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Porecon® Implant and Fan Flap: 
A Concept for Reconstruction 
of the Auricle 
A l e x a n d e r B e r g h a u s , M . D . 

Total r e c o n s t r u c t i o n of the auricle is p e r f o r m e d for 
micro t ia a n d the m u c h rarer c o n d i t i o n of anotia as 
we l l as after traumatic loss or surg ica l removal of the 
auric le . 

T h e most i m p o r t a n t indica t ion for the Operation is 
m i c r o t i a , w h i c h occurs in 1:7000 to 1:8000 b i r t h s . 1 - 2 

In p r i n c i p l e , it is poss ib le to treat the defect w i t h a n 
epi thesis , but the patient often has the w i s h "for a n 
ear of flesh a n d b l o o d . " 3 5 The age at w h i c h c h i l d r e n 
start school is the t ime often r e c o m m e n d e d for a 
microt ia Operat ion. T h i s makes is possible to avoid 
p s y c h i c t r a u m a ' a n d also to d e t e r m i n e the size of the 
new auricle a c c o r d i n g to the heal thy s ide . ' 1 - 7 H o w -
ever, m a n y patients o n l y request s u r g e r y in adul t -
h o o d . 

A s u r v e y of var ious surgica l techniques has been 
presented , for example , b y M e y e r and Sieber , 8 as 
w e l l as b y D a v i s . 9 Berghaus a n d T o p l a k " ' " c o m -
p i l e d the n u m e r o u s frame materials for aur icu lar 
reconstruct ion f r o m the literature in a complete sur ­
vey that h a d p r e v i o u s l y o n l y been f r a g m e n t a r y . 1 2 

In contrast to partial r econs t ruc t ion , total aur icular 
reconstruct ions were c o n s i d e r e d to be impract icable 
u n t i l the e n d of the 19th Century. 1 3 - 1 7 Jul ius v o n S z y -
m a n o w s k i 1 8 d i d propose a p r o c e d u r e for total recon­
struct ion of the auric le but never a p p l i e d it h imsel f . 

A s a lready stated b y Z e i s , 1 4 auricular reconstruction 
involves t w o f u n d a m e n t a l d i f f icul t ies : F i rs t , procur -

i n g suitable material for replacement of s u p p o r t i n g 
a u r i c u l a r cart i lage a n d , s e c o n d , o b t a i n i n g q u a l i -
tatively a n d quant i tat ively adequate s k i n for cover-
age of this s u p p o r t i n g frame. 

The first reports o n total aur icu lar reconstruct ions 
in a n a r r o w sense were presented b v K u h n t (Jena, 
G e r m a n y ; cited after Schanz 1 ' ' ) , R a n d a l l 2 0 (Phi ladel ­
p h i a , U S A ) , w h o u s e d a f rame of f resh rabbit car­
ti lage, a n d H a c k e r , 2 1 w h o u n s u c c e s s f u l l y a t tempted 
to i m p r o v e S z y m a n o w s k i ' s ' 8 p r o c e d u r e b y in jec t ing 
pe t ro la tum. Kör te 1 used a " c o m p o s i t e graft" f rom 
the heal thy s ide to reconstruct the auric le . A u t o g e -
nous costal carti lage, w h i c h later g a i n e d the most 
w i d e s p r e a d acceptance as a s u p p o r t i n g frame mate­
r ia l , was l i k e w i s e used very e a r l y 2 2 a n d is st i l l b y far 
the most c o m m o n l y a p p l i e d frame material for au­
r icular reconstruct ion . Preference is u s u a l l y g i v e n to 
the frame shape accord ing to T a n z e r 2 3 or B r e n t , 2 4 

w h i l e the s k i n coverage is a c h i e v e d i n di f ferent 
w a y s . 8 - 2 4 - 3 5 

T h o u g h isolated at tempts have repeatedly been 
m a d e to operate w i t h o u t a s u p p o r t i n g f r a m e , 1 8 - 3 6 - 3 9 

(v. S z y m a n o w s k i 1870, Berger 1907 (cited after N e l a -
ton a n d O m b r e d a n n e 1907), Beck 1925, de R i v e r 
1927, Sar ig et dl. 1982), the poss ib i l i t ies of thus f o r m -
i n g an appropr ia te relief are very l i m i t e d . 

E s s e r 4 0 d e m a n d e d that the frame be " l ight , p l i -
able, a lways suf f ic ient ly available, i m p l a n t a b l e i n 
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one piece, w i t h o u t rejection a n d w i t h h i g h tensile 
strength at m i n i m a l thickness." A m o n g others, Peer 4 1 

a n d C r o n i n 4 2 c o n s i d e r e d the choice of s u p p o r t i n g 
frame to be very m u c h more impor tant t h a n the tvpe 
of s k i n coverage. A c c o r d i n g to T a n z e r , 4 3 "the i d e a l 
s u p p o r t i n g frame consists of n o n - o r g a n i c material 
that can be preoperat ive ly f o r m e d , then s ter i l ized 
and a p p l i e d . " 

Synthet ic materials were i n t r o d u c e d in aur icu lar 
reconstruct ions , on the one h a n d , because of the 
d e m a n d for an u n c o m p l i c a t e d s u p p o r t i n g frame, 
and on the other, the aspirat ion not to purchase a 
plastic correct ion in the face by a poss ible d e f o r m a -
t ion i n another b o d v reg ion , w h i c h cannot a lways be 
r u l e d out w h e n autogenous material is r e m o v e d . 
Unfor tunate ly , there are some unattractive examples 
of this in the l i terature. Par t i cular ly w h e n the recon-
structed ear contour s h o w s postoperat ive t h i c k e n i n g 
and s p r e a d i n g , the patient also tends to deve lop 
h y p e r t r o p h i c scars or k e l o i d s at the d o n o r site on the 
costal a r c h . 4 4 

A m o n g the a l loplast ic materials , those most c o m -
m o n l y chosen apart f rom w i r e frames were synthet ic 
materials . The si l icone frame first in t roduced b y C r o ­
n i n 4 2 in 1966 ga ined the most w i d e s p r e a d acceptance 
b y far. A f t e r autogenous costal cart i lage, these s i l i ­
cone frames have been the second most f requent ly 
a p p l i e d materials in the last ten vears. Synthet ic 
materials meet the d e m a n d of Sa i^enera -RosseUi , 4 3 ' 4 ' " 
to achieve "the best result w i t h i n the shortest p e r i o d 
of t ime w i t h as few intervent ions as p o s s i b l e . " 

A further reason for s w i t c h i n g over to al loplast ic 
frame materials is the f requent ly observed resorp-
tion of b iogenous materials . W h i l e the resorpt ion of 
a l logenous a n d xenogenous cartilage is general ly ac-
cepted , it is a p p a r e n t l y less w e l l k n o w n that autoge­
nous costal carti lage transplants can eventual ly be 
used u p as w e l l . Ten percent of the authors mentioned 
in our literature s t u d y " saw extensive resorpt ions of 
autogenous frames i n the course of l o n g - t e r m fo l low-
u p examinations; 20% reported a spreading or shrink-
i n g of the reconstructed auric le , w h i c h l i k e w i s e m u s t 
i n part be interpreted as resorpt ion . 

S k i n necroses a n d p r o t r u s i o n s of the cart i lage 
were descr ibed by 29% of the authors a n d are thus 
by no means u n c o m m o n p h e n o m e n a . A p r o b l e m 
involved i n o b t a i n i n g the mater ia l is the occurrence 
of p leura l ruptures (descr ibed b y 10% of the a u ­
thors); y o u n g patients can also d e v e l o p g r o w t h d i s -
turbances a n d deformit ies of the thorax. 

The p r e d o m i n a n t compl ica t ion associated w i t h s i l ­
icone frames, o n the other h a n d , is the very h i g h 
incidence of i m p l a n t rejection (observed b y 80% of 
the surgeons) . S k i n perforations of s i l icone frames 
were m e n t i o n e d bv 60% of the authors a n d infect ions 
b y 4 6 % . 
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PROPOSED SURGICAL CONCEPT 
FOR AURICULAR RECONSTRUCTION 

Supporting Frame 

The considerable d isadvantages of u s i n g autoge­
nous materials a n d the p r o b l e m s w i t h the p r e v i o u s l y 
k n o w n al loplast ic materials have lent s igni f i cance to 
the search for a sui table synthet ic material as a s u p ­
p o r t i n g frame. T h u s it was justif iable to a p p l y a 
p r o m i s i n g synthet ic mater ia l l ike porous P o l y e t h y l ­
ene in aur i cu lar recons t ruc t ion . 

Porous h i g h - d e n s i t y Po lye thylene ( P H D P E ) is a 
pure synthetic material wi thout toxic addit ives (Pore-
c o n B ) . It has a pore s ize of 150 u.m; the pore S y s t e m is 
in terconnect ive ly o p e n , thus p e r m i t t i n g i n g r o w t h of 
connect ive tissue a n d bone, w h i c h we were able to 
c o n f i r m b y deta i led exper imenta l s t u d i e s . 4 7 W e have 
been u s i n g Porecon - i m p l a n t s for years to recon-
struct b o n y facial defects a n d have achieved v e r y 
successful r e s u l t s . 4 8 W e d i d not observe a n y resorp­
t ion . The mater ia l can easi ly be shaped w i t h the 
sca lpel . Del icate t h r e e - d i m e n s i o n a l frames f o r m e d 
accord ing to o u r Suggest ion are available for a u r i c u ­
lar reconstruct ion (Fig . 1).* 

* M a n u f a c t u r e d b v E f f n e r G m b H , A l t - L a n k w i t z 102, 
P O B 46 02 20, D-1000 B e r l i n 46. 

Figure 1. T h r e e - d i m e n s i o n a l porous Polyethylene trame 
for aur icular reconstruct ion. 
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Skin Coverage 

I n a d d i t i o n to C o m p o u n d a n d s p l i t - s k i n f laps, sev­
ere] spec ia l Solut ions have been sugges ted for s k i n 
coverage of these frames i n cases of m i c r o t i a . 4 9 - 5 1 

N e u m a n n " (1957, c i ted after O ' N e a l et a l . 1984) s u g ­
gested the " s k i n e x p a n d e r " to achieve a n augmenta-
t i o n a n d t h i n n i n g of the s k i n . 

O u r evaluat ion of the l i terature 1 1 s h o w s that a 
m a r k e d l y favorable in f luence o n the l o n g - t e r m re-
sults in aur icu lar recons t ruc t ion is exerted b y the 
" f a n - f l a p t e c h n i q u e " repor ted b y Fox a n d E d g e r t o n 5 3 

a n d p r e v i o u s l y d e s c r i b e d i n pr inc ip le b y E d g e r t o n 
a n d B a c c h e t t a . 5 4 T h i s p r o c e d u r e involves encas ing 
the i m p l a n t i n fascia of the t e m p o r a l musc le pr ior to 
coverage. The implant coating w i t h per ios teum ("peri-
chondrizat ion") descr ibed by H e r r m a n n and Z ü h l k e 5 5 

c a n be regarded as a forerunner of the technique . 

Surgical History 

F i v e cases of micro t ia have been treated w i t h the 
i m p l a n t s s h o w n i n F i g u r e 1. O n e of these is a case of 
p u r u l e n t per i chondr i t i s in w h i c h the necrotic car­
tilage was replaced b y s u c h a frame after the acute 
infec t ion healed. The other cases i n v o l v e d m i c r o t i a . 

A n encasement w i t h t e m p o r a l fascia ("fan f lap") 
or a Variation of this t echnique was a p p l i e d i n a l l 
cases. S k i n coverage was achieved w i t h thick split 
s k i n , fu l l - th ickness s k i n , or loca l s k i n f laps . 

W i t h the exception of isolated ear ly postoperat ive 
compl ica t ions that were easy to control ( t a p p i n g of 
seromas, m i n o r s u t u r e corrections) , there has not as 
yet been a n y fai lure in an Observation p e r i o d of t w o 
to f ive years. There have been no rejections or infec-
t ions . 

Case Example 

Surgica l treatment of micro t ia o n the r ight i n p a -
tient F A . (Figs. 2-7) . The patient h a d n o r m a l a u d i -
t ion on the left a n d thus d i d not w i s h to have h i s 
hear ing i m p r o v e d surgical ly . For an explanat ion of 
F igures 2 - 7 , see legends . 

DISCUSSION 

P o r e c o n 5 is the first synthet ic mater ia l to be e x a m -
i n e d for use i n c o n s t r u c t i n g s u p p o r t i n g frames for 
aur icular reconstruct ion since the i n t r o d u c t i o n of s i l ­
icone implants b y C r o n i n . 4 2 The first c l in i ca l results 
can be assessed pos i t ive ly w i t h o u t reservations. Just 
as i n reconstruct ion of the facial c r a n i u m , the porous 

Figure 2. Preoperative microt ia on the right. 

Polyethylene also d isplays its advantages here: g o o d 
plast ic i ty a n d stability, l o w w e i g h t , a n d g o o d toler-
ance. D u e to its porosity, anchorage b y i n g r o w i n g 
connect ive tissue appears to be a c c o m p a n i e d b y par-
t i cu lar ly g o o d n u t r i t i o n of the covered s k i n i n the 
rather r i s k y i m p l a n t b e d , so that necroses a n d frame 
perforations occur less easily. Postoperative revis ions 
of the synthet i c f rame were r e p e a t e d l y r e q u i r e d 
w i t h o u t l e a d i n g to a n y h e a l i n g dis turbances . 

C o m p a r e d to b iogenous materials , this synthet ic 
f rame material involves no resorpt ion a n d does not 
necessitate a s e c o n d Intervent ion i n the pat ient . 
There is less d a n g e r of in fec t ion t h a n w i t h s i l icone 
frames. The fan- f lap technique has proven to be 
valuable a n d effective for the i m p l a n t a t i o n . 
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B 

Figure 3. A , Incision for exposure of the fan flap and 
d i v i s i o n of the aur icular rudiment is marked. B, A Z-plasty 
was performed for d isplacement of the ear lobe. 
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Figure 7. A , The same patient three years after surgery; in a second Session, an intervention was performed to litt the 
auricle as w e l l as to form a tragus and an o p e n i n g to the auclitory c a n a l . B, C loser v iew of the reconstructed ear. For Utting of 
the auric le and creat ion of a postauricular sulcus, an "Esser in lay " was used as a t o m p o s i t e grafl w i th contralateral c o n c h a 
carti lage. 

REFERENCES 

1. Tänzer RC: Correction of the microtia with autogenous cos­
tal cartilage. In Tänzer R, Edgerton M T (eds): S y m p o s i u m o n 
R e c o n s t r u c t i o n of t h e A u r i c l e . St. Louis: C V Mosby, 1974, pp 
46-57 

2. Bauer BS: Reconstruction of the microtic ear. J Pediatr Surg 
19:440-445, 1984 

3. Körte W : Fall von Ohrenplastik (Sitzung v. 13.11.1905). Verh 
Fr Vrgg Chir Berlins 18:91-92, 1905 

4. Hitner E: Zwei Auroplastiken. Münch M e d Wschr 30:1681-
1682, 1914 

5. Weerda H : Unsere Erfahrungen m i t der Chirurgie der 
Ohrmuschelmissbi ldungen. III. Das " M i n i o h r " und das 
stark deformierte "Tassenohr." IV. Die Mikrotie. Larvngol 
Rhinol Otol (Stuttg) 61:493-500, 1982 

6. Peer L A : Experimental observations with the growth of 
voung human cartilage grafts. Plast Reconstr Surg 1:108-
112, 1946 

7. Pellnitz D : Über das Wachstum der menschlichen Ohrmus­
chel. Arch Kl in Exp O h r Nas Kehlk Heilk 171:334-340, 1958 

8. Meyer R, Sieber H : Konstruktive und rekonstruktive C h i ­
rurgie des Ohres. In Gohrbandt, Gabka, Berndorfer (eds): 
H a n d b u c h der P l a s t i s c h e ) ! C h i r u r g i e , Vol. 2 , part 3. Berlin: de 
Gruyter, 1973, pp 1-62 

9. Davis ]: A e s t h e t i c R e c o n s t r u c t i v e O t o p l a s t y . Berlin: Springer, 
1987 

10. Berghaus A , Toplak F: Chirurgische Konzepte für die Wie­
derherstellung der fehlenden Ohrmuschel . Historische 
Übersicht und Versuch einer Bestandsaufnahme. In Pfeifer 
G (ed): D i e Ästhetik v o n F o r m u n d F u n k t i o n in der P l a s t i s c h e n 
u n d W i e d e r h e r s t e l l u n g s c h i r u r g i e . Berlin: Springer, 1985, pp 
157-165 

11. Berghaus A , Toplak F: Surgical coneepts for reconstruction 
of the auricle. Historv and current State of the art. A r c h 
Otolaryngol Head Neck Surg 112:388-397, 1986 

456 

12. Toplak F: D i e T o t a l r e k o n s t r u k t i o n der O h r m u s c h e l . Geschichte 
u n d o p e r a t i v e P r o b l e m a t i k . Berlin: Inaug Diss, 1986 

13. Dieffenbach JF: Von dem VViederersatz des äusseren Ohres. 
In Dieffenbach JF (ed): C h i r u r g i s c h e E r f a h r u n g e n , besonders 
über die W i e d e r h e r s t e l l u n g zerstörter T h e i l e des m e n s c h l i c h e n Kör­
pers nach neuen M e t h o d e n . Berlin: Enslin, 1830, pp 115-189 

14. Zeis E: Von der Otoplastik oder Ohrbi ldung. In Zeis E (ed): 
H a n d b u c h der p l a s t i s c h e n C h i r u r g i e , Berlin: G . Reimer, 1838, 
pp 464-468 

15. Fritze H E , Reich O F G : Von der Otoplastik (Ohrbildung). In 
Fritze H E , Reich O F G (eds): D i e plastische C h i r u r g i e in i h r e m 
w e i t e s t e n U m f a n g e d a r g e s t e l l t u n d d u r c h A b b i l d u n g e n erläutert. 
Berlin: Hirschwald , 1845, pp 110-111 

16. von Tröltsch A : Die Krankheiten des Ohres. In Pitha, Bil l ­
roth (eds): H a n d b u c h der a l l g e m e i n e n u n d speziellen C h i r u r g i e , 
Vol. 3. Stuttgart: E Enke, 1866, pp 1-12 

17. König F: Die Krankheiten des äusseren Ohres. In König F 
(ed): L e h r b u c h der speziellen C h i r u r g i e für A r z t e u n d S t u d i e r e n d e , 
Vol. 1. Berlin: Hirschwald, 1885 

18. von SzymanowskiJ : Ohrbi ldung, Otoplastik. In von Szyma-
nowski J (ed): H a n d b u c h der o p e r a t i v e n C h i r u r g i e . Braun­
schweig: E Vieweg und Sohn, 1870, pp 303-306 

19. Schanz F: Wiederersatz einer verlorengegangenen Ohrmus­
chel. Korrespondenz-Blätter des allgemeinen Ärztl. Vereins 
von Thüringen 19:288-293, 1890 

20. Randall BA: A n attempt to replace an auricle bitten off in 
chi ldhood. Arch Otol 22:163-165, 1893 

21. Hacker H : Fälle aus der chirurgischen Kl inik . Si tzung vom 
19. Januar 1901. Wien Kl in Wschr 14:665, 1901 

22. Schmieden V: Der plastische Ersatz von traumatischen De­
fekten der Ohrmuschel . Berl K l i n Wschr 314433-1435, 1908 

23. Tänzer R C : A n analysis of ear reconstruction. Plast Reconstr 
Surg 31:16-30 

24. Brent B: The correction of microtia with autogenous cartilage 
grafts: I. The classic deformity. II. Atypical and complex 
deformities. Plast Reconstr Surg 66:1-21 

25. Ogino Y: Reconstruction of the externa! ear. Transactions 



P O R E C O N « I M P L A N T A N D F A N F L A P — B e r g h a u s 

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

26. Barinka L: Congenital malformations of the auricle and their 
reconstruction bv a new method. Acta C h i r Plast 8:53-61, 
1966 

27. Schlöndorff G : Ohrmuschelaufbauplastik. Indikation und 
Durchführung. A r c h K l i n Exp Ohr Nas Kehlk Heilk 191: 
732-735, 1968 

28. Edgerton M T : Ear construction on childrcn with congenital 
atresia and Stenosis. Plast Reconstr Surg 43:373-380, 1969 

29. Spina V, Kamakura L , Psillaktis J M : Total reconstruction of 
the ear in congenital microtia. Plast Reconstr Surg 48:349-
357, 1971 

30. Fukuda O, Yamada A : Reconstruction of the microtic ear 
with autogenous cartilage. Cl in Plast Surg 5:351-366, 1978 

31. Weerda H : Das Ohrmuscheltrauma. H N O 28:209-217 
32. Weerda H : Die Chirurgie der kindlichen Ohrmuschelmiss­

bi ldung. Laryng Rhinol Otol 63:120-122, 1984 
33. Pitanguy I: Ear reconstruction. In Pitanguy I (ed): A e s t h e t i c 

P l a s t i c S u r g e r y of Head and Body. BerlimSpringer, 1981, pp 
232-341 

34. Song R, Chen Z , Yang P, Yue J: Reconstruction of theexternal 
ear. C l i n Plast Surg 9:49-52, 1982 

35. Song Y, Song Y: A n improved one stage total ear reconstruc­
tion procedure. Plast Reconstr Surg 71:615-623, 1983 

36. Nelaton C , Ombredanne L: Troisieme partie: Otoplastie. In 
Nelaton C , Ombredanne L (eds): Les A u t o p i a s t i e s . Paris: 
Steinheil, 1907 

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

38. de River PJ: Restoration of the auricle. California West M e d 
26:654-656, 1927 

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

40. Esser JFS: La C h i r u r g i e plastique faciale. Presse M e d 17:325-
326, 1935 

41. Peer L A : Behavior of grafts and implants. A r c h Otolaryngol 
77:34-41, 1963 

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

43. Tanzer R C : A n analvsis of ear reconstruction. Plast Reconstr 
Surg 31:16-30, 1963 

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

45. Sanvenero-Rosselli G : La C h i r u r g i e plastique d u pavillon de 
l'oreille. Rev Chir Plast 2:27-53, 1932 

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

47. Berghaus A , M u l c h G , Handrock M : Porous Polyethylene 
and Proplast: their behaviour in a bonv implant bed. A r c h 
Otorhinolaryngol 240:115-123, 1984 

48. Berghaus A : Porous Polyethylene i n reconstructive head and 
neck surgery. A r c h Otolaryngol Head Neck Surg 111:154-
160, 1985 

49. Esser JFS: Totaler Ohrmuschelersatz. Münch M e d Wschr 36: 
1150-1151, 1921 

50. White MF, Rubin LR, Waiden R H : Total ear reconstruction a 
three stage procedure. Plast Reconstr Surg 18:117-126, 1956 

51. Weerda H : Einzeitige Rekonstruktion von Ohrmuschelde­
fekten mit einem "Transpositions-Rotationslappen." L a r y n -
gol Rhinol Otol 60:312-317, 1981 

52. O 'Neal R M , Rohrich RJ, Isenberg P H : Skin expansion as an 
adjunct to reconstruction of the external ear. Br J Plast Surg 
37:517-519, 1984 

53. Fox JW, Edgerton M T : The fan flap: A n adjunct to ear recon­
struction. Plast Reconstr Surg 58:663-667, 1976 

54. Edgerton MT, Bacchetta C H : Principles in the use and sal-
vage of implants in ear reconstruction. In Tanzer R, Edger­
ton M T (eds): S y m p o s i u m o n R e c o n s t r u c t i o n of t h e A u r i c l e . St. 
Louis: C V Mosby, 1974, p 58 

55. Herrmann A , Zühlke D : Periost als Ersatz des Perichon-
driums beim Wiederaufbau der Ohrmuschel . Langenbecks 
A r c h C h i r 306:59-65, 1964 


