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Background: Optimizing functional and aesthetic outcomes in
postburn head and neck reconstruction remains a surgical challenge.
Recurrent contractures, impaired range of motion, and disfigure-
ment because of disruption of the aesthetic subunits of the face, can
result in poor patient satisfaction and ultimately, contribute to social
isolation of the patient. In an effort to improve the quality of life of
these patients, this study evaluates different surgical approaches
with an emphasis on tissue expansion of free and regional flaps.
Methods: Regional and free-flap reconstruction was performed in
20 patients (26 flaps) with severe postburn head and neck
contractures. To minimize donor site morbidity and obtain large
amounts of thin and pliable tissue, pre-expansion was performed in
all patients treated with locoregional flap reconstructions (12/12),
and 62% (8/14) of patients with free-flap reconstructions.
Algorithms regarding pre- and intraoperative decision-making
are discussed, and complications between the techniques as well
as long-term (mean follow-up 3 years) results are analyzed.
Results: Complications, including tissue expander infection with
need for removal or exchange, partial or full flap loss, were
evaluated and occurred in 25% (3/12) of patients with
locoregional and 36% (5/14) of patients receiving free-flap
reconstructions. Secondary revision surgery was performed in
33% (4/12) of locoregional flaps and 93% (13/14) of free flaps.
Conclusions: Both locoregional as well as distant tissue transfers
have their role in postburn head and neck reconstruction, whereas
pre-expansion remains an invaluable tool. Paying attention to the
presented principles and keeping the importance of aesthetic facial
subunits in mind, range of motion, aesthetics, and patient
satisfaction were improved long term in all our patients, while
minimizing donor site morbidity.
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nfortunately, the head and neck area remains the most fre-
U quently affected anatomic area involved in burn injuries.1 The
resulting disfigurement because of scarring, and especially the
often-developing contractures, may severely limit the patients
functional and social rehabilitation.2 As such, the ultimate goals
of postburn reconstruction have virtually remained unchanged in
that the ideal reconstruction, includes aggressive and complete
release of all contractures and replacement with tissue of matching
quality compared with the remaining face and surrounding areas.
Although doing so, adhering to the principles of reconstructing the
facial subunits should always be considered.3 Especially, the neck
with its propensity to develop severe contractures and its aesthetic
importance, deserves utmost attention.4

Despite advancements in postburn head and neck reconstruc-
tion, such as the advent of free-tissue transfer, achieving optimal
long-term results with high patient satisfaction remains a surgical
challenge.5 Without doubt, more recent descriptions of techniques
such as pre-expansion of free- and regional axial island flaps, have
all contributed in achieving this goal.6,7 Pre-expansion of flaps can
provide large surface and thin, pliable tissues. These features may
be helpful when trying to reconstruct contour in the head and neck
area. The groin and scapular flaps are especially suited given their
tissue quality and donor site characteristics.8,9

Although sometimes argued to be time consuming, costly, and
of poor tissue matching quality,7 we find that pre-expanded free-
tissue transfer still plays its role in postburn head and neck
reconstruction. Similarly, given the ease of harvest and transfer
as well as optimal color and texture match, pre-expanded axial (ie,
supra- and infraclavicular island) flaps remain an important tool in
the plastic surgeons’ armamentarium.

Appropriate patient selection will ultimately remain the most
critical factor. In an effort to further improve outcomes and keeping
all recent surgical evolution in mind, we have analyzed our surgical
decision-making and results in reconstructing severe postburn
contractures during a 10-year period.
PATIENTS AND METHODS
A retrospective chart review was performed of all patients suffering
from severe head and neck burn contractures between 2004 and 2014
treated at a major European Burn Center (Table 1). During this time,
20 patients (13 women and 7 men) underwent head or neck recon-
struction with a total of 26 flaps, either pre-expanded or regular free
flaps (9 groin-, 2 parascapular-, 1 anterolateral thigh (ALT)-, 1
extended lateral arm-, 1 temporal flap) or pre-expanded locoregional
flaps (6 supraclavicular-, 2 infraclavicular-, 1 temporal-, and 3 local
flaps; Table 2). Median age of all patients was 27 years (8–43 years),
and mean follow-up was 3 years (3 months–7 years).

Expansions were performed with tissue expanders (Mentor
Corporation, Irving, TX) for free flaps ranging from 50–750 cc,
and for locoregional flaps ranging from 250–700 cc.
ion of this article is prohibited.
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TABLE 1. Patient Demographics

No Age (year) Sex Comorbidities Smoking Status BMI

1 32 F s/p myocarditis N 39.1

2 31 F hypotonia, GERD N 15.8

3 18 F – N 17.9

4 8 M – N 21.2

5 26 F – N 20.4

6 21 M – N 23.5

7 23 M – Y 20.1

8 34 M – N 20.2

9 43 F GERD, depression n 29,3

10 23 F – Y 23.2

11 31 F – N 35.4

12 28 F – Y 222

13 12 M – N 24.6

14 20 M GERD Y 23.1

15 41 F s/p DVT, inhalation trauma N 28.3

16 13 F – N 17.3

17 28 F depression Y 16.4

18 33 F – N 19.8

19 19 F – N 20.3

20 43 M – N 23.5

BMI, body mass index; GERD, gastroesophageal reflux disease.
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Defect and corresponding free-flap size ranged from 10� 4 cm
to 35� 18 cm in patients where free flaps were used. For locor-
egional flaps, defect and flap sizes measured 18� 7 cm to
20� 16 cm. Extensive physical therapy according to a strict in-
house protocol was part of the postoperative regimen in all patients.

CLINICAL EXAMPLES

Patient 1: Locoregional Flap Based
Reconstruction

Patient No. 5: A 26-year-old woman sustained a burn injury
(superficial and deep dermal) at the age of 6 months involving her
head, neck, and right upper extremity [approximately 15% total
body surface area (TBSA)]. During the acute phase of the burn
injury, the patient was initially treated in different hospitals in her
home country by early tangential debridement, hand amputation,
and placement of several meshed split thickness skin grafts. After
multiple surgeries, the patient was presented at our department with
diverse hypertrophic, contracted scars in the area of the right arm
and right face with lagophthalmus and alopecia (35� 20 cm in size)
of approximately 70% of her head (Fig. 1A-B). After an initial
evaluation, given that only the face, but not the shoulders were
burned, facial reconstruction with locoregional flaps in several
stages was planned. In the first stage, an elliptical 500 cc expander
(Mentor1) was implanted in the left occipital region, and another
elliptical 700 cc expander (Mentor1) in the right supraclavicular
region. After 12 weeks of weakly expansion, contracture release
and scar correction were performed by scar excision. Occipitally,
the scar was partially excised and reconstructed by a local advance-
ment flap of the pre-expanded, unaffected scalp skin. Scars in the
right hemiface were excised taking aesthetic subunits into con-
sideration, resulting in a final defect of 20� 16 cm in size. This
defect was reconstructed by the regional pre-expanded supraclavi-
cular flap. Primary closure of the donor wounds was achieved
without tension. After 9 days of hospital stay, the patient
was discharged without any complications. At three weeks
Copyright © 2015 Mutaz B. Habal, MD. Unautho
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postoperatively, the first debulking was performed. Nine weeks
later, the patient showed signs of an ectropium formation of the
right eye, and a lateral canthopexy was performed accordingly.
After an additional 2 months, another 700 cc (Mentor1) expander
was implanted in the parieto-occipital region for further scalp
expansion and reconstruction of the allopecia. After 5 weeks of
expansion the patient showed a small area of beginning dehiscence
in the anterior portion of the wound, and a revision was performed
promptly to avoid further complications. After 5 days of hospital
stay the patient was discharged. At 9 months follow-up, the patient
showed no functional restrictions and was very satisfied with the
aesthetic result (Fig. 2A-B). Minor revisionsurgeries and scar
corrections are planned in the future to further optimize the results.

Patient 2: Free-Flap-Based Reconstruction
Patient No. 10: A 23-year-old woman sustained burn injuries

(superficial/deep dermal) at the age of 4 years involving her neck
and upper chest (approximately 6% TBSA). Initially, the patient
was treated in a different hospital during the acute phase of the burn
injury, including debridement and skin grafting of the anterior neck.
She consequently developed significant burn contractures in her
neck resulting in functional restrictions. The patient was referred to
our department and presented with a mentosternal burn contracture
and deficiency of neck reclination and rotation (Fig. 3A-B). After an
initial evaluation, anterior neck reconstruction using a pre-
expanded free groin flap in 2 stages was planned. Local flaps were
no option in this patient, because she refused to have any more scars
in her upper torso/shoulder area. In the first stage of the reconstruc-
tion, a 750 cc tissue elliptical expander (Mentor1) was inserted
through an 8 cm incision, corresponding to the lower border of the
groin flap on the left side. Serial expansion was started 3 weeks
postop and performed on a weekly basis. After 6 weeks of expan-
sion, the expander had to be exchanged because of skin perforation.
Expansion was then continued 12 weeks to a flap size sufficient to
resurface the whole aesthetic unit of the neck was obtained.

In the second stage of the reconstruction, contracture release was
performed by full thickness scar excision up to the limits of the
aesthetic units of the neck. In complete reclination, the defect size
measured 22� 11 cm. The free pre-expanded groin flap
(22� 12 cm in size) was used to reconstruct the defect. Primary
closure of the donor wound was achieved without tension. After 9
days of hospital stay, the patient was discharged without any
complications. At 10 weeks postop, the first debulking was per-
formed. During that time the patient also showed signs of seroma
formation at the donor site, which was revised accordingly. After 12
weeks, a second debulking session and scar revision were per-
formed. Postoperatively, the tip of the flap showed signs of mal-
perfusion, which fully recovered under conservative therapy. The
patient regained complete range and was very satisfied with the
final surgical result.

At a 5-year follow-up, she presented without functional restric-
tions (Fig. 4A-B).

RESULTS
Complications, including the donor site and the expander related
complications, were divided into major and minor complications.
Total flap loss and any complications related to the expander or
donor site were declared as major complications, and occurred in 31
% (8/26) of all patients (Table 2). Flap malperfusion with loss of
less than 10 % of tissue (tip necrosis), were declared minor
complications and occurred in 15 % (4/26) of all patients (Table 2).

Secondary revision surgery, including Z-plasties, readvance-
ment or thinning of flaps were performed in 89% (8/9) of free
groin flaps, 100% (2/2) of free regular parascapular flaps,100%
rized reproduction of this article is prohibited.
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FIGURE 1. Patient 1 preoperatively. Preoperative lateral oblique view at the age
of 4 years (A) and frontal view at 26 years (B) demonstrating the affected areas
with hypo- and hyperpigmentation, severe scarring, and alopecia.

FIGURE 3. Patient 2 preoperatively. Preoperative frontal (A) and left lateral (B)
views demonstrating the severe neck contracture and decreased range of
motion in a 23-year-old woman.

The Journal of Craniofacial Surgery � Volume 27, Number 1, January 2016 Postburn Head and Neck Reconstruction
(1/1) of ALT flaps,100 % (1/1) of free temporal flaps, 100 % (1/1)
free extended lateral arm flaps, 67% (4/6) of regional supraclavi-
cular flaps, 0% (0/1) of infraclavicular flaps, 0% (0/3) of local flaps,
and 0% (0/1) of regional temporal flaps.
Copyright © 2015 Mutaz B. Habal, MD. Unautho

FIGURE 2. Patient 1postoperatively. Postoperative frontal (A) and lateral
oblique (B) views at 9 months after reconstruction with a pre-expanded
supraclavicular flap.

# 2015 Mutaz B. Habal, MD
DISCUSSION
Achieving good functional and aesthetic outcomes when
treating severe postburn head and neck contractures remains a
challenging task. Simple release of contractures followed by large
area skin-grafting can be considered, but will unlikely achieve
satisfactory outcomes given the high rate of contracture
recurrence, especially when using split-thickness grafts. Further-
more, skin grafts may be of poor color match and are also not as
pliable as natural face- and neck skin, which can impair range of
motion.10,11 As such, several studies have reported on the advan-
tages of attempting to replace like with like as much as possible.
Following the obligatory complete scar release, this may include
using locoregional or free flaps.12–14

Especially, when large areas need to be resurfaced, pre-expan-
sion of tissue has proven to be a valuable tool for several reasons. It
allows to cover more surface while enabling to close the donor site
primarily in most patients. Furthermore, studies have shown that
pre-expansion increases vascularization and hence reliability and
possible amount of tissue to be transferred.15–17 It also causes
atrophy of all expanded tissue layers except the epidermis, which
makes the flaps thinner, an important fact when trying to improve
delicate face and neck contour.18

Similar to others, in our study, we found that pre-expanded flaps
from the head, neck, and shoulder may be advantageous when
compared with free-tissue transfer. For one, this tissue is usually of
ideal tissue characteristics, including color and texture.19 Further-
more, it may, in comparison, also be easier and faster to perform,
while obviating the risks and cost associated with free-tissue
transfer.20,21

In many severely burned patients, the shoulder and torso area,
however, may be affected as well, making free-tissue transfer
rized reproduction of this article is prohibited.

FIGURE 4. Patient 2 postoperatively. Postoperative frontal (A) and left lateral (B)
views at five years after reconstruction with a free pre-expanded groin flap.
Range of motion and appearance are significantly improved.
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necessary. Reflecting our preferred donor sites for reconstruction of
the head and neck area and to aid with the operative decision
making, we implemented the following decision tree:

The algorithm (Fig. 5) is based on the observations and
experiences gained from this series and follow several principles:
when not affected by the scarring, local options should be preferred
as long as the donor site can be closed primarily. Considering the
local options, supraclavicular flaps are preferred over infraclavi-
cular flaps, given their greater proximity to the affected areas
as well as better skin and tissue match compared with infraclavi-
cular flaps.

In patients when locoregional options are not available, we
prefer pre-expanded groin flaps as the next choice as, in comparison
to scapular- and para-scapular flaps, these generally show thinner
dermis, are easier to expand, and can be harvested without patient
repositioning in a simultaneous fashion to the scar excision and
vessel exposure in the neck.

Overall, we found that complication rates in the presented select
group of patients remains exceedingly high. This may in part be
because of the fact that reporting of complications in surgery is not
yet standardized enough in our opinion. Especially, the distinction
between minor and major complications appears to be quite vague
in the literature. We therefore opted to include all notes of com-
plications, even small wound dehiscences, etc., which did not
impair the final outcome, in our series. Furthermore, the patient
collective reported upon with deep-dermal and subdermal burn
injuries and subsequent severe scarring with impaired tissue qual-
ities makes this specific group prone to complications when re-
arranging tissues. Although ultimate results may be very
satisfactory, the high complication rates encountered also underline
that achieving good outcomes are usually the result of a long
journey for both surgeons and patients, a situation both of which
need to be aware of.

In respect to microsurgical tissue transfer, while technically
challenging, we found that overall complication rates of free-flap
reconstructions were similar to locoregional options. It must be
noted that such operative strategy requires an experienced team to
assure good outcomes. Especially, in poor or underdeveloped
countries, where a majority of burns occur, free-flap surgery
may thus not be a viable option.

Regarding the pre-expansion of tissue, it appears that this
approach comes at the cost of multiple surgeries, risk of expander
infection and extrusion, which occurred in 20% (4/20) of our
patients, as well as at the cost of multiple office visits and a
somewhat disfigured appearance during the expansion phase.
Copyright © 2015 Mutaz B. Habal, MD. Unautho
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FIGURE 5. Treatment algorithm for surgical correction of postburn head and
neck contractures.
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Evaluating our long-term results, we, however, found that the
benefits of expansion far outweigh its disadvantages. Even a partial
flap loss, for instance in the distal portions of a locoregional flap,
still justifies the procedure as ultimately both function and aesthetic
appearance are significantly improved by virtue of the underlying
scar release and by replacing 80% to 90% of the burned tissues with
healthy, pliable skin.

As noted by Rose et al,22 paying attention to reconstructing
entire subunits of the face is advocated and was always ultimate
goal in our reconstructions. Especially, recreating a sharp and
precisely defined submental angle appears important. As both local
and free flaps have a tendency to tent over the submental area upon
inset, we found that securing the flap to the mandible and hyoid
bone by means of several pexy sutures is essential. Furthermore, all
patients should wear a neck lift compression garnement for
2 months postoperatively.

In one of the largest series published to date, Zan et al23

regarded the pedicled infraclavicular flap as the workhorse
flap in the reconstruction of head and neck defects after
burn injury, because the pivot point of the supplying vessels is
located approximately 2 cm above the middle point of the
clavicula,24 which is closer to the defects than the pivot point
of other anterior chest flaps. If the supplying vessels are not
sufficient, his group suggests the IMAP flap or in case of extensive
defects of the face the prefabricated anterior chest for flap for
reconstruction.23 Because of obvious linear scarring, which causes
deformations of the chest and asymmetry in the position of the
nipples, we prefer the use of a free groin or parascapular flap in
these cases.

In summary, our experience and evolution of techniques in
treating severe postburn head and neck reconstruction has shown
us that paying attention to certain pearls and principles may aid in
optimizing outcomes for these patients.

These include
- C
ri
omplete and aggressive release of all scars and contractures,
including the underlying platysma25
- U
sing, given better tissue match, locoregional options unless the
donor site tissue is burned
- U
sing pre-expansion to improve vascularity and pliability of the
tissue, while minimizing donor site morbidity
- P
aying attention to reconstructing entire subunits of the face and
recreating a distinct submental angle to optimize aesthetics
- E
arly and aggressive physical therapy to prevent fibrosis in the
interface between the flap and the underlying wound bed to
maintain full range of motion and prevent recurrence of scar
contractures.26
In respect to expander implantation the following principles
should be adhered to:
- E
xpander size should be chosen with maximum size to allow
most efficient expansion of skin; however, the expander base
needs to have flush contact to the underlying tissues.
Furthermore, expansion needs to be feasible without creating
folds in the expander as these will result in focal points of high
pressure because of the sharp edges, and thus increase the risk of
skin penetration
- B
efore expander insertion, the skin should be prepped again and
gloves changed (one touch technique)
- E
xpansion should be commenced 14 to 21 days postoperatively
and excessive tension because of overfilling should be avoided.
- A
dhering to these principles and the presented decision tree,
good long-term functional and aesthetic results may be achieved
while minimizing number of surgeries, associated costs, and
morbidity of the patients.
zed reproduction of this article is prohibited.
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CONCLUSIONS
We present a long-term follow-up series of severe head and neck
burn patients, treated by transfer of local and distant tissue with a
focus on pre-expansion. Overall, complications rates remain high in
this challenging patient population; however, we found that adher-
ing to the presented principles, while keeping recent surgical
advances in mind, can aid to minimize such complications and
optimize functional and aesthetic outcomes of severely burned
patients.

REFERENCES
1. Prasad JK, Bowden ML, Thomson PD. A review of the reconstructive

surgery need of 3167 survivors of burn injury. Burns 1991;17:302–305
2. Kobus K, Stepniewsky J. Surgery of the post-burn neck contractures.

Eur J Plast Surg 1988;11:126–128
3. Tsai FC, Mardini S, Chen DJ, et al. The classification and treatment

algorithm for post-burn cervical contractures reconstructed with free
flaps. Burns 2006:626–633

4. Edlich RF, Nichter LS, Persing JA. Burns of the head and neck.
Otolaryng Clin North Am 1988;12:361–388

5. Angrigiani C. Aesthetic microsurgical reconstruction of anterior neck
burn deformities. Plast Reconst Surg 1994;93:507–518

6. Ninkovic M, Moser-Rumer A, Ninkovic M, et al. Anterior neck
reconstruction with pre-expanded free groin and scapular flaps. Plast
Reconstr Surg 2004;113:61–68

7. Pallua N, von Heimburg D. Pre-expanded ultra-thin supraclavicular
flaps for (full-) face reconstruction with reduced donor-site morbidity
and without the need for microsurgery. Plast Reconstr Surger
2005;115:1837–1844

8. Ohkubo E, Kobayashi S, Sekiguchi J, et al. Restoration of the anterior
neck surface in the burned patient by free groin flap. Plast Reconstr Surg
1991;87:276–284

9. Santanelli F, Grippaudo FR, Ziccardi P, et al. The role of pre-expanded
free flaps in revision of burn scarring. Burns 1997;23:620–625

10. Iwuaqwu FC, Wilson D, Bailie F. The use of skin grafts in postburn
contracture release: a 10-year review. Plast Reconstr Surg
1999;103:1198–1201

11. Voinchet V, Bardot J, Echinard C. Advantage of early burn excision and
grafting in treatment of burn injuries of the anterior cervical region.
Burns 1995;21:126–128
Copyright © 2015 Mutaz B. Habal, MD. Unautho

# 2015 Mutaz B. Habal, MD
12. Fernandez-Palacios J, Baeta Bayo P, Cubas Sanchez O. Multi-level
release of an extended postburn contracture. Burns 2002;110:
490–493

13. Khouri RK, Ozebc MR, Hruza GJ, et al. Facial reconstruction with pre-
farbicated induced expanded (PIE) supraclavicular skin flaps. Plast
Reconstr Surg 1995;95:1007–1015

14. Abramson DL, Pribaz JJ, Orgill DP. The use of free tissue transfer in
burn reconstruction. J Burn Care Rehabil 1996;17:402–408

15. Argenta LC. Controlled tissue expansion in reconstructive surgery. Plast
Reconstr Surg 1990;86:520–529

16. De Filippo RE, Atala A. Stretch and growth: the molecular and
physiologic influences of tissue expansion. Plast Reconstr Surg
2002;109:2450–2462

17. Cherry GW, Austad E, Pasyk K, et al. Increased survival and vascularity
of random pattern skin flaps elevated in controlled, expanded skin. Plast
Reconstr Surg 1983;72:680–687

18. Van Rappard JH, Sonneveld GJ, Borghouts JM. Histologic changes in
soft tissues due to tissue expansion (in animals studies and humans).
Facial Plast Surg 1998;5:280–286

19. Teot L, Cherenfant E, Otman S, et al. Prefabricated vascularized
supraclavicular flaps for face resurfacing after post-burns scarring.
Lancet 2000;355:1695–1696

20. Pallua N, Magnus Noah E. The tunneled supraclavicular island flap: an
optimized technique for head and neck reconstruction. Plast Reconstr
Surg 2000;105:842–851

21. Heinz TR, Cowper PA, Levin LS. Microsurgery costs and outcome.
Plast Reconstr Surg 1999;104:89–96

22. Rose EH. Aesthetic restoration of the severely disfigured face in burn
victims: A comprehensive strategy. Plast Reconstr Surg 1995;96:1573–
1585

23. Zan T, Li H, Du Z, et al. Reconstruction of the face and neck with
different types of pre-expanded anterior chest flaps: a comprehensive
strategy for multiple techniques. J Plast Reconstr Aesthet Surg
2013:1074–1081

24. Xie F, Wang J, Li Q, et al. Resurfacing large skin defects of the face and
neck with expanded subclavicular flapspedicled by the thoracic branch
of the supraclavicular artery. Burns 2012;38:924–930

25. Woo SH, Seul JH. Optimizing the correction of severe postburn hand
deformities by using aggressive contracture releases and
fasciocutaneous free-tissue transfers. Plast Recosntr Surg 2001;107:1–8

26. Young A. Rehabilitation of burn injuries. Phys Med Rehabil Clin N Am
2002;13:85–108
rized reproduction of this article is prohibited.

155


	Postburn Head and Neck Reconstruction: �An Algorithmic™Approach
	PATIENTS AND METHODS
	CLINICAL EXAMPLES
	Patient 1: Locoregional Flap Based Reconstruction
	Patient 2: Free-Flap-Based Reconstruction

	RESULTS
	DISCUSSION
	CONCLUSIONS


