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Management of Gustilo Anderson III B open tibial 
fractures by primary fascio-septo-cutaneous local flap 
and primary fixation
The ‘fix and shift’ technique

P R Ramasamy

Abstract
Background: Open fractures of tibia have posed great difficulty in managing both the soft tissue and the skeletal components 
of the injured limb. Gustilo Anderson III B open tibial fractures are more difficult to manage than I, II, and III A fractures. Stable 
skeletal fixation with immediate soft tissue cover has been the key to the successful outcome in treating open tibial fractures, in 
particular, Gustilo Anderson III B types. If the length of the open wound is larger and if the exposed surface of tibial fracture and 
tibial shaft is greater, then the management becomes still more difficult.
Materials and Methods: Thirty six Gustilo Anderson III B open tibial fractures managed between June 2002 and December 2013 
with “fix and shift” technique were retrospectively reviewed. All the 36 patients managed by this technique had open wounds 
measuring >5 cm (post debridement). Under fix and shift technique, stable fixation involved primary external fixator application 
or primary intramedullary nailing of the tibial fracture and immediate soft tissue cover involved septocutaneous shift, i.e., shifting 
of fasciocutaneous segments based on septocutaneous perforators.
Results: Primary fracture union rate was 50% and reoperation rate (bone stimulating procedures) was 50%. Overall fracture 
union rate was 100%. The rate of malunion was 14% and deep infection was 16%. Failure of septocutaneous shift was 2.7%. 
There was no incidence of amputation.
Conclusion: Management of Gustilo Anderson III B open tibial fractures with “fix and shift” technique has resulted in better 
outcome in terms of skeletal factors (primary fracture union, overall union, and time for union and malunion) and soft tissue 
factors (wound healing, flap failure, access to secondary procedures, and esthetic appearance) when compared to standard 
methods adopted earlier. Hence, “fix and shift” could be recommended as one of the treatment modalities for open III B tibial 
fractures.
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Introduction

Various methods have been employed in stabilizing 
open tibial fractures, in particular, Gustilo Anderson 
III B types.1-4 Primary external fixator application5-8 
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has been used over a long period of time with great success. 
This form of fixation is of choice6 while dealing with open 
tibial fractures with a lot of contamination, segmental bone 
loss, segmental comminution, and crushing of surrounding 
musculotendinous units. Primary unreamed nailing8,9 was 
used in the recent past but has been out of favor currently. 
Primary reamed nailing5,6,10-13 has been used with greater 
success than unreamed nailing for all types of open tibial 
fractures including III B types. Reamed nailing has been 
the procedure of choice in open tibial fractures with lesser 
contamination and lesser comminution.6

Soft tissue injuries have been managed by different methods. 
The list includes primary suturing,14 fasciocutaneous 
flaps,15-19 sural flaps,20 propeller flaps,16,21 adipofascial flaps,22 
pedicled muscle flaps,17-19,23,24 free perforator,25,26 and free 
muscle flaps.23,25,26 Various other techniques that are rarely 
used are bipedicled fasciocutaneous flaps,27 multiple relaxing 
incisions;28 Taylor spatial frame for acute deformation to 
close open wound and delayed correction;29,30 negative 
pressure wounds therapy31 in the 1st week followed by flap or 
Split Skin Graft (SSG), tissue expanders for converting III B 
to III A open fractures, and free fibular osteoseptocutaneous 
flap graft.32,33 Although the above said fasciocutaneous and 
muscle flaps are advantageous in managing small to medium 
sized soft tissue defects, their role in managing open defects 
with skin wounds >10 cm is questionable. Each of these 
techniques has some disadvantage while managing open 
tibial fractures while dealing with greater soft tissue defects. 
This includes flap tip necrosis,34 limited excursion of flap,35 
donor site morbidity, esthetic appeal, etc., Septocutaneous 
shift comes handy in situations where the soft tissue defect 
is larger and where soft tissue cover is needed immediately.

Septocutaneous shift is performed by shifting the septo-
fasciocutaneous composite segment based on multiple 
septocutaneous perforators36,37 of the leg which are neither 
skeletonized nor rotated. The perforators are never dissected 
and only the interperforator fascia is divided. This results in 

greater mobilization of fasciocutaneous segment. This shift 
can be performed immediately following skeletal fixation 
and the exposed fracture or the skeleton can be covered with 
the septocutaneous segment  (flap). The resulting raw area 
following the shift is covered with split skin grafting after a week.

“Fix and shift” technique of managing open tibial fracture 
involves primary external fixator or primary reamed nailing 
to stabilize the fracture and septocutaneous shift for covering 
the soft tissue defect.

Materials and Methods

Two hundred and forty three patients with 245 open tibial 
fractures were managed between June 2002 and December 
2013. Forty two Gustilo Anderson III B fractures from this 
group were treated by fix and shift technique. The results 
of 36 patients with complete followup were analyzed and 
are discussed here. Followup of patients ranged from a 
minimum of 6 months to a maximum of 29 months.

The patients, on admission, were resuscitated by Advanced 
Trauma Life Support protocol. Intravenous antibiotics 
were administered within 3 h of admission. Neurovascular 
assessment was carefully done and recorded along with 
the description of the fracture and the other injuries. 
External fixator was used to fix fractures with significant 
contamination, muscle crushing, segmental bone loss, 
and/or segmental comminution. Primary reamed nailing was 
the choice for fractures with minimal contamination. Those 
patients who underwent septocutaneous shift and who had 
complete followup were taken up for analysis in this article.

The inclusion criteria for performing septocutaneous shift 
were an oval shaped open wound with the length of the 
wound (parallel to the long axis of tibia) greater than the 
breadth of the same wound. Age was not a contraindication 
as this technique was used in children, adults, and elderly 
people. Any breach of the posterior compartment of the 

Figure 1: Schematic diagram showing the septocutaneous perforators of the leg in the cross‑sectional plane
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leg like lacerations over the calf and extensive bruising 
or necrosis of the skin over calf were considered as 
contraindications to this technique. Skeletal and soft tissue 
procedures were performed by the author himself. The 
study was approved by ethical committee.

The fractured limb was examined under anesthesia to assess 
the extent of the injury. The open wound was measured 
and the perforators on the medial and lateral aspect of 
the leg were localized with handheld Doppler machine 
without contaminating the wound. Following wound 
debridement (including postdebridement measurement) and 
skeletal fixation, a deep longitudinal incision up to the deep 

Figure 2: Schematic diagram showing the division of interperforator‑ 
septal‑fascia

Figure 3: (a) Clinical photograph (preoperative) of 70 years old lady showing Gustilo Anderson III B open proximal third tibial fracture (b) Preoperative 
x-ray anteroposterior view showing fracture proximal tibia (c) Clinical photograph showing external fixator in situ with fasciocutaneous skin flap (d) 
Postoperative X-ray showing external fixator (e) Clinical photograph showing wound healing after removal of external fixator (f) Clinical photograph 
showing exposure of nonunion site for bone grafting, secondary nailing also done (g) Clinical photograph showing range of motion and healed 
wounds (h) X-ray anteroposterior and lateral views of leg bones showing fracture union
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fascia was made on the midcalf region. Sural nerve and lesser 
saphenous vein were protected if encountered. The incision 
was extended both proximally and distally. While extending 
the incision distally, due care was taken to protect tendo 
Achilles by stopping short the incision proximal to the Tendon. 
Blunt dissection was carried out underneath deep fascia on 
either side up to their respective septae. The medial septum 
on the medial side separates tibia from posterior compartment 
of the leg [Figure 1]. The skin and fascia of the medial half 
of the calf were shifted pivoting on the septum to cover the 
anterior open wound. If the shift of this fasciocutaneous unit 
was found to be inadequate, then the interperforator-septal-

fascia was divided by sharp dissection [Figure 2] after carefully 
identifying and protecting the perforators on the septum 
either by direct vision or by loupe. This division was done 
as close to the base of the septum as possible. This division 
gives greater excursion for the septo-fasciocutaneous unit to 
cover the anterior defect. Utmost care was taken to ensure 
that the perforators were neither severed nor skeletonized. 
Similar dissection was done on the lateral side. The lateral 
intermuscular septum separates peroneal compartment 
from superficial posterior compartment. This septum was 
also mobilized by incising interperforator-septal-fascia which 
helped in shifting the lateral septocutaneous unit. The lateral 

Figure 4: (a) Clinical photograph (preoperative) of a 45 years old male showing Gustilo Anderson III B middle third tibial fracture (b) X-ray of 
leg bones anteroposterior view showing fracture middle 1/3rd tibia (c) Clinical photograph showing external fixator in situ with fasciocutaneous 
skin flap (d) X-ray of leg bones anteroposterior view showing external fixator in situ (e) Clinical photograph showing healing by fascio-septo-
cutaneous shift while in external fixator (f) Clinical photograph showing healed wound after removal of external fixator (g) X-ray of leg bones 
anteroposterior and lateral views after removal of external fixator showing gap nonunion (h) Peroperative photograph showing plating and bone 
grafting (i) X-ray of leg bones anteroposterior and lateral views showing bone grafting and plating (j) Clinical photograph after plating showing 
well healed wounds (k) X-ray of leg bones anteroposterior and lateral views showing fracture union after plate removal (l) Clinical photograph in 
standing position showing healed wounds
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unit moves lesser than the medial unit because the lateral unit 
is still anchored by the intermuscular septum dividing anterior 
compartment from peroneal compartment. This septum was 
further mobilized by releasing interperforator-septal-fascia 
for augmenting the shift of the lateral septocutaneous unit. 
The lateral septocutaneous unit in conjunction with medial 
one closes the skin defect anteriorly. The surgical wound that 
followed the above said posterior incision was covered with 
split skin grafting after 1 week.

Nonweight bearing mobilization was advised for patients 
with external fixators once their soft tissue healing was 
complete. Patients who had a stable fixation without any 
bone loss were managed with fixator removal, AK plaster 
cast after the completion of soft tissue healing. Patients 
who underwent bone grafting while on external fixator 
were allowed to weight bear after fixator removal but with 
plaster cast. Patients who were managed by reamed nailing 
following fixator removal were allowed to weight bear 
immediately after nailing. Patients who were subjected to 
reamed nailing and bone grafting after the removal of fixator 
were mobilized initially without weight bearing. They were 

allowed to weight bear once the radiographs showed signs 
of bone healing. Those patients who were managed by 
primary reamed nailing were allowed to weight bear once 
the soft tissue healing was complete.

Results

Of the total of 115 Gustilo Anderson III B fractures [Table 1], 
36  patients with 36 fractures remained under complete 
followup. The age of the patients varied from 11 years to 
70 years. Of these 36 fractures, 5 were in the proximal third 
of tibia [Figure 3], 13 in the middle third [Figure 4], three 
were segmental fractures [Figures 5 and 6], 15 in the distal 
third [Figure 7] and one in pediatric age group [Figure 8]. 
Nine fractures  (25%) belonged to C3.3 category  (2 of 
41C3.3, 4 of 42C3.3, and 3 of 43C3.3) indicating significant 
segmental multifragmented nature of the fractures [Table 2].

Eighteen patients  (50%) achieved primary bone 
union, [36% (13/36) in nailing group and 14% (5/36) in 
fixator group]. The average time to union for all 36 fractures 
was 38 weeks. The fractures in the external fixator group 
united at an average of 46 weeks and those in primary 
nailing group took 29  weeks to unite. The fractures 
categorized as “AO-C3.3” united at an average of 54 weeks. 
The rate of malunion was 14% and delayed union was 
69%. Bone grafting was performed in 17 patients (47%). 
Fourteen of external fixator group and three of nailing group 
underwent bone grafting. Bone grafting and/or change of 

Table 1: Types of fractures
Gustilo Anderson 
classification

Children Adults

I-III A 7 112
III B 6 109
III C 1 10

Figure 5: (a) Clinical photograph (preoperative) of a 29 years old male showing Gustilo Anderson III B segmental tibial fracture (b) Preoperative 
x-ray of leg bones anteroposterior and lateral views showing segmental fracture tibia (c) Clinical photograph showing external fixator in situ 
(d) X-ray of leg bones anteroposterior view showing external fixator in situ (e) Clinical photograph showing exposure of nonunion site for the 
bone grafting and nailing (f) Clinical photograph showing septo cutaneous shift (g) Clinical photograph showing final soft tissue healing (h) X-ray 
of leg bones anteroposterior and lateral views showing fracture union and nail in situ
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fixation were considered as reoperations6 the rate of which 
was 50% in total - 42% (15/36) in external fixator group 
and 8% (3/36) in nailing group [Tables 3 and 4].

Twenty  (56%) of these fractures were fixed by external 
fixator and 16 (44%) fractures by reamed intramedullary 
nailing [Table 3]. All the patients with open wounds >20 cm 
were fixed with external fixator. Among the 10–20  cm 
group, five underwent external fixation and five underwent 
nailing [Table 5]. Among the <10 cm group, eleven were 
treated by nailing and two by external fixation. In retrospect, 
it can be concluded that wounds >10 cm in length had 
severe contamination with or without bone loss and were 
better treated by an external fixator.

All of the 36 patients needed split skin grafting over the 
release incision site. Six (16%) of these patients needed SSG 
on the anterolateral aspect of the leg in addition to posterior 
SSG, which was a preplanned step. In these six cases, the 
shaft of tibia was covered by posteromedial septocutaneous 
shift and the anterolateral muscles were allowed to remain 
open to be covered by SSG later. Posterior and anterior 

SSG were performed simultaneously after 1 week. Wound 
healing of the septocutaneous units on the anterior aspect of 
the leg was assessed on the basis of classification suggested 
by Rajasekaran et al.14 (9-A, 11-B, 15-C, and 1-D) [Table 6]. 
Patients  (41%) of the “C” group included 16% of the 
anterior SSG patients also. Hence, the actual “C” type 
healing occurred only in 25% of the patients.

Complications [Table 7] of septocutaneous shift were “failure” 
of the shift (1/36–2.7%) and “wound edge necrosis” requiring 
resuturing (9/36). This edge necrosis was closer to the fracture 
site only in four cases which was managed by resuturing. 
In five of the cases, the edge necrosis was away from the 
fracture site. The soft tissue procedures to solve the above said 
complications were not classified as reoperations.6 Superficial 
infection occurred in four patients (11%) and deep infection 
occurred in five patients (14%). Pin tract infection occurred 
in 10/36 (27%). One patient developed chronic osteomyelitis 
of tibia. Malunion  (defined by Larsen et al.13 as varus or 
valgus >5°, internal or external rotation >15°, and ante or 
retro curvation >5°) occurred in 5/36 (14%) fractures. None 
of these 36 patients ended up in amputation.

Figure 6: (a) Clinical photograph (preoperative) of a 20 years old male showing Gustilo Anderson III B segmental tibial fracture (b) Preoperative 
x-ray of leg bones anteroposterior view showing segmental fracture of tibia (c) X-ray of leg bones anteroposterior and lateral views showing 
external fixator in situ (d)Clinical photograph showing external fixator in situ (e) X-ray of leg bones anteroposterior and lateral views showing 
fracture union following secondary nailing (f) Clinical photograph showing flexion of knee (g) Clinical photograph showing extension of knee 
(h) Clinical photograph showing standing position (anterior) (i) Clinical photograph showing standing position (posterior)
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Discussion

Forty seven percent  (17/36) had Ganga hospital score38 
scores of above 11/16. These data indicate that the 
fractures included in this study were severe open fractures 
according to guidelines laid down by BOAST39  (British 
Orthopaedic Association and British Association of Plastic, 
Reconstructive and Aesthetic Surgeons Standard for 
Trauma). Even though the severity of the injury was very 
high, they were successfully managed by “fix and shift” 
technique which is a relatively easier technique as compared 
to previous methods.

In the current study, external fixation was used in preference 
to unreamed nailing because this group of patients had 
significant contamination or severe musculotendinous unit 
injury or bone loss or segmental comminution of bone who 
formed the “high risk” group according to Bhandari et al.6 

Bhandari et al.6 had reported that unreamed nail did not 
significantly alter the risk of nonunion and deep infection 
when compared to external fixation for III B fractures. All the 
twenty patients who had an external fixation in the current 
study had contamination in the form of intramedullary 
deposition of dust and sand at the tibial fracture site. 
Unreamed nail would have increased the incidence of deep 
infection. Giannoudis et al.5 reported 2.7% implant (pin) 
breakage with external fixation for I to III B fractures. In the 
current study, among the external fixator group, although 
there were incidences of pin loosening (27%), there was 
no incidence of pin breakage. 

Primary reamed nailing was performed when the limb had 
minimal contamination and did not have segmental bone 
loss or segmental comminution. This is supported by the fact 
that Court-Brown and Keating et al.,10-12 Bhandari et al.,6 
Giannoudis et al.,5 and Larsen et al.13 had suggested reamed 
nailing for III B open tibial fractures. Giannoudis et  al.5 

Figure 7: (a) Clinical photograph (preoperative) of a 33 years old male showing Gustilo Anderson III B distal third tibial fracture (b) Preoperative x-ray 
of leg bones anteroposterior view showing distal third tibial fracture (c) Clinical photograph showing external fixator and medial wound (d) Clinical 
photograph showing septo cutenaeous shift (e) Clinical photograph showing soft tissue healing (anteromedial) (f) Clinical photograph showing 
soft tissue healing (posterolateral) (g) X-ray of leg bones anteroposterior and lateral views showing fracture union following secondary nailing
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reported 3% implant breakage with reamed nailing for I to 
III B fractures. In the current study, there was no incidence 
of implant breakage following reamed nailing. Larsen et al.13 
had reported lower rates of secondary operations and 
malunion with reamed nailing as compared to unreamed 
nailing. In the current study, reamed nailing group had only 
three cases of reoperation. These reoperations were bone 
grafting. Keating et  al.12 reported 23% exchange nailing 
in IIIB fractures which were nil in the current study. In the 
current study, there was no incidence of nail  (implant) 
failure.

The primary bone union was achieved in 50% of the 
cases in this study, whereas it was 66% in the study by 
Gopal et al.23 The possible reason for this is the “severity” 
of the fracture which is indicated by the number of C3.3 
fractures. The incidence of C3.3 fracture pattern was 25% 

in the current study as compared to only 3% in the study 
by Gopal et al. Gopal reported average time for fracture 
union as 25 and 30 weeks for internal and external fixation 
groups which in the current study has been reported as 29 
and 46 weeks. Here again, the results of both studies are 
comparable even though the severity of fracture pattern 
is greater in the current study. Keating et  al.12 reported 
43 weeks as the mean time to union in the reamed nailing 
group which was 29  weeks in the current study. This 
reiterates the fact that reamed nailing for less contaminated 
open III B fractures under fix and shift technique results in 
speedy union. In the study by Giannoudis et al.,5 the rate 
of overall bone union was 94% in the external fixator group 
and 97% in the reamed nail group both of which was 100% 
in the current study. The rate of malunion among the reamed 
nailing group was reported as 7% by Keating and as 2.7% in 
the current study. These data show that the results of reamed 

Figure 8: (a) Clinical photograph (preoperative) of 11 years old boy showing Gustilo Anderson grade III B middle third tibial fracture (b) Preoperative 
x-ray of leg bones anteroposterior and lateral views showing fracture both bone legs middle 1/3 (c) Clinical photograph showing external fixator  
in situ (d) X-ray of leg bones anteroposterior and lateral views showing fracture union (e) Clinical photograph showing soft tissue healing in external 
fixator (f) Clinical photograph showing septo cutaneous shift (g) Clinical photograph showing soft tissue healing (anteromedial)
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Table 3: The type of fixation with numbers
Gustilo Anderson 
classification

External fixation Primary reamed nailing

I-III A 11 108
III B 59 56
III C 10 1

Table 4: Type of fixation and further procedures
Type of fixation Number Reoperation Bone grafting alone Secondary nailing 

with bone grafting
Secondary nailing 

without bone grafting
Plating with 

bone grafting
External fixation 20 15 06 06 01 02
Primary reamed nailing 16 03 03 ‑ ‑ ‑

nailing as the modality of fixation in less contaminated 
open IIIB tibial fractures under fix and shift technique are 
comparable or even better to the studies quoted above.

In many studies related to III B fractures, bone grafting at 
8 weeks has been included in the treatment protocol itself.6 
Obremsky,40,41 following a survey of 379 trauma surgeons 
stated that although variations existed, majority favored 
bone grafting between 4 and 8 weeks for segmental bone 
defects. In the current study, bone grafting was done at 
or after 8 weeks and after good healing of soft tissues. In 
the current study, the rate of bone grafting was 47% in 
total (39% in external fixator group and 8% in the nailed 
group). However, Gopal et  al.23 reported 27% bone 
grafting (20% - external fixator group and 7% -  internal 
fixation group) for III B and C fractures. Thirty nine percent 
of bone grafting under the external fixator group in the 
current study is due to the incidence of 25% of C3.3 fracture 
pattern which was only 3% under the study by Gopal 
et al. Giannoudis et al.5 reported 46% bone grafting under 
external fixator group which was only 39% in the current 
study under the same group. Keating et al.12 reported 26% 
and Giannoudis et al.5 reported 15% bone grafting following 
reamed nailing of III B fractures which was only 8% in the 
current study under reamed nail group. These data show 
that the rate of bone grafting under fix and shift technique 
is lesser when compared to the studies quoted above. Ten 
out of 15 patients underwent bone grafting through the 
anterolateral skin segment and five through posteromedial 
skin segment. Tibial fracture site can be reached through 
both of these skin segments comfortably [Figures 4 and 6]. 
Secondary procedures and reoperations, which are difficult 
through fasciocutaneous or muscle or free flaps,18 are 
much easier to perform under fix and shift technique. In 
addition to lesser incidence of bone grafting, the secondary 
procedure of bone grafting itself becomes much safer 
to perform keeping the condition of skin in mind. Ten 
out of 15 patients underwent bone grafting through the 
anterolateral skin segment and five through posteromedial 
skin segment. Tibial fracture site can be reached through 
both of these skin segments comfortably [Figures 4 and 6]. 

Secondary procedures and reoperations are difficult through 
fasciocutaneous, muscle or free flaps.18

Bone stimulating procedures (secondary fixations and bone 
grafting) have been termed as “reoperations” by Bhandari 
et al.6 Under fix and shift technique, the overall reoperation 
rate is 50% which is 42% under external fixator group and 
8% under reamed nailing group. Overall reoperation rate 
is 34% under the study by Gopal which again shows that 
the higher reoperation rate in the current study is due to the 
increased number of C3.3 fractures. Under external fixator 
group, Giannoudis et al.5 reported 68.5% reoperation rate 
which is only 42% in the current study. Under reamed nailing 
group, Giannoudis et al.5 reported 31.6% reoperation rate 
which is only 8% in the current study.

Considering infection, deep infection rate was reported as 
14% in the current study as compared to 9.5% by Gopal 
et al.23 Under the external fixator group, the current study 
reports 11% deep infection rate as compared to 16.2% 
reported by Giannoudis et al.5 Under the reamed nailing 
group, the current study reports 2.7% deep infection 
rate as compared to 6.4% reported by Giannoudis et al.5 
Rajasekaran et al.38 had reported infection rate of 39.2% 
in group III (Glagow Coma Scale GHS – 11–16) and the 
infection rate for similar group in the current study was 22%. 
The rate of chronic pin track infection was reported as 32.2% 
by Giannoudis,5  37% by Gopal et  al.,23 and 27% in the 
current study. These data show that the rate of deep infection 
is comparable or better when compared to similar studies.

Malunion rate (Larsen et al.13) was 11% under external fixator 
group and 2.7% under reamed nail group under fix and shift 
technique. Giannoudis et al.5 reported malunion rates of 
20% under external fixator group and 6% under reamed nail 
group. Fix and shift technique has resulted in lower incidence 
of malunion as compared to previous studies.

Although fasciocutaneous,17 sural,20 propeller,16,21 
and adipofascia l 22 f laps have been commonly 
employed for the closure of skin defects,15,16 Hallock25 
reported 30% complications with fasciocutaneous flaps and 
Almedia20 reported 25% complications and 4.5% failure with 
sural artery flaps, whereas the current article reports only 
19% complications and 2.7% failure with septocutaneous 
shift. Panse et al.35 stated that perforator and fasciocutaneous 
flaps can cover only limited skin defects and if the length of 
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Table 5: The number of fractures with their respective wound 
length groups
Wound length (cm) Number of fractures
>20 13
20-10 10
10-05 13

Table 6: The number of fractures with their respective wound 
healing pattern
Wound healing pattern Number of fractures
A ‑ Healing by primary intension 09
B ‑ Healing by secondary intension 11
C ‑ healing by resuturing 15

Necrosed edges 9
Retracted edges 6

D ‑ Skin loss requiring flap 01

Table 7: Complications
Complications Percentage
Reoperations 50
Failure of shift 2.7
Wound healing problems 25
Superficial infection 11
Deep infection 16
Delayed union 69
Malunion 14

the perforator flap is more than one-third of the length of the 
leg then this flap had 6 times more chance to necrosis. The 
current study has shown that 14 open wounds >20 cm and 
ten wounds between 10 and 20 cm have been successfully 
managed by septocutaneous shift which would have been 
very difficult with fasciocutaneous and pedicled perforator 
flaps. The most common complication of venous congestion 
following propeller perforator flaps21 is not encountered with 
septocutaneous shift.

Pedicled muscle flaps such as gastrocnemius,23 hemisoleus,23 
and peroneus brevis24 have been used frequently. These 
flaps provide some difficulty in approaching the bone 
for secondary procedures18,26 and can cover only limited 
defects. Hallock25 had reported 27% complication 
with pedicled muscle flaps. Although Chan et  al.18 and 
Nanchahal19 favored muscle flaps to improve bone union, 
Nanchahal19 agreed that skin grafted muscle flaps are less 
resilient even to minor trauma. Septocutaneous shift can 
tolerate secondary procedures much better than muscle 
flaps41  (15/36 underwent bone grafting through shifted 
flap). Free muscle and free perforator flaps have been 
used cover large skin defects over leg.25 The surgical time, 
donor site morbidity, and failure rate are much less with 
septocutaneous shift than with free flaps for covering large 
defects. The complication rate with free flaps is 39% as 
reported by Hallock.25 According to Parrett et al.42 there 
has been a decreasing trend toward free flaps. Secondary 

refinement procedures like liposuction and debulking of 
free flaps for esthetic appearance are needed with free 
perforator flaps.43 Hui-Chou et al.43 reported 32 refinement 
procedures in seventy flaps. In comparison with the above-
said observations, septocutaneous shift did not have any 
donor site morbidity and did not need any refinement 
procedure. Fix and flap technique5,23 reported by Gopal 
et al. suggested pedicled or free muscle flaps to cover soft 
tissue defects in III B tibial fractures. Gopal et  al.23 had 
reported 3.5% muscle flap failure. The current study reports 
2.7% of septocutaneous shift failure.

The distribution of septocutaneous perforators and their 
perforasomes has been defined well by Saint-Cyr et al.37 
They had described three clusters of posterior tibial artery 
septocutaneous perforators at 4–9  cm, 13–18  cm, and 
21–26  cm from intermalleolar line. Septocutaneous 
perforators from posterior tibial artery traverse between 
soleus and flexor digitorum longus. Anterior tibial artery 
perforators are largest at 21–26  cm from intermalleolar 
line and smallest at distal level. Septocutaneous perforators 
from anterior tibial artery traverse between peroneus 
longus and extensor digitorum longus. The peroneal 
septocutaneous perforators predominate at 13–18  cm 
from intermalleolar line. Septocutaneous perforators from 
peroneal artery traverse between peroneus brevis and flexor 
hallucis longus. To conclude perforators from anterior and 
posterior tibial arteries predominate at 4–9 cm level, those 
from peroneal and posterior tibial arteries at 13–18  cm 
level and those from anterior and posterior tibial arteries 
at 21–26 cm level. The incision on the posterior calf for 
the septocutaneous shift lies between posterior tibial and 
peroneal artery territories. Rubino et al.44 have stated that 
harvesting a flap based on a single perforator produces 
“hyper perfusion” of this perforator. The septocutaneous 
shift is an indirect way of harvesting a flap which is based 
on two or three perforators and their perforasomes, the 
number of the perforators being directly proportional to the 
length of the posterior incision. Hence, the fasciocutaneous 
skin segment obtained by performing septocutaneous shift 
has augmented blood supply due to hyperperfusion of the 
involved perforators.

In the current study, septocutaneous shift was raised 
immediately following skeletal fixation  (within 13  h in 
27 cases and within 24 h in 9 cases). This is supported 
by the fact suggested by D’Alleyrand et al.45 that timing 
of flap cover was a significant predictor of flap-related 
complications in III B fractures. Their inference was that the 
delay beyond 1 week was associated with a daily increase 
in the infection rate of 16%. Immediate or very early flap 
cover was also suggested by Giannoudis et  al.,5 Gopal 
et al.,23 and Soni et al.46
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Conclusion

Gustilo Anderson III B open tibial fractures with “fix 
and shift” technique has resulted in better outcome in 
terms of skeletal factors (primary fracture union, overall 
union, and time for union and malunion) and soft tissue 
factors (wound healing, flap failure, access to secondary 
procedures, and esthetic appearance) when compared to 
standard methods adopted earlier. Hence, “fix and shift” 
could be recommended as one of the treatment modalities 
for open III B tibial fractures.
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