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Abstract
Background: Ilizarov technique has been widely used to salvage bone defects. However, treating large
bone defects remains a challenge for surgeons. The aim of this study was to compare bone transport
with acute shortening/re-lengthening in a series of large tibial segmental defects.

Method: A total of 39 patients (29 males, 10 females) with large tibial segmental defects were treated
with the Ilizarov technique (Group A: bone transport in 23 cases; Group B: acute shortening/re-lengthening
16 in cases) from March 2010 to December 2018. The mean age was 38.7 years (range24 years to 55
years). The average bone defect size was 8.82 cm (range from 6 cm to 12 cm). The demographic data,
operation duration, docking time, external �xation time, and external �xation index were retrospectively
documented and analyzed. Complications that occur during the treatment were classi�ed. The clinical
outcomes were evaluated by the Association for the Study and Application of the Method of Ilizarov
criteria (ASAMI) at the last clinical visit.

Result: There were no statistically signi�cant differences (P>0.05) in the demographic data of the two
groups. There was no signi�cant difference in operation duration between the two groups. The docking
time in group A was longer than that in group B (93.26±19.52 days, 58.44±14.23 days, P<0.001). No
statistical signi�cance was obversed for the external �xation time in the two groups (330.87±88.52 days
in group A, 321.25±56.67 days in group B,P=0.704). A higher external �xation index was presented in
group A (38.32±5.39 days/cm) than group B (35.17±2.14 days/cm) (P=0.033). There was no signi�cant
difference between the two groups in ASAMI bone results and functional results (Table 4). Complications
were more prevalent in group A (28 complications of 23 patients), while less in group B (7 complications
of 16 patients) (P<0.05).

Conclusion: Both bone transport and acute shortening/re-lengthening technique can achieve satisfactory
clinical outcomes in the reconstruction of long segmental tibial bone defect caused by infection using a
monolateral rail external �xator. The acute shortening/re-lengthening can signi�cantly decrease the
docking time, external �xation index, and complications compared with bone transport.

Background
Bone defects of the tibia have always been extremely di�cult to manage successfully, and this challenge
may be increased when the critical defects were present [1–3]. Additional necrotic bone resection was
needed to eradicate an active infection nidus in patients with chronic osteomyelitis, who often suffered
high energy trauma and multiple prior surgical procedures [4, 5]. Patients with severe soft-tissue injuries,
shortening deformity of the lower limb, or functional loss acquired poor clinical outcomes.

Several surgical options have been proposed for patients with segmental tibial bone defects combined
with infection or not, such as cancellous bone grafting, vascularized free-tissue transfers, and bone grafts
combined with microvascular tissue transfers [1, 6–10]. However, it is di�cult to achieve satisfactory
alignment and limb length via these methods due to the limitation of soft-tissue conditions. In the Ilizarov
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technique, the bone healing was stimulated by the pulling tension using the external �xator via
corticotomy, which can regenerate new bone without the necessity of bone grafting, and the alignment
and limb length can be reconstructed preferably [2, 11, 12]. The Ilizarov technique has been used for more
than 30 years successfully since it was �rst mentioned [13, 14]. This technique was used in two different
ways to salvage limbs, including bone transport and acute shortening/re-lengthening [15–19]. The
procedure of bone transport is that a normal segment of bone is gradually transported from the adjacent
area to the bone defect area, and the transported segment is mineralized to form new bone tissue, so as
to achieve the purpose of bone reconstruction [7, 8, 15–17, 20]. In this process, the external �xator is
managed to gradually transport the bone segment under the controlled mechanical rate (about 1.00
mm/day) [13, 14]. For patients with bone transport, the length of the limb does not change, and the
transported segment is equal to the bone defect.

Acute shortening/re-lengthening is characterized by shortening of the limb and closing the bone defect
[7–9, 19, 21–23]. The shortening deformity is restored gradually by bone lengthening using an external
�xator under a similar rate (about 1.00 mm/day) [13, 14]. In patients with acute shortening/re-
lengthening, the stability of bone �xation can be enhanced by the early contact of the original area of
bone loss, and the docking site can be met directly [7–9, 19, 21–23].

Bone transport is often used to treat cases with large bone defects, and patients with small bone defects
are generally managed by acute shortening/re-lengthening. However, patients with a long segmental bone
defect who underwent the bone transport may suffer the axial deviation, long docking time, delayed
union, or non-union [24, 25]. And patients who underwent acute shortening/re-lengthening may
experience various soft-tissue complications. The purpose of this study was retrospectively compared
bone transport with acute shortening/re-lengthening (the size of acute shortening was adjusted according
to the soft tissue condition) in the treatment of long segmental tibial bone defects, and determined the
most appropriate individualized treatment to reduce the common complications.

Materials And Methods
This retrospective study was based on hospital records and analysis of routine radiographs obtained
during the course of treatment from March 2010 to December 2018. A total of 39 patients with post-
traumatic tibial infected non-unions or chronic osteomyelitis with a bone loss between 6 and 12 cm were
included in this study. Patients with an incomplete record, follow-up was less than two years ,poor
compliance, bone tumor, and any other illness that can affect bone healing (such as diabetes) were
excluded in this study. All patients were managed by the Ilizarov technique using the monolateral rail
external �xator (Limb Reconstruction System, LRS, Ortho�x, Verona, Italy), either by bone transport or
acute shortening/re-lengthening. The surgical selection was based on clinical parameters according to
soft tissue condition, bone defect size, patient’s wishes, and surgeon judgment. 

A total of 39 patients (29 males, 10 females) with an average age of 38.74±9.19 years (range from 24
years to 55 years) in this study were divided into two groups (Group A: bone transport, n=23; Group B:
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acute shortening/re-lengthening, n=16). Meticulous debridement of the affected tissues, installation of a
monolateral rail external �xator, and a percutaneous minimally invasive cortical osteotomy using the Gigli
saw were performed in all the patients. The principal outcome measure was operation duration, docking
time, external �xation time (EFT), and the external �xation index (EFI EFT/the length of bone
regenerated). Clinical outcomes were evaluated by the Study and Application of the Method of Ilizarov
criteria (ASAMI) [26] at the last follow-up. Complications were recorded and analyzed, and then the total
complications and mean complications/patient were used to compare the outcomes of the two groups.

Surgical procedure

All the surgical procedures were performed by the same team. The patients were positioned supine on a
radiolucent table under continuous general or regional anesthesia. The incision was carried down to the
periosteum correspond to the previous surgical incisions when possible, protecting the healthy skin or
subcutaneous tissues. The infected and devitalized bone and soft tissues were radically resected after
complete hardware removal, and the samples were sent to culture for the sensitive antibiotics. The bony
ends were resected until cortical bleeding, called the paprika sign [26], which manifests healthy osseous
tissue. Frequent alternating irrigation with hydrogen peroxide, physiological saline, and iodine liquid
during after debridement is critical.

Antibiotic-impregnated cement beads were applied for the patients with severe infection. Meticulous
hemostasis was performed before wound closure. The vacuum sealing drainage (VSD) technique was
used for cases with soft tissue defects or those that could not be initially closed without tension.

Bone transport

Length and axis restoration of the injured extremity was achieved �rstly when the monolateral external
�xator was installed. Two or three Schanz screws �xed by the connecting rail were inserted on the
proximal and distal bony ends, respectively. For the patients with bone transport, the other two screws
were inserted on the planned transport bony fragment and �xated at the sliding block. Every screw
needed to be on the same plane. According to the location of the bone defect, a percutaneous cortical
osteotomy with minimal invasion was conducted using Gigli saw. One osteotomy was performed on each
side of the defect when the patient suffered a central defect (converging transport) ( Figure 1).

Acute shortening/re-lengthening

For all patients in this group, the acute shortening was managed on the injured limb at a suitable size
according to the patient’s soft tissue and bone condition when the monolateral external �xator was
installed. The tibia and �bula should be �xed together at the upper and lower sliding block to prevent
asynchronous lengthening and dislocation during limb extension. Then the osteotomy procedure was
performed on each side of the defect. After the docking site comes into contact via bone transport, the
limb lengthening was performed until there was no limb discrepancy in the bilateral extremities (Figure 2-
5).
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Post-operative management

Sensitive antibiotic therapy was conducted by oral or intravenous injection until the infection been
resolved depending on the clinical manifestations and laboratory indicators. The small soft tissue
defects were treated by direct suture or local tissue �ap. The larger soft tissue defects were managed by
free skin grafting or �ap transfer.

All patients were encouraged to undergo the isometric muscle and joint range of motion (ROM) exercise
on the postoperative second day, and early full-weight-bearing was also encouraged. The foot was kept in
a neutral position using a rigid shoe with an elastic band, preventing ankle-equines contractures. Regular
pin site care was performed every day using medical alcohol or iodophors.

After a 7 days latency period, bone transport started at a rate of 1 mm/d (0.25 mm/6h). Notably, the
transport speed was modi�ed according to the patient's tolerance and the radiological quality of the
regenerate. After docking, bone transport continued for 4 or 5 days to compress the docking site, and
regenerate was allowed to consolidation. For patients who require limb lengthening, the same rate of 1
mm/d (0.25 mm/6h) was conducted until there was no limb discrepancy in the bilateral extremities.

During the bone transport and limb lengthening phases, the regular clinical visit was performed twice a
month, while monthly in the consolidation period. The monolateral external �xator was dynamized and
followed by removal when the satisfactory consolidation (three uninterrupted cortices appeared at the
distraction zone) and docking site complete union were achieved on the standard anteroposterior (AP)
and lateral radiographs. After the frame removal, a functional brace was used to prevent re-fracture at the
docking site or bending in the distraction zone.

Statistical analysis

Statistical analysis was performed with the SPSS 22.0 (IBM Corp, USA). Independent-samples T-tests
were used to analyze the continuous variables, which were expressed as the mean, standard deviation
(SD), and range of the observations. The count variables were analyzed by the Chi-square or Fisher’s test,
expressing as a number. A statistically signi�cant difference was set at P < 0.05.

Results
A total of 39 patients with bone defects measuring between 6 to 12 cm were included in this study. The
infected non-union was presented in 13 cases, and the chronic osteomyelitis in 26 cases. All patients
underwent multiple debridements. Group A consisted of 23 patients managed by bone transport, and
group B consisted of 16 patients managed by acute shortening/re-lengthening. There were no statistically
signi�cant differences (P > 0.05) in the demographic data of the two groups (Table 1). The average size
of bone defect was 8.57 cm in group A and 9.19 cm in group B (Table 1). The speci�c information of
group B was shown in Table 2. And the typical case in group B was illustrated in Fig. 3–5.
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Table 1
Demographic data of patients included in the present study

  Group A Group B Total P-value

Patients 23 16 39  

Age (year) 38.17 ± 9.14 39.56 ± 8.59 38.74 ± 9.19 0.649

Sex       0.939

Male 17 12 29  

Female 6 4 10  

Injured side       0.773

Lift 9 7 16  

Right 14 9 23  

Etiology of bone defect       0.818

Infected nonunion 8 5 13  

Chronic osteomyelitis 15 11 26  

Location of bone defect       0.854

Proximal 4 2 6  

Middle 11 9 20  

Distal 8 5 13  

Defect size (cm) 8.57 ± 1.46 9.19 ± 1.8 8.82 ± 1.62 0.242

Group A: Bone transport

Group B: Acute shortening/re-lengthening
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Table 2
The speci�c information of acute shortening/re-lengthening group

Patients Bone defect (cm) Acute shortening (cm) Bone defect after acute shortening (cm)

1 9.0 3.0 6.0

2 8.0 3.0 5.0

3 7.0 2.0 5.0

4 9.0 4.0 5.0

5 6.0 3.0 3.0

6 6.5 3.5 3.0

7 9.0 3.0 6.0

8 9.0 3.0 7.0

9 9.5 4.0 5.5

10 12.0 6.0 6.0

11 10.5 3.0 7.5

12 11.0 3.0 8.0

13 11.0 4.0 7.0

14 8.5 2.0 6.5

15 12.0 5.0 7.0

16 9.0 3.0 6.0

The comparison of the therapeutic process in two groups was shown in Table 3. There was no signi�cant
difference in operation duration between the two groups. The docking time in group A was longer than
that of group B (93.26 ± 19.52 days, 58.44 ± 14.23 days, P < 0.001). Although the external �xation time
was no different in the two groups (330.87 ± 88.52 days in group A; 321.25 ± 56.67 days in group B) (P = 
0.704), there was a signi�cant difference in external �xation index between group A (38.32 ± 5.39) and
group B (35.17 ± 2.14) (P = 0.033).
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Table 3
Comparison of the results in the two groups

  Group A Group B Mean P-value

Operation duration (mins) 156.52 ± 23.67 149.38 ± 21.44 153.59 ± 22.77 0.343

Docking time (days) 93.26 ± 19.52 58.44 ± 14.23 78.97 ± 24.53 0.001

External Fixation Time (days) 330.87 ± 88.52 321.25 ± 56.67 326.92 ± 76.34 0.704

External Fixation Index (days/cm) 38.32 ± 5.39 35.17 ± 2.14 37.02 ± 4.59 0.033

Group A: Bone transport

Group B: Acute shortening/re-lengthening

The clinical outcomes and complications in the two groups were compared and illustrated in Table 4–5.
According to bone results, in group A, there were excellent in 7 patients, good in 11, fair in 1, and poor in 1.
In group B, there were excellent in 8 patients, good in 6, and fair in 2. According to Functional results, in
group A, there were excellent in 6 patients, good in 13, and fair in 4. In group B, there were excellent in 6
patients, good in 7, and fair in 3. There was no signi�cant difference between the two groups in bone
results and functional results (Table 4). Complications were more prevalent in group A (28 complications
of 23 patients), while less in group B (7 complications of 16 patients) (P < 0.05). More details are
manifested in Table 5.

Table 4
Results of ASAMI scores

Parameter Excellent Good Fair Poor P-value

Bone results         0.570

Group A 7 11 4 1  

Group B 8 6 2 0  

Functional results         0.701

Group A 6 13 4 0  

Group B 6 7 3 0  

Group A: Bone transport

Group B: Acute shortening/re-lengthening

Bone result outcome criteria: union, infection, alignment, limb length discrepancy (LLD)

Functional result outcome criteria: pain, limp, range of motion (ROM), orthosis, and contracture
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Table 5
Summary of complications in the two groups

Complications Group A Group B P-value

Pin tract infection (N/%) 3(13.04) 2(12.5)  

Axial deviation (N/%) 5(21.74) 1(6.25)  

Docking malalignment (N/%) 6(26.09) 1(6.25)  

Soft tissue incarceration (N/%) 4(17.39) 1(6.25)  

Joint stiffness (N/%) 5(21.74) 2(12.5)  

Delayed union (N/%) 4(17.39) 0(0.00)  

Nonunion (N/%) 1(4.35) 0(0.00)  

Re-fracture (N/%) 0(0.00) 0(0.00)  

Total complications (N/%) 28(121.74) 7(43.75)  

Mean complications/patient 1.22 0.44 0.046

Group A: Bone transport

Group B: Acute shortening/re-lengthening

Discussion
The segmental bone defect that was caused by infected non-union and chronic osteomyelitis is a
formidable challenge, and limb salvage by multiple operations can be frustrating for the patient.
Distraction osteogenesis (DO) is a technique mentioned by Ilizarov, in which bone regeneration occurs
when subjected to tensile stress, contributes to managing this complex problem [13]. This technique has
been reported to be particularly effective in the reconstruction of the signi�cant bone loss [17, 27]. Bone
transport and acute shortening/re-lengthening both can be regarded as effective methods to reconstruct
the bone defect caused by infected non-union or chronic osteomyelitis using the element of DO [13, 14].
For patients with the two methods, the gradual mechanical distraction was performed at the segment of
bone lengthening using the external �xator, and the segmental bone defect was replaced by new bone at
the segment of bone lengthening, avoiding the large segmental bone grafts.

Bone transport technique has been widely used to reconstruct bone defects for decades [28–32]. Various
forms of bone transport have been developed, the most common of which were bifocal bone transport
and trifocal bone transport [28, 30, 31]. Trifocal bone transport was based on bifocal bone transport with
the addition of an osteotomy and extension segment to accelerate the defect closure and shorten the
treatment duration. In patients with this procedure, the closure time of bone defect is decreased to 50%
theoretically, and the total treating time is reduced accordingly [26]. However, more Schanz screws



Page 10/18

�xation and osteotomy may increase the incidence of pin tract infections and bring more trauma to
patients. Hence, patients with bifocal bone transport were included in this study.

Acute shortening/re-lengthening has also been used to reconstruct post-traumatic segmental bone loss
successfully in many previous studies [7–9, 15, 19, 21–23]. Although the method requires less time to
complete closure of the bone defect and consolidation of docking sites, the acute shortening larger than
3 cm may result in complex complications, such as local arterial occlusion, a large limb length
discrepancy, a long treatment duration, and even vascular and nerve palsy, which �nally lead to the failed
reconstruction [9, 11, 33, 34]. A retrospective comparison between bone transport and acute
shortening/re-lengthening was conducted by Kevin et al.,demonstrating that fewer complications were
associated with acute shortening/re-lengthening [35]. However, there was a signi�cant difference in the
bone defect size between the bone transport group (average bone defect 7.0cm) and the acute
shortening/re-lengthening group (average bone defect 5.8cm). Similar results also report by
Mahaluxmivala et al. although plagued by some of the same limitations [22]. In this study, patients who
underwent the bone transport or acute shortening/re-lengthening techniques were not exposed to the
signi�cant difference in the bone defect size (P = 0.242).

The most important �nding of this study was that very similar outcomes were achieved with either bone
transport or acute shortening/re-lengthening. However, the total number of complications per patient was
signi�cantly greater in the bone transport group compared to the acute shortening/re-lengthening group.
Furthermore, although there was no difference in external �xation time between the two groups (group A,
330.87 ± 88.52 days; group B, 321.25 ± 56.67 days), there was an advantage in external �xation index
with the acute shortening/re-lengthening group (35.17 ± 2.14 days/cm) compared to bone transport
group (38.32 ± 5.39 days/cm). These results may be related to the additional treatment for delayed union
or non-union in the bone transport group.

There was a clear advantage that patients with acute shortening/re-lengthening have less docking time
(58.44 ± 14.23 days) compared to bone transport (93.26 ± 19.52 days). Early docking promotes more
rapid union, while compression in the re-lengthening process enhances the mechanical stability of the
bone-�xator composite construct which was associated with a fewer possibility to develop axial
deviation, docking malalignment, and soft tissue incarceration [19, 23, 28]. Previous studies have
demonstrated that acute shortening/re-lengthening is preferable for smaller defects less than 3 cm in size
[19, 22, 28, 35]. However, for defects from 6 to 12 cm, the acute shortening may be considered according
to the soft tissue condition. In this study, 16 patients with acute shortening from 3 to 6 cm were observed
retrospectively. Three patients developed to axial deviation, docking malalignment, and soft tissue
incarceration respectively in acute shortening/re-lengthening group, less than bone transport group with
axial deviation was presented in 5 patients, docking malalignment in 6 patients, and soft tissue
incarceration in 4 patients.

In large bone defects, the axial contractive force of muscle tissue contributes to a certain size of limb
shortening which may have little effect on local blood circulation. However, the excessive shortening and
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soft tissue separation for the closure of bone defect may form the organization lacuna at the docking
site, which can destroy the local blood circulation and affect the union of the docking site. Therefore, a
suitable size of limb shortening should be based on the axial contractive force of soft tissue. For patients
with a lot of scar tissue or severely soft-tissue infection around the bone defect, the limb shortening less
than 3 cm in size was recommended due to the poorly soft-tissue elasticity.

The �rst challenge of the long segmental tibial defects was to close the gap of the defects. And the next
goal was to achieve the docking site union and avoid the additional bone grafts. Various previous studies
have been conducted to promote the consolidation of docking site via multiple osteotomy sites to reduce
the docking time [9, 15, 29–31]. However, the method may increase the complications correspond to
Schanz screws and distraction zone. In our study, �ve patients who underwent delayed union and non-
union in the bone transport group were treated by the free iliac bone grafts There was no case developing
delayed union and non-union in the acute shortening/re-lengthening group. Patients with acute
shortening have a shorter time to complete the closure of the gap compared to bone transport, which
contributes to the bone union. Furthermore, the compression of the docking site in the re-lengthening
process enhances the contact area of the two ends and axial stability, which contributes to the union of
the docking site further.

Furthermore, compared with previous studies [18, 22, 29], the Ilizarov circular external �xator is relatively
cumbersome, complex, di�cult-learning, time-consuming, and fraught with lots of potential
complications. The monolateral rail external �xator used in this study, working on the same principles as
Ilizarov circular external �xator, is portable, easy to construct, and has a short learning curve. It is also
easy to adjust the sliding clamps to adapt to the transporting bone fragments without altering the nut
bolts over the threaded rods, unlike in the Ilizarov circular external �xator.

The clinical results of the present study manifest that both bone transport and acute shortening/re-
lengthening in the reconstruction of long segmental tibial bone defects caused by infection using a
monolateral rail external �xator achieve satisfactory outcomes. Although there were no signi�cant
differences between the two groups in the �nal bone and functional results, the external �xation index,
di�culties, and complications were signi�cantly decreased in the acute shortening/re-lengthening group.
According to our experience, decisions on the size of limb shortening should be based on the patient's
individual soft tissue tension and retraction, but it is recommended that the limb shortening should not
exceed 5 cm unless there is a large soft-tissue defect. Furthermore, radical debridement of the infectious
tissues is the most vital step in the reconstruction of bone defects caused by infection. In addition,
comprehensive frame understanding, prudent patient selection, appropriate pins insertion, meticulous
care, early complications detection, and proper intervention or psychological counseling ensure
satisfactory results.

The present study may be limited by the retrospective nature with single-center small sample size, a
conservative attitude, therefore, should be adopted regarding the interpretations of our results. Multi-



Page 12/18

centered trials with a larger sample size, life quality assessments, and mental evaluations should be
adopted in further investigations.

Conclusion
Both bone transport and acute shortening/re-lengthening technique in the reconstruction of long
segmental tibial bone defect caused by infection using a monolateral rail external �xator can achieve
satisfactory clinical outcomes. The acute shortening/re-lengthening can signi�cantly decrease the
docking time, external �xation index, di�culties, and complications compared with bone transport.
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Figures

Figure 1

Schematic diagram of the bifocal bone transport technique for the management of the lower third bony
segmental defects in the tibia (from left to right).
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Figure 2

Schematic diagram of the acute shortening/re-lengthening for the management of the lower third bony
segmental defects in the tibia (from left to right).
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Figure 3

A acute shorting of about 6 cm was applied to the right lower limb, and the remaining bone defect was
�lled with an antibiotic-impregnated cement spacer. The right tibia length (338 mm) and the left tibia
length (398 mm).
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Figure 4

The process of acute shortening/re-lengthening. (a) A monolateral external �xation was performed with
an acute limb shortening. (b) The cement spacer was removed and the bone transport was started. (c, d)
The docking site was met and the limb lengthening was performed. (e, f) The anteroposterior and lateral
radiographs of the tibia after external �xator was removed.

Figure 5

Length and function of the injured limb. (a, b) One year after the surgery of monolateral external �xation:
there was no discrepancy in length with satisfactory knee joint mobility. (c, d) Two years after the surgery:
a satisfactory reconstruction was followed.


