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Porecon® Implant and Fan Flap:
A Concept for Reconstruction

of the Auricle

Alexander Berghaus, M.D.

Total reconstruction of the auricle is performed for
microtia and the much rarer condition of anotia as
well as after traumatic loss or surgical removal of the
auricle.

The most important indication for the operation is
microtia, which occurs in 1:7000 to 1:8000 births.!->
In principle, it is possible to treat the defect with an
epithesis, but the patient often has the wish “for an
ear of flesh and blood.”?-* The age at which children
start school is the time often recommended for a
microtia operation. This makes is possible to avoid
psychic trauma' and also to determine the size of the
new auricle according to the healthy side.®” How-
ever, many patients only request surgery in adult-
hood.

A survey of various surgical techniques has been
presented, for example, by Meyer and Sieber,® as
well as by Davis.? Berghaus and Toplak!?'!' com-
piled the numerous frame materials for auricular
reconstruction from the literature in a complete sur-
vey that had previously only been fragmentary.'>

In contrast to partial reconstruction, total auricular
reconstructions were considered to be impracticable
until the end of the 19th century.'>-17 Julius von Szy-
manowski!'® did propose a procedure for total recon-
struction of the auricle but never applied it himself.

As already stated by Zeis, ' auricular reconstruction
involves two fundamental difficulties: First, procur-

ing suitable material for replacement of supporting
auricular cartilage and, second, obtaining quali-
tatively and quantitatively adequate skin for cover-
age of this supporting frame.

The first reports on total auricular reconstructions
in a narrow sense were presented by Kuhnt (Jena,
Germany; cited after Schanz!'?), Randall?® (Philadel-
phia, USA), who used a frame of fresh rabbit car-
tilage, and Hacker,?! who unsuccessfully attempted
to improve Szymanowski's™ procedure by injecting
petrolatum. Korte® used a “composite graft” from
the healthy side to reconstruct the auricle. Autoge-
nous costal cartilage, which later gained the most
widespread acceptance as a supporting frame mate-
rial, was likewise used very early2Z and is still by far
the most commonly applied frame material for au-
ricular reconstruction. Preference is usually given to
the frame shape according to Tanzer>® or Brent,*
while the skin coverage is achieved in different
\Navs.&l-&—l;

Though isolated attempts have repeatedly been
made to operate without a supporting frame,'8-36-39
(v. Szymanowski 1870, Berger 1907 (cited after Nela-
ton and Ombredanne 1907), Beck 1925, de River
1927, Sarig et al. 1982), the possibilities of thus form-
ing an appropriate relief are very limited.

Esser*” demanded that the frame be “light, pli-
able, always sufficiently available, implantable in
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one piece, without rejection and with high tensile
strength at minimal thickness.” Among others, Peer+!
and Cronin*? considered the choice of supporting
frame to be very much more important than the type
of skin coverage. According to Tanzer,*3 “the ideal
supporting frame consists of non-organic material
that can be preoperatively formed, then sterilized
and applied.”

Synthetic materials were introduced in auricular
reconstructions, on the one hand, because of the
demand for an uncomplicated supporting frame,
and on the other, the aspiration not to purchase a
plastic correction in the face by a possible deforma-
tion in another body region, which cannot always be
ruled out when autogenous material is removed.
Unfortunately, there are some unattractive examples
of this in the literature. Particularly when the recon-
structed ear contour shows postoperative thickening
and spreading, the patient also tends to develop
hypertrophic scars or keloids at the donor site on the
costal arch.+

Among the alloplastic materials, those most com-
monly chosen apart from wire frames were synthetic
materials. The silicone frame first introduced by Cro-
nin??in 1966 gained the most widespread acceptance
by far. After autogenous costal cartilage, these sili-
cone frames have been the second most frequently
applied materials in the last ten years. Synthetic
materials meet the demand of Sanvenero-Rosselli, #>-4¢
to achieve “the best result within the shortest period
of time with as few interventions as possible.”

A further reason for switching over to alloplastic
frame materials is the frequently observed resorp-
tion of biogenous materials. While the resorption of
allogenous and xenogenous cartilage is generally ac-
cepted, it is apparently less well known that autoge-
nous costal cartilage transplants can eventually be
used up as well. Ten percent of the authors mentioned
in our literature study'' saw extensive resorptions of
autogenous frames in the course of long-term follow-
up examinations; 20% reported a spreading or shrink-
ing of the reconstructed auricle, which likewise must
in part be interpreted as resorption.

Skin necroses and protrusions of the cartilage
were described by 29% of the authors and are thus
by no means uncommon phenomena. A problem
involved in obtaining the material is the occurrence
of pleural ruptures (described by 10% of the au-
thors); young patients can also develop growth dis-
turbances and deformities of the thorax.

The predominant complication associated with sil-
icone frames, on the other hand, is the very high
incidence of implant rejection (observed by 80% of
the surgeons). Skin perforations of silicone frames
were mentioned by 60% of the authors and infections
by 46%.
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PROPOSED SURGICAL CONCEPT
FOR AURICULAR RECONSTRUCTION

Supporting Frame

The considerable disadvantages of using autoge-
nous materials and the problems with the previously
known alloplastic materials have lent significance to
the search for a suitable synthetic material as a sup-
porting frame. Thus it was justifiable to apply a
promising synthetic material like porous polyethyl-
ene in auricular reconstruction.

Porous high-density polyethylene (PHDPE) is a
pure synthetic material without toxic additives (Pore-
con®). It has a pore size of 150 wm; the pore system is
interconnectively open, thus permitting ingrowth of
connective tissue and bone, which we were able to
confirm by detailed experimental studies.*” We have
been using Porecon® implants for years to recon-
struct bony facial defects and have achieved very
successful results.*® We did not observe any resorp-
tion. The material can easily be shaped with the
scalpel. Delicate three-dimensional frames formed
according to our suggestion are available for auricu-
lar reconstruction (Fig. 1).*

*Manufactured by Effner GmbH, Alt-Lankwitz 102,
POB 46 02 20, D-1000 Berlin 46.

Figure 1. Three-dimensional porous polyethylene frame
for auricular reconstruction.



Skin Coverage

In addition to compound and split-skin flaps, sev-
eral special solutions have been suggested for skin
coverage of these frames in cases of microtia.**->!
Neumann®2 (1957, cited after O’Neal et al. 1984) sug-
gested the “skin expander” to achieve an augmenta-
tion and thinning of the skin.

Our evaluation of the literature!! shows that a
markedly favorable influence on the long-term re-
sults in auricular reconstruction is exerted by the
“fan-flap technique” reported by Fox and Edgerton>3
and previously described in principle by Edgerton
and Bacchetta.5* This procedure involves encasing
the implant in fascia of the temporal muscle prior to
coverage. The implant coating with periosteum (“peri-
chondrization”) described by Herrmann and Ziihlke>>
can be regarded as a forerunner of the technique.

Surgical History

Five cases of microtia have been treated with the
implants shown in Figure 1. One of these is a case of
purulent perichondritis in which the necrotic car-
tilage was replaced by such a frame after the acute
infection healed. The other cases involved microtia.

An encasement with temporal fascia (“fan flap”)
or a variation of this technique was applied in all
cases. Skin coverage was achieved with thick split
skin, full-thickness skin, or local skin flaps.

With the exception of isolated early postoperative
complications that were easy to control (tapping of
seromas, minor suture corrections), there has not as
yet been any failure in an observation period of two
to five years. There have been no rejections or infec-
tions.

Case Example

Surgical treatment of microtia on the right in pa-
tient EA. (Figs. 2-7). The patient had normal audi-
tion on the left and thus did not wish to have his
hearing improved surgically. For an explanation of
Figures 2-7, see legends.

DISCUSSION

Porecon®is the first synthetic material to be exam-
ined for use in constructing supporting frames for
auricular reconstruction since the introduction of sil-
icone implants by Cronin.*2 The first clinical results
can be assessed positively without reservations. Just
as in reconstruction of the facial cranium, the porous

PORECON® IMPLANT AND FAN FLAP—Berghaus

Figure 2.

Preoperative microtia on the right.

polyethylene also displays its advantages here: good
plasticity and stability, low weight, and good toler-
ance. Due to its porosity, anchorage by ingrowing
connective tissue appears to be accompanied by par-
ticularly good nutrition of the covered skin in the
rather risky implant bed, so that necroses and frame
perforations occur less easily. Postoperative revisions
of the synthetic frame were repeatedly required
without leading to any healing disturbances.
Compared to biogenous materials, this synthetic
frame material involves no resorption and does not
necessitate a second intervention in the patient.
There is less danger of infection than with silicone
frames. The fan-flap technique has proven to be
valuable and effective for the implantation.
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Figure 3. A, Incision for exposure of the fan flap and
division of the auricular rudiment is marked. B, A Z-plasty
was performed for displacement of the ear lobe.
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Figure 4. A, The implant has been positioned and the
temporal fascia flap exposed. B, The fan flap is raised.
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Figure 5. A, Encasement of the implant in the fan flap. B, Intraoperative situation with wrapped implant.
A
Figure 6. A, Coverage with free skin flap. B, Intraoperative situation with skin over fascia flap.
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Figure 7. A, The same patient three years after surgery; in a second session, an intervention was performed to lift the
auricle as well as to form a tragus and an opening to the auditory canal. B, Closer view of the reconstructed ear. For lifting of

the auricle and creation of a postauricular sulcus, an “Esser inlay” was used as a composite graft with contralateral concha
cartilage.

REFERENCES 12. Toplak F: Die Totalrekonstruktion der Ohrmuschel. Geschichte
und operative Problematik. Berlin: Inaug Diss, 1986
13.  Dieffenbach JF: Von dem Wiederersatz des ausseren Ohres.

1. Tanzer RC: Correction of the microtia with autogenous cos- In Dieffenbach JF (ed): Chirurgische Erfahrungen, besonders
tal cartilage. In Tanzer R, Edgerton MT (eds): Symposiunt on iiber die Wiederherstellung zerstorter Theile des menschlichen Kor-
Reconstruction of the Auricle. St. Louis: CV Mosby, 1974, pp pers nach neuen Methoden. Berlin: Enslin, 1830, pp 115-189
46-57 14, Zeis E: Von der Otoplastik oder Ohrbildung. In Zeis E (ed):

2. Bauer BS: Reconstruction of the microtic ear. ] Pediatr Surg Handbuch der plastischen Chirurgie, Berlin: G. Reimer, 1838,
19:440-445, 1984 pp 464-468

3. Korte W: Fall von Ohrenplastik (Sitzung v. 13.11.1905). Verh  15.  Fritze HE, Reich OFG: Von der Otoplastik (Ohrbildung). In
Fr Vrgg Chir Berlins 18:91-92, 1905 Fritze HE, Reich OFG (eds): Die plastische Chirurgie in ihrem

4. Eitner E: Zwei Auroplastiken. Miinch Med Wschr 30:1681— weitesten Umfange dargestellt und durch Abbildungen erliutert.
1682, 1914 Berlin: Hirschwald, 1845, pp 110-111

5. Weerda H: Unsere Erfahrungen mit der Chirurgie der 16. von Troltsch A: Die Krankheiten des Ohres. In Pitha, Bill-
Ohrmuschelmissbildungen. III. Das “Miniohr” und das roth (eds): Handbuch der allgemeinen und speziellen Chirurgie,
stark deformierte “Tassenohr.” IV. Die Mikrotie. Laryngol Vol. 3. Stuttgart: E Enke, 1866, pp 1-12
Rhinol Otol (Stuttg) 61:493-500, 1982 17.  Konig F: Die Krankheiten des dusseren Ohres. In Koénig F

6. Peer LA: Experimental observations with the growth of (ed): Lehrbuch der speziellen Chirurgie fiir Arzte und Studierende,
yvoung human cartilage grafts. Plast Reconstr Surg 1:108— Vol. 1. Berlin: Hirschwald, 1885
112, 1946 18.  von Szymanowski J: Ohrbildung, Otoplastik. In von Szyma-

7. Pellnitz D: Uber das Wachstum der menschlichen Ohrmus- nowski J (ed): Handbuch der operativen Chirurgie. Braun-
chel. Arch Klin Exp Ohr Nas Kehlk Heilk 171:334-340, 1958 schweig: E Vieweg und Sohn, 1870, pp 303-306

8. Meyer R, Sieber H: Konstruktive und rekonstruktive Chi-  19. Schanz F: Wiederersatz einer verlorengegangenen Ohrmus-
rurgie des Ohres. In Gohrbandt, Gabka, Berndorfer (eds): chel. Korrespondenz-Blitter des allgemeinen Arztl. Vereins
Handbuch der Plastischen Chirurgie, Vol. 2, part 3. Berlin: de von Thiringen 19:288-293, 1890
Gruyter, 1973, pp 1-62 20. Randall BA: An attempt to replace an auricle bitten off in

9. Davis ]: Aesthetic Reconstructive Otoplasty. Berlin: Springer, childhood. Arch Otol 22:163-165, 1893
1987 21.  Hacker H: Fille aus der chirurgischen Klinik. Sitzung vom

10. Berghaus A, Toplak F: Chirurgische Konzepte fiir die Wie- 19. Januar 1901. Wien Klin Wschr 14:665, 1901
derherstellung der fehlenden Ohrmuschel. Historische 22. Schmieden V: Der plastische Ersatz von traumatischen De-
Ubersicht und Versuch einer Bestandsaufnahme. In Pfeifer fekten der Ohrmuschel. Berl Klin Wschr 31:1433-1435, 1908
G (ed): Die Asthetik von Form und Funktion in der Plastischen  23.  Tanzer RC: An analysis of ear reconstruction. Plast Reconstr
und Wiederherstellungschirurgie. Berlin: Springer, 1985, pp Surg 31:16-30
157-165 24, Brent B: The correction of microtia with autogenous cartilage

11. Berghaus A, Toplak F: Surgical concepts for reconstruction grafts: I. The classic deformity. II. Atypical and complex
of the auricle. History and current state of the art. Arch deformities. Plast Reconstr Surg 66:1-21

Otolaryngol Head Neck Surg 112:388-397, 1986

ro
ur

Ogino Y: Reconstruction of the external ear. Transactions

456



26.

27.

28.

29.

30.

31.

32.

33.

34.

36.

37.

38.

39.

40.

41.

of the Third International Conference of Plastic Surgeons,
Washington: 461-474

Barinka L: Congenital malformations of the auricle and their
reconstruction by a new method. Acta Chir Plast 8:53-61,
1966

Schléndorff G: Ohrmuschelaufbauplastik. Indikation und
Durchfiihrung. Arch Klin Exp Ohr Nas Kehlk Heilk 191:
732-735, 1968

Edgerton MT: Ear construction on children with congenital
atresia and stenosis. Plast Reconstr Surg 43:373-380, 1969
Spina V, Kamakura L, Psillaktis JM: Total reconstruction of
the ear in congenital microtia. Plast Reconstr Surg 48:349—
357, 1971

Fukuda O, Yamada A: Reconstruction of the microtic ear
with autogenous cartilage. Clin Plast Surg 5:351-366, 1978
Weerda H: Das Ohrmuscheltrauma. HNO 28:209-217
Weerda H: Die Chirurgie der kindlichen Ohrmuschelmiss-
bildung. Laryng Rhinol Otol 63:120-122, 1984

Pitanguy I: Ear reconstruction. In Pitanguy I (ed): Aesthetic
Plastic Surgery of Head and Body. Berlin:Springer, 1981, pp
232-341

SongR, Chen Z, Yang P, Yue J: Reconstruction of the external
ear. Clin Plast Surg 9:49-52, 1982

Song Y, Song Y: An improved one stage total ear reconstruc-
tion procedure. Plast Reconstr Surg 71:615-623, 1983
Nelaton C, Ombredanne L: Troisiéme partie: Otoplastie. In
Nelaton C, Ombredanne L (eds): Les Autoplasties. Paris:
Steinheil, 1907

Beck JC: The anatomy, psychology, diagnosis and treatment
of congenital malformation and absence of the ear. Laryngo-
scope 35:813-832, 1925

de River PJ: Restoration of the auricle. California West Med
26:654-656, 1927

Sarig A, Ben-Bassat H, Taube E, Kahanowitz S, Kaplan I:
Reconstruction of the auricle in microtia by bipedicled post-
auricular tube flap. Ann Plast Surg 8:221-223, 1982

Esser JFS: La chirurgie plastique faciale. Presse Med 17:325-
326, 1935

Peer LA: Behavior of grafts and implants. Arch Otolaryngol
77:34-41, 1963

42.

43.

44.

46.

47.

48.

54.

55.

PORECON® IMPLANT AND FAN FLAP—Berghaus

Cronin TD: Use of a silastic frame for total and subtotal
reconstruction of the external ear: preliminary report. Plast
Reconstr Surg 37:399-405, 1966

Tanzer RC: An analysis of ear reconstruction. Plast Reconstr
Surg 31:16-30, 1963

Yanai A, Fukuda O, Jamada A: Problems encountered in
contouring a reconstructed ear of autogenous cartilage. Plast
Reconstr Surg 75:185-191, 1985

Sanvenero-Rosselli G: La chirurgie plastique du pavillon de
I'oreille. Rev Chir Plast 2:27-53, 1932

Sanvenero-Rosselli G: Richtlinien fiir die Narbenkorrektur
nach Gesichtsverbrennungen. Fortschr Kiefer Gesichtschir
9:54, 1964

Berghaus A, Mulch G, Handrock M: Porous polyethylene
and Proplast: their behaviour in a bony implant bed. Arch
Otorhinolaryngol 240:115-123, 1984

Berghaus A: Porous polyethylene in reconstructive head and
neck surgery. Arch Otolaryngol Head Neck Surg 111:154-
160, 1985

Esser JFS: Totaler Ohrmuschelersatz. Miinch Med Wschr 36:
1150-1151, 1921

White ME Rubin LR, Walden RH: Total ear reconstruction a
three stage procedure. Plast Reconstr Surg 18:117-126, 1956
Weerda H: Einzeitige Rekonstruktion von Ohrmuschelde-
fekten mit einem “Transpositions-Rotationslappen.” Laryn-
gol Rhinol Otol 60:312-317, 1981

O’Neal RM, Rohrich R], Isenberg PH: Skin expansion as an
adjunct to reconstruction of the external ear. Br ] Plast Surg
37:517-519, 1984

Fox JW, Edgerton MT: The fan flap: An adjunct to ear recon-
struction. Plast Reconstr Surg 58:663-667, 1976

Edgerton MT, Bacchetta CH: Principles in the use and sal-
vage of implants in ear reconstruction. In Tanzer R, Edger-
ton MT (eds): Symposium on Reconstruction of the Auricle. St.
Louis: CV Mosby, 1974, p 58

Herrmann A, Zihlke D: Periost als Ersatz des Perichon-
driums beim Wiederaufbau der Ohrmuschel. Langenbecks
Arch Chir 306:59-65, 1964

457



