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Abstract: Objective: To investigate the efficiency of internal fixation with bone grafting after bone transport for treat-
ment in large-segment bone defects of the lower-limbs. Methods: This prospective study recruited 100 patients with 
lower limb tibial segmental bone defects, and based on a random number table they were divided into a control 
group (n=50, simple bone transport surgery) or an observation group (n=50, internal fixation with bone grafting 
at docking site after bone transport). The fracture healing time, bone healing index, external fixation time in both 
groups were compared. The knee function, joint range of motion, and the function of the ankle and hindfoot be-
fore and after surgery were also analyzed and compared between the two groups respectively, as well as the rate 
of complications in both groups was calculated. Results: Compared with the preoperative condition of patients, 
the Lysholm knee scale, ROM score, and AHS scores of patients in the two groups were significantly increased 10 
months after surgery, moreover, those scores of the observation group were higher than that of the control group 
(P<0.05). The fracture healing time and external fixation time of patients were significantly declined in the observa-
tion group when compared to the control group, additionally, the bone healing index was also reduced significantly 
(P<0.05). When compared with patients in the control group, the ratios of bone healing and lower-limb functional 
recovery of patients in the observation group were significantly higher while the total complication incidence was 
decreased remarkably (P<0.05). Conclusion: Internal fixation with bone grafting after bone transport can promote 
fracture healing, improve joint function, and reduce complications during treatment for a large segmental bone 
defects in the lower limbs.

Keywords: Bone transport, internal fixation with bone grafting at docking site, lower-limb large segmental bone 
defect, healing time, joint function

Introduction

A large segment of bone defect refers to a bone 
defect with length >2 cm or range more than 
half of the bone diameter [1]. Large segmental 
bone defects are difficult to treat, which have 
become one of the most popular topics in trau-
ma surgery [2]. Autologous or allogeneic bone 
grafts, vascularized bone flap grafts, and artifi-
cial bone grafts are traditional methods for the 
treatment of bone defects. However, the effi-
ciency of those methods is limited and patients 
often need multiple surgeries, which causes 
slow of bone healing and high medical costs 
[3]. Ilizarov’s bone transfer technique is based 
on a theory of tension-stress, to achieve bone 

regeneration gradually with a slow speed. 
Osteotomy was performed at the proximal or 
distal end of the bone defect, and then the 
external fixation bracket was attached to the 
osteotomy end. As a result, cancellous bone 
bands are generated with the elimination of 
bone defects [4]. Nevertheless, patients who 
receive Ilizarov’s bone transport are required to 
wear an external fixator for a long time after the 
bone was transferred to the docking site. 
Additionally, a compression technique is further 
required for patients with unsatisfactory effects 
to promote the healing of the docking site of 
bone. Moreover, its treatment cycle is long and 
the risk of nail tract infection is high [5, 6]. 
Therefore, in order to remove the external fix-
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ator as soon as possible and promote the bone 
healing of the docking site, an appropriate 
treatment after the Ilizarov bone transport is an 
urgent problem of the current treatment of 
large bone defects.

Many scientists have been reported that the 
internal fixation at the docking site improves 
the healing rate to a certain extent after bone 
transport, while its efficiency of the physiologi-
cal functional recovery of patients with large 
bone defects is still controversial [7]. Therefore, 
our study aims to explore the therapeutic effect 
of the internal fixation with bone grafting after 
bone transport for large segmental bone 
defects in the lower limb and to investigate its 
impact on the function of the knee joint, ankle, 
and hindfoot. The report is as follows.

Materials and methods

General materials

This prospective study recruited 100 patients 
with large-segment bone defects in the lower 
limb in our hospital from June 2015 to 
December 2018. These patients were divided 
into two groups (observation group and control 
group) with 50 cases in each group. This study 
was approved by the Medical Ethics Committee 
of our hospital.

Inclusion criteria: patients with an age range of 
35-65 years; the tibia bone defect in the lower 
limbs was confirmed by X-ray or other imaging 
examination; the length of defect was 2-8 cm or 
defect is over 50% of bone diameter; patients 
who needed to receive bone transport surgery 
with or without internal fixation and bone graft-
ing; patients who signed informed consent.

Exclusion criteria: patients with lower extremity 
arterial and venous thrombosis; patients with 
peripheral vascular or nerve injury; patients 
with pathological bone defect; patients with a 
knee injury or disease; patients with a history of 
internal fixation with bone grafting; patients 
with peripheral neuropathy; patients with seri-
ous internal medical diseases; patients with a 
history of long-term hormone therapy; patients 
enrolled in other research projects; pregnant or 
breast-feeding women, etc.

Methods

Patients in the control group were treated with 
bone transport only. For patients with infection, 

the original fixation was removed after thor-
ough debridement and drainage on the infect-
ed lesions. The lesions were washed thoroughly 
by normal saline and iodophor. Subsequently, 
the external ring fixation was installed on the 
anterior side of the bone defect and fixed with 
Schanz screws or thin steel needles. Bone 
transport was carried out seven days after the 
operation with a growth speed of 1 mm/d and 
accomplished in 3 to 4 times. Notably, the 
speed of bone transport was adjusted accord-
ing to the specific conditions of the patient. The 
retraction could be suspended for 3-5 d and 
bone transfer speed was reduced if the patients 
felt pain [8]. X-rays were taken every 4 weeks 
during the bone transport process to supervise 
whether the sliding bone segment was offset 
and the growth of new bone. Besides, the 
extremity movement and blood supply were 
also monitored and the bone transport was 
suspended when abnormal. The bone trans-
port was only continued to be carried out after 
recovery. Generally, bone transport was com-
pleted within 6 to 9 months, and compression 
external fixation can be further operated on 
after bone transport.

Patients in the observation group were treated 
with bone transport followed by internal fixation 
with bone grafting. The method is similar to 
that carried out in the control group. Particular- 
ly, the external fixation was removed after bone 
transport, and the nail channel was repeatedly 
washed with normal saline and iodophor. Then 
the long plaster splints were used to fix the leg 
for 2 weeks. If no infection occurred, an intra-
medullary nail or a locking plate was inserted 
for internal fixation. A longitudinal incision was 
made at the docking site of the bone defect, 
and the bone section was debrided until fresh 
blood was observed. The ipsilateral autologous 
iliac bone graft was performed to treat the 
bone defect. The wound was covered by free 
flap or pedicled skin flap according to the soft 
tissue in the affected limb. For patients who 
needed flap transplantation, minimally invasive 
locking plate internal fixation was performed 
directly, otherwise, the internal fixation was 
performed after transplantation [9]. Patients in 
both groups were required to undergo lower-
limb rehabilitation training after the operation.

Outcome measures

Main outcome measures: (1) The Lysholm Knee 
Scale was used to evaluate the knee joint func-
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tion preoperatively and 10 months after the 
operation [10]. The scale was out of a total of 
0-100 points. A score lower than 70 points indi-
cates that the knee function is significantly 
impaired. High scores indicate a good knee 
function. (2) The Ankle and Hindfoot Score 
(AHS) system was adapted to evaluate the 
ankle function preoperatively and 10 months 
after the operation [11]. AHS system includes 
three categories: pain (40 points), function (50 
points), and alignment (10 points). A low score 
of pain indicates severe pain levels; high scores 
of the function and alignment indicate good 
function and alignment. (3) The range of joint 
motion rating scale was used to assess the 
knee range of motion (ROM) preoperatively and 
10 months after the operation [12]. The ROM 
scale has a score range of 100 points. High 
score indicates good knee ROM.

Secondary outcome measures: (1) The healing 
time of fracture, bone healing index, and exter-
nal fixation time were compared between the 
two groups. The fracture healing time refers to 
the time from the beginning of bone transport 
to the clinical healing at the docking site of the 
bone defect. The bone healing index refers to 
the ratio of fracture healing time and the bone 
defect length. (2) The standards established by 
The Association for the Study and Application 
of Methods of Ilizarov (ASAMI) were applied to 
evaluate bone healing and lower limb function 
recovery 10 months after surgery [13]. The 
bone healing was accessed from four items 
including bone healing evaluation, infection, 
limb deformity, and limbs isometric. The func-
tional recovery of the lower limb was evaluated 
if the following 5 symptoms existed, including 
claudication or shortening deformity, soft tis-
sue dystrophy, limb pain, stiffness of adjacent 
joints, and limb motor dysfunction. Bone and 
lower limb functional recovery were divided into 
4 grades: excellent, good, moderate, and poor. 
The excellent rate = (excellent + good) number 
of cases/total number of cases × 100%. (3) 
The complications of the two groups were com-
pared, such as joint stiffness, nail channel 
infection, nail hole loosening, scar contracture.

Statistical analysis

SPSS 20.0 was used for data statistics. Count 
data was shown by n/% and χ2 test was used 
for comparison between groups; the rank-sum 
test was used for the comparison of rank data 

between groups. Measurement data was 
shown in mean ± standard deviation (

_
x  ± sd), 

and independent t-test was used for compari-
son between the two groups, and a paired t-test 
was employed for the comparison between pre-
operative data and postoperative data with in a 
group. P<0.05 indicates that the difference is 
statistically significant.

Results

Baseline data

There was no significant difference in baseline 
data between the two groups (P>0.05, Table 1).

Lysholm knee function and ROM scale

Compared with preoperative groups, the 
Lysholm knee scale and ROM scores were sig-
nificantly increased in the two groups at 10 
months post-operation. Moreover, scores of 
the observation group 10 months after surgery 
were higher than that of the control group 
(P<0.05; Table 2 and Figure 1).

The ankle and hindfoot function score (AHS) 
system

Compared with pre-operation, AHS scores of 
patients in two groups 10 months after surgery 
were increased significantly, moreover, the 
scores of the observation group were higher 
than that of the control group post-operation 
(P<0.05, Table 3).

Clinical indicators

The fractures of all patients achieved clinical 
healing. However, compared with the control 
group, the time of fracture healing and external 
fixation was significantly shortened in the 
observation group, and the bone healing index 
was reduced remarkably (P<0.05), see Table 4.

Bone healing and functional recovery of the 
lower limbs

Ten months after surgery, the ratio of bone 
healing and functional recovery in patients of 
the observation group was higher than that of 
the control group (P<0.05; Tables 5 and 6).

Complications

The total incidence of complication in the 
observation group was lower than that in the 
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control group (P<0.05). Both groups did not 
observed serious complications such as Scar 
Contractures (Table 7).

Discussion

Compared with traditional surgery, Ilizarov bone 
transport is an indispensable option for the 
treatment of large segmental bone defects. It is 
a technique based on an about 1 mm/d growth 
speed of the bioactive bone, to promote the 
repair and regeneration of bone surrounding 
the soft tissues and nerves [14, 15]. However, 
there are complications such as docking site 
nonunion, pin tract infection, and joint stiff-
ness. Among them, docking site nonunion is 
the most common complication [16].

ly promote bone healing at the docking site 
after bone transport. The underlying mecha-
nism might be correlated to the removal the 
external fixator and concomitant compression 
once the bone defect is in contact with the two 
docking ends, which effectively shortens the 
external fixation time. The short external fixa-
tion time contributes to low risk of nail spike 
induced infection, which is further conducive to 
the bone healing of the docking site in the 
defected limb [17]. Liu et al. also reported that 
the internal fixation after Ilizarov bone trans-
port has a significant effect on reducing the 
bone healing index and improving the bone 
healing rate at the docking site, which is consis-
tent with our findings [18].

Table 1. The comparison of baseline between two groups (n, 
_
x  ± sd)

Index Observation group (n=50) Control group (n=50) χ2/t P
Sex (n) 0.360 0.548
    Male 27 24
    Female 23 26
Age (years) 40.0±4.3 41.1±6.3 1.020 0.310
Defect length (cm) 4.07±1.05 4.28±1.19 0.936 0.352
Defect range/diameters (%) 65.49±5.40 66.86±6.50 1.146 0.254
Clinical course (months) 9.95±1.20 10.04±1.62 0.316 0.753
Operation times before bone transport (times) 2.10±0.88 2.32±0.94 1.208 0.230
Type of bone defects (n) 2.456 0.293
    Trauma 24 21
    Infection 16 23
    Trauma & infection 10 6
Underlying medical condition (n)
    Diabetes mellitus 3 4 0.154 0.695
    Hypertension 8 7 0.078 0.779
    Hyperlipidemia 4 2 0.709 0.400
Hemoglobin (g/L) 119.29±10.04 121.10±12.73 0.789 0.432
Albumin (g/L) 36.05±2.20 35.97±3.22 0.145 0.885

Table 2. The comparison of Lysholm knee function and ROM scale 
before and after surgery (

_
x  ± sd)

Groups Lysholm lysholm knee scale ROM scale
Observation group (n=50)
    Preoperative 65.69±6.50 60.06±5.50
    10 months postoperative 77.70±7.20*,# 76.08±6.55*,#

Control group (n=50)
    Preoperative 66.18±5.94 60.84±6.28
    10 months postoperative 73.50±6.66* 70.66±5.05*

Note: ROM: range of motion. Compared with preoperative groups, *P<0.05; com-
pared with control group at 10 months after operation, #P<0.05.

Our study showed that the 
healing time after fracture and 
external fixation time of the 
observation group were short-
er than those in the control 
group. Also, the bone healing 
index was lower than that of 
the control group. These data 
indicated that, for large seg-
mental bone defects, internal 
fixation of the docking site can 
greatly shorten the time of 
external fixation and effective-
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In this study, we found that the Lysholm knee 
function score, ROM score, and AHS scores of 
the ankle and hind foot function 10 months 
after surgery in the observation group were sig-
nificantly higher than those in the control group. 
The rate of bone healing and lower limb func-
tional improvement were also significantly high-
er than those of the control group. Our study 
suggested that internal fixation after the bone 
transfer can effectively improve the function of 
the knee joint in the lower limbs with large-seg-

In terms of complications; bone nonunion after 
contact, joint stiffness, nail channel infection, 
and nail hole loosening was observed in the 
control group and total incidence was 22.00%. 
While the observation group observed joint 
stiffness and pin tract infection, and the total 
incidence was only 6.00%, which was signifi-
cantly lower than that of the control group. 
Chen et al. also reported that internal fixation 
with bone grafting after bone transport can 
greatly reduce the risk of bone nonunion after 

Figure 1. The comparison of Lysholm knee scale & ROM scale in two groups 
preoperative or postoperative. A: Lysholm knee scale; B: ROM scale. Com-
parison with preoperative groups, *P<0.05; comparison with control group at 
10 after operation, #P<0.05. ROM: range of motion.

Table 3. The comparison of ankle and hindfoot function score AHS 
scores (

_
x  ± sd)

Groups Pain Function Alignment
Observation group (n=50)
    Preoperative 26.04±4.44 30.48±5.44 4.04±1.04
    10 months postoperative 33.30±5.88*,# 43.30±4.90*,# 7.67±1.73*,#

Control group (n=50)
    Preoperative 25.73±4.95 31.04±5.85 4.17±1.20
    10 months postoperative 30.05±4.33* 39.95±4.40* 6.88±1.43*

Note: AHS: ankle and hindfoot function score. Compared with preoperative group, 
*P<0.05; compared with control group 10 months after surgery, #P<0.05.

ment bone defects, increase 
joint mobility, and improve the 
function of the ankle and 
hindfoot. Since the extensive 
time of external fixation after 
Ilizarov bone transport could 
induce the bone to be cortical 
and bridging, resulting in a 
longer time required for bone 
healing at the docking site 
when the two docking ends 
are aligned. The longer the 
external fixation time is paral-
lel to the higher the incidence 
of complications, which is of 
no benefit for the functional 
improvement of the affected 
limb. In contrast, the internal 
fixation after Ilizarov bone 
transport can significantly 
shorten the external fixation 
time and decreased the inci-
dence of complications, as 
well as benefit the functional 
improvement of the affected 
limb [19]. Yavari et al. dis-
closed that for the refractory 
bone defects experienced in 
Ilizarov bone transport, the 
internal fixation with bone 
grafting at the docking site 
significantly ameliorated the 
functional recovery of the 
affected limb when compared 
to those with simple Ilizarov 
bone transport [20]. Wang et 
al. also found that internal fix-
ation with bone grafting after 
bone transport at the docking 
site markedly improved joint 
mobility in patients with large 
bone defects [21]. These 
reports were consistent with 
our results.
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contact and nail tract infection [22]. The under-
lying mechanism might be associated with the 
immediate remove of the external fixator when 
the two ends of the bone defect are in contact, 
which contributes to the reduction of external 
fixation time and a lower risk of tract infections. 
Meanwhile, internal fixation with bone grafting 
significantly promotes bone healing after con-
tact with the docking site [23].

Nevertheless, there are some limitations to the 
current study. For example, infection is still pos-
sible for patients who received internal fixation 
after bone transport, and our sample size from 
a single center, which is limited. To verify the 
effect of internal fixation with bone grafting on 
large bone defects after bone transport, a larg-
er sample size is still required for future 
research in the later stages.

In summary, compare with routine Ilizarov bone 
transport, internal fixation of the docking site 
with bone grafting after bone transport effec-
tively reduced the time of external fixation time, 
promoted bone healing, and ameliorated the 
function of the affected limb, as well as 
improved the joint mobility. Moreover, it has 
fewer complications and is worthy of promotion 
in the clinic.
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Table 4. The comparison of clinical indicators in two groups preoperative and postoperative (
_
x  ± sd)

Groups Fracture healing time 
(months)

Bone healing index 
(d/cm)

External fixation time 
(months)

Observation group (n=50) 9.97±2.22# 30.09±5.40# 9.40±2.22#

Control group (n=50) 13.20±3.97 39.97±6.55 16.60±3.85
Note: Compared with control group, #P<0.05.

Table 5. The comparison of bone healing classification in two groups before and after surgery (n, %)
Groups Excellent Good Moderate Poor Excellent ratio
Observation group (n=50) 20 (40.00) 14 (28.00) 13 (26.00) 3 (6.00) 34 (78.00)
Control group (n=50) 15 (30.00) 9 (18.00) 15 (30.00) 11 (22.00) 24 (48.00)
Z/χ2 2.043 4.105
P 0.042 0.043

Table 6. The comparison of lower-limb functional recovery in two groups before and after surgery (n, 
%)
Groups Excellent Good Moderate Poor Excellent ratio
Observation group (n=50) 17 (34.00) 18 (36.00) 13 (26.00) 2 (4.00) 35 (70.00)
Control group (n=50) 14 (28.00) 10 (20.00) 16 (32.00) 10 (20.00) 24 (48.00)
Z/χ2 2.032 5.002
P 0.043 0.025

Table 7. The comparison of complications in two groups (n, %)
Groups Joint stiffness Nail channel infection Nail hole loosening Total incidence
Observation group (n=50) 2 (4.00) 1 (2.00) 0 (0.00) 3 (6.00)
Control group (n=50) 4 (8.00) 4 (8.00) 2 (4.00) 10 (20.00)
χ2 0.709 1.895 2.041 4.332
P 0.400 0.169 0.153 0.037
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