellent and good 
rate of bone and function of the proximal group was bet-
ter than the others. Pin tract infection, muscle contrac-
ture, axial deviation, and soft tissue incarceration were 
more likely to occur in the intermediate group, and the 

Table 3 Postoperative data of patients

BUT bone union time, EFT external fixation time, EFI external fixation index

Variables Proximal
(n = 31)

Intermediate (n = 19) Distal
(n = 26)

P value

Length of bone defect (cm) 4.5 (4.0–5.4) 4.8 (4.1–5.5) 4.7 (3.6–5.7) 0.610

BUT (month) 9.5 (6–13) 13.6 (7–19) 11.4 (8–15) 0.002

EFT (month) 10.8 (7–15) 14.1 (8–21) 13.6 (9–19) < 0.001

EFI (month/cm) 2.36 (1.75–2.78) 2.31 (1.95–3.81) 2.73 (2.5–3.33) 0.733

Follow-up time (month) 31 (24–41) 30 (23–39) 29 (24–33) 0.382

Table 4 Outcomes of ASAMI scores in different locations

P proximal, I intermediate, D Distal
a  P vs D p = 0.571, I vs D p < 0.001, I vs D p < 0.001
b  P vs I p < 0.001, I vs D p = 0.643, P vs D p < 0.001

ASAMI Location Excellent Good Fair Poor Failure

Bone  gradea Proximal 4 21 6 0 –

Intermediate 7 8 3 1 –

Distal 5 13 6 2 –

Function  gradeb Proximal 6 23 2 0 –

Intermediate 7 10 1 1 –

Distal 7 11 6 2 –
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distal group was at high risk of joint stiffness, delayed 
union, or nonunion.

It’s generally recognized that the defect and deform-
ity can be resolved simultaneously by the bone transport 
using an external fixator, allowing the patient to utilize 
the limb function earlier to prevent joint stiffness or 
arthritis [1–4, 17], However, this technique is also a great 

challenge for surgeons since the long EFT and tricky 
complications [18, 19]. Some interventions have been 
applied to shorten the EFT, such as fixation combined 
with an internal and external fixator, cyclic distraction 
and compression technique at the consolidation stage, 
or injection of biological agents that promote bone heal-
ing in the distraction area, etc. [7, 11, 20]. For instance, 
Gupta et  al. [21] reported a consecutive series of 14 
patients with tibia nonunion, and satisfactorily managed 
by bone transport using a monorail fixator combined 
with locking plates. All patients had a mean defect size 
of 6.4 cm, a mean external fixator index of 21.2 days/cm, 
and a per-patient complication incidence of 0.5. Further-
more, the study published by Gulabi et al. [22] presented 
a series of five patients with tibia nonunion successfully 
treated by bone transport using Ilizarov fixator com-
bined with an intramedullary nail. The above-improved 
methods indeed possessed advantages in shortening the 
EFT, but the heavy financial burden and complex surgical 
procedures make them difficult to utilized widely. Hence, 
what’s far more important for the application of bifocal 

Fig. 1 A 20-year-old male with post-traumatic osteomyelitis of the left femur was treated with single-level bone transport using external rail 
fixator. a, b Osteomyelitis of the left femur caused by post-traumatic infection presented by X-ray films. c, d, e Resection of infected bone with 
7.8 cm defect, the antibiotic-impregnated cement spacer was filled and removed until infection was controlled, then treated by single-level bone 
transport. f Radiological films of 6 weeks in the distraction stage. g, h Bone transport completed with good regenerate consolidation, and docking 
union was achieved at four postoperative months. i, j External frame was removed with excellent bone result represented by view of X-ray at six 
postoperative months

Table 5 Complications in the period of bone transport

Complication Proximal
(n = 31)

Intermediate 
(n = 19)

Distal
(n = 26)

Pin tract infection 11 13 5

Muscle contractures 3 4 0

Joint stiffness 1 0 2

Axial deviation 4 7 2

Soft tissue incarceration 1 3 2

Delayed union 0 1 2

Nonunion 0 0 1

Transport gap re-fracture 0 0 0
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bone transport is to describe the characteristic of differ-
ent locations’ bone transport and the distribution of the 
complications.

The high density of muscles, blood vessels, and soft 
tissue are distributed around the femur, especially the 
proximal, which facilitates bone regeneration and miner-
alization [1, 3, 23]. But the potential risks are kept com-
pany with these advantages. As for the surgical procedure 
of bone transport, the subcutaneous tissue and blood 
vessels are easy to be involved when inserting screws, 
which results in tissue necrosis and infection. In addition, 
the greater counterforce caused by the plentiful muscle is 
also left to the screws, which hinders the sliding of the 
transport bone segment. It has also been noticed that 
the distraction gap may be filled by soft tissue before the 
end of the distraction stage. For these, the use of a screw 
sleeve was recommended to plan the screws’ inserting 
position preoperatively and assist the insertion intraop-
eratively, which can reduce the probability of damaging 
the blood vessels and soft tissues. The periosteal forma-
tion induced by the antibiotic bone spacer after radical 
debridement had been suggested by the recent study, 
which may reduce the occurrence of soft tissue incarcera-
tion [19, 24]. And the utilization of hydroxyapatite-coated 
screws in the metaphysis and cortical screws in the inter-
mediate may increase the holding force and reduce the 
risk of axial deviation [19, 21, 24]. Besides, the satisfac-
tory bone union of the proximal group may be related to 
the selection of osteotomy line in the metaphysis of the 
femur, which provides fruitful blood supply for avoiding 
the docking site nonunion.

The autogenous bone grafting at the docking site was 
recommended to perform when the distraction stage fin-
ished [3, 23, 25–27]. Wan et al. [28] showed a series of 28 
femoral bone defects treated by bone transport using a 
monolateral external fixator combined with bone grafting 
at the docking site, and obtained a good bone healing rate 
of 92.8%. Furthermore, the study published by Yin et al. 
[16] presented a cohort of 110 patients with bone defects 
of the lower extremity were treated successfully by bone 
transport, and the bone grafting at the docking site was 
applied as well. In our cohort, the bone grafting was 

managed at the end of the distraction stage, and satisfac-
tory bone healing results were obtained. However, there 
was still one patient with nonunion and three patients 
with the delayed union, which occurred in intermediate 
and distal femoral bone transport. The delightful results 
were obtained with the application of bone grafting, but 
there was still one patient with nonunion in the interme-
diate group and three patients with the delayed union in 
the distal group. As far as we were considering, the distal 
site of the femur adjacent to the attachment point of the 
muscle resulted in poor blood supply. Fortunately, bone 
union was received finally after adjustment of the exter-
nal fixator to compress the regenerate tissue zone until 
the regenerate bony parts were contacted.

Pin tract infection (38.1%) cannot be ignored, which 
occurred in the intermediate group and the proximal 
group mostly [24, 29, 30]. The reason for this phenom-
enon may be related to the developed musculature, 
rich soft tissue, and blood supply of the intermediate. 
This also explained why the more axial deviations and 
muscle contractures took place here. Previous studies 
have found that the occurrence of pin tract infection is 
related to gender, obesity, smoking, and steroid use [31, 
32]. Although there is no difference in the comparison of 
statistical factors among the three groups in our cohort, 
quitting smoking and maintaining healthy living habits 
during treatment are conducive to the prevention of pin 
tract infection. Concurrently, regular X-ray examination 
of the affected limb was also essential to promptly pre-
vent the axial deviation, especially applying the unilateral 
fixator. As for joint stiffness, the quadriceps plasty meth-
ods and their modifications may be a resolution to knee 
stiffness [18, 31–33]. But, complications may be brought 
out by the above method, including scar contracture, skin 
necrosis, wound dehiscence, edema, and severe pain. 
In our cohort, quadriceps plasty was not performed. 
Quadriceps plasty may be an alternation to manage knee 
stiffness, but the value of it is difficult to decide since the 
complex complications. Conversely, knee arthroplasty 
was a salvage approach that may be considered for the 
patient’s joint with poor range of motion and persistent 
pain.

Table 6 The treatment outcomes of complications (all patients)

Complication Number of patients Treatment Outcome

Pin tract infection 29 (38.1%) strengthen dressing change, culture-sensitive oral antibiotics 
or surgical intervention

Union

Muscle contracture 7 (9.2%) surgical intervention under spinal anesthesia Union

Knee joint stiffness 3 (7.9%) Physical therapy Union

Axial deviation 13 (17.1%) surgical intervention under local anesthesia Union

Delayed union 2 (2.6%) surgical intervention under general anesthesia Union

Nonunion 1 (1.3%) surgical intervention under general anesthesia Union
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Via published articles [11, 16, 34, 35], the application 
of bone transport in the treatment of infected femoral 
bone defects is more satisfactory than in the tibia, espe-
cially in the grade of bone healing. For instance, Sen et al. 
[11] showed a mean EFI of 31.8 days/cm in a cohort of 17 
patients treated by the modified technique of acute short-
ening and re-lengthening. Additionally, Chou et  al. [29] 
presented a mean EFI of 0.97 months/cm in a series of six 
infected femoral nonunions managed by the staged pro-
tocol of Ilizarov distraction osteogenesis and intramed-
ullary nailing. In this study, however, the EFT and EFI of 
our cohort were higher than in the previous study. For this 
reason, we concluded that the intractable bone destruc-
tion was caused by the long duration of infection com-
bined with previous multiple surgical interventions. Thus, 
detailed preoperative planning, skillful mastery of the 
external fixation framework, and methodical postopera-
tive management should be prepared for patients with a 
long duration of infection. The novel combined technique 
described above can be a workable choice to shorten the 
EFT and EFI. But the risk of multiple operations’ complica-
tions cannot be underestimated, such as long incisions and 
extensive scars.

Last, several limitations were in this study, which was 
associated with its retrospective and single-center design 
nature. First of all, there is no mature algorithm for the 
resolution of complications in different bone transport 
locations of the femur. In addition, prospective case 
series with infected femoral nonunion treated by bone 
transport were rare. Therefore, a prospective multi-center 
study of large samples is crucial for clinical guidance.

Conclusion
Pin tract infection, axial deviation remains the most 
common complication using unilateral external fixation. 
Complications of the distal site in femoral bone trans-
port were more critical than other sites, but the rate was 
the least. The incidence of complications in the proximal 
group was comparable to the intermediate group. Soft-
tissue-related complications (muscle contractures, soft 
tissue incarceration) were more likely to occur in the 
intermediate bone transport. The bone healing and func-
tional outcomes were affected directly by these compli-
cations in the period of bone transport. It’s essential to 
understand the incidence and distribution of complica-
tions at femoral different locations to formulate targeted 
measures to deal with postoperative complications.

Acknowledgments
Not applicable.

Conflict of interest
The authors report no proprietary or commercial interest in any product 
mentioned or concept discussed in this article.

Authors’ contributions
CP, KL, QT, and YZ developed the research questions and scope of the study. 
CP and KL conducted preoperative and postoperative data screening, and 
data charting. CP drafted the manuscript, prepared tables and figure with MT’s 
contribution. WQK developed the literature search strategies in collabora-
tion with the other authors. CP, KL, QT, HPL, XKL, and YZ contributed to the 
organization, analysis, and interpretation of the results. All authors read and 
approved the final manuscript.

Funding
This study was not funded by any foundation.

Availability of data and materials
The data sets generated and analyzed during the current study are not 
publicly available due to restrictions on ethical approvals involving patient 
data and anonymity but can be obtained from the appropriate authors as 
reasonably required.

Declarations

Ethics approval and consent to participate
This retrospective study was approved by the Ethics Committee of The First 
Affiliated Hospital of Xinjiang Medical University and carried out in accord-
ance with the ethical standards set out in the Helsinki Declaration. Informed 
consent was received from all participants.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no conflict of interest.

Received: 30 June 2021   Accepted: 1 February 2022

References
 1. Van Hentenryck M. Growing pains. JAMA. 2020;324:8.
 2. Bezstarosti H, Metsemakers WJ, van Lieshout EMM, Voskamp LW, 

Kortram K, McNally MA, Marais LC, Verhofstad MHJ. Management of 
critical-sized bone defects in the treatment of fracture-related infection: 
a systematic review and pooled analysis. Arch Orthop Traum Surg. 
2021;141(7):1215–30.

 3. Blázquez-Carmona P, Mora-Macías J, Morgaz J, Fernández-Sarmiento JA, 
Domínguez J, Reina-Romo E. Mechanobiology of bone consolidation 
during distraction osteogenesis: bone lengthening vs. Bone Transport. 
Ann Biomed Eng. 2020;(Suppl 2):1–13.

 4. El-Rosasy MA, Ayoub MA. Traumatic composite bone and soft tissue loss 
of the leg: region-specific classification and treatment algorithm. Injury. 
2020;51:S20–S1383.

 5. Peschiera V, Staletti L, Cavanna M, Saporito M, Berlusconi M. Predicting 
the failure in distal femur fractures. Injury. 2018;49:S2–7.

 6. Bell A, Templeman D, Weinlein JC. Nonunion of the femur and tibia. 
Orthop Clin N Am. 2016;47(2):365–75.

 7. Nicholson JA, Makaram N, Simpson A, Keating JF. Fracture nonunion in 
long bones: a literature review of risk factors and surgical management. 
Injury. 2020.

 8. Cierny GR, Mader JT, Penninck JJ. A clinical staging system for adult osteo-
myelitis. Clin Orthop Relat Res. 2003;414:7–24.

 9. Klein C, Monet M, Barbier V, Vanlaeys A, Masquelet AC, Gouron R, Men-
taverri R. The Masquelet technique: Current concepts, animal models, 
and perspectives. J Tissue Eng Regen M. 2020;14(4).

 10. Deng AD, Innocenti M, Arora R, Gabl M, Tang JB. Vascularized small-
bone transfers for fracture nonunion and bony defects. Clin Plast Surg. 
2020;47(4):501–20.

 11. Sen C, Demirel M, Sağlam Y, Balcı HI, Eralp L, Kocaoğlu M. Acute shorten-
ing versus bone transport for the treatment of infected femur non-
unions with bone defects. Injury. 2019;50(11):2075–83.



Page 8 of 8Peng et al. BMC Musculoskeletal Disorders          (2022) 23:132 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 12. Corona PS, Ramirez-Nuñez LJ, Amat C, Carrera L. Outcome of oscillating 
saw open osteotomy in two-stage lower extremity bone transport with 
monolateral frame. Injury. 2017;48(10):2285–91.

 13. Sangkaew C. Distraction osteogenesis of the femur using conventional 
monolateral external fixator. Arch Orthop Traum Su. 2008;128(9):889–99.

 14. Ma C, Chiu Y, Tu Y, Yen C, Wu C. Three-stage treatment protocol for recalci-
trant distal femoral nonunion. Arch Orthop Traum Su. 2017;137(4):489–98.

 15. Xu Y, Fan X, He X, Wen H. Correction to: Reconstruction of massive tibial 
bone and soft tissue defects by trifocal bone transport combined with 
soft tissue distraction: experience from 31 cases. BMC Musculoskel Dis. 
2021;22(1):130.

 16. Yin P, Zhang L, Li T, Zhang L, Wang G, Li J, et al. Infected nonunion of tibia 
and femur treated by bone transport. J Orthop Surg Res. 2015;10(1):49.

 17. Wen H, Zhu S, Li C, Xu Y. Bone transport versus acute shortening for 
the management of infected tibial bone defects: a meta-analysis. BMC 
Musculoskel Dis. 2020;21(1):80.

 18. Aktuglu K, Erol K, Vahabi A. Ilizarov bone transport and treatment of 
critical-sized tibial bone defects: a narrative review. J Orthop Traumatol. 
2019;20(1):22.

 19. Borzunov DY, Shastov AL. Mechanical solutions to salvage failed 
distraction osteogenesis in large bone defect management. Int Orthop. 
2019;43(5):1051–9.

 20. Davda K, Heidari N, Calder P, Goodier D. ’Rail and Nail’ bifocal manage-
ment of atrophic femoral nonunion. Bone Joint J. 2018;100-B(5):634–9.

 21. Gupta S, Malhotra A, Mittal N, Garg SK, Jindal R, Kansay R. The manage-
ment of infected nonunion of tibia with a segmental defect using simul-
taneous fixation with a monorail fixator and a locked plate. Bone Joint J. 
2018;100-B(8):1094–9.

 22. Gulabi D, Erdem M, Cecen GS, Avci CC, Saglam N, Saglam F. Ilizarov fixator 
combined with an intramedullary nail for tibial nonunions with bone loss: 
is it effective? Clin Orthop Relat Res. 2014;472(12):3892–901.

 23. Biz C, Crimì A, Fantoni I, Vigo M, Iacobellis C, Ruggieri P. Functional out-
come and complications after treatment of comminuted tibial fractures 
or deformities using Ilizarov bone transport: a single-center study at 15- 
to 30-year follow-up. Arch Orthop Trauma Surg. 2021;141:1825–33.

 24. Papakostidis C, Bhandari M, Giannoudis PV. Distraction osteogenesis in 
the treatment of long bone defects of the lower limbs: effectiveness, 
complications and clinical results; a systematic review and meta-analysis. 
Bone Joint J. 2013;95-B(12):1673–80.

 25. Szelerski A, Żarek S, Górski R, Mochocki K, Górski R, Morasiewicz P, et al. 
Surgical treatment outcomes of the Ilizarov and internal osteosynthesis 
methods in posttraumatic pseudarthrosis of the tibia—a retrospective 
comparative analysis. J Orthop Surg Res. 2020;15(1):179.

 26. Testa G, Vescio A, Aloj DC, Costa D, Papotto G, Gurrieri L, et al. Treat-
ment of Infected Tibial Non-Unions with Ilizarov Technique: A Case 
Series, vol. 9; 2020.

 27. Thakeb MF, Fayyad TA, ElGebeily MA, Diab RA, El Zahlawy H, Sharafel-
din MS, et al. Bifocal compression–distraction for combined bone and 
soft-tissue defects in post-traumatic Tibial nonunion. J Orthop Trauma. 
2019;33(10):e372–7.

 28. Wan J, Ling L, Zhang X, Li Z. Femoral bone transport by a monolateral 
external fixator with or without the use of intramedullary nail: a single-
department retrospective study. Eur J Orthopaedic Surg Traumatol. 
2013;23(4):457–64.

 29. Chou P, Lin H, Su Y, Chiang C, Chang M, Chen C. Staged protocol for the 
treatment of chronic femoral shaft osteomyelitis with Ilizarov’s technique 
followed by the use of intramedullary locked nail. J Chin Med Assoc. 
2017;80(6):376–82.

 30. Obremskey WT, Metsemakers W, Schlatterer DR, Tetsworth K, Egol K, Kates 
S, et al. Musculoskeletal infection in Orthopaedic trauma. J Bone Joint 
Surg. 2020;102(10):e41–4.

 31. Liu K, Cai F, Liu Y, Abulaiti A, Ren P, Yusufu A. Risk factors of ankle osteoar-
thritis in the treatment of critical bone defects using ilizarov technique. 
BMC Musculoskelet Disord. 2021;22(1):339.

 32. Liu Y, Yushan M, Liu Z, Liu J, Ma C, Yusufu A. Complications of bone 
transport technique using the Ilizarov method in the lower extremity: 
a retrospective analysis of 282 consecutive cases over 10 years. BMC 
Musculoskelet Disord. 2020;21(1):354.

 33. Borzunov DY, Kolchin SN, Malkova TA. Role of the Ilizarov non-free bone 
plasty in the management of long bone defects and nonunion: problems 
solved and unsolved. World J Orthop. 2020;11(6):304–18.

 34. Large TM, Adams MR, Loeffler BJ, Gardner MJ. Posttraumatic avascular 
necrosis after proximal femur, proximal Humerus, Talar neck, and scaph-
oid fractures. J Am Acad Orthop Sur. 2019;27(21):794–805.

 35. Liska F, Voss A, Imhoff FB, Willinger L, Imhoff AB. Nonunion and delayed 
union in lateral open wedge distal femoral osteotomies—a legitimate 
concern? Int Orthop. 2018;42(1):9–15.

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


	Evaluation of complications associated with bifocal bone transport as treatment for either proximal, intermediate or distal femoral defects caused by infection: outcome analysis of 76 patients
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design
	Surgical technique
	Postoperative management
	Data collection and outcome evaluation
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgments
	References


