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Abstract
Background : The treatment of septic non-union of the tibia is a challenging area.　The objective of 
this clinical study was to improve the treatment outcomes in patients with a highly active infection 
by the three strategies consisting of a two-staged operation, a flow-through technique for vascular 
anastomosis of a free vascularized fibular graft (FVFG), and continuous local intra-arterial infusion 
of heparin.
Patients & Method : Five patients with septic non-union of the tibia who were treated with an 
FVFG (mean age : 52.8 years) were enrolled.　The mean postoperative follow-up period was 47.2 
months, and the mean length of the bone defect was 111 mm.　A two-staged operation, in which 
polymethylmethacrylate (PMMA) beads containing antibiotics were inserted into a bone defect fol-
lowed by bone reconstruction performed with an FVFG later.　Vascular anastomosis was performed 
with the flow-through technique in all patients.　Immediately after FVFG, heparin was continuously 
infused through a femoral arterial catheter for 1 week.
Result : Bone union was confirmed an average of 18.8 weeks after-surgery in all patients without 
reoperation for thrombus.
Conclusion : Our attempt to apply the strategies appears to be a viable treatment option for septic 
non-union of the tibia.
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Introduction

For the treatment of extensive bone defects re-
sulting from septic non-union of the tibia, a free vas-
cularized fibular graft (FVFG)1-7) has been frequently 
used and is considered a successful technique.　
This technique is an excellent therapeutic strategy 
that allows the surgeon to simultaneously treat ex-
tensive bone defects and poor soft tissue conditions, 
such as scarred skin, fistulae, and skin ulcers due to 
multiple operations after infection or trauma.　How-
ever, treatment of septic non-union of the tibia, even 
with an FVFG, involves issues such as relapse of in-

fection1-9), difficulty in finding suitable recipient ves-
sels10), and a high incidence of thrombus formation7,11-14).　
In order to overcome these three issues, we have de-
vised a novel surgical treatment using three strate-
gies to treat septic non-union of the tibia with an 
FVFG and we have achieved favorable treatment 
outcomes.　Here, we report this treatment along 
with the details of a representative case.

Materials and Methods

This study included a total of five patients with 
posttraumatic septic non-union of the tibia was op-
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erated at our hospital between 2005 and 2012.　All 
of patients were treated surgically FVFG technique 
with flow-through anastomosis.　The mean postop-
erative follow-up period was 47.2 months (ranged, 
23 months to 62 months).　The patients included 
four men and one woman, and most of the individu-
als were aged between 40 and 49 years.

The mean length of the bone defect in the pa-
tients was 111 mm (range, 90-130 mm).

All patients with pus exudation from a fistula 
were diagnosed with active infection, and treatment 
involving a two-stage strategy was planned.　In the 
first surgery, sequestrum was debrided, and the cu-
retted bone defect was filled with polymethylmeth-
acrylate (PMMA) beads containing antibiotics to 
which the pathogenic bacteria responsible for the in-
fection were sensitive.　As planned, preparations 
were made after 3 to 6 weeks for transplantation of 
the FVFG from the healthy limb to the affected low-
er leg.　In all the patients, angiography (two pa-
tients) or computed tomography (CT) angiography 
(three patients) was performed before the second 
definitive surgery to assess the recipient vessels.　
Three of the five patients had only one major blood 
vessel in the lower leg, termed as a “one-artery-

leg”.　In all of the patients, flow-through vascular 
anastomosis was performed.　First, the proximal 
open ends of the anterior or posterior tibial artery 
and veins were anastomosed to the fibular artery 
and veins in an end-to-end fashion.　After the prox-
imal ends of the arteries and veins were anasto-

mosed, outflow of blood from the distal end of the 
fibular artery was confirmed.　Thereafter, the distal 
ends of the fibular artery and veins were anasto-
mosed to the distal ends of the anterior or posterior 
tibial artery and veins in an end-to-end fashion (Fig. 
1).

In all of the patients, large monitoring flaps 
were prepared to cover soft tissue defects following 
surgical debridement, and all the vascular anasto-
motic sites were completely covered with the flaps.　
For preparing the monitoring flaps in all the patients, 
the cutaneous perforating branch from the fibular ar-
tery was identified, and the intermuscular septum 
containing the perforating branch between the fibu-
lar and soleus muscles was harvested with the tis-
sue graft and the flap over the entire length of the 
flap.　Postoperative monitoring involved observing 
the appearance of the monitoring flaps.

In the all patients, the following techniques 
were performed : screw fixation of the FVFG in 
three patients, fixation of a plate in one patient, and 
screw fixation of the FVFG using an external fixator 
in one patient.　In all the patients, heparin (5,000 U/
day) was continuously injected intra-arterially 
through a trans-arterial catheter (25 G) to the ipsi-
lateral femoral artery for 1 week (Table 1).　We dis-
solved 5,000 heparin units in 100 milliliters of sa-
lines and injected it at 5 ml of speed per hour.　We 
stopped infusion of heparin without tapering.　After 
having passed more than four hours, we remove a 
catheter.　Bone union was assessed based on the 

Fig.1.　Intraoperative photograph of Case 1.　The long pedicle FVFG by flow-through anastomosis was completed.
　Notably, the surgical field of anastomosis was superficial.
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following clinical and radiologic criteria15,17) 1) corti-
cal bridging of at least 3 cortex bone ; 2) bone union 
of the grafted fibula into the tibia ; 3) stability of the 
fracture site ; and 4) no pain on gait.

All the procedures followed were in accord with 
the Standards of the Committee on Human Experi-
mentation of the institution in which the experi-
ments were done or in accord with the Helsinki 
Declaration of 1975.

Results

We followed up all the patients receiving an 
FVFG.　During the first 2 weeks after FVFG, nei-
ther congestion nor ischemia of the monitoring flap 
was observed in any of the patients, and revision 
surgery was not needed.　Donor site morbidity was 
observed in two patients.　In one of them, split-
thickness skin grafting was performed 2 weeks after 
FVFG, for the skin problem of the donor site (de-
layed wound healing and skin necrosis).　In two pa-
tients, resection of the toe flexor tendon was per-
formed 3 months after the FVFG due to mallet toe 
deformity of donor site.　Bone union was confirmed 
on plain radiographs at an average of 18.8 weeks 

(range, 16-22 weeks).　During the follow-up period, 
neither stress fracture nor relapse of infection was 
observed in all of the patients (Table 2).

Report of representative case 

Case 1

The patient was a 36-year-old woman without 
any medical complications.　The middle to distal 
part of her right lower leg was fractured due to a 
motorcycle accident (Gustillo type 3A).　Open re-
duction and internal fixation were performed at an-
other hospital, and a deep infection of her surgical 
wounds developed ; the internal fixation of the frac-
ture site was removed.　Debridement surgery was 
performed nine times.　Since pus exudation from 
the fistulas was still noted at 6 months after the re-
moval of the fixation, she was referred to our hospi-
tal (Fig. 2a).

Angiography revealed only one patent posterior 
tibial artery in the affected lower leg (Fig. 2b).　A 
230-mm FVFG was harvested with a large monitor-
ing flap (200× 40 mm) from the contralateral lower 
leg and fixed to the tibia with cortical screws.　The 

Table 1.　Summary of Patients

Case Age
(years/sex)

Bony
defect
(mm)

Wound Skin
Vascularity :

CT
angiography

Recipient
vessels

flap size 
(mm)

Bone
fixation

Management
before FVFG Complication

1 36/F  96 Extensive Scarring TP TP 200×40 plate & screw PMMA beads 
(other hospital)

none

2 64/M 112 Discharging sinus 
Extensive Scarring

TP TP 250×40 plate & screw 
temporary EX

PMMA beads 
VAF flap

none

3 42/M  90 Discharging sinus 
Extensive Scarring

TP, TA TP 230×50 plate & screw 
temporary EX

PMMA beads 
VAF flap

DM

4 74/M 127 Extensive Scarring TA TA 170×40 plate & screw PMMA beads 
(other hospital)

DM

5 48/M 130 Extensive Scarring TP, TA, Pero TA 160×40 EX PMMA beads 
(other hospital)

none

TP, Posterior tibia artery ; TA, Anterior tibia artery ; Pero, Peroneal artery FVFG, free vascularized fibular graft ; EX., 
external fixator ; PMMA, polymethylmethacrylate ; DM, diabetes mellitus ; VAF flap, Veno-accompanying artery fascio-
cutaneous flap

Table 2.　Results of free vascularized fibular graft

Cases Bony union
(week) Post-op. complication Donor site morbidity Further management Observation period 

(months)

1 16 none none none 52

2 17 none claw toe, delayed heeling tendon cut, STSG 49

3 18 none none none 50

4 22 ankle equinus claw toe tendon cut 23

5 21 none none none 62

　　STSG, split thickness skin graft
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flow-through anastomosis was then performed as 
described above (Fig. 1).　After the surgery, the 
color of the monitoring flap remained good, and the 
flap did not show any sign of congestion or ischemia 
(Fig. 2cd).

The patient started walking with a patella-ten-
don bearing brace.　Because bone union was ob-
served on plain radiographs obtained 4 months after 
the surgery, the patient was allowed to walk with full 
weight-bearing.　Twenty-four months after the fi-
nal surgery, plain radiographs revealed complete 
bone union (Fig. 2e).　The patient’s function was 
excellent and she did not complain of pain, and nei-
ther stress fracture nor relapse of the infection had 
been observed at 52 months after the final surgery 
(Fig. 2f).

Discussion

The lower legs are the most challenging area 
for tissue grafting with microsurgical techniques7), 
because of high relapse rate of infection1-9), difficulty 
in finding suitable recipient vessels10), and a high in-
cidence of thrombus formation7,11-14).　The approach 
reported here achieved favorable treatment out-
comes by separately dealing with these problems.

First, when an septic non-union accompanied 
by extensive bone defects is treated, relapse of post-
operative infection is inevitable.　Previous reports 
have indicated that the rate of infection relapse rare-
ly reaches 0%1-9).　It is controversial whether septic 
non-union should be treated with debridement and 

Fig. 2.　Case 1.
(a)　�Preoperative plain radiograph of the right 

lower leg showing infected nonunion after in-
tramedullary nailing performed at another 
hospital ; anteroposterior (AP) view.　The 
maximum length of the tibial bone defect was 
96 mm.

(b)　�Preoperative angiography showing vascular 
occlusion of the fibular and anterior tibial ar-
teries, and only the posterior tibial artery is 
patent at the distal part of the lower leg, 
which is called a ‘single-artery leg.’ 

(c)　�Postoperative view of affected limb after the 
FVFG procedure.

(d)　�Postoperative plain radiograph (AP view) af-
ter the FVFG procedure.

(e)　�Postoperative plain radiograph (AP view) at 
24 months after the FVFG procedure shows 
complete bone union.

(f) 　�The patient was able to stand on only the af-
fected leg at 48 months after receiving the 
FVFG.　The fistula had closed, and no sign 
of infection was observed.

　 a　　　　　　　　　 b

　 c　　　　　　　　　　　　　 d

　 e　　　　　　　　　f
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bone/soft tissue reconstruction in one stage or with 
a two-staged operation.　In the two-staged proce-
dure, debridement and soft tissue reconstruction 
only are first performed simultaneously with the fill-
ing of the curetted bone defect with cement beads/
blocks that contain antibiotics.　Reconstruction of 
the bone is then performed in the second stage after 
the sterilization.　One review showed that the rate 
of infection relapse was slightly lower after the two-

staged operation18), and some surgeons actively sup-
port this observation8,19).　However, planning two-

staged operations in all patients means that the 
advantage of FVFG, which allows simultaneous re-
construction of an extensive bone and soft tissue de-
fect in one operation, is not exploited.　Thus, we 
regarded patients with fistulae continuously dis-
charging pus on the lower leg as those who had ac-
tive infected non-unions and who should be treated 
by the two-staged operation ; selecting such pa-
tients allowed us to better control infection.

Second, for the “one-artery leg”, the vessel 
anastomosis with the end-to-side technique is re-
ported to be clinically superior20).　However, the 
problems involved with the end-to-side technique 
for the lower limb include the presence of damaged 
vessels due to fibrillization caused by trauma or 
spreading infection21,22) and vascular anastomosis at 
an extremely deep site10,23).　While scarred or fi-
brotic tissue is avoided, healthy vessels are searched 
for in the proximal part in many cases24).　When the 
popliteal area is operated on, surgical maneuvers are 
performed at an extremely deep site.　Uncertain 
vascular anastomosis under a difficult situation may 
result in thrombus formation.　Verhelle et al.10) pro-
posed an approach to overcome these difficulties by 
using the end-to-side technique with a vein graft.　
We thought that if patent healthy recipient vessels 
are identified by preoperative angiography or CT an-
giography, and are transected and anastomosed us-
ing the flow-through technique, then the surgeon 
may avoid searching for a recipient vessel with good 
blood flow during the operation.　This would allow 
vascular anastomosis at a superficial surgical site 
while avoiding the scarred lesion and simultaneously 
ensuring adequate blood flow in both the recipient 
tissue and the affected limb (figure 1).　Soutar et 
al.25) first reported a flow-through flap using a radial 
forearm flap, followed by a report of clinical cases 
using an anterolateral thigh flap by Koshima et al.26,27) 
Since then, the use of a flow-through flap has been a 
well-known reconstruction technique that allows re-
vascularization and free grafting, and there are many 
reports of clinical success28-30).　Regarding the high 

success rate with the flow-through flap, Koshima et 
al. reported that compared to end-to-side anastomo-
sis, the flow-through flap provides more physiologi-
cal and increased blood flow27).　Furthermore, Bull-
ocks et al.31) account for the superiority of a flow-

through flap by suggesting that even when the blood 
flow is occluded in the distal part from the flow-

through flap, the flap itself is autoregulated as with 
an arteriovenous fistula and regulates blood flow in 
the flap and the affected limb.

Regarding the issue of which technique is supe-
rior, the end-to-end or end-to-side technique, it 
seems that no clear differences in rates of vascular 
patency have been revealed by either experimental 
rat models or clinical cases32-34).　With respect to 
the flow-through technique, Miyamoto et al.35), using 
rat models, reported that the rates of vascular pa-
tency are slightly higher in the flow-through models 
than in the end-to-side models.

Meanwhile, there may be conflicting reports 
stating that transecting healthy vessels to use as re-
cipient vessels and performing multiple anastomo-
ses may compromise the blood flow in the affected 
limb.　However, according to the findings from ac-
tual cases of vascular anastomosis, end-to-end anas-
tomosis was easily and successfully performed be-
cause of the following reasons : the technique was 
performed at a superficial surgical site ; the selected 
vessels were healthy ; and the discrepancy ratios of 
the vascular diameter were extremely low, ranging 
from 1 to 1.5.　In our approach, because healthy 
major vessels are transected at the middle portion 
and used as recipient vessels, adequately long recip-
ient vessels can be obtained for anastomosis to the 
donor fibular artery and vein (Fig. 1).　Although the 
reconstructed vessels meander, they curve loosely 
and a surgeon can freely position them ; in the pres-
ent study, no kinking of the vessels was observed.　
To our knowledge, flow-through anastomosis of 
FVFG has only been reported a short pedicle recon-
struction of tibia case36) and a jaw reconstruction 
case37).　We were unable to find any report of recon-
struction of major vessels in the lower leg by using 
FVFG with long pedicles from the fibular artery and 
vein, as was attempted here.

Third, the success rate of free grafting to the 
lower leg is lower than that of grafting to other parts 
because the rate of thrombus formation after graft-
ing is high due to various reasons7,11-13,22,38).　Origi-
nally, adjuvant therapy with heparin infusion from an 
implanted arterial catheter was reported as salvage 
therapy after thrombus formation in free grafting39).　
In response to this, Saito et al. reported continuous 
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trans-arterial infusion of heparin as adjuvant therapy 
after resection and reconstruction of malignant tu-
mors in the lower leg40).　We expected that because 
the lower legs are prone to thrombus formation, bet-
ter outcomes could be achieved by initiating adju-
vant therapy immediately after the operation.　Ac-
cording to previous reports, the daily dose of heparin 
for continuous trans-arterial infusion varies from 
2,000 to 10,000 U40-42), and there is no consensus 
view.　Yajima et al.4) reported results showing that 
the rates of thrombus formation are higher in pa-
tients with septic non-union of lower extremity than 
in those undergoing reconstruction after tumor 
resection.　Thus, we treated patients with heparin 
at a daily dose of 5,000 U, which was slightly higher 
than that described in the report by Saito et al.40) Be-
cause thrombus formation, as well as excessive 
bleeding from the surgical sites, was not observed in 
this preliminary study, this dose seemed to be ade-
quate, though the sample size was only five.

Conclusion

When five patients with posttraumatic septic 
non-union of the tibia were treated with an FVFG, 
we employed three strategies : i) a two-staged 
operation ; ii) a flow-through anastomosis to con-
serve blood flow in the major vessels in the lower 
leg ; and iii) continuous heparin infusion through an 
implanted arterial catheter.　In all patients, the 
postoperative course was uneventful without any 
sign of congestion or ischemia, as shown by the 
monitored flaps, and bone union was achieved.　For 
extensive bone reconstruction using FVFG for pa-
tients with septic non-union of the tibia, our ap-
proach is a viable treatment option.
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