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Abstract

Context: Despite the ongoing advances in surgical procedures and promising progress in bioengineering techniques, auricular
reconstruction remains a significant challenge in plastic surgery. There are different causes for acquired auricular defects, including
trauma, tumor ablation and burns. The management options for upper, middle and lower third auricular defects are briefly reviewed in
the current paper.

Evidence Acquisition: Original research papers investigating the plastic surgeons, otolaryngologists and maxillofacial surgeons in
approaching the complicated issue of auricular reconstruction published from January 1995 to December 2014 were aggregated and used
in the current study.

Results: Utilizing autologous stem cell populations to treat craniofacial defects is a promising field of ongoing investigations. Studies
show that cartilage stem/progenitor cells (CSPCs) are highly chondrogenic and can produce elastic reconstructive material with long-term
tissue restoration.

Conclusions: Auricular reconstruction surgery is a challenging plastic procedure that requires great expertise and expert knowledge
of the various techniques available. Novel techniques in the fields of reconstructive bioengineering and regenerative medicine are
promising but further research is required before widespread clinical application.
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1. Context

Reconstruction of the auricle is aesthetically demanding.
Various techniques are used according to the defect size, lo-
cation, and tissues involved. A wide range of acquired and
congenital deformities and surgical techniques are avail-
able; the complex anatomy poses a formidable challenge
to plastic surgeons performing auricular reconstruction.
In addition, selecting the best surgical approach to restore
a complete and functional auricle is further complicated
by individual preferences, aesthetic expectations and the
soft tissue and cartilage available (1, 2).

Several factors should be considered to achieve symme-
try, normal position and appearance. Important aspects
that ensure a successful ear reconstruction include atten-
tion to tissue manipulation and availability of well-vas-
cularized functioning tissue (3) aesthetic considerations
and patient expectations. The psychosocial benefits of
auricular reconstruction should also be considered (4).

Trauma and surgical excision of tumors are among
the main causes of acquired auricular defects. Traffic ac-
cidents, sports injuries, burns, bites and falls are major

sources of traumatic injuries of the external ear (5). The
most common etiologies are car accidents and bites that
require appropriate antibiotics prior to delayed wound
closure (6). Ear cancer is rare and most of the malignan-
cies involve the skin of the external ear. Basal cell carci-
noma (BCC) is the leading tumor among non-melanoma
skin cancers that involves the auricles. BCC most com-
monly involves the preauricular area and auricular helix
and may result in considerable tissue destruction (7).
Studies suggest that BCC of the ear is likely to be of an ag-
gressive phenotype and most commonly affects men (8).
The Moh microsurgery is employed in many cases of ear
BCC and it could result in considerable iatrogenic defects
since it involves gross repetitive tissue curettage until
clear margins are reached (9). Moreover, as the auricle is
exposed to sunlight it is vulnerable to developing squa-
mous cell carcinoma (SCC) and melanoma (10, 11).
Various detailed historical accounts of ear reconstruc-
tion are available and description of a partial earlobe re-
construction seems to be the earliest documented case
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mentioned in an ancient Indian text (12). Currently, the
ever-growing fields of biotechnology and bioengineer-
ing play a crucial role in introduction of novel therapeu-
tic options in ear reconstructive surgery; investigations
on culturing and bioengineering ear cartilage are prom-
ising (13-16). The current article briefly reviewed recon-
structive surgery of the acquired external ear defects. The
provided information may aid plastic surgeons, otolar-
yngologists and maxillofacial surgeons to approach the
complicated issue of auricular reconstruction.

2. Evidence Acquisition

Original research papers investigating the plastic sur-
geons, otolaryngologists and maxillofacial surgeons in ap-
proaching the complicated issue of auricular reconstruc-
tion published from January 1995 to December 2014 were
aggregated, coded, and used in the current study. The fol-
lowing libraries and online sources were searched: PubMed,
MEDLINE, Wiley, EMBASE, ISI Web of Knowledge and Scopus.

The terminologies that were used to identify these ar-
ticles included: plastic surgery, auricular defects, recon-
structions, ear trauma, bioengineering, facial surgery. The
articles obtained from different databases into the bib-
liographic software package EndNote were imported and
merged into one complete database. Two review authors
independently assessed the titles and abstracts of all ar-
ticles found by the searching method outlined above.

3. Results

3.1. Acute Ear Trauma

Appropriate management of the acutely traumatized ear
is of vital importance and improper treatment could lead
to a cauliflower ear following auricular hematoma. Man-
agement of cauliflower ear is a challenging reconstructive
procedure and requires reshaping of the auricle after exci-
sion of the deformed cartilage (17,18). Moreover, the blunt-
ly traumatized auricle is vulnerable to infection, necrosis,
and contracture. There was no consensus on the evidence-
based management of acute auricular hematoma and
systematic reviews of the literature highlighted the need
for further research before recommending the optimal
management strategies (19). The current management
of auricular hematoma mainly depends on its size; while
smaller hematomas should be aspirated; larger ones re-
quire open surgical drainage. Further studies are required
to elucidate the efficacy of post-drainage interventions
including splinting or bandaging (19, 20). New techniques
using fibrin glue and an 18-gauge catheter with a compres-
sion dressing are recently proposed. Cost-effectiveness
and efficacy of these management options remain to be
confirmed by further studies (20, 21).Use of local flaps in
soft tissue defects, initial realigning of the helical rim and
anatomical repair of ear lacerations should be considered
in management of acute ear trauma. In cases of ear ampu-

tation, staged reconstruction or replantation techniques
should be used (22).

3.2. Basic Surgical Principles and Classification of
Auricular Defects

Based on the involved tissue, auricular defects are cat-
egorized into cutaneous and cutaneous-cartilaginous
defects (23). Primary closure is usually applicable in cases
of medial auricular cutaneous defects due to malleable
nature of the tissues involved. However, primary closure
is not usually possible for lateral cutaneous defects and
skin grafts from the medial surface or the contralateral
postauricular area are usually required (24-26).

Lack of supporting structure and sophisticated anatomi-
cal alterations of the external ear make cutaneous-carti-
laginous defects more challenging to deal with. Depend-
ing on the extent of damage, primary repair, local flaps,
skin grafts and regional flaps are used in the reconstruc-
tive procedures (27). A successful auricular reconstruction
with satisfactory aestheticresults depends heavily on func-
tional vascular supplies and decreased tension at the site
of reconstruction to ensure tissue vitality. Currently, tem-
poroparietal fascia flaps are widely used in regional flaps
that provide a well-vascularized environment (28). Small
defects could be reconstructed by excision and primary
closure if decreased auricular height could be appropri-
ately managed to avoid cupping of external ear structures
(3). Use of various alternative flaps including superior
pedicle postauricular chondrocutaneous flaps and autolo-
gous contralateral conchal cartilage grafts are promising
and are topics of ongoing research (29, 30). Reconstruc-
tion of the tragus can also be achieved with a preauricular
cutaneous flap transposed to the defect and folded onto it.
The flap can be based either inferiorly or superiorly.

3.3. The Upper Third Auricular Defects

There are several techniques to reconstruct the upper
third defects; factors such as size of the defect and avail-
ability of skin grafts mainly determine the superior op-
tions in each case (31,32). Fortunately, minor defects cause
less cosmeticissues and hair may cover the site. For upper
auricle defects, smaller than 2.8 cm, the helical advance-
ment technique is advantageous and complications are
rare (33). A variation of this flap, which is detached from
the anterior and posterior helical surfaces, maximizes
mobility at the cost of threatening tissue viability (34). In
another variation, first described by Anita and Buch more
than forty years ago, flap viability is not jeopardized but
movement is considerably limited as the posterior skin
remains intact (35). Large upper third defects are often
managed by contralateral cartilage grafts and postau-
ricular skin flaps and in case of insufficient graft donor
sources, use of compound pedicle flaps is recommended
(26, 36). Preauricular flaps, designed at the junction of
the ear and face with the pedicle based superiorly or infe-
riorly, may cover some small antihelical defects.
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3.4. The Middle Third Auricular Defects

In contrast to the upper third auricle, middle auricular
defects do not substantially disturb functions like support
of eyeglasses. However, the retroauricular skin is thinner
and the deformed structures are more visible (37). Based
on the same principles, chondrocutaneous advancement
flaps could be also used in approaching middle third au-
ricular defects (35). Good cosmetic results are reported by
using superior pedicle postauricular chondrocutaneous
flaps in management of full-thickness upper and middle
third auricular defects (29). Reduced vertical height is a
major problem if small middle third defects are repaired
after turning the traumatized site into a wedge. Retroau-
ricular composite flaps and autogenous cartilage harvest-
ed from conchal cartilage are used to reconstruct larger
defects. Use of small local flaps raised from the lobule is an
effective alternative in patients with abundant lobular tis-
sue; recent studies highlight the simplicity and minimal
anatomical deformity of this technique (38).

3.5. Lower Third Auricular Defects

Lower third auricular structures including lobule are
more mobile and flexible; therefore, reconstruction of
the defects at these locations is often less challenging. In
addition, as mentioned earlier the lobule can act as a po-
tential source of advancement flaps. Various techniques
are introduced in the literature to address traumatized
earlobes. In cases of full-thickness major trauma that in-
volve a great proportion of the lobule, more burdensome
techniques, using cartilage grafting, are often required.
One famous technique is the double flap proposed by
Preaux and modified by Brent who recommended the
use of bipedicle chondrocutaneous flaps and contralat-
eral cartilage grafts (39, 40). Davis introduced another
approach based on a mastoid flap for anterior earlobe
reconstruction and a posterior flap turned over from the
anterior helix surface (41). More easily implemented tech-
niques are also gaining acceptance and reconstruction
of ear lobule through a one-stage procedure is reported
with favorable aesthetic and symmetric outcomes. These
techniques include the use of the Limberg-flap, a double-
over skin flap, two superiorly based flaps rotated towards
the middle or a bilobed flap with an anterior base (42-44).

3.6. Large Defects of the Auricle

Reconstruction of defects larger than one-third auricu-
lar is a daunting task and requires great expertise. Larger
ear defects present unique and complex challenges to
plastic surgeons due to the delicate and intricate archi-
tecture of external ear structure that is difficult to dupli-
cate surgically. Despite complexities during reproduction
of the intricate auricular anatomy, detailed information
on landmarks, size and position could help the surgeon
achieve satisfactory outcomes. Autogenous cartilage and
skin grafting, temporoparietal flaps covering costal carti-
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lage grafts and tubed-pedicle flaps from the retroauricu-
lar or supraclavicular sites can be used to manage large
auricular defects (45-47). Tissue may be expanded in the
retroauricular region for coverage in conjunction with
grafts or reconstruction of large defects.

Autologous rib cartilage is a widely employed tech-
nique for total reconstruction of the auricle. To restore
the natural ear shape, rib cartilage frameworks should be
appropriately sculpted and the skin should be carefully
used to ensure successful reconstruction and reduced
complications (48). Use of alloplastic material and bio-
engineered cartilage are areas of ongoing investigation.
Porous polyethylene is currently considered the most
favorable alloplastic framework and recent reviews of
the literature underscore the benefits of its open porous
structure and biocompatibility (49-51). In cases of total
or nearly total defects, superficial temporal and poste-
rior auricular arteries play a crucial role in creating the
required microvascular anastomosis for successful ear
replantation (52).

3.7. Reconstruction of the Burned Ear

The external ear is highly susceptible to thermal inju-
ries and progressive deep burns due to its exposed ana-
tomical structure. Reconstruction of the burned auricle
is a significant challenge for most plastic surgeons. Early
debridement of ear burn wounds before occurrence of
irreversible cartilage changes is highly recommended.
Surgeons’ preference and local tissue availability are the
most important variables to consider before choosing
the optimal modality for repair (53, 54). Integrity of the
mastoid skin is considered a reliable prognostic factor
in patients with burned auricles. Superficial temporal
fascia or an indirect expansion could be used and in rare
cases, free contralateral superficial temporal fascia may
become necessary before placing a prosthesis (55). Use of
postauricular advancement flaps and skin grafts to cover
the helix and antihelix respectively are suggested as a
straightforward technique with low complication rates
to manage extensive ear burns acutely (56). In addition
to postauricular skin and fascia, free radial forearm flaps
and free lateral arm fascial flaps are also used to recon-
struct the burned auricle. These techniques may be lim-
ited by lack of viable local tissues or free flaps following
extensive burns (57). Innovative techniques combining
scalp tissue expansion with porous polyethylene recon-
struction is recently introduced, which use temporopa-
rietal fascia flaps and does not require costochondral
grafting (58). Use of bone-anchored extraoral implants is
also investigated in burn patients with lasting aesthetic
results and low complications (59).

3.8. Prosthetic Reconstruction of the Auricle

In some cases of extensive auricular defects, especially
in older patients, surgical procedures may not lead to
satisfactory results and prosthetic reconstruction should
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be used. From a historical perspective, ear prostheses
are broadly used and various attachment techniques
are tested since ancient times (60). In addition to the
aesthetic concerns, perfect fitting of the prosthesis is of
utmost importance. Titanium screw implants address is-
sues such as bone healing, vascular integrity and integra-
tion of foreign objects into patients’ bodies (61). Studies
confirmed reliability of auricular prostheses anchored
to the extraoral bone-integrated implants and evidence
isaccumulating the patient satisfaction and rapid return
to normal life following such procedures (62).

3.9. Novel Bioengineering Techniques in Auricular
Reconstruction

Utilizing autologous stem cell populations to treat cranio-
facial defects is a promising field of ongoing investigations.
Studies show that cartilage stem/progenitor cells (CSPCs)
are highly chondrogenic and can produce elastic recon-
structive material with long-term tissue restoration. (63).

Bioengineering absorbable materials that could serve as
templates for cartilage healing are also a logical perspec-
tive currently studied to simplify reconstruction proce-
dures (64). Three dimensional templates made of biore-
sorbable and nonbioresorbable materials are tested but
problems are encountered due to uneven biodegradation
rates and further research is required before application of
these novel techniques in the clinical setting (65, 66).

4. Conclusions

There are different causes for auricular defects includ-
ing tumor ablation, traumas and burns. Auricular recon-
struction surgery is a challenging plastic procedure that
requires great expertise and expert knowledge of the var-
ious techniques available. Current techniques could be
further modified with respect to their cost-effectiveness
and simplicity. The reconstruction method is dependent
on defect size and location. Novel techniques in the fields
of reconstructive bioengineering and regenerative medi-
cine are promising but further research is requirred be-
fore widespread clinical application.

Acknowledgments

The authors wish to thank the Trauma Research Center
of Baqiyatallah University of Medical Sciences.

Footnote

Authors’ Contribution:Study concept and design: Ali
Ebrahimi, Alireza Kazemi, Hamid Reza Rasouli, Maryam
Kazemi, Mohammad Hosein Kalantar Motamedi; ac-
quisition of data: Hamid Reza Rasouli, Maryam Kazemi,
Mohammad Hosein Kalantar Motamedi; analysis and in-
terpretation of data: Ali Ebrahimi, Alireza Kazemi, Hamid
Reza Rasouli, Maryam Kazemi, Mohammad Hosein Kalan-
tar Motamedi; drafting of the manuscript: Alireza Kaze-
mi, Hamid Reza Rasouli, Maryam Kazemi; administrative,

technical, and material support: Ali Ebrahimi, Alireza Ka-
zemi, Hamid Reza Rasouli, Maryam Kazemi Mohammad
Hosein Kalantar Motamedji; study supervision: Ali Ebra-
himi and Mohammad Hosein Kalantar Motamedi.

References

1. Miles BA, Sinn DP, Gion GG. Experience with cranial implant-
based prosthetic reconstruction. ] Craniofac Surg. 2006;17(5):889-
97.d0i:10.1097/01.5c5.0000230614.72141.b9. [PubMed: 17003617]

2. CoxA,SabbaghW,GaultD.Costal cartilage or conchal cartilage for
aestheticand structural reconstruction of lower pole ear defects.
Aesthet Surg ]. 2012;32(3):271-4. doi: 10.1177/1090820X12436838.
[PubMed: 22395317]

3. Brodland DG. Auricular reconstruction.
2005;23(1):23-41.  doi: 10.1016/j.det.2004.08.008.
15620617)

4. Tam CK, McGrath CP, Ho SM, Pow EH, Luk HW, Cheung LK. Psycho-
social and quality of life outcomes of prosthetic auricular reha-
bilitation with CAD/CAM technology. Int | Dent. 2014;2014:393571.
doi: 10.1155/2014/393571. [PubMed: 24799904]

5. Sharma K, Goswami SC, Baruah DK. Auricular trauma and its
management. Indian ] Otolaryngol Head Neck Surg.2006;58(3):232-
4.doi:10.1007/BF03050826. [PubMed: 23120300]

6. Horta R, Costa-Ferreira A, Costa |, Silva P, Amarante JM, Silva A,
et al. Ear replantation after human bite avulsion injury. J Cra-
niofac Surg. 2011;22(4):1457-9. doi: 10.1097/SCS.0b013e31821d1879.
[PubMed: 21772155]

7. Sand M, Sand D, Brors D, Altmeyer P, Mann B, Bechara FG. Cuta-
neous lesions of the external ear. Head Face Med. 2008;4:2. doi:
10.1186[1746-160X-4-2. [PubMed: 18261212]

8. Jarell AD, Mully TW. Basal cell carcinoma on the ear is more likely
to be of an aggressive phenotype in both men and women. ] Am
Acad Dermatol. 2012;66(5):780-4. doi: 10.1016/j.jaad.2011.05.020.
[PubMed: 21875759

9. Sage RJ, Leach BC, Cook |. Antihelical cartilage grafts for recon-
struction of mohs micrographic surgery defects. Dermatol Surg.
2012;38(12):1930-7. doi: 10.1111/j.1524-4725.2012.02549 X. [PubMed:
22882170]

10. Lee KC, Higgins H2, Lajevardi N, Cruz AP, Dufresne RJ. Character-
istics of squamous cell carcinoma in situ of the ear treated using
Mohs micrographic surgery. Dermatol Surg. 2012;38(12):1951-5.
doi: 10.1111/.1524-4725.2012.02581.x. [PubMed: 22989104]

1. McCarty MA, Lentsch EJ, Cerrati EW, Stadelmann WK. Melano-
ma of the ear: results of a cartilage-sparing approach to resec-
tion. Eur Arch Otorhinolaryngol. 2013;270(11):2963-7. doi: 10.1007/
$00405-013-2440-1. [PubMed: 23543298]

12.  Converse JM. Reconstruction of the auricle. I. Plast Reconstr Surg
Transplant Bull. 1958;22(2):150-63. [PubMed: 13578712]

13.  Mizuno M, Takebe T, Kobayashi S, Kimura S, Masutani M, Lee S,
et al. Elastic cartilage reconstruction by transplantation of cul-
tured hyaline cartilage-derived chondrocytes. Transplant Proc.
2014;46(4):1217-21. doi: 10.1016/j.transproceed.2013.12.006. [PubMed:
24815164]

14. Zhang L, He A, Yin Z, Yu Z, Luo X, Liu W, et al. Regeneration of
human-ear-shaped cartilage by co-culturing human microtia
chondrocytes with BMSCs. Biomaterials. 2014;35(18):4878-87. doi:
10.1016/j.biomaterials.2014.02.043. [PubMed: 24656731]

15.  Cheng Y, Cheng P, Xue F, Wu KM, Jiang M], Ji JF, et al. Repair of
ear cartilage defects with allogenic bone marrow mesenchymal
stem cells in rabbits. Cell Biochem Biophys. 2014;70(2):1137-43. doi:
10.1007/s12013-014-0033-2. [PubMed: 24879616

16. Hwang CM, Lee BK, Green D, Jeong SY, Khang G, Jackson D, et al.
Auricular reconstruction using tissue-engineered alloplastic
implants for improved clinical outcomes. Plast Reconstr Surg.
2014;133(3):360e-9e. doi: 10.1097/01.pl‘5.0000438460.68098.4b.
[PubMed: 24572881]

17. Fujiwara M, Suzuki A, Nagata T, Fukamizu H. Cauliflower ear
dissection. | Plast Reconstr Aesthet Surg. 2011;64(11):e279-82. doi:
10.1016/j.bjps.2011.04.018. [PubMed: 21612992]

18. Greywoode ]D, Pribitkin EA, Krein H. Management of au-

Dermatol  Clin.
[PubMed:

Trauma Mon. 2015;20(4):e28202



EbrahimiAetal.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

ricular hematoma and the cauliflower ear. Facial Plast Surg.
2010;26(6):451-5. doi: 10.1055/s-0030-1267719. [PubMed: 21086231]
Jones SE, Mahendran S. Interventions for acute auricular hae-
matoma. Cochrane Database Syst Rev. 2004;(2):CD004166. doi:
10.1002/14651858.CD004166.pub2. [PubMed: 15106240

Brickman K, Adams DZ, Akpunonu P, Adams SS, Zohn SF, Guin-
ness M. Acute management of auricular hematoma: a novel ap-
proach and retrospective review. Clin ] Sport Med. 2013;23(4):321-3.
doi:10.1097/]SM.0b013e31825c4623. [PubMed: 22695406
Mohamad SH, Barnes M, Jones S, Mahendran S. A new tech-
nique using fibrin glue in the management of auricular
hematoma. Clin | Sport Med. 2014;24(6):¢65-7. doi: 10.1097/
JSM.0000000000000095. [PubMed: 24699189]

Ebrahimi A, Kazemi HM, Nejadsarvari N. Experience with esthet-
ic reconstruction of complex facial soft tissue trauma: applica-
tion of the pulsed dye laser. Trauma Mon. 2014;19(3):e16220. doi:
10.5812/traumamon.16220. [PubMed: 25337516

Luo X, Yang ], Yang Q, Wang X. Classification and reconstruction
of posttraumatic ear deformity. ] Craniofac Surg. 2012;23(3):654-7.
doi:10.1097/SCS.0b013e31824db808. [PubMed: 22565866)

Wang Y, Zhuang X, Jiang H, Yang Q, Zhao Y, Han |, et al. The anat-
omy and application of the postauricular fascia flap in auricular
reconstruction for congenital microtia. | Plast Reconstr Aesthet
Surg. 2008;61 Suppl 1:570-6. doi: 10.1016/j.bjps.2008.07.008.
[PubMed: 18829408]

Elsahy NI. Reconstruction of the ear after skin and perichondri-
um loss. Clin Plast Surg. 2002;29(2):187-200. [PubMed: 12120676
Cordova A, D'Arpa S, Pirrello R, Giambona C, Moschella F. Ret-
roauricular skin: a flaps bank for ear reconstruction. J Plast
Reconstr Aesthet Surg. 2008;61 Suppl 1:544-51. doi: 10.1016/j.
bjps.2007.09.004. [PubMed: 17962091]

Ebrahimi A, Kalantar Motamedi MH, Nejadsarvari N, Kazemi HM.
Management of missile injuries to the maxillofacial region: A
case series. World ] Stomatol. 2013;2(3):62-6.

Park C, Mun HY. Use of an expanded temporoparietal fascial flap
technique for total auricular reconstruction. Plast Reconstr Surg.
2006;118(2):374-82. doi: 10.1097/01.prs.0000227735.88820.98.
[PubMed: 16874205]

Selcuk CT, Durgun M, Bozkurt M, Kinis V, Ozbay M, Bakir S.
The reconstruction of full-thickness ear defects including
the helix using the superior pedicle postauricular chondro-
cutaneous flap. Ann Plast Surg. 2014;72(2):159-63. doi: 10.1097/
SAP.0b013e31825c07d6. [PubMed: 23759959

Helal HA, Mahmoud NA, Abd-Al-Aziz AA. Reconstruction of post-
traumatic full-thickness defects of the upper one-third of the au-
ricle. Plast Surg (Oakv). 2014;22(1):22-5. [PubMed: 25152643]
Schonauer F, Vuppalapati G, Marlino S, Santorelli A, Canta L,
Molea G. Versatility of the posterior auricular flap in partial
ear reconstruction. Plast Reconstr Surg. 2010;126(4):1213-21. doi:
10.1097/PRS.0b013e3181ec1f03. [PubMed: 20885243]

Stoner JJ, Stoner JS, Ermolovich T. Cartilage hinge flap for the
repair of antihelical defects. Dermatol Surg. 2010;36(10):1592-5.
[PubMed: 21053418]

Al-Shaham A. Helical advancement: Pearls and pitfalls. Can J Plast
Surg. 2012;20(2):e28-31. [PubMed: 23730162]

Bialostocki A, Tan ST. Modified Antia-Buch repair for full-
thickness upper pole auricular defects. Plast Reconstr Surg.
1999;103(5):1476-9. [PubMed: 10190447]

Antia NH, Buch VI. Chondrocutaneous advancement flap for the
marginal defect of the ear. Plast Reconstr Surg. 1967;39(5):472-7.
[PubMed: 5336914]

Ha R, Hackney F. Selected Readings in Plastic Surgery. Plast Surg
Ear.2005;10(9):1-35.

Armin BB, Ruder RO, Azizadeh B. Partial auricular reconstruc-
tion. Semin Plast Surg. 2011;25(4):249-56. doi: 10.1055/s-0031-
1288916. [PubMed: 23115530]

Basu I, Way B, Al-Basri I. A novel lobule rotation flap for the re-
construction of middle third auricular defects. Int | Dermatol.
2013;52(12):1544-6. doi: 10.1111/ijd.12138. [PubMed: 23879639
Brent B. Earlobe construction with an auriculo-mastoid flap.
Plast Reconstr Surg. 1976;57(3):389-91. [PubMed: 769012

Preaux . [A simple procedure for reconstruction of the lower

Trauma Mon. 2015;20(4):e28202

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

part of the auricle]. Ann Chir Plast. 1971;16(3):60-2. [PubMed:
4943264]

Davis JE. Auricle reconstruction. Rev plastic surg, Elsevier and Ex-
cerpta Medica, Amsterdam. 1974;129.

Ibrahim A. Single Stage Reconstruction of Type IIA Defect of the
Ear Lobule: The Limberg flap Technique Revisited. J Surg Tech
Case Rep. 2014;6(1):5-8. doi: 10.4103/2006-8808.135133. [PubMed:
25013543]

Jain LB, Shankarappa M. Ear lobe reconstruction: a complexity
simplified. J Plast Reconstr Aesthet Surg. 2014;67(12):1751-4. doi:
10.1016/j.bjps.2014.07.035. [PubMed: 25153427]

Cabral AR, Alonso N, Brinca A, Vieira R, Figueiredo A. Ear-
lobe reconstruction by the Gavello technique and bilobed
flap. An Bras Dermatol. 2013;88(2):272-5. doi: 10.1590/S0365-
05962013000200018. [PubMed: 23739705]

Brent B. The acquired auricular deformity. A systematic ap-
proach to its analysis and reconstruction. Plast Reconstr Surg.
1977;59(4):475-85. [PubMed: 322165]

Dujon DG, Bowditch M. The thin tube pedicle: a valuable tech-
nique in auricular reconstruction after trauma. Br J Plast Surg.
1995;48(1):35-8. [PubMed: 7719606

Park SS, Hood RJ. Auricular reconstruction. Otolaryngol Clin North
Am. 2001;34(4):713-38. [PubMed: 11511472]

Firmin F, Marchac A. A novel algorithm for autologous ear recon-
struction. Semin Plast Surg. 2011;25(4):257-64. doi: 10.1055/s-0031-
1288917. [PubMed: 23115531]

Storck K, Staudenmaier R, Buchberger M, Strenger T, Kreutzer K,
von Bomhard A, et al. Total reconstruction of the auricle: our ex-
periences on indications and recent techniques. Biomed Res Int.
2014;2014:373286. doi: 10.1155/2014/373286. [PubMed: 24822198
Constantine KK, Gilmore ], Lee K, Leach JJ. Comparison of micro-
tia reconstruction outcomes using rib cartilage vs porous poly-
ethylene implant. JAMA Facial Plast Surg. 2014;16(4):240-4. doi:
10.1001/jamafacial.2014.30. [PubMed: 24763669

Kludt NA, Vu H. Auricular reconstruction with prolonged tissue
expansion and porous polyethylene implants. Ann Plast Surg.
2014;72 Suppl 1:514-7. doi: 10.1097/SAP.0000000000000178.
[PubMed: 24740019

Nahai F, Hayhurst JW, Salibian AH. Microvascular surgery in avul-
sive trauma to the external ear. Clin Plast Surg. 1978;5(3):423-6.
[PubMed: 699494]

Ray E, Wu T, Nazarian Mobin SS, Reinisch ], Urata MM. Review
of options for burned ear reconstruction. | Craniofac Surg.
2010;21(4):1165-9. doi: 10.1097/SCS.0b013e3181e431d6. [PubMed:
20613596]

Bhandari PS. Total ear reconstruction in postburn deformity. Clin
Plast Surg. 2002;29(2):213-20. [PubMed: 12120678

Firmin F, Marchac A. [Reconstruction of the burned ear]. Ann Chir
Plast Esthet. 2011;56(5):408-16. doi: 10.1016/j.anplas.2011.07.009.
[PubMed: 21937159

Saito T, Yotsuyanagi T, Ezoe K, Ikeda K, Yamauchi M, Arai K, et al.
The acute surgical management of injury to the helix and antihe-
lix in patients with large body surface area burns. ] Plast Reconstr
Aesthet Surg. 2009;62(8):1020-4. doi: 10.1016/j.bjps.2008.01.010.
[PubMed: 18550457]

Akin S. Burned ear reconstruction using a prefabricated free
radial forearm flap. J Reconstr Microsurg. 2001;17(4):233-6. doi:
10.1055/s-2001-14514. [PubMed: 11396584|

Driscoll DN, Lee JH. Combining scalp tissue expansion with
porous polyethylene total ear reconstruction in burned
patients. Ann Plast Surg. 2010;64(2)183-6. doi: 10.1097/
SAP.0bo13e3181a13das. [PubMed: 20098104]

Bottini D], Gentile P, Colicchia G, Grimaldi M, Trimarco A, Cervelli V.
Alternative techniques in reconstructive surgery: bone-anchored
extraoral implants for burn cases. Aesthetic Plast Surg.2008;32(1):58-
62.d0i:10.1007/s00266-007-9042-5. [PubMed: 17960452]

Sharma A, Rahul GR, T. Poduval S, Shetty K. Implant-Supported
Auricular Prosthesis - An Overview. | Oral Implantol. 2012. doi:
10.1563/AAID-JOI-D-12-00058.1. [PubMed: 22913280]

Black B. Use of titanium in repair of external auditory ca-
nal defects. Otol Neurotol. 2009;30(7):930-5. doi: 10.1097/
MAO.0b013e3181b4eee0. [PubMed: 19730144



EbrahimiAetal.

62.

63.

64.

Giot JP, Labbe D, Soubeyrand E, Pacini R, Guillou-Jamard MR,
Compere JF, et al. Prosthetic reconstruction of the auricle: indi-
cations, techniques, and results. Semin Plast Surg. 2011;25(4):265-
72.doi:10.1055/s-0031-1288918. [PubMed: 23115532]

Patel KH, Nayyer L, Seifalian AM. Chondrogenic potential
of bone marrow-derived mesenchymal stem cells on a nov-
el, auricular-shaped, nanocomposite scaffold. | Tissue Eng.
2013;4:2041731413516782. doi: 10.1177/2041731413516782. [PubMed:
24555012]

Naumann A, Dennis JE, Aigner ], Coticchia ], Arnold ], Berghaus A,

65.

66.

et al. Tissue engineering of autologous cartilage grafts in three-
dimensional in vitro macroaggregate culture system. Tissue Eng.
2004;10(11-12):1695-706. doi: 10.1089/ten.2004.10.1695. [PubMed:
15684678]

Bohdan P, Baraa Z, Yusuf K. Guided cartilage regeneration using
resorbable template. Eplasty. 2007;8:e5. [PubMed: 18213400
Pappa AK, Caballero M, Dennis RG, Skancke MD, Narayan R],
Dahl JP, et al. Biochemical properties of tissue-engineered
cartilage. | Craniofac Surg. 2014;25(1):111-5. doi: 10.1097/
SCS.0bo13e3182a2eb56. [PubMed: 24406561]

Trauma Mon. 2015;20(4):e28202



