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A B S T R A C T   

Background: Despite the availability of multiple treatment options, management of tibial bone loss continues to 
be a challenge. Free vascularized fibula graft (FVFG) with a skin paddle offers better advantages over the other 
methods. We aimed to study the functional outcomes and QALY of patients with large tibial bone defects 
following FVFG with a locking plate in 26 patients. 
Materials and Methods: We analyzed 26 consecutive patients with large tibial bone defects treated by free vas-
cularized fibular graft (FVFG) and stabilization using a long locking plate between 2009 and 2018. All were 
followed up for a mean period of 42 months (24 months to 120 months). Bony union, graft hypertrophy, and 
complications such as stress fracture and infections were assessed. Multivariate regression analysis was per-
formed to identify any association between demographic factors, injury characteristics, treatment-related factors, 
and fibular hypertrophy. Additionally, The EQ-5D quality-of-life (QOL) indices were obtained using the SF-12 
score to evaluate the patients’ overall quality of life. 
Results: The mean age of the patients at the time of presentation was 36.26 yrs (range, 18–60 years). The cause of 
bone loss was open injury in 16 patients and infected nonunion in 10 patients. Complete union was achieved in 
25 patients (96 %) without any requirement of additional surgical procedures. The mean union time of the graft 
was 4.04 months (range, 3–6 months). The mean fibular hypertrophy calculated by De Boer index was 0.61 %, 11 
%, 28.24 % and 52.52 % at 3,6 months and 1 and 2 years respectively. Patients with metaphyseal bone loss have 
significant fibular hypertrophy. Participants in our study experienced a quality of life equivalent to 0.88 (range 
0.79–0.99) of perfect health. 
Conclusions: FVFG with skin paddle and LCP fixation for massive tibial bone loss achieved satisfactory outcome 
and QALY even in the challenging healthcare environment of South India, a developing country.It maintains 
alignment, promotes graft hypertrophy, and prevents stress fractures. 
Level of evidence: Level 4 
Level of clinical care: Level I Tertiary trauma centre   

Introduction 

Bone loss in long bones can occur primarily during the initial injury 
or as a result of debridement when loosely attached comminuted bony 

fragments without soft tissue attachment are removed. Secondary bone 
loss arises when avascular and necrotic exposed bone segments are 
excised due to posttraumatic osteomyelitis [1]. Alongside bone loss, 
challenges are posed by soft tissue loss or scarred and contracted soft 
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tissues [2]. Various treatment options are available in the literature 
[3–6]. 

Although distraction osteogenesis is a versatile method with a high 
success rate, it requires multiple surgical interventions and can result in 
complications such as pin tract infections, joint contractures, and septic 
arthritis of adjacent joints, leading to suboptimal outcomes [6–8]. The 
Masquelet technique involves a two-staged surgical approach with 
varying success rates [5,9]. Structural allografts combined with iliac 
crest autografts have demonstrated positive outcomes in the manage-
ment of femoral bone loss but have not been extensively described for 
tibial bone loss [3]. 

Despite the presence of various treatment options, the management 
of tibial bone loss remains challenging [10,11] . The utilization of free 
vascularized fibula graft (FVFG) with a skin paddle offers several ad-
vantages that address the previously mentioned drawbacks. This tech-
nique is suitable for reconstructing bone gaps of up to 20 cm resulting 
from open injuries or infections. It is a single-stage procedure and ex-
hibits the property of hypertrophy over time, promoting graft matura-
tion and integration [12–14]. Furthermore, FVFG not only bridges the 
bone gap but also provides soft tissue coverage through the inclusion of 
a skin paddle, contributing to enhanced wound healing and protection 
[6–9]. 

Combining free vascularized fibula graft (FVFG) with external fixa-
tion is a traditional technique for treating tibial bone loss. However, 
studies indicate that external fixators can lead to complications such as 
stress fractures, malunion, pin tract infections, and joint stiffness, 
especially near joints [15–17]. Comparisons between FVFG with 
external fixator and distraction osteogenesis show no significant dif-
ferences in fixation duration, rate of complication,union rate, or func-
tional score for post-traumatic tibial defects [18,19]. Therefore, both 
methods yield similar complication results. 

In our initial experience with FVFG for tibia bone loss, external fix-
ators were used but resulted in complications including malunion, stress 
fractures, joint stiffness, and pin tract infections. These complications 
are similar to those observed in distraction osteogenesis cases [7].Hence 
selecting a fixation method that allows early joint mobilization, pre-
serves limb alignment, and protects the graft until hypertrophy is crucial 
for favorable clinical outcomes. 

In our current study, we present our refined technique for recon-
structing tibial bone loss using a free vascularized fibula graft (FVFG) 
with a skin island, combined with a locking plate. While the approach 
involving FVFG with a locking plate has been previously described in the 
literature [20,21], our study contributes insights by including a sub-
stantial cohort of 26 cases, allowing for a more comprehensive evalua-
tion of the technique’s efficacy under diverse clinical scenarios and 
enhancing our understanding of its applicability and outcomes. 

Our objectives include investigating the factors that influence graft 
hypertrophy and reporting patient-rated outcomes. 

Patients and methods 

We conducted a retrospective analysis of data that was collected 
prospectively and approved by the institutional ethics committee. We 
reviewed medical records and radiographs from our hospital’s archives 
spanning the period between 2009 and 2019. The study included pa-
tients who were at least 18 years old and had tibia bone loss that was 
managed using FVFG fixed with a locking plate. Patients who were 
under 18 years of age or had FVFG fixed with an external fixator were 
excluded. We also excluded patients with incomplete medical reports, 
incomplete X-ray documentation, and those with less than 2 years of 
follow-up. We identified a total of 31 patients with tibia bone loss who 
underwent reconstruction with FVFG in our hospital records during the 
study period. Among them, 5 patients who were treated with external 
fixators were excluded, leaving a study group of 26 patients with tibial 
bone loss reconstructed using FVFG fixed with a locking plate. We ob-
tained demographic data including the diagnosis, patient’s age, site of 

bone loss, and number of prior procedures from the medical records, 
operative time and size of skin paddle.For open fractures, we docu-
mented the Gustilo fracture type [22] and the Ganga Hospital Open 
Injury Score [23]. Digital radiographs with standard magnification were 
used for measurements.The initial length of bone loss was determined 
using preoperative radiographs and medical records. We examined se-
rial radiographs to assess bone union and fibular hypertrophy. And we 
noted complications such as stress fractures of the graft, neurovascular 
deficits, and ankle instability after fibula harvest from the opposite limb. 
Bony union was defined [24] as the presence of uninterrupted external 
bony borders between the fibular graft and recipient’s bone, with 
obscured or absent osteotomy lines at both junctions. Graft hypertrophy 
was evaluated using X-ray films immediately after surgery and at the 
final follow-up, measured by the De Boer and Wood’s hypertrophy [25] 
index at 3, 6 months, and 1–2 years. Stress fractures were identified by 
the presence of a fracture line or localized periosteal callus formation in 
the fibular graft [25]. To assess the outcomes of the treatment, we uti-
lized two patient-reported outcome measures (PROMs): the Lower Ex-
tremity Functional Scale (LEFS) and the Medical Outcomes Short Form 
12 (SF-12). The LEFS [26] is designed to evaluate a patient’s functional 
capabilities in performing daily tasks associated with the lower ex-
tremities. The SF-12 is a survey that provides insights into the patient’s 
general health condition, yielding both a Physical Component Subscore 
(PCS) and a Mental Component Subscore (MCS). PCS evaluates an in-
dividual’s physical health and functioning, while the MCS assesses their 
mental health and emotional well-being.Quality of life (QOL) indices 
based on the SF-12 data were derived using a previously published 
formula known as the EQ-5D [27]. 

Statistical analysis 

The information was inputted into a Microsoft Excel spreadsheet and 
analyzed using SPSS 22 software (IBM SPSS Statistics, Somers NY, USA). 
Frequencies and proportions were used to present categorical data, 
while the mean and standard deviation were used to represent contin-
uous data. We ran a multivariable logistic regression model predicting 
fibular hypertrophy based a priori on the variables of age,site, defect 
length and type of bone loss. Data from this model are presented as 95 % 
confidence intervals (CIs). All analyses were performed with use of 
STATA version 14, and the level of significance was set at p < 0.05. 

Surgical procedure 

In open fractures with bone loss, staged procedure was utilized. In 
the initial stage, intravenous antibiotics were promptly administered 
upon the patient’s entry into the hospital. The first debridement of 
devitalized and contaminated tissues was carried out under tourniquet 
control by a senior plastic surgeon using loupe magnification. All free 
tibia fragments without soft tissue attachments were removed, resulting 
in segmental bone defects, and tibial length was preserved and secured 
with an external fixator. Secondary debridement was performed for 
patients with extensive contamination. Postoperatively, first-generation 
cephalosporin was administered for 72 h, and no local antibiotic beads 
or cement were used in the initial management. Among the 16 patients, 
7 underwent soft-tissue coverage within 72 h, while 9 patients required 
multiple procedures before the soft tissue cover, as detailed in the table. 
The index procedure was performed once the wound had healed. 

In cases of infected nonunion, we utilized a two-stage procedure. 
Stage 1 involved thorough debridement, removal of infected material 
and unhealthy granulation tissue, with bone ends freshened till they 
show bleeding signs. Excised tissue was cultured to identify the micro-
organism and to look for sensitivity pattern. Copious amount of saline 
was used to wash the bone during the procedure. Antibiotics were given 
for a period of 6 weeks, as guided by the culture reports. Regular 
monitoring of white blood cell count (WBC), erythrocyte sedimentation 
rate (ESR), and C-reactive protein (CRP) levels were checked on a 
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weekly basis. Infection was considered successfully eliminated when 
white blood cell (WBC), erythrocyte sedimentation rate (ESR), and C- 
reactive protein (CRP) levels returned to normal ranges, and there were 
no clinical symptoms such as fever, local warmth, or active pus 
discharge(Fig. 1). In cases of active infections, multiple debridements 
were done, and antibiotics were administered based on culture results 
until infection control. Patients were discharged once the infection was 
under control. Once the infection was under control and there was no 
pus discharge, reconstructive surgery was performed. 

In our surgical technique, the procedure involved a collaborative 
effort between a microsurgical team responsible for harvesting the 
vascularized cutaneous free fibula and an orthopedic team responsible 
for stabilizing the skeleton. The surgical approach consisted of making a 
longitudinal skin incision over the leg, guided by the previous soft tissue 
cover and vascular anastomosis. This approach provided a better view of 
the vessel and facilitated assessment of the bony defect. 

The free fibula harvested from the opposite leg was then inserted into 
the medullary canal of the proximal and distal tibial ends. To enhance 
vascularity and reduce the risk of infection, the muscle along with the 
graft was placed in the avascular and scarred surface surrounding the 
tibia. The decision regarding the length of fibula harvested was based on 
the level of the pedicle, and the extra length of the fibula was pegged 
into the medullary cavity of the host tibia to increase contact and surface 
area. Throughout the procedure, care was taken to protect the vascular 
pedicle of the fibula (Fig. 2). 

The plate length was precisely chosen and contoured to accommo-
date three locking screws on each side. Selection of the bone surface for 
plate application was guided by considerations for vascular anastomosis. 
Medial plating was performed when the recipient vessel was the anterior 
tibial artery, and lateral plating was chosen for cases involving the 
posterior tibial artery. The plate was positioned opposite to the vascular 

anastomosis site to ensure its protection. 
Subsequently, the anastomosis between the free fibula and the 

recipient vessel was performed. The posterior tibial artery was used in 
17 patients, the anterior tibial artery in 4 patients, the popliteal artery in 
4 patients, and the peroneal artery in 1 patient. Corresponding venae 
comitantes were anastomosed with the peroneal vein. In 7 cases, the 
saphenous vein, which was easily accessible through the same incision, 
was used for anastomosis. 

Postoperatively, the patient was immobilized for three weeks until 
the flap healed, protected with an above-knee slab. After three weeks, 
non-weight-bearing mobilization with a walker was initiated. At six 
weeks, the slab was removed, and toe-touch weight-bearing walking and 
knee mobilization were initiated. Patients were allowed to bear weight 
with crutches after three months, once bone union was confirmed. 
Follow-up X-rays were taken every three months to monitor 
hypertrophy. 

Results 

A total of 26 patients fulfilled the inclusion and exclusion criteria and 
were part of the study (24 males and 2 females, mean age 36.26 yrs 
range 18–60 years).None of the patients had any medical comorbidities. 
There were 16 patients with bone loss following open fracture (Table 1), 
10 patients following infected nonunion(Table 2). Twenty patients had 
diaphyseal bone loss (n = 20,77 %)and 6 patients had metaphyseal/ 
periarticular bone loss (n = 6,33 %) All open fractures were classified as 
having Gustilo type-IIIB injuries, and the mean total Ganga Hospital 
Open Injury Score was 14 (range, 14 to 17).The mean number of surgical 
procedures done before the index procedure (FVFG with locking plate 
fixation) was 3 [2–7]. The mean time between debridement for infected 
nonunion and the index procedure was 7 weeks (ranging from 6 to 12 

Fig. 1. A Line Chart Illustrating Preoperative (Before Debridement) and Before Index Procedure ESR (a), CRP (b), and White Blood Cell(WBC) (c) Values.  
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weeks). Eight patients required a single debridement before the index 
procedure, while two patients needed two debridements to control the 
infection before the index procedure.The mean length of bone loss was 
17 cm (range 12 cm to 25 cm). The mean length of the harvested fibula 
was 21.9 cm (17 cm to 28 cm). In 16 patients (open fractures 12 and 
infected nonunion 4), skin paddle was used for covering the soft tissue 
defect, and in 10 patients, (open fractures 4 and infected nonunion 6) 
skin paddle was used purely for monitoring the viability of vascularised 
fibular graft. The size of the skin paddle varied from 8 cm × 6 cm to 17 
cm × 10 cm, with a mean size of 14.12 cm × 8.02 cm.The mean oper-
ating time was 390 min (330 - 450 mins), with recipient site preparation 
taking 60 min(30 - 90 mins), graft harvesting - 120 min (90 - 150 mins), 
bone fixation lasting for 60 mts (50 - 70 mins), and anastomosis of 
vessels requiring 150 min (120–180 mins). The mean follow-up was 42 
months (range: 24 to 120). 

Twenty-five (96 %) patients achieved bone union after FVFG transfer 
and locked plate stabilization. The mean bone union time of the graft 
was 4.04 months (range, 3–6 months). The time to fully weight bear was 
at a mean of 4.2 months (range, 3–6 months). The degree of fibular 
hypertrophy was 0.61 %, 11 %, 28.24 % and 52.52 % at 3,6 months and 
1 and 2 years respectively(Fig. 3).The mean graft hypertrophy at final 
follow up was 75.92 %, ranging from 40 to 140 % and the LEFS score 

was 69 (range 50–80). No incidences of stress fractures through the graft 
or presence of ankle instability were encountered. The mean knee 
flexion achieved was 104 deg(range 40–140◦). We identified two pa-
tients who experienced wound dehiscence at the donor site, necessi-
tating split-thickness grafts during the immediate postoperative period. 
Additionally, weakness in the flexor hallucis longus at the donor site was 
observed in two patients at the final follow-up.One patient who had 
reconstruction of a 24 cm defect after 7 surgical procedures before the 
index procedure had an anastomosis failure that went onto graft 
resorption.After implant removal and debridement, the patient under-
went a revision surgery involving tibialization of the fibula.One patient 
developed a superficial infection settled with antibiotics. Two patients 
with exposed implants after complete union with significant graft hy-
pertrophy, needed removal of implant.(Table 3). 

Multivariable logistic regression was performed to identify the ef-
fects of gender, age,site,type and length of bone loss on the fibular hy-
pertrophy. Of the predictor variables, patients with metaphyseal bone 
loss had significant fibula hypertrophy (Table 4). 

The mean PCS in our study was 44.90 (38.7 - 57.61), slightly below 
the general population mean of 50, suggesting some challenges in 
physical health. The mean MCS was 50.54 (42.5 - 57.9), indicating that, 
on average, individuals rated their mental health similarly to the general 

Fig. 2. (a)- Case of a young male with an infected nonunion with sclerotic bone ends, (b& c)- Resection of avascular bone ends till bleeding edges, (d)- harvested free 
fibula with skin paddle and vein graft for anastomosis, (e)- Fixation of free vascularized fibular graft with 4.5 locking plate, (f)- Suturing of skin paddle to the 
recipient skin, (g & h). Progression of hypertrophy, (i) X-ray showing complete union and 142 % graph hypertrophy at the end of 36 months and implant removal (j & 
k)- Clinical pictures showing good range of motion and no length discrepancy. 

J. Dheenadhayalan et al.                                                                                                                                                                                                                      



Injury xxx (xxxx) xxx

5

Ta
bl

e 
1 

D
em

og
ra

ph
ic

s,
 G

us
til

o 
Fr

ac
tu

re
 T

yp
e,

 G
an

ga
 H

os
pi

ta
l O

pe
n 

In
ju

ry
 S

co
re

, a
nd

 O
ut

co
m

es
 in

 O
pe

n 
Ti

bi
al

 b
on

e 
lo

ss
 R

ec
on

st
ru

ct
io

n.
   

A
ge

/ 
G

en
de

r 
G

us
til

o 
Fr

ac
tu

re
 

Ty
pe

 

G
H

O
IS

 
Si

te
 o

f 
bo

ne
 

lo
ss

 

N
o 

of
 

pr
oc

ed
ur

e 
Be

fo
re

 in
de

x 
pr

oc
ed

ur
e 

Bo
ne

 
lo

ss
 

(c
m

) 

Le
ng

th
 o

f 
fib

ul
a 

gr
af

t 
(c

m
) 

Ti
m

e 
to

 d
efi

ni
tiv

e 
fix

at
io

n 
(d

ay
s)

 
D

ur
at

io
n 

of
 

fo
llo

w
 u

p 
(m

on
th

s)
 

Bo
ne

 
un

io
n 

(m
on

th
s)

 

FW
B 

(m
on

th
s)

 
G

ra
ft 

H
yp

er
tr

op
hy

 
(%

) 

Ra
ng

e 
of

 
m

ot
io

n 
of

 
kn

ee
 

LE
FS

 
PC

S 
M

CS
 

Q
A

LY
 

1 
18

/M
 

III
B 

14
 

D
 

3 
20

 
22

 
10

 
26

 
3 

3 
45

 
0–

10
0◦

60
 

42
.5

 
42

.5
 

0.
79

 
2 

52
/M

 
III

B 
17

 
D

 
7 

24
 

24
 

60
   

   
- 

– 
51

.1
4 

– 
3 

22
/M

 
III

B 
13

 
D

 
3 

17
 

21
 

46
 

28
 

4 
4 

54
 

0–
10

0◦
53

 
42

.5
 

55
.7

 
0.

79
 

4 
35

/M
 

III
B 

16
 

D
 

2 
17

 
23

 
24

 
29

 
6 

6 
56

 
0–

10
5◦

69
 

51
.7

 
56

.6
8 

0.
83

 
5 

49
/M

 
III

B 
12

 
D

 
2 

12
 

24
 

26
 

26
 

3 
3 

44
 

10
–1

05
◦

51
 

42
.5

  
0.

79
 

6 
40

/M
 

III
B 

14
 

M
 

2 
16

 
19

 
54

 
25

 
5 

5 
44

 
0–

90
◦

58
 

51
.7

 
42

.5
 

0.
83

 
7 

56
/M

 
III

B 
16

 
D

 
3 

16
 

21
 

41
 

72
 

3 
3 

12
2 

0–
10

0 
56

 
42

.5
 

51
.7

 
0.

99
7 

8 
19

/M
 

III
B 

14
 

D
 

2 
12

 
17

 
24

 
84

 
3 

3 
14

2 
0–

13
0◦

65
 

57
.6

1 
47

.7
7 

0.
99

7 
9 

47
/M

 
III

B 
13

 
M

 
2 

18
 

18
 

32
 

25
 

3 
4 

40
 

0–
10

5◦
50

 
38

.7
 

42
.5

 
0.

83
 

10
 

49
/M

 
III

B 
16

 
D

 
4 

19
 

20
 

43
 

72
 

5 
6 

10
2 

0–
10

0◦
65

 
42

.5
 

54
.9

 
0.

93
9 

11
 

45
/M

 
III

B 
14

 
D

 
3 

18
 

22
 

42
 

40
 

4 
4 

13
8 

10
–1

20
◦

60
 

38
.7

 
51

.5
5 

0.
95

9 
12

 
46

/M
 

III
B 

12
 

D
 

2 
23

 
26

 
32

 
12

0 
3 

3 
14

2 
0–

40
◦

70
 

42
.5

 
51

.7
 

0.
99

7 
13

 
35

/M
 

III
B 

13
 

M
 

3 
25

 
28

 
32

 
25

 
3 

4 
50

 
0–

11
0◦

57
 

42
.5

 
42

.5
 

0.
79

 
14

 
31

/M
 

III
B 

15
 

D
 

3 
22

 
24

 
36

 
24

 
4 

4 
50

 
0–

95
◦

50
 

48
.1

 
56

.6
8 

0.
80

9 
15

 
26

/M
 

III
B 

13
 

M
 

2 
12

 
17

 
25

 
28

 
4 

4 
56

 
0–

10
0◦

56
 

51
.7

 
42

.5
 

0.
83

 
16

 
35

/M
 

III
B 

17
 

M
 

7 
23

 
26

 
93

 
30

 
6 

6 
60

 
0–

90
◦

50
 

42
.5

 
56

.6
8 

0.
89

2 

G
H

O
IS

-G
an

ga
 H

os
pi

ta
l O

pe
n 

In
ju

ry
 S

co
re

;F
W

B-
 F

ul
l w

ei
gh

t b
ea

ri
ng

; R
O

M
- R

an
ge

 o
f m

ot
io

n;
 L

EF
S-

 L
ow

er
 e

xt
re

m
ity

 fu
nc

tio
na

l s
ca

le
;P

CS
- P

hy
si

ca
l C

om
po

ne
nt

 S
ub

sc
or

e;
 M

CS
-M

en
ta

l C
om

po
ne

nt
 S

ub
sc

or
e;

 Q
A

LY
- Q

ua
lit

y-
 

A
dj

us
te

d 
Li

fe
 Y

ea
r. 

Ta
bl

e 
2 

D
em

og
ra

ph
ic

s,
 M

ic
ro

bi
ol

og
y,

 A
nt

ib
io

tic
 T

he
ra

py
, a

nd
 O

ut
co

m
es

 in
 th

e 
Re

co
ns

tr
uc

tio
n 

of
 T

ib
ia

l B
on

e 
D

ef
ec

ts
 in

 P
at

ie
nt

s 
w

ith
 In

fe
ct

ed
 N

on
un

io
n.

   

A
ge

/ 
G

en
de

r 
Si

te
 o

f 
bo

ne
 

lo
ss

 

N
o 

of
 p

ro
ce

du
re

 
Be

fo
re

 in
de

x 
pr

oc
ed

ur
e 

M
ic

ro
bi

ol
og

y 
A

nt
ib

io
ti

cs
 

Bo
ne

 lo
ss

 
(c

m
) 

Le
ng

th
 o

f fi
bu

la
 

gr
af

t 
(c

m
) 

Fo
llo

w
 u

p 
(m

o)
 

Bo
ne

 
un

io
n 

(m
o)

 

FW
B 

(m
o)

 
G

ra
ft

 
H

yp
er

tr
op

hy
 

(%
) 

R
O

M
 o

f 
kn

ee
 

LE
FS

 
PC

S 
M

CS
 

Q
A

LY
 

1 
25

/F
 

D
 

4 
St

ap
h.

 c
oa

gu
la

se
- 

ne
ga

tiv
e 

Li
ne

zo
lid

 
13

 
22

 
48

 
3 

3 
86

 
0–

12
0◦

64
 

51
.1

4 
56

.6
8 

0.
95

 

2 
20

/M
 

D
 

2 
St

ap
hy

lo
co

cc
us

 
au

re
us

 
Ce

fa
zo

lin
 

14
 

24
 

30
 

6 
6 

55
 

5–
13

5◦
56

 
55

.7
 

51
.7

 
0.

87
7 

3 
19

/M
 

D
 

3 
St

ap
hy

lo
co

cc
us

 
au

re
us

 
Li

ne
zo

lid
 

18
 

22
 

60
 

4 
4 

11
4 

0–
14

0◦
64

 
42

.5
 

57
.9

 
0.

99
7 

4 
34

/M
 

D
 

3 
N

eg
at

iv
e 

Cl
in

da
m

yc
in

 
18

 
26

 
36

 
5 

4 
70

 
0–

90
◦

60
 

47
.7

7 
54

.5
8 

0.
92

 
5 

22
/M

 
D

 
4 

N
eg

at
iv

e 
Cl

in
da

m
yc

in
 

12
 

18
 

30
 

3 
3 

54
 

0–
13

0◦
58

 
42

.5
 

56
.6

8 
0.

94
9 

6 
33

/M
 

D
 

5 
St

ap
hy

lo
co

cc
us

 
au

re
us

 
Ce

fa
zo

lin
 

17
 

21
 

42
 

4 
4 

90
 

0–
11

0◦
64

 
38

.7
 

42
.5

 
0.

94
 

7 
60

/F
 

M
 

2 
N

eg
at

iv
e 

Cl
in

da
m

yc
in

 
13

 
17

 
28

 
4 

4 
46

 
15

–7
0 

60
 

42
.5

 
42

.5
 

0.
79

 
8 

31
/M

 
D

 
4 

St
ap

hy
lo

co
cc

us
 

au
re

us
 

Li
ne

zo
lid

 
13

 
23

 
24

 
4 

4 
50

 
0–

13
0◦

61
 

42
.5

 
48

.1
 

0.
79

 

9 
40

/M
 

D
 

5 
St

ap
h.

 c
oa

gu
la

se
- 

ne
ga

tiv
e 

Li
ne

zo
lid

 
19

 
23

 
73

 
4 

4 
13

6 
0–

12
0◦

62
 

38
.7

 
51

.7
 

0.
99

7 

10
 

54
/M

 
D

 
4 

N
eg

at
iv

e 
Cl

in
da

m
yc

in
 

18
 

23
 

26
 

5 
6 

52
 

0–
10

5◦
59

 
42

.5
 

54
.1

8 
0.

79
 

FW
B-

 F
ul

l w
ei

gh
t b

ea
ri

ng
; R

O
M

- R
an

ge
 o

f m
ot

io
n;

 L
EF

S-
 L

ow
er

 e
xt

re
m

ity
 fu

nc
tio

na
l s

ca
le

;P
CS

- P
hy

si
ca

l C
om

po
ne

nt
 S

ub
sc

or
e;

 M
CS

-M
en

ta
l C

om
po

ne
nt

 S
ub

sc
or

e;
 Q

A
LY

- Q
ua

lit
y-

A
dj

us
te

d 
Li

fe
 Y

ea
r. 

J. Dheenadhayalan et al.                                                                                                                                                                                                                      



Injury xxx (xxxx) xxx

6

population.On average, the participants in our study experienced a 
quality of life equivalent to 0.88(range 0.79–0.99) times that of perfect 
health over a specified time period. 

Discussion 

Open fractures with bone loss present a complex challenge as they 
require simultaneous reconstruction of both the bone defect and the soft 
tissue cover [2,28]. Infected nonunion with bone loss poses additional 
difficulties due to compromised vascularity and scarring of the sur-
rounding tissue [29]. The treatment options depend on the length of the 
defect [10].When there is a tibial bone loss exceeding 6 cm, treatment 
choices may involve employing distraction osteogenesis or utilizing a 
FVFG [11,30]. 

Distraction osteogenesis is considered the gold standard technique 
for tibia bone defects ranging from 6 to 12cm(8,19). However, as the 
defect length increases, distraction osteogenesis was associated with 

long external fixation time, pin tract infection, joint stiffness (especially 
periarticular defect), and mechanical axis deviation. These complica-
tions often require secondary procedures and may result in poor func-
tional outcomes [19,29]. 

Our preference to address large tibial defects more than 12 cm with 
compromised soft tissue cover is to use the FVFG with a skin island. 
FVFG is a single-stage procedure that can be used for bridging massive 
bone defects and can also be beneficial in cases of infective nonunion 
[31,32].Our approach with FVFG involves utilizing a skin island graft, 
which offers the advantage of effectively addressing the soft tissue 
defect. Notably, the presence of a skin island allows for wound closure 
without tension, even when employing a long plate for bone fixation.In 
infective non union cases, FVFG emerges as a superior option for rees-
tablishing vascularity [29]. Our technique involves incorporating an 
attached muscle flap into the scar tissue, thereby enhancing vascularity 
and minimizing the risk of reinfection. 

In most centers worldwide, an external fixator is the preferred fixa-
tion method for FVFG [16].This allows mechanical stimulation of the 
graft, promoting graft hypertrophy, which has been well-documented in 
studies. It also reduces surgical time and is safe in infective non-unions 
[13,33,34].For larger defects, the duration of external fixation may need 
to be prolonged to protect the graft until hypertrophy occurs, which can 
be emotionally demanding for the patient and their family [35].When 
bone loss is near a joint, fixation becomes technically demanding and 
spanning the joint may increase the risk of knee stiffness, particularly in 
the periarticular region of the thigh, which can be limiting during daily 
activities [15,35]. Several clinical studies have compared distraction 
osteogenesis versus FVFG fixed with an external fixator for tibia bone 
loss and have not identified any significant differences [12,18,19] 

To achieve a favorable outcome, the surgeon must prioritize early 
joint mobilization, maintain limb alignment, and protect the graft until 
significant hypertrophy occurs [32].This is especially crucial when the 
free vascularized fibula graft (FVFG) exceeds 15 cm in length and is fixed 
with an external fixator, as it may lead to stress fractures and nonunion 
due to increased Von Mises stress and interfragmentary motion [36]. 

Hence, we describe our method of fixing FVFG with a single locking 
plate and evaluate its outcomes.In our study, 96 % (25/26) of patients 
achieved union without the need for secondary surgical procedures, 
with a mean time of 4.04 months. Our results are superior compared to 
other fixation methods for tibia defects with FVFG [16,17]. Locking 
plates provide a favorable biological environment by preserving peri-
osteal blood supply and offer greater stability with reduced bone-plate 
interface compared to external fixators [20,21]. 

One of the major benefits of locking plates as a fixation method is 
enabling early weight-bearing. The average weight-bearing time in our 
study was 4.2 months, significantly shorter than the 11 months reported 

Fig. 3. (a)- A case of open 3B fracture with soft tissue loss, (b)-X-ray after debridement showing bone loss of 13 cm, (c & d)- Tibia defect reconstructed with free 
vascularized fibular graft and locking plate showing increase in functional diameter of the fibula, (e)- Significant hypertrophy was seen at 24 months (f & g) Good 
outcome without limb length discrepancy and knee range of motion of 0–130◦. 

Table 3 
Showing the number of Complications in Patients after Free Vascularised Fibula 
Transfer.  

Complication Type of Bone 
loss 

Number of 
patients 

Management 

Anastomosis 
failure 

Open fracture 1 Tibialization of 
fibula 

Superficial 
infection 

Open fracture 1 Antibiotics 

Exposed implant Infected 
nonunion 

2 Implant removal  

Table 4 
Showing the Multivariate and statistical results.  

Multivariate Number of patients p Value 

Gender  0.352 
Male 24 
Female 2 
Age  0.991 
< 30 years 8 
> 30 years 18 
Site  0.009* 
Diaphyseal 20 
Metadiaphyseal 6 
Type of bone loss  0.223 
Open fracture 16 
Infective nonunion 10 

* p < 0.05- statistically significant. 
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by Sharma et al. [17] and the 15 months observed in G. Wen et al.’s [11] 
study using external fixation. This suggests a potentially more poten-
tially faster recovery with our method compared to traditional external 
fixation approaches.Locking compression plates (LCP) contribute to 
both angular and axial stability, with threaded screw heads acting as a 
stable unit that allows for early weight-bearing [37]. 

The ultimate function of the limb depends on the range of motion in 
the knee and ankle joints. Hence, early initiation of range of motion 
exercises is essential for attaining optimal limb function [21].The utili-
zation of a locking plate, which provides stable fixation without span-
ning the knee joint, allows for the early initiation of knee range of 
motion exercises. In our study, we observed an average knee flexion of 
104◦ (range: 40–140◦). 

Stress fracture of the graft is a notable complication in the recon-
struction of lower limb defects, reported in previous studies with an 
incidence ranging from 10 % to 47 % [11,12,29,35].Though the mean 
defect length in our study was 17 cm (range: 10 cm to 25 cm), none of 
the patients experienced stress fractures.The possible mechanism for a 
stress fracture is excessive loading of an under-hypertrophied graft with 
a mismatch in size and malalignment.The locking plate protects the graft 
by maintaining alignment, functionally increasing the diameter of the 
graft (Fig. 3), and sharing mechanical stress with the graft. 

Fibular graft hypertrophy is considered essential for successful re-
constructions [33]. We found factors such as age, sex, type of bone loss, 
or length of bone loss plays no significant roles in promoting fibular 
hypertrophy in our study.Our results indicate that patients with meta-
physeal bone loss tend to exhibit better hypertrophy compared to those 
with diaphyseal bone loss. 

The success of free vascularized fibula graft (FVFG) transfer for 
treating tibia bone loss is closely correlated with fibular hypertrophy 
[33]. The utilization of a locking plate enables early weight-bearing, 
leading to significant fibular hypertrophy (Fig. 4).Moreover, it allows 
for a good range of motion in the knee and ankle joints, facilitating an 
early return to the patient’s original occupation and ultimately 
improving their quality of life. It is noteworthy that, to the best of our 
knowledge, no previous studies have specifically evaluated the quality 
of life in patients with bone loss. It is therefore worth emphasizing that 
the use of a locking plate to fix the FVFG is associated with favorable 
physical and mental health outcomes, contributing to an overall better 
quality of life for these patients. 

LEFS scores and PCS were comparable, suggesting reasonable lower 
extremity function. The excellent Quality-Adjusted Life Years (QALY) in 
our study can be attributed to the overall positive impact on quality of 
life, primarily driven by the high MCS in the SF-12.The high MCS in-
dicates strong mental well-being. 

Although we treated 10 cases of infective nonunion, none of them 
experienced deep infection during the follow-up period. Based on this 
observation, we hypothesize that the use of free vascularized fibular 
graft (FVFG) with a skin and muscle paddle provides a favorable 
vascular bed. Combined with locking plating, this technique offers sta-
ble fixation, effectively preventing reinfection. 

Complications are not uncommon with such an extensive procedure. 
The lack of soft tissue and the use of a broad 4.5 locking plate are 
associated with an increased risk of implant exposure. In our series, two 
cases presented with exposed implants, necessitating implant removal 
after significant graft hypertrophy and union. None of these cases 
experienced stress fractures after the removal of the implants during our 
latest follow-up. Additionally, one case experienced an anastomosis 
failure with resorption of the graft as shown in Fig. 5. After implant 
removal and debridement, the patient underwent a revision surgery 
involving tibialization of the fibula. 

Our institution(Ganga Medical Centre), a level 1 trauma center in 
south India [38], in a developing country managing approximately 15, 
000 injuries annually, provided a robust foundation for planning and 
conducting these surgeries. The extensive experience gained in vessel 
anastomosis and soft tissue coverage significantly influenced our suc-
cessful outcomes. Notably, the procedures were conducted by two 
highly experienced plastic surgeons with over 25 years of expertise each 
and two senior orthopedic surgeons, ensuring a high standard of care. 

Thus, our study is limited by its retrospective design, which prevents 
access to preoperative LEFS and quality of life scores, restricting a full 
assessment of baseline functional status and subsequent changes. 
Additionally, being a single-center study, it lacks a comparison with 
other fixation methods, limiting the applicability and broader inter-
pretation of our results. 

Conclusion 

The combination of FVFG with a skin paddle and LCP fixation is a 
viable option for treating massive tibial bone loss resulting from open 

Fig. 4. (a)-A case of infective nonunion with tibia bone loss treated with FVFG with a locking plate. Progressive fibula hypertrophy seen at (b)- 3 months, (c)- 6 
months, (d)- 1 year, (e)- 2 years, (f)- 3 years respectively. 
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fractures and infective nonunion even in the challenging healthcare 
environment of South India, a developing country.This approach effec-
tively maintains alignment, promotes graft hypertrophy, and impor-
tantly, prevents stress fractures. Additionally, it has yielded better 
patient-reported outcomes, making it an advantageous treatment op-
tion for massive tibial bone loss. 
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