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Abstract Objective To evaluate the use of external fixators in the delta-type kickstand
configuration as an adjuvant method in the postoperative period of patients submitted
to free flaps in the lower limbs.
Methods A total of 17 external delta fixators were used in patients submitted to free
flaps in the lower limbs. The surgical technique was performed in a standardized
manner, with the distal pin located 6 cm proximally to the anastomosis, and the
proximal pin, 6 cm distally to the anterior tuberosity of the tibia.
Results The mean age of the sample was of 34.76 years (range: 15 to 66 years). In
total, 11 men and 6 women were selected. The posterior tibial artery was used in 14
cases, and the anterior tibial artery, in 3 cases. The mean time of use of the external
fixators was of 3.88 weeks. The rate of reoperation was of 17.64%; that of retail loss was
of 11.76%; that of success rate was of 88.23%; and the rate of infection was of 5.9%.

� Study carried out at Hospital das Clínicas, Faculdade de Medicina
de Ribeirão Preto, Universidade de São Paulo, Ribeirão Preto, SP,
Brazil.
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Introduction

Advances in microsurgical techniques have enabled the
management of lower limb coverage failure, reducing ampu-
tation rates, and providing better functionality of the affect-
ed limb.1,2 Most causes of lower limb coverage failure are:
traumatic, oncological, infectious, or vascular. The ultimate
goal of reconstructive surgeryof the lower limbs is functional
restoration of the limb, and bone stabilization, adequate soft
tissue coverage, absence of pain, and protective sensitivity of
the limb are necessary.2,3

Despite the technical evolution and improvements in
the microsurgical practice, complications are still
reported. Retrospective studies4,5 demonstrate case series
with high variability in success rates and complications. A
meta-analysis by Xiong et al.5 (2016), demonstrated com-
plication rates of 6% of loss of free flaps, 6% of vascular
thrombosis and partial necrosis of the skin, 4% of hemato-
ma formation, and 4% of surgical wound dehiscence.
Therefore, adjuvant techniques to microsurgical flap man-
agement are essential for the success of limb salvage
reconstructive surgery.6

The use of external fixation methods to elevate the limb
and avoid compressive effects on the flap is a concept that
has already been described. However, different configura-
tions of the external fixator were developed to facilitate its
applicability, offer greater stability to the limb, enable con-
comitant bone procedures, and relieve additional external
compressions on the flap.6,7 Moreover, the use of external
fixators facilitates the access to the flap to monitor postop-
erative viability and subsequent surgical reapproaches, as
needed, in addition to facilitating dressing changes, decubi-
tus changes, clothing changes, and providing more comfort-
able postures to patients.7,8

The aim of the present study was to evaluate the use of
external delta-type fixators as an adjunct method in the
postoperative period of patients submitted to free flaps for
coverage failures in the lower limbs.

Materials and Methods

Aretrospectivestudywascarriedoutby reviewing themedical
records of patients who underwent the use of the delta-type
external fixator after the preparation of the freemicrosurgical
flap for limb coverage failure, between March 2018 and
March 2019. The studywas approved by the ethics committee
under CAAE number 14510719.4.0000.5440.

The variables gender, age, and previous comorbidities
were evaluated, as well as the site of the lesion and its
etiology. Lesions of traumatic origin were differentiated by
the degree of soft-tissue injury, while lesions of tumoral
originwere evaluated by thehistological degree of the tumor.
The variables related to the procedures were the type of
microsurgical flap performed and the recipient vessel for
anastomosis. The need for bed rescue intervention and its
procedure, as well as the need for a reapproach in the
operating room, have been documented. The total external
fixation time was also evaluated.

The inclusion criteria were patients with coverage failure
in the distal third of the leg using an external delta fixator for
the maintenance of free microsurgical flaps. Patients who
did not agree to participate and those who underwent
pedicled flap coverage were excluded.

Surgical Technique

The patient underwent spinal anesthesia with sedation and
was placed in supine position in a radiotransparent surgical

Conclusion The use of delta-type fixators as an adjunct method in the postoperative
period is reliable; however, more studies are needed to evaluate its true role in the
postoperative period.

Resumo Objetivo Avaliar o uso de fixadores externos, na configuração kickstand do tipo delta,
comométodo adjuvante no período pós-operatório de pacientes submetidos a retalhos
livres nos membros inferiores.
Métodos Ao todo, 17 fixadores externos do tipo delta foram utilizados em pacientes
submetidos a retalhos livres nosmembros inferiores. A técnica cirúrgica foi realizada de
forma padronizada, com o pino distal localizado 6 cm proximal à anastomose, e o pino
proximal, 6cm distal à tuberosidade anterior da tíbia.
Resultados A idade média da amostra foi de 34,76 anos (variação: 15 a 66 anos).
Foram selecionados 11 homens e 6mulheres. Utilizou-se a artéria tibial posterior em 14
casos, e a tibial anterior, em 3 casos. O tempo médio de uso dos fixadores externos foi
de 3,88 semanas. A taxa de reoperação foi de 17,64%; a de perda do retalho foi de
11,76%; a de sucesso foi de 88,23%; e a taxa de infecção foi de 5,9%.
Conclusão O uso de fixadores do tipo delta como método adjuvante no pós-
operatório é confiável; porém,mais estudos são necessários para avaliar seu verdadeiro
papel no pós-operatório.

Palavras-chave

► retalho miocutâneo
► retalho perfurante
► microcirurgia
► fraturas ósseas
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table. The procedure for the installation of the external
fixator began after the completion of the microsurgical
flap. The limb was positioned in extension, and fluoroscopy
was used to aid the installation of the external fixator.

A modular external tibia fixator containing 2 long-length
(400mm) carbon rods, 2 medium-length (300mm) carbon
rods, 2 schanz self-threading pins of 5.0mm in diameter, 2
tube-pin connectors, and 4 tube-to-tube connectors was
placed.

We decided to position the Schanz pins perpendicularly to
the anteromedial part of the tibia for the placement of the
external fixator, respecting the leg safety zone, and using the
vascular anastomosis site as a reference point. The first
schanz pin (distal pin) was placed 6 cm proximally to the
microsurgical vascular anastomosis site, and the second pin
(proximal pin) was placed 6 cm distally to the anterior
tuberosity of the tibia, as observed in ►Figure 1. A tube-
pin connector was placed on each Schanz pin, and the pins
were interconnected by a medium-length rod, oriented
longitudinally in the anteromedial region of the leg, forming
a uniplanar linear system.

Two tube-to-tube connectors were coupled in the linear
system, and two long-length rods were directed to the distal
portion of the limb. One rod was positioned on the medial
side, and another, on the lateral side, maintaining a distance
between the bars and the distal portion of the limb of
approximately 6 cm. At the end, the posterior medium-
length rod was placed, with two tube-to-tube connectors
at the ends, connecting the medial and lateral rods, respect-
ing the height of 6 cm away from the limb, and providing the
final aspect to the delta-type external fixator with a circum-
ferential distance of 6 cmbetween themicrosurgical flap and
the bars (►Figure 2).

Results

The sample consisted of 15 patients submitted to 17 micro-
surgical procedures using the delta external fixator. In two
patients, two microsurgical flaps were required due to
extensive coverage failures. The 17 procedures were ana-
lyzed separately.

Regarding these procedures, eleven were performed in
male patients, and six, in female patients. The mean age of
the samplewas of 34.76 years (range: 15 to 66 years). In total,
5 of the patients had comorbidities. Patient comorbidities
and epidemiological data are available in ►Table 1.

Only one patient did not have a traumatic coverage failure.
Regarding the traumatic cases, 10 were for type-IIIA open
fractures, and 6 were for type-IIIB open fractures. The
pattern of the fractures and the topographic location of the
cover failures are available in ►Table 2.

In relation to the free flaps used, thirteen were thigh
anterolateral, two were great dorsal, and two were of the
Chinese type (from the forearm, based on the radial artery).
The recipient vessels were the posterior tibial artery in 14
cases, and the anterior tibial artery in 3 cases.

Three cases required bed intervention to loosen the
dressing. In three other cases, there was need for an emer-
gency reapproach in the operating room, one for hematoma
drainage and two for pedicle approach. The causes of pedicle
reapproach were arterial thrombosis, which was secondary
to infection in one case. The patient with arterial
thrombosis secondary to infection was managed with flap
debridement, intravenous antibiotics, and submitted to a
new free microsurgical flap, obtaining good results. In the
other case of arterial thrombosis, we opted for the new flap
of the large dorsal type, obtaining adequate coverage. Both
remained with the use of the external fixator as an adjuvant
method of postoperative management. These data are avail-
able in ►Table 3.

Themean length of stay of the external fixator was of 3.88
weeks (range: 1 to 7). Some of these patients required late
skin grafting or waited for final granulation of small portions
of skin adjacent to the flap. The rate of reoperation was of
17.64%; that of retail loss, 11.76%; that of infection, 5.9%. and
the rate of success of the flap was of 88.23%.

Discussion

Postoperative immobilization is indispensable in reconstruc-
tive surgeries for coverage failures in the lower limbs;

Fig. 1 External fixator in the delta-type kickstand configuration.

Fig. 2 Delta-type external fixator placed in a patient, with good skin
healing.
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however, continuous visualization andmonitoringof theflap
should be allowed. The use of splints offers advantages in
terms of practicality and cost; however, the numerous dis-
advantages routinely limit their use.9

Buford and Trzeciak9 described the use of the Hoffman
external fixator for ankle immobilization and free flap han-
dling in three patients, without reporting complications.
Emphasis was added to the ease in monitoring the flap, as
well as the elimination of the compressive effect, of odor, and
the absence of bacterial colonization. In contrast to the
present study, the authors demonstrate extended fixation
to themetatarsals tomaintain the ankle joint in dorsiflexion,
and prevention of the equine in the hindfoot. In the present
study, no complications such as ankle or equine stiffness
were observed, because the patients underwent motor
physiotherapy for the range of motion of the ankle and
foot during the period in which they used the external
fixator. The external delta-type kickstand configuration fix-
ators used in the present study were placed after osteosyn-
thesis and the management of fractures and bone lesions,
and were not used for bone management.

The technique described in the present study is of simple
execution and has good reproducibility. In addition to the
benefitsmentioned, the use of an externalfixator presents an
important advantage as an adjuvantmethod in the treatment
of complex fractures, often present in conjunction with skin
coverage defects. Its assembly is the same, regardless of the
specificmanufacturer. The objective of the external fixator is
to avoid compressive points, vascular stasis, edema control

measures, besides assisting in the postoperative care of
polytraumatized patients.10 The final aspect of the flap and

Table 1 Characteristics of the patients and epidemiological aspects

Case Age Gender Comorbidities Trauma Location of failure Fracture Classification of
the exposed
fracture

1 25 F No No Posterior Tumoral �
2 60 F SAH, DP Yes Medial Lisfranc IIIB

3 60 F SAH, DP Yes Lateral Lisfranc IIIA

4 20 M No Yes Lateral Talus-cuboid IIIA

5 48 M No Yes Calcaneus Calcaneus IIIA

6 37 M No Yes PL Ankle IIIA

7 38 M No Yes PL Ankle IIIA

8 24 M No Yes Lateral Pilon-calcaneus IIIA

9 15 M No Yes PLþ calcaneus Pilon-calcaneus IIIB

10 42 F SAH, TBG Yes PL Ankle IIIB

11 66 F SAH, DL, HP Yes Lateral Ankle IIIB

12 32 M TBG Yes Posterior Ankle IIIB

13 23 M No Yes Posterior Ankle IIIB

14 41 M No Yes Medialþ calcaneus Calcaneus IIIA

15 21 F No Yes Medial Pilon-calcaneus IIIA

16 19 M No Yes Lateral Pilon IIIA

17 20 M No Yes PL Pilon IIIA

Abbreviations: DL, dyslipidemia; DP, depression; F, female; SAH, systemic arterial hypertension; HP, hypothyroidism; M, male; PL, posterolateral.

Table 2 Flaps and receptor vessels

Case Flap type Receptor vessel

1 ALT PT

2 ALT PT

3 ALT AT

4 ALT PT

5 ALT PT

6 GD PT

7 ALT PT

8 ALT PT

9 ALT PT

10 Chinese PT

11 ALT PT

12 ALT PT

13 GD PT

14 ALT AT

15 ALT PT

16 ALT PT

17 Chinese AT

Abbreviations: ALT, anterolateral thigh; GD, great dorsal; AT, anterior
tibial artery; PT, posterior tibial artery.
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limb after removal of the external fixator can be seen in
►Figure 3.

The support with an external fixator eliminated the
compressive factor and was able to maintain adequate
limb elevation during the postoperative period, and rescue
measures in the bed were dispensable. In addition, the
addition of an external fixator was able to remove the shear
forces on the flap, being one of the main success factors in
postoperative management.11

Castro-Aragon, Rapley and Trevino10 used the kickstand-
type external fixator in 11 coverage failures, explaining that
in all cases therewere no skin changes; however, they did not
report the possible complications of the method. Other
studies11–13 have described its use and modifications in

assemblies, but with smaller series, such as of the study by
Kachare et al.,11 who describe the success in healing in a
series of 4 patients, without reporting complications.

Previous studies6,10–13 have portrayed the benefits of the
use of external fixators in themanagement of flaps or lesions
in the posterior region of the hindfoot and its timely appli-
cability in this group of patients. This is justified by the
significant need for postoperative care in the monitoring of
flaps.14–19

Postoperative positioning has also been an important
factor in the prognosis of flaps, considering that pedicle
compression can lead to complications, including flap
loss.20–22 Overall, the rate of non-survival of free flaps in
the acute trauma scenario can reach 12%. Lower rates of flap
loss, such as 4%, have also been observed, which shows us the
need for specific postoperative care.23–28

Maruccia et al.29 described a series of 14 patients, inwhich
they reported infection as a complication in2patients,with an
average time of 3.79 weeks (range: 3 to 5 weeks) in the use of
the external fixator. They did not report stiffness or equine
deformity in the ankles. Most studies did not record the
viability rate of the flaps, although they reported a lower
number of procedures than in our study, and used the kick-
stand-type externalfixator forwoundmanagement by theuse
of vacuum dressing, pedicled flaps, as well as free flaps.9–13,29

The limitations of the present study are the small group of
patients, the few variables available, as well as the lack of a
control group or comparisons with other studies.

Table 3 Results and complications

Case Bed
intervention

Type of
intervention

Reapproach Cause of
reapproach

Flap loss Reason
for loss

EF time
(weeks)

Additional
procedure

1 No No No No No No 4 No

2 No No No No No No 4 No

3 No No No No No No 5 No

4 No No Yes Bleeding No No 7 Graining

5 No No Yes Infection Yes Infection 1 New flap

6 No No Yes Arterial
insufficiency

Yes Arterial
thrombosis

1 New flap

7 Yes Loosen dressing No No No No 4 Ilizarov
(transportation)

8 No No No No No No 4 Skin graft

9 No No No No No No 3 No

10 No No No No No No 5 Skin graft

11 No No No No No No 3 No

12 No No No No No No 4 No

13 No No No No No No 4 No

14 Yes Loosen dressing No No No No 3 No

15 Yes Loosen dressing No No No No 5 Skin graft

16 No No No No No No 4 Skin graft

17 No No No No No No 5 Skin graft

Abbreviation: EF, external fixator.

Fig. 3 Postoperative outcome after withdrawal. (A) Case #2, with
anterolateral flap of the thigh due to failure of coverage in the lateral
region. (B) Case #3, with anterolateral flap of the thigh due to failure
of coverage in the medial region.
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Conclusion

The present study demonstrated a series of cases in which
the use of the external fixator, as an adjuvant method in the
postoperative care of microsurgical flaps for lower limb
coverage failures, proved to be an efficient method. However,
we cannot affirm that its use is correlated specifically with
the success of the microsurgical procedure, since other
variables were not measured and considered in the study.
Further studies are needed, with a larger series of flaps and
with a control group to define the applicability and advan-
tage of the use of external fixators as an adjuvant method of
postoperative management.
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