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ARTICLE INFO ABSTRACT

Backgrounds: Due to the delicate tissue, small blood vessels and incomplete development of interarticular
ligaments, skin and soft-tissue defects of the foot and ankle in pediatric patients remain a challenge for
orthopedic and plastic surgeons. Anterolateral thigh perforator (ALTP) flap and deep inferior epigastric
Pediatric perforator (DIEP) flap are the most commonly used flaps for the repair of lower-extremity soft-tissue
Foot defects. The literature contains a shortage of evidence involving the differences between ALTP and DIEP
Ankle flaps in the reconstruction of young patients with complex foot and ankle defects. This study was
designed to determine which type of flap is better for foot and ankle repair in pediatric patients.
Methods: From January 2004 to January 2018, 79 children younger than 14 years treated with DIEP flap
(41 cases) or ALTP flap (38 cases) for composite defects of the feet and ankles were retrospectively
investigated. The two groups were homogeneous in terms of age, the location of the defect, etiology, and
flap area. Complications, scarring, cosmetic appearance, flap sensory recovery, and functional outcome
were analyzed, and statistical analysis was performed.
Results: The ALTP group had shorter operation time (155.0 + 12.0 min vs 212.2 + 23.9 min), flap harvested
time (39.6 +£5.1 min vs 57.2 +10.4 min), and operative blood loss (143.4 +23.7 ml vs 170.7 +44.7 ml)
than the DIEP group (P < 0.05). In short-term follow-up, ALTP group showed a lower flap necrosis rate
(5.3% vs 24.4%) and vascular insufficiency rate (2.6% vs 19.5%) than DIEP group (P < 0.05). In long-term
follow-up, ALTP group showed a lower late complication rate and better cosmetic, functional, scar
outcomes than DIEP group (P< 0.05).
Conclusions: The study showed that an ALTP flap may brings better results than a DIEP flap in terms of
short- and long-term complications, scarring, and morpho-functional outcomes for pediatric patients
undergoing reconstruction of foot and ankle defects.
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Introduction

Reconstruction of foot and ankle defects in pediatric patients
remains a great challenge for orthopedic and plastic surgeons
[1-5]. Achild victim who has suffered from high-energy damage
such as a traffic accident is usually afflicted with complex skin
tissue defects with exposure or loss of tendon and bone at the
feet and ankles. Due to the small caliber of blood vessels, thin
walls, and difficulties of nursing after the operation, the
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development of pediatric perforator flap transplantation is
relatively slow [6-8]. At present, DIEP and ALTP flaps are the
most commonly used flaps for the repair of composite soft-tissue
defects in lower extremities [1,9-15]. In order to ensure
aesthetic appearance and function of the limbs, free perforator
flap reconstruction of posttraumatic defects in pediatric
patients requires more elaborate design and skillful microsur-
gical technique. However, there has been no evidence regarding
the difference between ALTP and DIEP flaps in the reconstruction
of the pediatric foot and ankle defects. In this comparative study,
we evaluated the foot and ankle reconstruction in pediatric
patients through an analysis comparing DIEP and ALTP flaps,
emphasizing the surgical techniques, short-term and long-term
complications, functional outcomes, and scarring.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.injury.2019.06.021&domain=pdf
mailto:tangyuju@csu.edu.cn
https://doi.org/10.1016/j.injury.2019.06.021
https://doi.org/10.1016/j.injury.2019.06.021
http://www.sciencedirect.com/science/journal/00201383
www.elsevier.com/locate/injury

1490 Z.- Cao et al./Injury, Int. . Care Injured 50 (2019) 1489-1494

Patients and methods
Patients

Seventy-nine pediatric patients with soft-tissue defects of the
feet and ankles who underwent debridement and elective free
perforator flap reconstruction from January 2004 to January 2018
were retrospectively reviewed. Among these patients, 41 were
reconstructed using free DIEP from 2004 to 2013, and 38 were
reconstructed using free ALTP from 2014 to 2018. This study was
approved by the Ethics Committee of Xiangya Hospital, Central
South University. Parents or guardians of patients signed an
informed consent form. The two groups were similar in terms of
age, reconstructed site, and etiology. Seventy-nine cases were
caused by traumatic injuries; the other 8 cases were caused by scar
contracture after trauma or chronic ulcer nonunion. All the
operations were completed by a single surgeon and his team using
the same surgical technique.

The inclusion criteria included the following: (1) The patients
were under 14 years of age and had foot soft-tissue defects; (2) The
parents or guardians of the patients agreed to have the children
receive one-stage reconstruction surgery with ALTP or DIEP flaps
on the recommendation of the primary treating surgeon. (3) When
more than one flap was used to close the defect, these flaps were
not included in this study.

Surgical technique

Initial debridement was conducted before the patients were
referred to our department for reconstruction. Preoperatively,
we detected and marked the perforators with the help of a
handheld Doppler. In the ALTP group, 38 patients were
reconstructed using a free ALTP flap (Fig. 1), which was carried
out by the descending branch of the lateral circumflex femoral
artery and cutaneous branch femoral nerve. In the DIEP group,
41 patients had reconstructions using a free DIEP flap (Fig. 2),
which was supplied by the inferior epigastric artery. All DIEP
and ALTP flaps were harvested through the “reverse tetrahedral
elevation technique” [1,12]. The donor site was closed primarily
with cosmetic suture.

Evaluation of outcomes

The observation time points of early complications from
postoperative to discharge (mean 15 days) included the
incidence of flap necrosis, vascular insufficiency, infection
and hematoma in the reconstructed site, as well as infection
and hematoma in the donor site. The follow-up period of 1
month, 3 months, 6 months and 12 months was used as the
observation time points of late complications, including the
incidence of flap bulky (e.g., shoe-wearing restrictions) [29],

Fig. 1. (a) A 13-year-old boy with soft-tissue defects on the dorsum of foot; (b) An ALTP flap with 17 x 8 cm was designed. (c) The ALTP flap was harvested; (d) The ALTP flap
was transferred to reconstruct defect; (e, f) Postoperative view of the recipient site and donor site at 12 months.
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Fig. 2. (a) A 3-year-old boy with soft-tissue defects on the right foot and ankle; (b) The poly-DIEP flaps with 16 x 8 cm and 9 x 5 cm were designed; (c) The poly-DIEP flaps
were harvested (d) The poly-DIEP flaps were transferred to reconstruct defect; (e,f) Postoperative appearance of the recipient site and donor site at 12 months; (g) The bulky
flap was underwent the microdissected thin perforator flap technique; (h) Postoperative view of the recipient site at 10 months after microdissected thin surgery.

ulcer, and sensory recovery. Twelve months after surgery, the
scars that had formed at both the reconstructed and donor sites
were evaluated according to the Vancouver Scar Scale (VSS) in
terms of their pigmentation, vascularity, pliability, and height.
We subjectively evaluated the cosmetic appearance of the
recipient sites and donor sites on a scale from 1 (close to
normal) to 4 (unsatisfactory) [16-18]. The long-term cosmetic
results were evaluated objectively by a blinded third-party
observer. We also assessed functional outcomes by Kofoed
ankle scores ranging from 0 to 100 with sub-scores for pain,
function, and mobility (Kofoed score 85-100as excellent,
75-85as good, 70-74 as passing, and <70 as poor) [19.20].
Furthermore, we examined flap sensory recovery using
Semmes-Weinstein monofilaments.

Statistical analysis

Quantitative data were expressed as the means =+ standard
deviation and compared using Student’s t-test. Qualitative data
were expressed as numbers or percentages and compared using
the y? test and Fisher's exact test. Statistical analysis was
performed using SPSS 20.0 software (SPSS Inc., US). P< 0.05
was considered statistically significant.

Results
A total of 79 pediatric patients with soft-tissue defects of the

feet and ankles participated in the retrospective study compar-
ing free DIEP and ALTP flap reconstruction (Table 1). The DIEP
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Table 1
Patients’ characteristics.
Variable DIEP Group ALTP Group P Value*
(N=41) (N=38)
Age (year) 72+25 8.0+2.8 0.204
Sex 0.009
Male 38 26
Female 3 12
Etiology 0.713
Traumatic 36 35
Others’ 5 3
Location of defect 0.903
A 8 9
B 16 14
A+B 17 15
Flap area(cm?) 110.3 +£44.8 116.3 £61.8 0.630
Harvested time(min) 57.2+10.4 39.6+5.1 0.001
operation time(min) 212.24+23.9 155.0 £ 12.0 0.001
Operative blood loss(ml) 170.7 +44.7 143.4+23.7 0.001

DIEP, deep inferior epigastric artery perforator; ALTP, anterolateral thigh perforator.
A, Foot; B, Ankle.

" Scar hyperplasia, chronic ulcer, internal fixation exposure.

# Two-sided Fisher’s exact test.

group contained 38 males and 3 females with an average age of
7.2 £ 2.5 years, as well as 26 males and 12 females with an
average age of 8.0 2.8 years in the ALTP group. There were no
significant differences in age, the location of the defect, flap area
or etiology between the two groups. The ALTP group had shorter
operation time (155.0+12.0min vs 212.2 +£23.9min), flap
harvested time (39.6 5.1 min vs 57.2 4+-10.4 min), and reduce
operative blood loss (143.4 +23.7ml vs 170.7 +44.7 ml) than
the DIEP group (P < 0.05).

Short-term postoperative complications

At the short-term follow-up visit (Table 2), the flap complica-
tions, and donor-site morbidity was analyzed. Partial necrosis
occurred in 9 cases in the DIEP group and in 2 cases in the ALTP
group. Total necrosis occurred in one case of the DIEP group, and
none occurred in the ALTP group. The results showed that the
incidence of flap necrosis in ALTP group was significantly lower
than that in DIEP group (5.3% vs 24.4%, P < 0.05). Among the factors
of flap necrosis, the incidence of vascular insufficiency in ALTP
group was significantly lower than that in DIEP group (2.6% vs
19.5%, P< 0.05), and there was no difference between the two
groups of hematoma and infection. There was no significant
difference between the two groups in terms of donor site
morbidity (P> 0.05). Hematoma occurred in one case in the DIEP
group and none in the ALTP group. Infection occurred in 3 cases in
the DIEP group and in one case of the ALTP group.

Table 2
Evaluations at short-term follow-up.
Variable DIEP Group ALTP Group P Value*
(N =41) (N =38)

Flap complication
Flap necrosis 0.026

Total flap necrosis 1 0
Partial flap necrosis 2
Factors of flap necrosis 8 1 0.030
Vascular insufficiency®
Hematoma 2 1 -
Infection 3 1 -
Donor site morbidity 0.361
Hematoma 1 0
Infection 3 1

If partial flap necrosis was noted during a dressing change, skin
grafting or local flap transposition were performed. Meanwhile,
one patient with total necrosis went on to undergo thoracodorsal
artery perforator flap transplantation (Table 3).

Long-term postoperative complications

To evaluate the late complications of the reconstructed area, we
used a numerical statement was in terms of the bulky flap, the
defatting bulky flap, and the flap sensory recovery (Table 4). A
bulky flap occurred in 23 cases in the DIEP group and in 4 cases in
the ALTP group. The bulky flap defatting occurred in 15 cases of the
DIEP group and in 2 cases of the ALTP group. In addition, 30 cases in
the ALTP group recovered protective sensation, and none recovered
protective sensation in the DIEP group. The results showed that the
late complications in ALTP group were significantly lower than that
in DIEP group (P< 0.05).

Postoperative patient satisfaction

In the overall cosmetic evaluations (Table 4), the subjective
scoring showed that 27.5% of the DIEP patients rated their
appearance as very good, 42.5% as good, 20% as satisfactory, and
10% as unsatisfactory. In the ALTP group, 47.4% of patients rated
their appearance as very good, 44.7% as good, 7.9% as satisfactory,
and none as unsatisfactory. The results showed that postoperative
satisfaction of guardians of the patients in ALTP group was
significantly better than that in DIEP group (P < 0.05). The blinded
third-party observers also showed that the ALTP group was
significantly better than the DIEP group (P < 0.05).

Postoperative functional evaluations

The function of the foot and ankle assessment showed that the
ALTP group was significantly better than the DIEP group (P < 0.05).
In the DIEP group, 37.5% took their functional outcomes as
excellent, 35% as good, 17.5% as moderate, and 10% as poor. In the
ALTP group, 65.8% took their functional outcomes as excellent,
26.3% as good, 7.9% as moderate, and none as poor.

Postoperative scar evaluations

In VSS (Table 5), the means + standards (standard deviation)
scores between DIEP and ALTP groups differed significantly. In the
reconstructed site, significant differences were observed in
pigmentation (DIEP, 1.5 + 0.7 vs. ALTP, 0.6 + 0.7), vascularity (DIEP,
1.3+0.7 vs. ALTP, 1.0 + 0.4), pliability (DIEP, 1.6 +£0.6 vs. ALTP,
1.1 £0.3), height (DIEP, 1.6 & 0.7 vs. ALTP, 1.1 - 0.3), and total (DIEP,
5.9 4+ 1.8 vs. ALTP, 3.8 & 1.3). Scar formation at the reconstructed
site showed that ALTP group was significantly lower than DIEP
group (P< 0.05). The scar formation at the donor site was
consistent with that at the reconstructed site in the two
groups (P< 0.05).

Table 3
Complications in free perforator flaps transplantation.

DIEP Group ALTP Group

Partial necrosis 9
Dressing change 3
skin graft 5
Local flap transposition 1

Total necrosis® 1

OO = =N

¢ Artery/Venous insufficiency.

2 Thoracodorsal artery perforator flap was redesigned.
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Table 4
Evaluations at long-term follow-up.
Variable DIEP Group ALTP Group P Value*
(N=40) (N =38)
Late complication
Bulky Flap 23 4 0.001
Defatting bulky flap 15 2 0.001
Flap of sensory recovery 0 30 0.001
Ulcer 7 0 0.012
Cosmetic evaluation
Subjectively * 0.048
Very good 1 18
Good 17 17
Satisfactory 8 3
Unsatisfactory 4 0
Objectively © 0.029
Very good 12 22
Good 18 14
Satisfactory 8 2
Unsatisfactory 2 0
Functional evaluation 0.033¢
excellent 15 25
good 14 10
moderate 7 3
poor 4 0
¢ Guardians of the patients.
b Blinded third-party observer.
€ Excellent and good rate.
Table 5
Scar evaluation according to the Vancouver scale.
Variable DIEP Group ALTP Group P Value*
(N=40) (N=38)
Reconstructed site
Pigmentation 1.54+0.7 0.6 £0.7 0.001
Vascularity 1.3+0.7 1.0+04 0.011
Pliability 1.6+ 0.6 11+03 0.001
Height 1.6+0.7 11+£03 0.001
Total 59+1.8 3.8+13 0.001
Donor site
Pigmentation 11+0.7 0.5+0.6 0.001
Vascularity 14+0.8 0.8+0.5 0.002
Pliability 1.7+0.7 11+£03 0.001
Height 1.74+0.7 11+03 0.001
Total 58+23 3.6+15 0.001

Coexisting foot and ankle outcomes

According to Table 6 of the coexisting foot and ankle group,
there was no significant difference in the flap area between the two
groups (P> 0.05), and the flap area was significantly larger than
that of the single foot or ankle group (P < 0.05). The time of flap
acquisition, operation time, intraoperative blood loss, partial
necrosis rate of the skin flap and incidence of flap bulking were
compared between the two groups, and the results were consistent
with the statistical analysis results in Table 1 (P< 0.05).

Table 6

The differences between both groups regarding coexistent ankle and foot.
Variable DIEP Group ALTP Group P Value*

(N=17) (N=15)

Flap area(cm?) 154.4 £31.2 179.7 £44.0 0.068
Harvested time(min) 64.4+8.8 385+44 0.001
operation time(min) 227.7+18.6 150.7 £12.2 0.001
Operative blood loss(ml) 182.4 +49.8 146.7 £29.7 0.019
Partial necrosis 7 1 0.041
Bulky Flap 10 3 0.036

Discussion

At present, reconstructing complex soft-tissue defects of the
foot and ankle in pediatric patients pose a major challenge for
surgeons. Microsurgical techniques have been advocated as an
ideal method to repair extensive defects in terms of the best
function and appearance obtained but greatly lessening the
damage. Free perforator flaps, particularly the DIEP and the ALTP,
have become the mainstays of foot and ankle reconstruction for
larger soft-tissue defects in children [1,2,8,21].

The DIEP flap has been a valuable tool in the field of plastic
surgery since its first description by Koshima and Soeda in 1989,
but mainly in breast reconstruction [22,23]. Ju-yu Tang et al.
reported their clinical experience of 22 cases of DIEP flaps for
repairing the skin and soft-tissue defects of pediatric extremities
and obtained satisfactory results.! It has the following advantages:
(1) Reliable blood supply can be cut off a large area with strong
anti-infective ability; (2) The flap is thin and elastic, and the shape
and function recovery for repairing foot and ankle defects
(especially dorsum pedis or back of the heel) is good; (3) DIEP
does not carry the anterior rectus sheath and rectus abdominis
muscle and has no obvious effect on abdominal wall function.
Some of the disadvantages of free DIEP are inevitable. The major
disadvantage of DIEP is fat hypertrophy. When young patients
grow up or become overweight, the flap at the reconstructed site
may become bulky. Other disadvantages are the consequence of
scar left on the abdominal wall and lack of a specific sensory
innervation, which may bring problem at girl’s pregnancy in the
future and is prone to wear, scalds, and non-sensory ulcers at the
ankle and foot, resulting in bad functional outcomes [1,8,13,14].

The ALTP flap, based on the descending branch of the lateral
circumflex femoral artery in the thigh, has emerged as one of the
most commonly used flaps since first described by Song et al. in
1984 [24]. Rui et al. reported that large soft-tissue defects at the
foot and ankle were repaired by anterolateral thigh flap and
iliotibial band, from satisfactory results were obtained [2]. The
advantages of this approach include versatility in design, adequate
tissue stock, superior texture, and minimal donor-site morbidity. In
addition, this flap cutting fascia latae is a good choice to
reconstruct the special structure of the heel. If carrying the lateral
femoral cutaneous nerve, the ALTP can also recover the local
protective sensation at the foot and ankle. Disadvantages of ALTP
include the following: (1) Due to the nonconstant position of the
perforator flap, Doppler ultrasound flow detector or color Doppler
is always used to determine the accurate position to reduce the
surgical risk. (2) Due to the thick hair of some male patients, the
appearance of the recipient site (such as hand, foot, and tongue) is
always unsightly, and postoperative treatment of hair removal is
often needed [2,8,12,25,26]. A bulky flap is common after flap
transplantation. Cho JY et al reported that as the child grows, the
perforator flap will continue to expand, but its growth will not
affect the normal development and function of the foot. Related
research results show that in addition to the expansion of the flap
during growth, there is also the possibility of the bulky flap [27].
Therefore, a secondary debulking is often required to improve the
shape and function of the recipient site. Although there are many
treatment methods for a bloated flap, there are still many defects,
such as many times of operation, the large area of repair, necrosis of
the edge of flap and poor texture of skin after the operation [28,29],
The results of this study showed that the incidence of bulky flaps
and secondary debulking was significantly lower in the ALTP group
than in the DIEP group in pediatric patients.

In pediatric patients with foot and ankle defects, ALTP with
fascia lata and lateral femoral cutaneous nerves can provide good
stability in repairing the plantar part of the heel and pelma,
reconstructing protective sensation simultaneously [30-32]. The
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DIEP flaps have the advantage of being thin and elastic, and they
are a good choice to repair the dorsum pedis or back of the heel,
which requires ductility to adjust the foot function. However, DIEP
flaps have the disadvantages of oversize, poor stability, and lack of
sensory innervation in the repair of lower-extremity defects. As a
result, burns, frostbite, abrasion, secondary ulcers and affecting
shoe wearing may occur after surgery, which affects the patient's
weight loading and walking [1,13]. In this study, The recovery rate
of protective sensation and low incidence of ulcer in ALTP group
was significantly better than that in DIEP group. The appearance
results and functional outcomes of the ALTP group were higher
than those of the DIEP group. In addition, the study found that the
incidence of early flap complications such as flap necrosis and
vascular insufficiency in the DIEP group was higher than that of
ALTP. In general, better results were shown in pediatric patients
with foot and ankle defects reconstructed using ALTP flaps
compared with DIEP flaps, which should be considered for future
microsurgical designing and harvesting.

The most serious limitation of this study is that this study
employed historical comparison. All of the operation were
performed by single surgeon, meaning that the superiority of
ALTP, shorter operative time, smaller bleeding volume, and lower
complication rate, may be caused by just learning effect or
improvement of other techniques during this study period. Also,
this study has multiplicity issues with this limited case number. To
establish the optimal treatment protocol for pediatric patients
undergoing complex injury of feet and ankles, a large-scale,
hospital-based case-control study with long-term follow-up is
required in the future.

Conclusion

Free ALTP and DIEP flaps are important options for pediatric
patients in foot and ankle defects reconstruction. Comparing the
complications, cosmetic appearance, functional outcome, and scar
evaluation, a higher rate of both short- and long-term complica-
tions, scarring, and unsatisfactory morpho-functional outcomes
were observed in the DIEP group. Therefore, it appears that the
ALTP flap may more suitable than the DIEP flap. In addition, the
choice between the two types of free perforator flaps is likely to
be decided by the reliability of their individual surgical procedure
and local tissue availability.
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