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Editor's Note

Dear Reader,

The healthcare sector is one of
the world's fastest-growing
industries. Many countries are
investing heavily into expand-
ing their healthcare systems.
At the same time, many
patients across the globe are
heading out to find medical
treatment that best suits their
needs.

The German Medical Journal
is a digital trade journal for the
global medical community.

It is dedicated to medical and
scientific progress and serves
to promote international know-
ledge transfer.

Within a few years, the journal
has become one of the most
respected and most widely
read medical trade publications
in the world.

The German Medical Journal
owes its success to its expert
content and the Internet.

The Web is the ideal commu-
nication channel for media of
global relevance. Digitalisation
combined with networking,
media partnerships, collabora-
tions and other activities have
tripled the readership of the
German Medical Journal.
Anyone with a smartphone has
instant access to the journal at
any time and any place.

In the spring of 2013, the GMJ
was a media partner of impor-
tant international medical trade
shows such as the MedExpo
in Jeddah, Saudi Arabia, the
SMTS Shanghai Medical &
Healthcare Tourism Confer-
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ence in Shanghai, China, and
the 16th SE-Asian Healthcare
Show in Kuala Lumpur, Ma-
laysia. Our agenda for future
media partnerships so far
includes the Oman Healthcare
Conference in autumn 2013 in
Muscat, Oman, the Internation-
al Medical Tourism Conference
& Exhibition in China 2013 in
Shanghai and the IMF Interna-
tional Medical Forum 2014 in
Kiev, Ukraine, which we will
also be attending.

Globalisation gives people the
opportunity to take advantage
of medical knowledge and
benefit from medical progress
at any place in the world that
has Internet access.

We are always delighted by the
large amount of feedback we
receive from many countries all
over the world and would like
to thank you for it.

Enjoy your
German Medical Journal

Nadine Baume
Managing Director

e Gualadl 5 0¥ (2 52l
Lsalle s ¥Y S

21yttt Ll Uaals
oY Sa aais LaMe ¥
& dmall le )l (o500
Ugs ol 3 Y VY Ciipa
G b ol s lallly e
Yere ale Ll Syl

Loyl s o QS"-"J

Tyl (ol Tyallall s
aalall @ o glaall (o 0Lin M
Ol sl b bl il
25,81 I Jsaall LS 13 allall
e

oS AL Ladly (a9 e L3
O Lgaliad Al olEadaill o
Ol agis alladl Jsu (o 5ui<)
il e aa S

@S
Aol Lol sl

Nadine Baume
Managing Director

http://www.facebook.com/GermanMedicalJournal
https://twitter.com/GermanMedicalJo

o8l (ghu5e

aad gaall p Uadll jiiay
Saiudy . gaill Layyi oleliall
S oS Sy g Jyall o i<l
s - gl Lpollsl g3
e ol o S3SI O l
alladl ge Lajla Gsia alladl
pelals culis il Ll

Uae oo Tola¥ Lphll Aadl o)
& bl paiaall e, 4l
gl suskilldgase ooy allall
Lipnall J& 3 aalusy galall 5

(ol s il e il

ol gl JMa Usdl cnyal

Lol yiad o Maall L3ST aal L lall
& 36l Al ol salaall i<y
Al

T LY Ll Aol e gans
8alls caldl g g3aall I
LSl A2l e ¥l
Lasd Lol Ty dlef 3133
LBl Agy lall o) alladly Blas,
i DY Al asla L

o Oolailly o Me Y1 s A1l
sae miels 48 g, A Y ol
G5 Lol bl Aa i 613
sla agal e gl Blasl
IS Ll Ja o 08 (S0
Ol sy ola) 5T b 598

o e ¥ el il Lol gl
L ) Ll &S5 ye i<
& Bl 2l Jis dalll
el aile g Ly sl Sua
Ol 3 Laalall Za Lyl 5 abal)



International Medical College-1MC”

The modern university institution for postgraduate

education and clinics in dentistry,

medicine and medical technology ¥

Best in Postgraduat
Education

The International Medical College® (IMC®) is
an established german based university insti-
tution for postgraduate continuing education
with the aim of the most excellence know-
ledge transfer in the field of dentistry, medici-
ne and medical technology.

Our maxim: Achieving expert level by
the best education

Our service:
e Postgraduate Master's degree programs (M.Sc)
® Successfully accredited in accordance with
the Bologna Criteria system by the German
and European Accreditation Council
e Master of Science (M.Sc.) in
¢ Implantology and Dental Surgery
® Aesthetic and Dental Surgery
® Specialized Orthodontics
¢ Medical Enineering (start in
October 2014)
® Academic university programs
® High level practical training

Our offer:

Best education by the network of the
very prestigious universities of Dresden,
Essen, Homburg/Saar, Leipzig, Szeged and
Bangkok (Mahidol) under the supervision
of IMC Miinster.

Are you interested
in our program
and a candidate
for the best
training?

www.med-college.de
IMC-International Medical College
GartenstraBe 21 | 48147 Miinster
Tel: +49 251 210 86 39
E-Mail: imc@med-college.de
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CRANIOFACIAL
CENTER
MUNSTER

Best in
Craniofacial Surger

The Craniofacial Center Miinster® (CFC®)
is a highly specialized, interdisciplinary
center for the treatment of diseases of the
craniofacial region.

Our maxim: Restoration of
maxillofacial function and esthetics

Our service:

® Maxillofacial surgery

e Implantology (with and without
jaw reconstruction)

® Jaw reconstruction

e Jaw deformities (orthognathic surgery)

e Cleft lip and palate

e Craniofacial malformations (for example,
Apert, Crouzon and Pierre Robin syndromes)

® Oral and maxillofacial tumors

® Temporomandibular joint disorders

® Assistance and support concerning trans-
portation, residency, treatment and
payment

Our offer:
Experience of 30 years and more
than15.000 craniofacial operations.

Are you a
candidate for
best surgical

treatment?

www.cfc-muenster.de
CFC-Craniofacial Center Minster
Schorlemerstr. 26 | 48143 Miinster
Tel: +049 251 287 699 90
E-Mail: info@cfc-muenster.de

miHnm

COMPETENCE IN
NEUROSPINE

Best in
Spine Surgery

Competence in Neurospine® (CNS®) is a center
of specialists in neurosurgical treatment of
spine disorders in Miinster [ Germany.

Our maxim: Preservation
of physiological spine motion

Our Service:

® Specialization in neurosurgical treatment
of spine disorders

e Use of special neurosurgical skills and the
artificial disc, which supports our maxim
at its best

® Providing this unique standard of therapy
in Germany to patients worldwide

® Maintaining or improvement of natural
movement of the vertebrates

® Assistance and support concerning trans-
portation, residency, treatment and payment

Our offer:
Perfect surgical therapy for cervical
disc herniation.

Are you a candidate for the best
surgical therapy?

M6 artificial disc,
smith & nephew

www.cns-germany.com
CNS-Competence in Neurospine
Schorlemerstr. 26 | 48143 Miinster
Tel: +049 251 287 699 95

E-Mail: info@cns-germany.com
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Dental Implantology

Prof. Dr. Dr. F. G. Draenert, MD
Dr. D. Huetzen, MD
Prof. Dr. Dr. A. Neff, MD

Background

An appropriate bony situation
is essential for dental implant
placement and bony support
of soft tissues (pink esthetic).
Loss of teeth often results in
complex horizontal and verti-
cal alveolar ridge defects.
They demand advanced bone
augmentation techniques for
reconstruction.

Purpose

We present the different tech-
niques and materials used in
complex bone augmentation.
Clinical cases show the ap-
plication of the methods in the
clinical setting.

Materials and Methods

We present current techniques
and materials used in complex
bone augmentations. Clinical
cases show the application

of the methods in the clinical
setting. Applied techniques
include: stabilized guided bone
regeneration, autologous local
block augmentation, modified
techniques such as Gellrich
shell technique, including pi-
ezosurgery, pelvic bone blocks,
complex materials such as
graft-derived bone blocks, and

their unique handling problems.
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Results

Successful basic principles
are: reduction of cortical bone
healing due to long remode-
ling time and possible late
loss; extended application of
materials with interconnecting
porous system and particulate
material resulting in fast heal-
ing analogous to cancellous
bone; mechanical stabilization
of the augmentation to allow
bone healing in vertical defect
situations.

Conclusions

Guided bone regeneration and
autologous bone blocks with
minimal cortical thickness and
a high volume of particulate
material are most favorable
techniques.

Key words: dental implantolo-
gy; bone augmentation; dental
implants

I. BASICS

Bone Morphology

The two morphological forms
of bone are cancellous and

compact bone (36, 88) (see
Fig. 1). Cancellous bone shows
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compact bone

Fig. 1: Left: Bone morphology of compact and cancellous bone; right: Two-
times sequence marking with tetracycline in the rabbit patellar groove model

shows the lamellar bone healing.

a trabecular structure with an
internal lumen containing bone
marrow that serves as a source
for pluripotent stem cells and
vessels during the healing
process. Healing starts in a
lamellar fashion from the bone
marrow space. Cortical bone is
a compact and stiffer structure
with higher mechanical stability
and limited internal remodeling
capabilities. The internal struc-
ture of both bone tissues is
lamellar as described above.

Histomorphology of bone
distinguishes between lamellar
bone of complex structure and
plexiform bone (see Fig. 1) (36,
88). Plexiform bone does allow
fast healing and growth but
only simple structures of or-
thogonal primary osteon struc-
ture with a mechanical overall
weakness of evolutionary
relevance in large organisms.
It is therefore often found in
small mammals such as mice,
rats, and some rabbits. Larger
mammals including pigs, dogs,
and humans have a complex

lamellar bone structure.
Ontogenesis of bone in hu-
mans starts with embryonal
plexiform bone structures lead-
ing to the mature bone struc-
ture with secondary osteons
(Haversian system).

The structure principle of com-
pact bone consists of osteons
with a central Haversian canal
containing osteocytes and ves-
sels, surrounded by mineralized
matrix lamellae and interstitial
lamellae (see Fig. 1) (88).
Osteocytes are connected with
each other via gap junctions
through the Canaliculi ossei.
Cancellous bone trabeculae are
similar in structure.

Periosteum separates bone
from surrounding connec-

tive tissue and consists of

two layers: Stratum fibrosum
(external) and Stratum osteo-
genicum (internal) containing
nerves, vessels and also osteo-
genic progenitor cells allowing
chemotactic migration during
bone healing.

cancellous bone
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Contact healing

e Havers channels jump the fracture gap
e CAVE: Remodelling is essential for full stability

Fig. 2: Synopsis der of bone healing types; left: contact healing; right: gap

and defect healing

Bone tissue consists of cells
and matrix (ossein). Ossein
contains inorganic minerals,
mostly hydroxyl apatite, and
organic molecules mostly col-
lagen type |, composed in a
complex way to form a stable
bone matrix structure (40,
104, 119, 136). The organic
matrix also contains several
other molecules with complex
functions including proteogly-
cans such as aggrecan with its
glycosaminoglycan arms and
multiadhesive proteins, but
also its hyaluronic acid cores
or newly discovered fibrils and
other structures under current
research (39, 50, 96).

Bone Healing
Healing of augmented bone

transplants and biomaterials at
the interface site is analogous

to defect fracture healing (2-4,
32, 35, 36, 47,70, 71, 75, 93-
95, 137): aseptic inflammation
and chemotactic cell migration;
loose preliminary tissue (soft
callus); mineralized immature
bone (hard callus); remodeling
resulting in full functional bone
(see Fig. 2) (105). This mode
of healing concerns all free
avascular transplants includ-
ing guided bone regeneration
(GBR) and block augmenta-
tions. Contact healing is there-
fore not an issue in all of these
augmentations and would re-
quire both sides of the healing
site to be vasculated vital bone
tissue (see Fig. 2) (35, 88). The
gap healing in bone augmenta-
tions includes lamellar healing
at the interface site and the
periosteum with cell recruit-
ment from blood, bone marrow
and the periosteum, depending

Defect or gap healing

e A: Inflammation:

A: hematoma / B: chemotaxis/migration / C: granulation

e B: Soft Callus
e C: Hard Callus
e D: Remodelling
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Dental Implantology

Fig. 3: Synopsis subperiostal healing
of an implant or transplant.

periostium

cancellous bone

compact bone

on the local anatomy (see Fig.
3) (33-35, 79, 87).

This cell recruitment includes
local osteoblast progenitors
(human trabecular bone-derived
cells - HTBs), and blood-derived
CD-34-positive embryogenic
progenitor cells (EPCs) (14, 74,
91, 111, 140). Differentiation
of local adult stem cells is not
well understood yet. However,
the differentiation of EPC fol-
lows a stepwise change into an
osteoblast while losing pluripo-
tent capabilities from the EPC
with high CD34-positive cells,
followed by the stage of “circu-
lating osteoblast lineage cell”
towards the “blood mesen-
chymal precursor cell” (BMPC)
directly differentiating into
osteoblasts with continuously
rising percentage of stromal
cell-derived factor-1 (SDF-1)
CXCR4-receptor (74). Vascular
cells in newly formed bone tis-
sue are also derived from EPCs
(54, 60). Osteoclasts are part
of the mononuclear phagocyte
system and derived syncytia
formations of these cell line-
ages (108).

Viscerocranial bone of the facial
area is mesectodermal tissue
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lamellar healing

in the matrix

appositional healing
subperiostal

contact healing
at the interface

derived from the branchial arch
rather than mesenchymal tis-
sue derived from other bones
(22-24, 66). This issue should
be considered.

Cell Induction in Bone Tissue:
Osteoinduction and
Neoangiogenesis

The time course of bone
healing is influenced by sev-
eral factors. This includes the
stability and morphology of the
transplant or mesh graft with
biomaterial as well as biologi-
cal factors. Those factors are
osteoconductivity, osteoin-
ductivity/vasoinductivity, and
osteogenicity present in the
bony implant bed and the graft
or mesh.

Osteoconductivity concerns
macro- and micromechanical,
and morphological proper-
ties that promote a bone
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Dental Implantology

Fig. 4: Common augmentation
materials:

A: Bone chips from the implant
bed (example: CAMLOG)

B: bone mill for particularization
of blocks

C: bone scraper

D: commercial biomaterial
(example: BioOss)

tissue-specific activity and
differentiation including matrix-
cell-interactions, but also pore
size, surface properties, and
interconnectivity of pores in
biomaterials and bone grafts,
but finally also external me-
chanical influences such as
shock waves (13, 41, 52, 65,
90, 141).

Osteoinductivity is specific
ligand-dependent cell activa-
tion by growth factors and
other molecules leading to
bone growth and differentia-
tion. Growth factors are related
to the TGF-R family, such as
BMPs (bone morphogenic
proteins) e.g. BMP-2 or BMP-7,
or basic FGF and VEGF (2, 12,
55, b8, b9, 67, 126-129, 139).
FGF and VEGF are also strong
vasoinductive factors. There
are several approaches to ap-
plying growth factors in clinics
(11,17, 45, 46, 68, 121, 122,
132, 138). However, this ap-
plication will most likely remain
limited to specific clinical condi-
tions for two main reasons.
Firstly, tissue healing is limited
by cell capabilities during the
described phases of bone
healing with cell recruitment,
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chemotaxis, differentiation, and
specific tissue matrix produc-
tion and cannot be accelerated
beyond biological limits by ex-
ternal growth factors. Current
experimental results do not
respect these clinically relevant
limits in vitro and in vivo (72,
105). Secondly, it is a fact that
application of growth factors
and their influence on adult and
embryonic stem cells and dif-
ferentiated tissues involves the
risk of carcinogenic transforma-
tion (78, 85, 89, 92).

Osteogenic properties concern
the continuity of living bone
cells after transplantation. This
is possible by using small bone
pieces combined with fast
revascularization (e.g. par-
ticulate bone augmentation),
press-fit transplants in cancel-
lous bone healing (clinically not
relevant in oral & maxillofacial
surgery), and microvascular
transplants such as fibula or
similar free flaps.

Signal transduction in bone
cells includes general elements
such as ras and MAP-kinases,
but also Smad-dependent path-

ways and integrin-associated
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Dental Implantology

Fig. 5: Local bone donor sites of the
facial skull: mental, crista zygoma-
ticoalveolaris and tuber maxillae,
linea obliqua of the mandible and
mandibular angle.

signaling (29, 84, 109, 120).
Smad-dependent signaling
includes specific second mes-
sengers such as RunX2 and
consists of a complex system
of sub-elements depending on
the associated ligand-system.
BMPs activate Smad 1, 5 and
8 complex that binds Smad

4 and others as DNA-binding
complex in osteoblasts (29, 84,
109). Integrins, on the other
hand, represent an element of
signal transduction activation
by specific matrix binding (41,
65, 90).

Il. BIOMATERIALS AND
TRANSPLANTS

Bone Transplants and
Alloplastic Biomaterials

We will not discuss the wide
field of biomaterial products
in-depth as already published
elsewhere 28, 30, 106. Materi-
als for bone augmentation are
divided into alloplastic (artificial)
biomaterials and transplants
alongside with their natural
xenogeneic, allogeneic, or
autologous derivatives (16,
21,37, 44, 48, 51, 64, 97,

101, 130, 131). Most com-
mon alloplastic materials are:
[-tricalcium phosphate (97),
bioactive glasses (101), and
hydroxyl apatite (51).

Bone material can be further
characterized as: autologous
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(fresh or frozen), allogeneic
(e.g. DBM "“demineralized
bone matrix”), and xenogeneic.
Important material properties
concerning bone healing are
pore size and interconnectivity,
resorbability without severe
inflammation, and macrostabil-
ity of particulate material (63).
Some of these factors, such as
pore size and surface proper-
ties, are evaluated scientifically,
while other factors such as
macrostability are mostly clini-
cally based experiences (13,
141).

Materials can be further
characterized by their potential
to influence bone healing 3:
osteoconductive (promotes
bony ingrowth); osteoinductive
(induces bone tissue genera-
tion by receptor-mediated cell
activation); osteogenic (mate-
rial contains living bone cells or
bone cell precursors).

Most common particulate
materials are bone chips from
the implant site, milled bone
blocks, scraped bone chips,
mesh grafts with alloplastic
materials (see Fig. 4). Growth
factors and tissue engineering
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Fig. 6: Osteotomy techniques
A: Situation before osteotomy after -
previous augmentation and resorp-
tion of the bone block after 2 years
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B: Situation after osteotomy alaall adad a2y dlall —B
C: osteotomy gap after the simulta- R e e -

neous implantation (Nobel Biocare sa plaall g3 e aalill 3520l =C
Replace-base) Bl pudiy o 5l

D: crestal view after implantation;
E: Result after osteotomy and im-
plantation
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are future options in com-
promised bone healing and
complex reconstructive surgery
(11,12, 46, 53, b4, 56, 74, 112,
113, 124, 128, 129, 132-134).
Problems of these techniques
are costs and carcinogenic
risks of growth factors (11, 12,
54, 74, 85, 89, 100, 132, 133).
Dental implantology therefore
offers limited indications for
these options.
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Donor Sites for Bone
Transplants

Choosing the appropriate donor
site for bone transplants is the
second step after analysis of
the defect and augmentation
planning. Most common donor
sites are (63):

e Mandible (chin, angle, linea
obligua, corpus mandibulae)
(62)

* Maxillary (tuber, spina nasalis,
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Local donor sites are of special
interest for applications in

oral and maxillofacial surgery.
Intraoral donor sites are shown
to be less painful for patients
(see Fig. b) (76). Big defects
require extraoral donor sites,
mostly from the pelvic rim
region. Quality and healing
properties of various bone dL5las ulgo po Jus aals scraped
transplants concern their onto- (& IS8 el
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Fig. 7: Bonesplit
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A: simultaneous splitting and implantation
B: result after bonesplit and implantation (Zimmer Dental Implants)

logical origin in particular. While
local skull bone is branchial tis-
sue of mesectodermal origin,
pelvic and most other bone
transplants are mesenchymal
tissues (22-24, 66).

Mandibular bone is the most
common transplant in dentistry
with several donor regions (63,
64, 76, 77): chin, linea obliqua,
angle, corpus mandibulae,
lingual exostosis. Bone is
harvested as a block for either
immediate transplantation or
generation of particles in a
bone mill or similar devices

(62, 110). Using a scraper

is a modern way of directly
generating bone chips (110).
The chin region poses more
donor site morbidity problems
due to the mandibular muscle
attachment and should be
limited to augmentations in the
same region to avoid a donor
site with high morbidity (76).
The linea obliqua area offers a
versatile donor site with limited
risks and complications if the
anatomy of the alveolar nerve
is carefully evaluated (63).

The area of the mandibular
angle and the lingual exostosis
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Fig. 8: Stable GBR technique with titanium mesh e psa3lins Jlaatuly 3,800all GBR 48,k A S
A: adjusting to the vertical defect (Tiolox Mesh), fixation and augmentation (Bi o . N . N

. Bio-Oss) sulujlly el (Tiolox Mesh) & saall 3u3¥1 Cuua Jsaasll —A
(Bio-Oss) B - N - : N
B: vertical defect initial Luganll L3V J Llaull —B
C: after surgery ialyallany —C

D: result after 4 months

E: implantation after mesh removal (Straumann) ol Easy gilinll =D
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Fig. 9: Gellrich-shell technique
(lamellar block)

A: Complex defect front maxillary
teeth area

B: block harvesting from the crista
zygomaticoalveolaris with preserva-
tion of the membrane (Piezosurgery
Mectron)

C: the block graft

D: fixed block augmentation before
smoothening of the edges and par-
ticulate augmentation

are further sites in the same
area with similar risks for the
local nerve. The maxilla offers
only limited amounts of bone
material. However, using tuber
bone or scraping chips from

the anterior wall in combination

with sinus lift surgery can be
an option.

Harvesting bone from the pel-
vic rim is the method of choice
for most indications requiring
large amounts of autologous
bone since it involves limited
risks and allows good access
(61, 81, 99). There is an ante-
rior and a posterior approach
(38, 61, 81). It has been dis-
cussed that the less common
posterior approach may offer
more bone and less morbidity
(1, 61, 81). Complications of
this donor site are pain, bleed-
ing, nerve lesions (N. cutaneus
femoris lateralis), and fractures
of the pelvic bone (61).

Ill. COMPLEX BONE
AUGMENTATIONS -
GENERAL TECHNIQUES

Bone augmentations in dental
implantology can be classified
according to various definitions
(80). We suggest the following
systematic order for complex
bone augmentations:

e Osteotomy techniques:
distraction osteogenesis,
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sandwich techniques, bone
split

e Particulate techniques:
stiff guided bone regenera-
tion (GBR)

e Block techniques:
blocks and lamellae

Osteotomy Techniques

The main advantage of all
osteotomy techniques is the
preservation of the crestal soft
tissue, especially the attached
gingiva and in some cases
even the papillae.

All osteotomy techniques
involve the risk of fractures in
the treated area.
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Fig. 10: Gellrich-shell technique
(lamellar block)

A: complex defect front maxillary
teeth area

B: result after 4 months

C: situation before augmentation
D: fixed block augmentation after
smoothening of the edges and par-
ticulate augmentation with Bio-Oss
E: result after implantation (BEGO
Implants)

Distraction osteogenesis is

an interesting technique in
dysgnathic and craniomaxil-
lofacial surgery (114). Several
approaches in dental implan-
tology have been published
(9, 125). The main problems
limiting wide applications are
two facts:

1.) If there is enough bone for a
distractor, it is also enough for
a dental implant.

2.) The distraction device leads
to additional costs. However,
there are some indications for
alveolar alignment. But these
cases can mostly also be
solved by a sandwich tech-
nique with lower costs and
without the discomfort of the
distraction process.

Sandwich techniques are
analogous to distraction.

A gap is created by placing the
fragment in the final position
and fixed with either osteosyn-
thesis material or the implant
itself, instead of callus distrac-
tion from a small gap (102,
103) (see Fig. 6). Costs and
morbidity are limited compared
to distraction.

Bone split is a horizontal oste-
otomy technique mentioned
here for completeness of the
methods. A narrow alveolar
ridge can be widened and
simultaneous implantation

is possible (see Fig. 7). The
technique is especially interest-
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Fig. 11: Bony healing after 4 to 6 months; A: GBR techniques achieve a
complete healing as well as lamellar block technique; B: Classic block does
not achieve a complete bone remodeling in time, but interface is usually
not close to the implant axis; C: cylinder transplant with smooth interface
unfavorably close to the implant axis; far right side: clinical example cylinder

transplant with loss after 10 months.

ing in edentulous patients and
cancellous areas in the maxilla
with less risk of bad-split. Ap-
propriate periosteal covering
should be preserved.

Particulate Techniques

These methods focus on GBR
techniques (“GBR, guided
bone regeneration”) with stiff
membranes in vertical com-
plex augmentations. GBR, also
known as GTR (guided tissue
regeneration), is a well-known

technique separating the
particulate material from the
surrounding soft tissue (19, 25,
26). The membrane has three
functions: stabilization of the
material, barrier towards the
surrounding soft tissue, limita-
tion of resorption (19). Most
common membrane materials
are xenogeneic collagen (49,
142).

Applying this technique to com-
plex vertical defects requires

a stable membrane, usually
made of titanium or metal-en-
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Fig. 12: Large bone augmentation in
edentulous patient

A: defect situation

B: surgical situation with prepared
Tatum windows

C: big sinus lift with mesh graft (pel-
vic cancellous bone/Bio-Oss)

D: fixed pelvic bone block

E: result after 5 months

forced alloplastic membranes
(e.g. PTFE). The membrane
becomes adapted to the dedi-
cated planned augmentation
area and is filled with particu-

late augmentation material (see

Fig. 8) (18). The application of
the described stiff and non-re-
sorbable membranes requires
a removal procedure usually
combined with the insertion of
the dental implants.

Practical problems of titanium
membranes include fibrous
ingrowth through the wide
holes, especially in situations
with less autologous bone,
and the risk of exposure of the

membrane through the gingiva.

Using a collagen membrane
additionally limits both risks.
Removable prosthetics should
avoid pressure in the augmen-
tation area. Metal-enforced
alloplastic membranes are
occlusive and can also lead to
exposure of the membrane
due to blood supply problems.
Avoiding periosteal cuts and
crestal approaches is one
option to limit risks.

All cases require an appropriate

safety distance from sur-
rounding teeth and the associ-
ated infection risks from the
periodontium. GBR technique
can be combined with other
techniques such as block aug-
mentations. The main problem
of particulate techniques is the
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Dental Implantology

Fig. 13: Fixed prosthetics immedi-

ately after implantation with tilted im-
plants (“All-on-4"; “Malo technique”)

A: planning with Nobel Clinician
B: result after surgery
C: immediate prosthetics in situ

higher resorption rate com-
pared to blocks (110). Alloplas-
tic materials of rough structure
and bigger particle size pro-

vided better bony ingrowth and

mechanical stabilization (86).
Block Techniques

Classic block augmentation
uses an autologous transplant
block fixed with either an
osteosynthesis screw or the
dental implant itself.

Block material can be:

1. Local bone transplants from
the facial bone,

2. Distant donor regions (calva-
ria, pelvic rim, tibia),

3. Commercial materials such
as allogeneic or xenogeneic
bone material.

The concept allows three ap-
plications of the block: modi-
fied shell technolo-gy with thin
bone block and combined
particulate material, classic
hand-formed blocks, and cylin-
der transplants.

Modified shell technique
(lamellar block) applies a thin
cortical bone transplant (e.g.
from the crista zygomatico
alveolaris) being filled with
particulate material analogous
to GBR techniques (see Fig. 9
and 10) (42).

Classic block technique applies
an appropriate block being
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adjusted to the local situa-

tion fixed with osteosynthesis
screws or the implant itself.
Edges are smoothened and
particulate material is applied at
the rims (64).

Using cylinder blocks is a less
common technique mostly
involving autologous corti-

cal transplants (31). Further
observation of these cases
revealed negative results. The
main problems from our point
of view are: interface at the

&

S 958 O (Say g alaws DU
JSLis oy Ll BLEST

b3 iaS Ol g geall 4yl
anl o2 8,5l 3,k 5 periost
oblaall sia waasl ol Lall
Gliws lbis oYl araa
Suslaall LYl e Ao Ml

Cyo 4851l £ lan Yl

O bs paall <y perodontium
Jie 5,2 Y1 3kl oo GBR 43,k
A Wl gy alaall S5a5
Jlanie ¥ Lo I Al oyl
SLLY Jare oo slisall Bk

Ol_.u.uy| 39 %L"

£05 aa2 85fuls Takall o galall V¥ Sl
ULils o galay aalall

("All-on-4"; “Malo technique”)

Jrsd ol G aabasll A
dalyall aay pSanll —B

(8,ls) arsgo 3 sl paball —C

olgall ey (85U 5 &3 Ll
BORNIRUC RN RT:

(VA) GLas, Y sass 3 a
Lile ulse oo Liiue Yl ol ge L3I
xenogeneic elyiua 1wl

(V€Y £9) collagen

e L3kl sia 3aks Aty
Sulaall A0 gandl Liabiall & L3YI
Lo Sule ,8tus pliue Lty

S pssliathl e g sims 05S
sl LS Ml 3 5l Ll Yl
PTFE Y yulaally

Aalaiall po sLiuadl 11 (8,3, Gpa
Sl Sy oS5 sl
bty (VA)(A JSi) a3l ol s
A5 il 322 Y1 Galas

sales A1) Llae olatsdU
porkll g ) pe 4831530 (S Lo
Al

Ll L2ue ¥ sia Baakas o)
ane Y Llae Huill Kl

O Sl saill 58 o g3l
Yl b Lala it JHa
J3l 3all alaadl o 0S5

O sliall (2 ,aill 5,5k

ol ellid ginigiva Lauataa JMA
caiay aa ¥ < el Jlaail
poalall e Camy . cabMaa Y1 NS
il AU AL LEN il
(reansll) Su5asll &lais 5 il
TSI N[ SW-IR PR (I T
LG oo Golaally sluialy



Dental Implantology

Fig. 14: A: Soft tissue preservation
during tooth removal

B: Cleaned and preserved extraction
wound

C: Placing an appropriate implant
type behind the bony envelope
(Dentsply Implants OsseoSpeed)

D: tight wound closure with appropri-
ate healing screw. An immediate
crown is alternatively possible

E: result after 3 months with provi-
sional crown

implant axis, smooth interface
with minimal surface for bony
healing, massive cortical bone.

We give an overview of the
block techniques and our
recommendations compared
to Gellrich-shell technique (la-
mellar block) and classic bone
block and do not recommend
cylinder transplants (see Fig.
11). We have limited data con-
cerning resorbable cylinders
with trabecular structure.

Crestal material rings around a
dental implant are a modifica-
tion of the cylinder techniques
(43). The ring can consist of
autologous bone or a biomate-
rial.

This option may be more
promising, since healing times
are less important due to the
one-step approach concept.
The time-intensive and techni-
cally challenging surgery must
be weighed against the other,
simpler block techniques.

Collagen membranes can be
applied in all block technigues
to separate the soft tissue

and allow neo-periosteum
formation. We recommend the
Gellrich-shell-technique and the
classic bone block. Soft tissue
management, surgical ap-
proach, and implant design are
also important issues in block
augmentation but not the focus
of this review.
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IV. COMPLEX BONE
AUGMENTATIONS -
APPLICATIONS

The Bony Defect after Tooth
Loss in Dental Implantology

Bony defects are a common in-
dication for preimplantological
surgery (21, 37, 64, 130). Tooth
loss leads to bone resorption in
the jaws (20, 21, 37, 69, 130,
13b). The degree of resorption,
bone quality, and patient-spe-
cific factors demand specific
bone augmentation techniques
and bone graft donor sites.
Classification of Cawood and
Howell as well as imaging of
patient-specific defects is the
diagnostic basis for implant
and augmentation planning in
the indication groups (20, 21).
Complex bone defect situa-
tions can be classified in indica-
tion groups:
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Fig. 15: Anatomical implant design (Beispiel: Dentsply Implants OsseoSpeed
Profile); A: Examination and measuring of the implant site; B: implantation
with open approach due to study protocol (closed approach is possible); C:

result after surgery.

e Edentulous jaws

® Front teeth area

¢ Sinus floor elevation

e Alveolar ridge augmentation
in the makxilla

¢ Alveolar ridge augmentation
in the mandible

Edentulous Jaws

The primary issue in eden-
tulous jaws is the concept

of removable versus fixed
prosthetics. The bone resorp-
tion of the jaws leads to a
prognathous mandible and
loss of transversal bone width
in the maxilla additional to the
local bone resorption according
to the classification of Cawood
and Howell (21). These fac-
tors lead to a possible demand
for bone augmentations. Rare
cases with a wide alveolar
ridge and solitary jaw base
disparity are indications for

a LeFort | osteotomy. This is
usually combined with block
augmentations from the pelvic
rim. But most edentulous
cases are indications for classic
pelvic bone blocks in combi-
nation with large sinus floor

elevations in the maxilla (see
Fig. 12). A 3D backward plan-
ning is recommendable, since
prosthetic and surgical plan-
ning is difficult to align without.
Augmentation in the mandible
is usually only necessary in the
areas distal from the mental
nerve, as described later.

Alternatives to bone augmenta-
tion are concepts using tilted
implants to achieve a wide
polygon for the fixed prosthe-
tics with usually four or six
implants, thereby avoiding
contact to the maxillary sinus
and the inferior alveolar nerve
(see Fig. 13) (5, 73). Our results
correspond to the published
data and showed successful
outcomes.

Front Teeth Area

The loss of front teeth, es-
pecially in the maxilla, leads

to fast vertical and horizontal
bone resorption (27, 123). This
process begins with the thin
anterior wall, which is often
already lost or compromised at
the time of tooth loss due to
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Dental Implantology

Fig. 16: Block augmentation in the
upper molar region combined with
sinus floor elevation

A: block harvesting from the linea
obliqua

B: Fixation with osteosynthesis
Screws

C: sinus floor elevation, smoothening
of edges and particulate augmenta-
tion (BioOss)

D: result after surgery

E: result after 4 months

F: Implantation in the augmented
area and additional immediate im-
plantation after extraction of tooth 12
(Dentsply Implants OsseoSpeed)

periodontitis or trauma. Vertical
bone resorption follows over
time. Physiological differences
in the time course of bone
resorption include gender, eth-
nicity, and metabolic disorders.
Socket preservation concepts
involving biomaterial implan-
tation as well as soft tissue
transplants and flaps are ap-
plied to address this issue (57).
Outcomes are not convincing
in general, which leads to the
need for bone augmentations
in most cases (27, 123). These
augmentations are usually
done with classic bone blocks
or shell block technique, as
described above. Membrane
techniques and sandwich os-
teotomy are also possible with
indications in cases of limited
vertical bone loss (membrane
techniques) and wide alveolar
ridges (sandwich technique).
A planned immediate implan-
tation is an alternative (see
Fig. 14). Anatomically adapted
implants can support this tech-
nique (see Fig. 15). Combina-
tion with immediate prosthet-
ics is possible (82, 83). Other
studies with negative results
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used other implant designs and
must be critically considered
(6-8).

Sinus Floor Elevation

The maxillary upper molar
region shows specific bone
resorption dynamics after tooth
loss without periodontitis-asso-
ciated vertical bone loss. Bone
resorption takes place as a
widening of the maxillary sinus
with a vertical bone loss from
this area without change of the
alveolar crest. The correct bone
augmentation in these cases

is therefore an elevation of the
sinus floor (107). There are

two techniques. The first one
involves a direct sinus floor ele-
vation with a window approach
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Dental Implantology

Fig. 17: Block augmentation in the
lower molar region (Zimmer Dental
Puros)

A: Adjusting the block material

B: fixation, smoothening of edges,
particulate augmentation (BioOss)
and BioGide membrane (star)

C: result after 4 months

D and E: implantation (Zimmer
Dental)

from the anterior maxillary wall
as described by Boyne and
Tatum (15, 118). This approach
can involve a bony window
swinging inside the sinus while
the membrane is preserved
and detached from the basal
bone (62). A modification of
this approach is an osteoplastic
window by removing the facial
bone completely for the prepa-
ration of the sinus membrane
(10). A biomaterial membrane
can be used to cover possible
defects in the sinus membrane
(10). The created space can be
filled with ceramics, bone, or

a mesh graft. Some authors
showed that augmentation is
not necessary, but one must
consider the effect of a bioma-
terial filling for potentially faster
bone healing (115).

The second technique for sinus
lift procedures is the indirect
elevation of the membrane
with osteotomes through the
drilled crestal cavity of the
implant bed according to Sum-
mers (116, 117).

Alveolar Ridge Augmentation
in the Maxilla

Periodontitis, other severe
infections or trauma can lead to
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absolute vertical bone defects
in the maxilla. These defects
require a vertical alveolar rim
reconstruction in addition to
sinus floor elevation. Prosthetic
analysis should ensure correct
planning of these augmenta-
tions. Techniques involve clas-
sic block, lamellar block, and
GBR techniques with autolo-
gous, allogeneic, or xenogeneic
materials (see Fig. 16). Vertical
osteotomy techniques are of
limited value. However, the
bone split is a classic technique
in horizontal bone defects in
the maxilla. Short implants can
be an alternative (98).

Alveolar Ridge Augmentation
in the Mandible

Lateral vertical bone loss is a
common problem in the man-
dible. The most common and
simple procedure is an inter-
foraminal approach for remov-

able prosthetics to avoid the
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difficult augmentations. Bone
augmentations in the lower
molar region are often required
if fixed prosthetics are planned.
This area involves the inferior
alveolar nerve and is therefore
challenging. The alveolar rim is
often thin and requires horizon-
tal augmentations as well.

Appropriate techniques in cas-
es without vertical loss involve
small particular augmentations
without membrane, GBR tech-
niques, or tunnel technique
approaches.

Bone augmentations with
block material of any kind, stiff
membrane GBR, or osteotomy
techniques can be applied in
cases with vertical bone loss
(see Fig. 17). Short implants
are also an option, as men-
tioned above.
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tive liver failure

To avoid postoperative small-
for-size syndrome or liver
failure after right trisectionec-
tomy for a malignant lesion,

a sufficient liver remnant, in
terms of volume and function,
should be ensured upon the
time of surgery (1). Portal vein
embolisation (PVE) of the right
portal branch to induce hyper-
trophy of the left liver followed
by right trisectionectomy a few
weeks later has been success-
fully applied for the treatment
of hilar cholangiocarcinoma
(CCA) (2,3). Following the same
concept, PVE or portal vein li-
gation (PVL) of the right branch
with wedge resection of all
left-sided tumours followed by
right trisectionectomy in the
second stage has been applied
to increase the resectability of
bilobar colorectal liver metasta-
ses (CRLM) (4-6). Beside PVE
is not always technically feasi-
ble due to tumour extension,
two drawbacks of this strategy
have been noted:

1) patients with locally ad-
vanced inoperable disease,
which could only be discovered

German

intraoperatively, might undergo
unnecessary PVE because the
decision is made according to
the preoperative image (5) and
2) patients might experience
disease progression during the
waiting time until sufficient
hypertrophy of segments 2
and 3, possibly caused by the
methodology itself (7).

To induce rapid hepatic hyper-
trophy with intraoperative ad
hoc decision-making, a novel
concept has been recently
developed in several Ger-

man centres to overcome the
abovementioned drawbacks of
conventional PVE/PVL (8).

This procedure was designated
ALPPS (Associating Liver Parti-
tion and Portal vein Ligation for
Staged hepatectomy) (9). The
principle of the new strategy is
deportalisation of liver seg-
ments 4 to 8 by combining PVL
of the right portal branch with
parenchyma transection along
the falciform ligament as done
in in situ liver splitting for a left
lateral graft. This method led to
a 74% increase in the volume
of the remnant liver in a mean
of 9 days with a 100% tumour
resection rate (8).
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Fig. 1: The right portal vein and main portal vein are exposed by lifting the common bile duct and right hepatic
artery using a lid retractor. The arteries are slung with the red rubber bands.
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Indications

The potential candidates

of ALPPS are patients who
require a right trisectionectomy
due to bilateral liver metastasis,
intrahepatic cholangiocarcino-
ma and hepatocellular carcino-
ma with local invasion around
the portal bifurcation (8,10).
Hilar cholangiocarcinoma is a
controversial indication (8, 11).
The type of major hepatectomy
is determined according to the
preoperative abdominal imag-
ing and tumour staging includ-
ing CT or MRI. Mainly is the
right trisectionectomy, with or
without wedge resection at the
left lateral liver lobe.

Evaluation of the future
remnant liver, namely, future

remnant liver volume to total
liver volume ratio (FLV/TLV) and
future remnant liver volume

to body weight ratio (FLV/

BW), by a radiologist together
with a liver surgeon should

be carried out first. When an
insufficient future liver remnant
after one-staged surgery was
expected (FLV/TLV< 25%, or
FLV/BW< 0.5% in patients with
a normal liver or < 30% and
0.8%, respectively, in patients
with cholestasis or post-chem-
otherapy), an ALPPS procedure
could be considered.

In patients with insufficient
volume increase after PVE,
ALPPS could still be an option
to increase the future remnant
liver volume (12).
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Fig. 2: Liver parenchyma transection using CUSA along the falciform ligament is performed along
the falciform ligament. The right hepatic artery, the main bile duct and the right hepatic vein are
dissected and identified with rubber bands. The falciform ligament was kept in the future remnant
side for re-fixation of the left lateral lobe at the diaphragmatic dome.

Surgical Procedure

The first operation (right
portal vein transection and in
situ liver splitting)

During the first operation, an
exploration is carried out to
exclude extrahepatic tumours.
Resectability is determined
when the remnant segments 2
and 3 have adequate inflow as
well as outflow. Tumour inva-
sion of segments 2 and 3 alone
is not a contraindication when
it could be safely resected
without tumour residual.

The next step is the dissec-
tion of the hepatoduodenal
ligament. A cholecystectomy
is optional. In patients without
tumor infiltration of the gall
bladder, a cholecystectomy is

usually carried out. After lifting
the common bile duct and right
hepatic artery by a lid retractor,
the right portal vein and main
portal vein is exposed (Fig. 1).
At this stage, the main right
portal vein branch could be
transacted after suture ligation
at the distal end and continu-
ous suture with 5/0 Prolene at
the proximal end. In patients
with trifurcation of the portal
vein with separate entry of
the right anterior and posterior
sectional branches, the ante-
rior and posterior portal veins
should be divided separately.

The umbilical portion of the

left portal vein is exposed by
dissecting the umbilical fissure.
The portal branches of seg-
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Liver Surgery

ment 4 are ligated and divided
at its origin. The hepatic artery,
the bile duct and the right
hepatic vein are dissected and
identified with rubber bands.
Liver parenchyma transection
using CUSA along the falciform
ligament is performed (Fig. 2).
The falciform ligament could be
kept in the future remnant side
if technically possible for re-
fixation of the left lateral lobe
at the diaphragmatic dome. In-
traoperative ultrasound should
be performed to confirm the
absence of right portal flow at
the end of the operation.

Silicone sheeting (BESS Pro
GmbH, Berlin, Germany) is ap-
plied to separate the two parts
of the liver and the surround-
ing organs in order to prevent
strong adhesion among the
above mentioned structures
which may complicate the
second step of the ALPPS
procedure. In cases of full mo-
bilisation of the right liver lobe,
a plastic bag could be applied
to separate the right liver lobe
and the diaphragm. Closed
drainage is placed in the liver
hilum. An intraabdominal swab
should be taken for microbio-
logical analysis at the end of
the operation.

Postoperative management
after the first operation

The patient is usually trans-
ferred to the intermediate care
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unit and then discharged to the
normal ward according to the
postoperative course. Prophy-
lactic antibiotics are given as
single shot intraoperatively. If
any bacteria are isolated from
the intraoperative swab, the
antibiotics should be given

till the second operation. In
patients with stented bile duct,
antibiotics and antimycotics are
given during the whole postop-
erative phase.

One week after the operation,
depending on the logistics,

an abdominal CT scan (native
phase) is performed for re-
evaluation of the liver volume
(11). When the FLV/TLV is more
than 30%, the second opera-
tion, namely, right trisectionec-
tomy with or without bile duct
resection, could be carried out
on the next available operative
day. If the FLV/TLV is less than
30%, repeat CT scan would
be carried out in an interval of
seven days, with the second
operation being postponed ac-
cordingly.

The second operation (defini-
tive right trisectionectomy)
After relaparotomy, the silicone
sheeting or plastic bag is
removed. An intraabdominal
swab is taken for microbio-
logical analysis for orientated
antibiotic therapy if indicated.
The hilar structures are easily
identified by the rubber bands.
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The right hepatic artery, the
right hepatic ducts (or the left
hepatic duct when extrahepatic
bile duct should be resected),
the right and middle hepatic
veins are transacted. Liver
segment 1 could be preserved
in patients with non-hilar CCA
when there was no tumour
involvement.

After removal the transacted
liver, a lymphadenectomy could
be performed at this stage.
Biliodigestive anastomosis is
followed when resection of the
extrahepatic bile duct is indi-
cated in patients with intrahe-
patic CCA and hilar CCA.

The postoperative treatment
after the second operation is
same as for the patients under-
going routine major hepatec-
tomy.

Perspective

A rapid hypertrophy of the left
lateral liver lobe within one
week is constantly reproduc-
ible by different liver centers
worldwide (8-12). In some
cases, the sufficient remnant
liver could even be achieved
3 days after ALPPS (12). The
procedure has been found ef-
ficient. First, the deportalized
but arterialized right hemiliver,
left in place, acts as an auxiliary
liver to assist the future liver
remnant for the first and criti-
cal week after resection (10).
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Posthepatectomy liver failure
could be thus avoided, even

in patients having extensive
exposure to chemotherapy
with associated liver damage.
Second, the rapid hypertrophy
of the liver remnant within two
to three weeks avoids tumor
progression to an inoperable
status, which could be found
in conventional two-staged
hepatectomy without ALPPS
(4,5). No other techniques
could achieve such a rapid hy-
pertrophy within 2 weeks. No
tumor progression has been
found during this short period.
This strategy may also allow a
faster recovery for the patient,
with the possibility of restoring
chemotherapy earlier.

Recently, the authors extended
the original ALPPS as left
lateral splitting (liver splitting is
carried out along the right side
of the falciform ligament in) to
a full left-full right splitting (liver
splitting was carried out along
the Cantile line) (Fig. 3) to re-
move bilobar CRLM in a single
hospital stay. This procedure
provides a new strategy for
treatment of bilobar colorectal
liver metastasis. Using this
one of the most promising
advances in oncological liver
surgery, we can provide many
patients, who are with might
otherwise be judged unresect-
able disease, with new chance
by increase the resectability.
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Fig. 3: CT scan at 7 days after full left-full right splitting (liver splitting was carried out along the Cantile line, identi-
fied by the intrahepatic clips) to remove bilobar CRLM which involved all 8 liver segments. The CRLM at the seg-
ment 2 to 4 has been removed at the the first operation as well as the segment 1.
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Along with the high efficiency
on induction of hypertrophy

of remnant liver, the ALPPS
procedure showed significant
postoperative morbidity (68%)
and mortality (12%) in unse-
lected patients (8). The authors
have found that the patients
with preoperative biliary stric-
ture receiving biliary drainage
carry a higher risk compared

to other patients, as infection
and bile leak are two main
complications after ALPPS (11).
A dilated intrahepatic bile duct,
bacterial contamination due

to preoperative stenting and
difficult hilar dissection at the
second step can limit applying

this strategy in patients with
hilar CCA.

As recommended by interna-
tional expertise, this complex
procedure must be undertaken
exclusively by experienced
HPB surgeons in a high-volume
center, and by means of a
multidiscipilinary team effort,
such as optimal management
of anesthesiology recovery,
hemodynamic development,
antibiotics, early enteral/paren-
teral nutrition, and other issues
to achieve the best results (11).
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Plastic Surgery

a Review

Breasts are an important part
of female identity. They are
considered to be the symbol
of femininity and fertility. Their
size and shape varies greatly
from person to person. Hypo-
mastia, asymmetry, anomalies
or the loss of the breast as a
result of a mammary carcinoma
can impair the self-esteem of
women. Breast surgeries have
been playing a leading role in
the statistics of aesthetic inter-
ventions for years.

The following review is aimed
to provide information about
the possibility of breast
augmentation using silicone
implants, its history as well as
the risks and complications as-
sociated with silicone implants.

History of Breast Augmenta-
tion with Silicone Implants
Breast implants were first
mentioned in literature in 1895.
The Austrian-German physi-
cian Vincenz Czerny removed

a lipoma from a patient’s back
and used its adipose tissue for
breast augmentation (1).

Cronin and Gerow were the
first to describe and introduce
breast implants made from sili-
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Silicone Implants
for Breast
Augmentation -

cone in 1963 (2). After this, the
structure of silicone implants
continuously changed. Today,
we can look back on a total of
four implant generations.

Between 1963 and 1988,
nearly 1 million women under-
went a breast augmentation
with silicone gel implants in
the USA alone (3). To this day,
breast augmentation with
silicone implants (both using
silicone gel and saline solution)
has been considered one of
the most frequently performed
interventions in plastic surgery,
so far in an estimated 10 — 12
million women worldwide (4).

However, silicone implants,
especially those filled with
silicone gel, used to be highly
disputed because evident stud-
ies investigating their safeness
and health consequences were
missing. The regulation and
approval of such procedures in
the USA is incumbent upon the
US Food and Drug Administra-
tion (FDA). This agency was
given the authority over sili-
cone implants in 1976 by virtue
of the Medical Devices Amend-
ment to the Food, Drug, and
Cosmetic Act. Initially, in Janu-
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Plastic Surgery

Fig. 1: Textured silicone breast
implants

ary 1992, the FDA recommend- |

ed not to use such implants,
predominantly because it was
not possible to exclude the
supposed correlation with the
development of basic systemic
diseases such as collagenosis
(3). This was followed by a ban
on implants filled with silicone
gel on 16 April 1992, since
many manufacturers had not
followed the advice to avoid
using silicone, and the safety
of its use had not been proved.
From that point in time, the
use of implants was reserved
for certain patients and breast
reconstruction (5). Consequent-
ly, the number of augmenta-
tions with silicone gel implants
in the USA dropped while
implants filled with saline solu-
tion were increasingly gaining
significance in clinical routine.

In 1995, the American College
of Rheumatology confirmed
that there was no correlation
between the use of silicone gel
implants and the development
of collagenosis and rheumatoid
diseases (6). This was followed
by a statement of the Ameri-
can Academy of Neurology in
1997, postulating the safeness
of implants in connection with
neurological diseases (7).

In September 2005, after
reviewing all studies and
consulting with implant manu-
facturers, the FDA officially re-
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Breast Augmentation is Indicated for a Great Number of Diagnoses

Hypomastia

Asymmetry / Anisomastia

Anomalies and reconstructions following amputations

Table 1

introduced silicone gel implants
to the American market subject
to certain restrictions (3).
Although the official permis-
sion to use silicone implants
was given, they remained
disputed throughout the world.
The complications have still not
been completely clarified. Dur-
ing the last few years, large-
scale retrospective studies
were conducted to prove their
application safety (8-15).

However, it still remains to

be seen what complications,
especially long-term conse-
quences, are attributable to the
use of implants.

Breast Augmentation with
Silicone Implants

Breast augmentation is indi-
cated for a great number of
diagnoses (Table 1):
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Plastic Surgery

Fig. 2: Perialeolar approach for breast
augmentation

Hypomastia can either be
congenital or occur in the

form of involutional atrophy,
frequently after pregnancy.
Restoration of symmetry is
indicated at a weight difference
of approx. 200 g. In this case,
either unilateral augmentation
or reduction mammoplasty of
the contralateral side can be
performed (often separately).
Breast augmentation can also
be indicated for anomalies
such as amazon syndrome
(mammary gland development
disorder) or Poland’s syndrome
(development disorder of the
upper extremity including
mammary hypoplasia).

Preoperative Measures Prior
to Breast Augmentation
Preoperative diagnostics
should involve examinations of
asymmetry and skin elasticity.
Space-occupying masses are
to be excluded through palpa-
tion. The axillary lymph node
status is also to be clarified in
the course of this examination.
Mammography is additionally
recommended over the age of
30. Furthermore, preoperative
measures include photographic
documentation and the mark-
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ing of the planned incisions
including orientation lines (e.g.
median line).

Extensive preoperative consul-
tation serves not only to inform
the patient about the specific
complications, but also to ex-
clude special contraindications:

e |f the family history reveals
predisposition to breast can-
cer, it must be considered
that implants complicate
imaging diagnostics (par-
ticularly when the implant is
positioned under the glands).
An increased risk of breast
cancer occurrence in implant
wearers has not been veri-
fied in studies conducted so
far.

e Already diagnosed breast
cancer: This also constitutes
a relative contraindication. If
radiotherapy is envisaged,
the increased rate of com-
plications should be pointed
out. Augmentation should
be generally advised against,
also because it may make it
more difficult to identify local
reoccurrences.

e Unrealistic expectations: The
postoperative result may be
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Plastic Surgery

Fig. 3: Intraoperative specimen of a
severe capsular fibrosis

unsatisfactory, especially

in the case of involutional
atrophy following preg-
nancy (referred to as snoopy
breast, involving lowering of
the gland and the soft tissue
envelope)

e Previous autoimmune dis-
eases (cf. systemic compli-
cations!)

e Previous infections (mastitis)

Selecting the Implant

At present, silicone implants in
Germany may be implanted in
accordance with the “Essential
Requirements of the European
Directives” and must have a
CE marking.

Implants differ regarding their
shell, filling substance and
shape.

The shell, which is still made of
silicone, can either be smooth
or textured (Fig. 1). Silicone
implants vulcanised with
polyurethane are also available.
A new approach is constituted
by silicone shells coated with
biocompatible materials (see
below).

Besides saline solution, cohe-
sive silicone gel is available as
filling material.
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Regarding the shape of the
implants, a distinction is made
between round-high, round-
low and anatomical profiles.
Anatomically shaped implants
have the typical drop shape. It
should be considered that the
shape of the augmented breast
substantially depends on grav-
ity and the pressure in the soft
tissue, which are both subject
to dynamic change.

Approaches

There are four possible ap-
proaches for breast augmenta-
tion: inframammary, periareolar
(Fig. 2), axillary and transareo-
lar. Each variant involves both
advantages and disadvantages
and should be selected accord-
ing to the anatomical condi-
tions and the patient’'s expecta-
tions, besides the preference
of the surgeon.

The inframammary approach is
popular with many surgeons,

in particular due to its good
visibility during the surgery —
and also during later interven-
tions in case complications
occur. This method involves an
incision of approx. four cm in
length made two fingers caudal
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Plastic Surgery

to the existing inframammary
fold, so that the resulting scar
is located in the later mammary
fold and is not visible in upright
position.

The preparation of an adequate
implant site is considerably
more difficult with the peri-
areolar and axillary approaches.
Moreover, the incision through
the gland may lead to cicatrisa-
tion and the possible destruc-
tion of the lacteal ducts. The
axillary approach involves the
risk of implant lateralisation.

Implant Positioning and
Surgery Technique

The implant site can be either
subglandular or submuscular.
In addition to better soft tissue
coverage of the implant, sub-
muscular positioning involves
lower risk of capsular fibrosis
development. Mammograms
can also be better assessed
when positioning the implant
this way (16). Submuscular
positioning involves exposure
of the caudal edge of the
pectoral muscle and its manual
elevation from the thoracic
wall after making an incision

in the skin and subcutaneous
preparation. The cranial mobi-
lisation is continued up to the
third rib. Lateral detachment

is performed up to the front or
median axial line, depending on
the implant size. The bottom
edge of the pectoral muscle
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is medially detached from the
sternum. During preparation, it
should be taken into account
that complete muscle coverage
usually results in the implant
being positioned too high.
After inserting trial implants
and checking the symmetry,
the implant size is determined
and the implant is inserted
after being rinsed with saline
solution, as far as possible,
without touching the previously
disinfected wound edges. The
wound is subsequently closed
layer by layer; Redon drainages
may be applied where neces-
sary.

Postoperative Measures
During the postoperative
phase, excessive physical
strain such as housework,
sports and also physically
demanding occupational
activities should be avoided.
Full, unrestricted physical strain
should not take place until four
months after surgery. A special
bra exerting caudal pressure
to avoid cranialisation of the
implant should be worn for

six months. Depending on the
implants selected, the patient
should do massage exercises
directly after surgery. In con-
trast to coated implants, which
should not be moved exces-
sively, early massage is advan-
tageous with smooth implants
to avoid capsular fibrosis. The
implants should be pushed in a
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Plastic Surgery

cranial and medial direction and
held there for a few seconds
several times a day.

During the initial phase after
surgery, checkups should take
place at close intervals, which
should be followed by check-
ups after 3, 6 and 12 months
and subsequently once a

year. During these checkups,
changes in the implant position
should be monitored by means
of photographic documenta-
tion. If the slightest suspicion
of an implant rupture arises,
sonography and, if necessary,
also MRI should be conducted.

Possible Complications of
Silicone Implants

The use of silicone implants
may involve systemic and lo-
cal complications. This list is
intended as an overview only.
The information in the literature
relating to the incidence of
complications varies consider-
ably and is also largely depend-
ent on the surgeon'’s experi-
ence.

Systemic Complications

The occurrence of systemic
complications in connection
with silicone implants gave
rise to controversy. Especially
the connection between the
development of collagenoses,
such as systemic lupus erythe-
matosus, scleroderma, Sjor-
gen’s syndrome or rheumatoid
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arthritis and the use of silicone
implants are subject to debates
(17, 18).

This supposed correlation also
led to silicone gel implants
being banned by the FDA (see
above). However, large-scale
studies were unable to estab-
lish a connection between the
use of silicone implants (both
those filled with silicone gel
and those filled with saline
solution) and the development
of diseases that belong to the
group of collagenoses, autoim-
mune diseases and rheumatoid
arthritis (3, 17, 19-21).

The influence of silicone
implants on the development
of cancer has been discussed
for years. The main focus

of attention in this context

is breast cancer; however,
further malign anomalies such
as sarcomas, haematopoietic
malign diseases as well as cer-
vical, vulvar, lung and cerebral
tumours are also suspected

of being caused by silicone
implants. Several epidemiologi-
cal studies demonstrated no
influence of silicone implants
on the incidence of tumour-as-
sociated diseases (17, 22, 23).

Although small-scale case stud-
ies demonstrating a correlation
between the use of silicone im-
plants and rare types of cancer
are available, this correlation
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Plastic Surgery

Fig. 4: Series of pictures of a patient
status post bilateral mammary carci-
noma, bilateral reconstruction using
autografts and silicone implants, now
high-grade (Baker Ill) capsular fibrosis
of the left breast.

a and b: preoperative images,

c: Intraoperative image showing the
implant,

d: postoperative result, patient fully
recovered.

has so far not yet been verified
in large-scale studies (3).

Local Complications
Alongside local infections,
particularly postoperative
haematomas and seromas are
counted among local com-
plications. Another problem

is posed by the sensation of
local tenderness on pressure
and pain (17). Wound infec-
tions occur in less than 5%

of all patients (3, 24). In some
cases, the implant needs to be
removed again and can only be
reinserted after the infection
has subsided to ensure com-
plete healing (3). In this case,
the procedure is determined on
the basis of the results and the
surgeon'’s experience. Wound
infections after implantation
occur twice as often following
reconstructive surgery than af-
ter implant change or a simple
breast augmentation (25).

Further complications include
the development of haemato-
mas. Their incidence is stated
to be 5% on average (3, 24)
and seems to be not depend-
ent on the type, filling material,
surface texture and position of
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the implant. It is reported that
the occurrence of haematomas
involves a twofold higher risk
of capsular fibrosis (25).

Implant ruptures involve
silicone migration into the sur-
rounding tissue and the risk of
capsular fibrosis. The risk of
implant rupture increases along
with the period of implanta-
tion, the risk being highest
11-26 years following the
implantation (26). The symp-
toms of implant rupture can
vary greatly. In some cases,

it manifests itself through
nodulation, lowering of the
breast, asymmetry as well as
pain or a feeling of tension. The
migration of silicone gel (gel
bleeding) into the surrounding
tissue is not always necessarily
the consequence of an implant
rupture. Silicone gel may also
leak out of the implant shell
without it showing any signs
of a rupture. In addition to

the above-described process,
silicone particles of the implant
shell may also decompose.
The silicone fragments induce
an inflammatory foreign-body
reaction in the tissue (17). Fur-
thermore, it is described that
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Plastic Surgery

Fig. 4b: Preoperative image

silicone fragments may also
form so-called silicone granu-
lomas and pseudotumours,
which deposit in both the local
lymph nodes and the surround-
ing tissue (17, 27).

The most frequently discussed
local complication that may
occur after the implantation of
silicone implants is the fibrotic
enclosure of the tissue, the
consequence being capsular
fibrosis.

The physiological reaction of
the body to a foreign particle
that is too large for phagocy-
tosis involves the formation

of a capsule of connective
tissue. This capsule completely
encloses the foreign particle,
for example silicone implants,
and holds it in place. In some
cases, however, this cap-

sule changes, it hardens and
contracts (Fig. 3). The result is
referred to as capsular fibrosis
or capsular contraction (28, 29)
(Fig. 4a-d).

The incidence of capsular
fibrosis is greatly divergent in
the current literature; it var-
ies between 4 and 74% (24,
30-32).
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In spite of substantial efforts
to reduce the incidence of cap-
sular fibrosis, a second, under
certain circumstances even

a third, surgery is required in
5-10% of the cases involving
either capsulotomy or implant
removal/change.

The causation of capsular
fibrosis is still unknown and
disputed; however, various in-
fluence factors are known and
have been described:

(1) Various Filling Materials
Both implants filled with saline
solution and those filled with
silicone gel are reported to
have certain advantages (3,
25, 31, 33). In clinical practice,
the filling material used usu-
ally depends on the surgeon’s
preference.

(2) Position of the Implant
(Submuscular Versus Sub-
glandular)

The position of the implant
and the consequences for the
development of capsular fibro-
sis are also subject to heated
debates in the literature (34).
For example, Vazquez et al.
report an incidence of capsu-
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Plastic Surgery

Fig. 4c: Intraoperative image showing
the implant

lar contraction of 9.4% with
submuscular implantation and
B58% with subglandular implan-
tation (16).

These insights are con-
tradicted by latest studies
conducted with substantially
larger cohorts. Handel et al., for
example, see no connection
between the implant’s position
and the development of capsu-
lar fibrosis (25).

(3) Bacterial Population

The bacterial population of
implants seems to constitute
one of the main risk factors.
The main focus of attention

in this context is Staphylococ-
cus epidermidis. Naturally
occurring in the skin flora, this
germ is increasingly found in
the duct system of the female
breast and can be isolated in
both breast milk, the secretion
of the glands surrounding the
mamilla and the breast paren-
chyma (34). Staphylococcus
epidermidis is capable of form-
ing a biofilm, thus attaching to
exogenic materials. This biofilm
appears to be the starting point
for irritations and the main
stimulus for the fibrotic enclo-
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sure of the capsular tissue (35).
This biofilm is far more com-
mon in patients with capsular
fibrosis of the implants. In
addition to the presence of
coagulase-negative staphylo-
cocci (Staph. epidermidis), an
increasing occurrence of propi-
noibacteria and corynebacteria
is observed with manifest
capsular fibrosis (36).

(4) Surface Texture of the
Implant

During the last few years, the
surface texture of silicone
implants and its influence on
complications have increasingly
become the focus of attention.
Silicone implants were coated
with polyurethane as early as
the end of 1960. The main
advantage expected was

the reduction of incidence of
capsular fibrosis. This surface
vapour deposition was very
controversial because there
were concerns over possible
toxic effects of polyurethane.
In their retrospective study,
Handel et al. (31) investigated
the complications and ad-
vantages of these implants
and ascertained a dramatic
reduction in the incidence of
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Fig. 4d: Postoperative result, patient
fully recovered

capsular fibrosis. Vazquez et
al. made similar observations;
they found a capsular fibrosis
incidence of less than 1% in
retrospective (37). Toxic com-
plications were not verified,
however, carcinogenic factors
were suspected. This type of
implant had been implanted

in about 110,000 women in
the USA until it was removed
from the market in 1991 due
to the suspected carcinogenic
factors. Today, implants coated
with polyurethane are frequent-
ly used in Brazil (37, 38).

During the last few years,
smooth and textured implants
were repeatedly compared in
the literature regarding their
complication rates.

The introduction of textured
implants was expected to
improve biocompatibility and
reduce the complication rate
compared to conventional
smooth implants.

The rough surface was sup-
posed to promote the forma-
tion of collagen networks,
which were expected to stabi-
lise the implant and protect it
against shear forces (39). Fur-
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thermore, a lower incidence of
capsular fibrosis was expected.
The improvement of biocom-
patibility through the textured
silicone surface has already
been described in previous
studies; latest studies confirm
this finding (30).

Wong et al. (30) reported in
2005 that the use of textured
silicone implants can reduce
the incidence of capsular
fibrosis in the early postop-
erative phase. The positive
effect of the rough surface on
the development of capsular
fibrosis has, however, not been
confirmed in long-term studies
(28). Hence, the actual advan-
tage is still questionable.
Vapour deposition or coating of
the silicone surface with vari-
ous materials and substances
constitute a new approach.
The primary goal is to find
substances that are capable of
both reducing infections and
improving the biocompatibility
of silicone.

A study presented in 2010
compared the biocompatibility
of silicone implants vapour-
deposited with halofuginone
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Plastic Surgery

lactate with that of conven-
tional silicone implants. Animal
experiments revealed indica-
tions of improved biocom-
patibility and a reduction of
incidence of capsular fibrosis
(40). The same study group
was also able to ascertain that
the coating of implants with
phosphorylcholine has the
same positive effect, alongside
its additional anti-inflammatory
effect (41).

Another study conducted in
2010 used silicone coated with
copper and was able to verify
reduced bacterial population
of the surface compared to
conventional silicone (42). An
influence on the formation of
the capsule was not found.

Prospects

The coating of the silicon shell
with biocompatible materials is
an interesting new approach.
In this respect, coating the
implant shell with titanium is a
particularly promising method
(43, 44). In their animal experi-
mental studies, Bergmann et
al. were the first to ascertain
an advantage of the titanium
coating of silicone shells: Both
reduced inflammatory foreign-
body reaction and a changed
capsular architecture was
demonstrated. The capsule
was considerably less sensitive
to irritation (43). Of course, this
animal experimental approach
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needs to be verified in large-
scale clinical studies.

Summary

Breast augmentation using
silicone implants still consti-
tutes a possible way of breast
reconstruction. It is the method
of choice especially aesthetic
surgery patient. The continu-
ous further development of
implants and surgery tech-
nigques has made it possible to
reduce the number of compli-
cations on a global scale. The
type of breast augmentation
and particularly the type of
material and surgical method
are still substantially dependent
upon the respective surgeon'’s
experience and assessment.

Dr. Philipp A. Bergmann (MD)
Dr. Eike T. Wenzel (MD)

Dr. Felix Stang (MD)

Prof. Dr. Peter Mailénder (MD)

PD Dr. Frank Siemers (MD)

Plastic Surgery, Hand Surgery,

Burn Unit
Berufsgenossenschaftliche Kliniken
Bergmannstrost

Halle (Saale)
philipp.bergmann@bergmannstrost.
com

Jranill dal

dLadall

pork Jleainly uill ,uS5 )l
Salel &8,k 05 o <alll
Uasall 35y bl Ll guill pyias
et dalya S dala

oo olan a8 dal)all o Lngs,
UMY sae (aea (Sadll
S5 e ) e 5 e e
Spall 5 ol Sy gl
aaiad elly Lo dalyall 38,k
By ol ola jsbie e



Plastic Surgery
Literature
1. Czerny. Plastischer Ersatz der Brusthus

N
-

17

durch ein Lipoma. Zentralbl Chir.
1895;27:72.

Cronin T, Gerow F. Augmentation
mammaplasty: a new “natural feel”
prosthesis. Excerpta Medica Interna-
tional Congress Series 1963,66:41.
Gampper TJ, Khoury H, Gottlieb W,
Morgan RF. Silicone gel implants

in breast augmentation and recon-
struction. Ann Plast Surg. 2007
Nov;59(5):581-90.

Alfano C, Mazzocchi M, Scuderi N.
Mammary compliance: an objective
measurement of capsular contracture.
Aesthetic Plast Surg. 2004 Mar-
Apr;28(2):75-9.

Kessler DA. The basis of the FDA's
decision on breast implants. N Engl J
Med. 1992 Jun 18;326(25):1713-5.
Rheumatology ACo. Statement on
silicone breast implants. Atlanta:
American College of Rheumatology.
1995.

Ferguson JH. Silicone breast implants
and neurologic disorders. Report of the
Practice Committee of the American
Academy of Neurology. Neurology.
1997 Jun;48(6):1504-7.

Walker PS, Walls B, Murphy DK.
Natrelle saline-filled breast implants:

a prospective 10-year study. Aesthet
Surg J. 2009 Jan-Feb;29(1):19-25.
Strock LL. Two Stage Expander
Implant Reconstruction: Recent Experi-
ence Breast Reconstruction Supple-
ment. Plast Reconstr Surg. 2009 Mar
23.

.Heden P, Bronz G, Elberg JJ, Derae-
maecker R, Murphy DK, Slicton A, et
al. Long-term safety and effectiveness
of style 410 highly cohesive silicone
breast implants. Aesthetic Plast Surg.
2009 May;33(3):430-6; discussion 7-8.

. Stevens WG, Pacella SJ, Gear AJ,
Freeman ME, McWhorter C, Tenen-
baum MJ, et al. Clinical experience
with a fourth-generation textured
silicone gel breast implant: a review
of 1012 Mentor MemoryGel breast
implants. Aesthet Surg J. 2008 Nov-
Dec;28(6):642-7.

. Spear SL, Murphy DK, Slicton A,
Walker PS. Inamed silicone breast
implant core study results at 6 years.
Plast Reconstr Surg. 2007 Dec;120(7
Suppl 1):8S-16S; discussion 7S-8S.

. Cunningham B. The Mentor Core
Study on Silicone MemoryGel Breast
Implants. Plast Reconstr Surg. 2007
Dec;120(7 Suppl 1):19S-29S; discus-
sion 30S-2S.

. Cunningham B. The Mentor Study on
Contour Profile Gel Silicone Memory-
Gel Breast Implants. Plast Reconstr
Surg. 2007 Dec;120(7 Suppl 1):33S-9S.

. Bengtson BP, Van Natta BW, Murphy
DK, Slicton A, Maxwell GP. Style 410
highly cohesive silicone breast implant
core study results at 3 years. Plast
Reconstr Surg. 2007 Dec;120(7 Suppl
1):40S-8S.

.Vazquez B, Given KS, Houston GC.
Breast augmentation: a review of subg-
landular and submuscular implantation.
Aesthetic Plast Surg. 1987;11(2):101-5.

. Silverman BG, Brown SL, Bright RA,

2

2

2

2

2

2

2

2

2

2

3

3

©

©

o

1.

N

w

4.

o

(o)

~

©

©

o

=

German
Medical

alaJI
PP ||

Journal =Ly

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

Kaczmarek RG, Arrowsmith-Lowe JB,
Kessler DA. Reported complications
of silicone gel breast implants: an
epidemiologic review. Ann Intern Med.
1996 Apr 15;124(8):744-56.

Brody GS, Conway DP, Deapen DM,
Fisher JC, Hochberg MC, LeRoy EC,
et al. Consensus statement on the
relationship of breast implants to
connective-tissue disorders. Plast
Reconstr Surg. 1992 Dec;90(6):1102-5.
Gabriel SE, O'Fallon WM, Kurland

LT, Beard CM, Woods JE, Melton LJ.
Risk of connective-tissue diseases
and other disorders after breast
implantation. N Engl J Med. 1994 Jun
16;330(24):1697-702.

.Janowsky EC, Kupper LL, Hulka BS.

Meta-analyses of the relation between
silicone breast implants and the risk of
connective-tissue diseases. N Engl J
Med. 2000 Mar 16;342(11):781-90.
Wong O. A critical assessment of the
relationship between silicone breast
implants and connective tissue dis-
eases. Regul Toxicol Pharmacol. 1996
Feb;23(1 Pt 1):74-85.

.McLaughlin JK, Lipworth L, Murphy

DK, Walker PS. The safety of silicone
gel-filled breast implants: a review of
the epidemiologic evidence. Ann Plast
Surg. 2007 Nov;59(5):569-80.

. Brinton LA. The relationship of

silicone breast implants and cancer at
other sites. Plast Reconstr Surg. 2007
Dec;120(7 Suppl 1):94S-102S.

Gabriel SE, Woods JE, O'Fallon WM,
Beard CM, Kurland LT, Melton LJ.
Complications leading to surgery after
breast implantation. N Engl J Med.
1997 Mar 6;336(10):677-82.

Handel N, Jensen JA, Black Q, Wais-
man JR, Silverstein MJ. The fate of
breast implants: a critical analysis of
complications and outcomes. Plast
Reconstr Surg. 1995 Dec;96(7):1521-

33.
. Robinson OG, Jr., Bradley EL, Wilson

DS. Analysis of explanted silicone
implants: a report of 300 patients. Ann
Plast Surg. 1995 Jan;34(1):1-6; discus-
sion -7.

. Eltze E, Bettendorf O, Rody A,

Jackisch C, Herchenroder F, Bocker W,
et al. Influence of local complications
on capsule formation around model im-
plants in a rat model. J Biomed Mater
Res A. 2003 Jan 1;64(1):12-9.
Siggelkow W, Gescher DM, Siggelkow
A, Klee D, Malik E, Rath W, et al. In
vitro analysis of modified surfaces

of silicone breast implants. Int J Artif
Organs. 2004 Dec;27(12):1100-8.

. Wilflingseder P, Probst A, Mikuz G.

Constrictive fibrosis following silicone
implants in mammary augmenta-
tion. Chir plastica. 1974 July 9th,
1974;2:215-29.

.Wong CH, Samuel M, Tan BK, Song C.

Capsular contracture in subglandular
breast augmentation with textured
versus smooth breast implants: a sys-
tematic review. Plast Reconstr Surg.
2006 Oct;118(5):1224-36.

.Handel N, Gutierrez J. Long-term

safety and efficacy of polyurethane
foam-covered breast implants. Aesthet

32.

33.

34.

3

o1

36.

37.

38.

39.

40.

4

iy

42.

43.

Surg J. 2006 May-Jun;26(3):265-74.
Prantl L, Poppl N, Horvat N, Heine N,
Eisenmann-Klein M. Serologic and
histologic findings in patients with
capsular contracture after breast
augmentation with smooth silicone
gel implants: is serum hyaluronan a
potential predictor? Aesthetic Plast
Surg. 2005 Nov-Dec;29(6):510-8.
Gylbert L, Asplund O, Jurell G. Capsu-
lar contracture after breast reconstruc-
tion with silicone-gel and saline-filled
implants: a 6-year follow-up. Plast
Reconstr Surg. 1990 Mar;85(3):373-7.
Embrey M, Adams EE, Cunningham
B, Peters W, Young VL, Carlo GL. A
review of the literature on the etiology
of capsular contracture and a pilot
study to determine the outcome of
capsular contracture interventions.
Aesthetic Plast Surg. 1999 May-
Jun;23(3):197-206.

. Pajkos A, Deva AK, Vickery K, Cope C,
Chang L, Cossart YE. Detection of sub-
clinical infection in significant breast
implant capsules. Plast Reconstr Surg.
2003 Apr 15;111(5):1605-11.

Del Pozo JL, Tran NV, Petty PM,
Johnson CH, Walsh MF, Bite U, et al.
Pilot study of association of bacteria
on breast implants with capsular
contracture. J Clin Microbiol. 2009
May;47(5):1333-7.

Vazquez G, Pellon A. Polyurethane-
coated silicone gel breast implants
used for 18 years. Aesthetic plastic
surgery. 2007 Jul-Aug;31(4):330-6.

de la Pena-Salcedo JA, Soto-Miranda
MA, Lopez-Salguero JF. Back to the
future: a 15-year experience with
polyurethane foam-covered breast
implants using the partial-subfascial
technique. Aesthetic plastic surgery.
2012 Apr;36(2):331-8.

Poeppl N, Schreml S, Lichtenegger F,
Lenich A, Eisenmann-Klein M, Prantl L.
Does the Surface Structure of Implants
Have an Impact on the Formation of a
Capsular Contracture? Aesthetic Plast
Surg. 2007 Apr;31(2):133-9.

Zeplin PH, Larena-Avellaneda A,
Schmidt K. Surface modification of
silicone breast implants by binding the
antifibrotic drug halofuginone reduces
capsular fibrosis. Plastic and recon-
structive surgery. [Comparative Study
Research Support, Non-U.S. Gov't].
2010 Jul;126(1):266-74.

. Zeplin PH, Larena-Avellaneda A, Jordan
M, Laske M, Schmidt K. Phosphoryl-
choline-coated silicone implants: effect
on inflammatory response and fibrous
capsule formation. Annals of plastic
surgery. [Research Support, Non-U.S.
Gov't]. 2010 Dec;65(6):560-4.

Gosau M, Prantl L, Feldmann M,
Kokott A, Hahnel S, Burgers R. The
effects of copper additives on the
quantity and cell viability of adher-

ent Staphylococcus epidermidis in
silicone implants. Biofouling. 2010
Apr;26(3):359-65.

Bergmann P, Lange T, Siemers F,
Machens H-G, Lohmeyer J, Namdar T,
et al. Histological analysis of capsule
formation around silicone implants and
comparison with titanium-coated sili-

Jranill dal

cone implants in rats. European Journal
of Plastic Surgery. 2012;35(1):19-24.
44. Hernandez-Richter T, Wittmann B,
Wittmann F, Loehe F, Rentsch M, Mayr
S, et al. [Titanium-coated silicone is not
effective for preventing graft infection].
Zentralbl Chir. 2007 Feb;132(1):32-7.



Neurosurgery

Summary

Classical trigeminal neuralgia
is caused by vascular com-
pression of the trigeminal
nerve. Pain control can often
be achieved by antiepileptic
medication. Interventional pro-
cedures should be considered
in case of insufficient effect or
intolerable side effects. The
actual review summarizes the
current treatment guidelines
and the results of the different
modalities. The positive long-
term experience after vascular
decompression confirmed the
causal concept of vascular
compression. Idiopathic trigem-
inal neuralgia has become
curable, in principle, by the
microvascular decompression
according to Jannetta.
Radiosurgery by means of
Gamma Knife has achieved an
accepted place in the treat-
ment of those patients who
are no candidates for surgery
because of their general
health or age. Percutaneous
thermocoagulation and glyc-
erol infiltration are also proven
methods for these patients.
Radiosurgery and percutane-
ous procedures share the
disadvantage of sensory loss
and a 50% recurrence rate
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Current Treatment
Modalities

for Trigeminal
Neuralgia

within 5 years. The choice of
an intervention adapted to the
individual patient is possible
today. Disadvantages of the
minimal invasive procedures
are sensory deficits and high
recurrence rates.

Key words: Trigeminal neural-
gia, microvascular decompres-
sion, stereotactic radiosurgery,
thermocoagulation, glycerol
infiltration

Introduction

Trigeminal neuralgia is a
lightning, extremely intense,
electrifying and stabbing pain in
the distribution of one or more
trigeminal branches defined
(4). The attacks typically hold

in seconds and occur both
spontaneous and triggered by
stimuli such as touch in the
face, chewing, talking, swal-
lowing or brushing teeth. The
pain is disabling and agonizing.
Eating often becomes impos-
sible. Therefore, trigeminal
neuralgia must be treated

with medication immediately.
Multiple attacks can occur daily
initially for episodes of weeks
to months and then disappear
again for weeks to months.
Usually, the course is progres-
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Fig. 1: Right-sided surgical access
and intraoperative findings during
microvascular decompression.

The inspection of the entry site of
the trigeminal nerve in the pons
typically shows a loop of the superior
cerebellar artery (arrows) extending
into the axilla of the nerve (arrows).

sive, although a few patients
have only one episode in their
lifetime.

The so-called idiopathic or
classic trigeminal neuralgia is
due to a vascular compression
of the trigeminal nerve at its
origin from the brain stem (1).
The conflicting artery, most
often the superior cerebellar
artery can often be identified
using advanced MRI diagnosis
(6). Symptomatic trigeminal
neuralgia can also occur with
multiple sclerosis, as well as a
rarely as a consequence of a
tumor or vascular malformation
in the posterior fossa (2).

Significant developments have
taken place regarding treat-
ment in recent years. On the
one hand, the positive long-
term experience with micro-
vascular decompression of the
nerve (Jannetta's procedure)
confirmed the concept of vas-
cular compression as the cause
of classical trigeminal neuralgia
convincingly (1). Thus, trigemi-
nal neuralgia became a curable
disease. On the other hand,
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radiosurgery using Gamma
Knife has gained a firm place in
the treatment of patients who
cannot have surgery because
of the general condition or
age. The aim of this review

is to draw a current balance

on the results of the various
methods of intervention and to
discuss the specific indications.
Recommendations for drug
therapy are oriented according
to the guidelines of the Ger-
man Society of Neurology.

Drug Therapy

Also in 2012, the initial treat-
ment approach should be con-
servative. Basically, a surgical
procedure should be consid-
ered when a drug maintenance
therapy leads to significant
side effects or if it results in
inadequate controls neuralgia.
The side effects of all medi-
cations that are effective for
trigeminal neuralgia, consist of
dizziness, drowsiness, cogni-
tive impairment through to MRI
visible cerebral and cerebellar
atrophy. For the non-drug treat-
ments such as psychotherapy,
acupuncture and dental cor-
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rections, convincing evidence
of efficacy are missing.We
recommend surgical action if
neuralgia is inadequately con-
trolled by pain medication or if
the side effects of drug therapy
produce a substantial limitation
in quality of life.

Because of the very short
duration of attacks, beginning
medication after onset of the
attack comes too late. There-
fore, it must be the aim of
preventing the occurrence of
painful attacks by an appropri-
ate prophylaxis.

The medication dosage must
be individualized according to
the effects and side effects.
Starting with a low dos-

age, medication is increased
until satisfying pain control is
achieved or intolerable side
effects occur. When the effect
wears, dose modifications are
required. Conversely, when no
pain occurs at a given dosage
for more than1- 2 months,
gradual dose reduction should
be tried.

Classical trigeminal neuralgia,
especially in early disease,
often responds well to treat-
ment with anti-epileptic agents
(10). With time, this initial good
therapeutic effect, however,

is decreasing. Given the small
number of randomized con-
trolled trials, the selection of
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appropriate pharmacotherapy
is still rather empirical than
evidence based. Treatment
with carbamazepine is known
worldwide despite a plethora
of available newer antiepileptic
drugs. 90% of patients re-
spond well to initial treatment
with carbamazepine. Target
dosage is 600-1200mg per
day. Plasma levels should be
monitored at higher dosages.
Target levels are 4-12 mg/ |.
Besides fatigue, ataxia and oc-
casional cognitive impairment,
skin rash, thrombocytopenia
leukopenia, hypernatremia,
hepatic dysfunction and cardiac
arrhythmia rarely occur as side
effects.

Oxcarbazepine, a prodrug

of carbamazepine acts like
carbamazepine in trigeminal
neuralgia. It is rapidly absorbed
with a maximum serum
concentration after one hour.
Required dosage is 900 to
1800 mg / d. Fewer cognitive
side-effects and the lack of
autoinduction are considered
advantageous in comparison
with carbamazepine. On the
other hand, the incidence of
hyponatremia is higher with
oxcarbazepine, about 23% (16).
Regular lab checks are there-
fore necessary and attention
should be paid to clinical symp-
toms of hyponatremia such as
dizziness, headache, fatigue or
nausea.
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Fig. 2: Schematic representation of
the principle of microvascular decom-
pression.

A)The interfering loop of superior
cerebellar artery (SCA) is located in
the axilla of the trigeminal nerve (V).
B) The loop is mobilized with a micro
tool and shifted away from the nerve.
C) The vascular loop is stabilized with
a piece of Teflon in the new position.

A number of other substances
have been proposed for
trigeminal neuralgia. These
include baclofen, lamotrigine,
gabapentin, pregabalin, valproic
acid, and tricyclic antidepres-
sants. It is important to note,
however, that currently only
the substances carbamazepine,
gabapentin and pregabalin

are licensed for the indication
“trigeminal neuralgia” or “neu-
ropathic pain”.

Sometimes exacerbation of at-
tacks asks for acute pharmaco-
logical intervention. This can be
achieved by slow intravenous
administration of 250 mg of
phenytoin. The rate of adminis-
tration should not exceed 1 mg
/ kg / min due to cardiodepres-
sant action. The subsequent
dosing is prescribed as 3mg/
kg body weight i.v. or p.o.,
ti.d.

The evidence for anti-epileptic
drugs for trigeminal neuralgia
appears sufficiently estab-
lished. In contrast, typical pain
medications such as non-ste-
roidal anti-inflammatory drugs
and opioids are little effective.

Microvascular
Decompression

Following the guidelines of
the German Assosication of
Neurology, surgical treatment
in classical trigeminal neuralgia
is indicated when either drug
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therapy is unsuccessful or if
the side effects affect quality
of life significantly.

The microvascular decompres-
sion after Jannetta is now ac-
cepted as a curative treatment
(1). This is an intervention in
the posterior cranial fossa
through a small suboccipital
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Fig. 3: Radiosurgery planning for
Gamma Knife treatment. The chosen
target volume on the trigeminal
nerve is irradiated with dose is 80-90
Gy. (Courtesy of Dr. G. Horstmann,
Gamma-Knife-Center, Krefeld,
Germany)

craniotomy. The procedure

is performed under general
anesthesia. The neurovascu-
lar conflict at the entry zone

of the trigeminal nerve in the
brain stem is identified and
compression is removed from
the nerve by inserting a small
cushion of Teflon (see Fig. 1
and 2). The initial success rate
is high, with freedom of pain
in 80% and improvement in
another 15% of the patients.
In the course, however, there
is a certain number of early
recurrences, so that it must be
assumed that definitive cure is
achieved in 70%. The cause of
recurrences is seen mainly in
the fact that intrinsic disease
of the nerve may play a role

in some patients. Rarely, the
Teflon cushion may become
displaced. If there is a relapse
after microvascular decompres-
sion, the primary response
should be to reestablish drug
therapy. In case of inadequate
pain control or substantial side
effects we recommend a surgi-
cal revision, or other interven-
tional procedures.

Although microvascular
decompression is a safe and
effective method in the hands
of experienced neurosurgeons,
there are occasional compli-
cations. Ipsilateral deafness
occurs in 0.5-1% of patients
and there is a surgical mortal-
ity of approximately 0.2 %.
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Microvascular decompression
may lead to a sensory deficit in
the face, but, as expected, less
frequently than the destructive
methods, such as radiosurgery
and percutaneous thermoco-
agulation, etc.

Radiosurgery Treatment
(Gamma Knife)

During the last decade, Gamma
Knife radiosurgery has gained

a certain place in the treatment
of trigeminal neuralgia (7). The
method is less invasive than
microvascular decompres-

sion and can be accomplished
under local analgesia. Here, the
trigeminal nerve is irradiated
with a single dose of 80-90

Gy close to its exit from the
brainstem (Fig. 3). Radiosur-
gery is an ablative method that
leads to partial damage of the
nerve. Therefore, 10 - 30% of
patients get a significant sen-
sory deficit. Neuralgia is initially
relieved in 70-90%, with the
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effect occurring only after sev-
eral days or weeks. However,
the methods is accompanied
with a high rate of relapses, so
that after five years, only about
half of the patients remains
pain free. So far, few reports
on repeat radiosurgery for
trigeminal neuralgia are avail-
able. Some suggest that by an
additional dose of about 20 Gy,
secondary improvement can be
achieved in some 50%.

Percutaneous Procedures
The percutaneous procedures
are ablative procedures, com-
parable as radiosurgery. How-
ever, the target is within the
trigeminal ganglion and not at
the brainstem as with radiosur-
gery. With thermocoagulation,
the trigeminal ganglion is ther-
mally damaged and with glyc-
erol infiltration chemically (3,8).
A special cannula is inserted
under local anesthesia on the
side of the corner of the mouth
and guided into the foramen
ovale under fluoroscopic con-
trol. The nerve is than heated
with radio-frequency probe to
a temperature of 70-85°C for

a few minutes, or 0.3-0.4ml of
pure glycerol is injected . The
balloon compression method
also has been enjoying a
certain popularity over the last
decade, wherein a 4-French
Fogarty balloon catheter is
inserted through the foramen
ovale and inflated with 0.75 -1
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ml of contrast medium for a
few minutes (5).

Thermocoagulation and
glycerol infiltration have been
used for over 20 years. Both
methods achieve initial pain
relief in 80-90%, but recur-
rence after some years is
common, as with radiosurgery.
A substantial sensory deficit
occurs in about half of the
patients, which is described in
10-15% as disturbing. Severe
discomfort, so called anesthe-
sia dolorosa occurs with similar
frequency after thermocoagula-
tion and glycerol injection (1.5 -
2%). After b years, some 50%
of the patients still remain pain
free.

The percutaneous interven-
tions can all be repeated in

the event of a recurrence. In
general, however, the sensitive
deficit increases after multiple
interventions. The prospects
for a repeated treatment are
not as good as for the first
procedure, but worthwhile
improvement or complete
relief can be expected in about
70% of repeat percutaneous
interventions.

Trigeminal Neuralgia in
Multiple Sclerosis and
Atypical Trigeminal Neuralgia
Trigeminal neuralgia occurs in
the course of about 2% of all
patients with multiple sclerosis.
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Neurosurgery

Traditionally, the destructive
surgical procedures are recom-
mended to these patients after
exhaustion of drug treatment.
Atypical trigeminal neuralgia
includes facial pain that does
not meet the aforementioned
criteria of typical trigeminal
neuralgia. In particular, there
is in addition to paroxysmal
attacks also constant pain and
dysesthesia. The causes are
diverse and include late devel-
opment of an originally typical
trigeminal neuralgia, posther-
petic neuralgia, nerve damage,
e.g. as a consequence of de-
structive procedures. Destruc-
tive methods are considered
obsolete in these situations.
Here, some success can be
expected with an implanted
neurostimulator (9).

Conclusions

The general acceptance of vas-
cular compression as a cause
of classical trigeminal neuralgia
and the resulting possibility of
curative treatment by microvas-
cular decompression must be
considered the most important
recent progress with trigeminal
neuralgia. Minimally invasive
percutaneous procedures and
Gamma Knife are still valid
options for old or frail patients,
since they can be performed
without general anesthesia.
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Treating
Metastatic
Melanoma

in 2013

Introduction

The management of metastatic
melanoma has yielded disap-
pointing results until recent
times. Some patients ob-
tained a benefit from regional
treatments, but the majority
of them required systemic
therapy that was largely inef-
fective.

The advent of ipilimumab as
the first immune check point
control antibody and new
knowledge of the molecular
biology of melanoma has
transformed this disease not
longer conceived as one single
tumour, but a constellation of
related tumors having spe-
cific molecular characteristics.
With the rapid development

of specific kinase inhibitors
the therapeutic landscape has
dramatically changed. As new
compounds enter clinical trials
and eventually become widely
available, decision trees will be
required to use them correctly
and which have to be adapted
in short terms to integrate the
newest developments. This
article summarises evidence
that may help in making clinical
decisions and proposes an
algorithm to use systemic
treatments in 2013.

Key words: melanoma, ad-
vanced disease, BRAF inhibitor,
MEK inhibitor, anti-CTLA4

Glossary: CTLA-4, cyto-

toxic T lymphocyte antigen 4
regulates immune functions;
BRAF, serine-threonine kinase
oncogene commonly mutated
in melanoma; KIT, tyrosine
kinase oncogene; NRAS, viral
oncogene

Options and Outcome before
the Era of New Drugs

The prognosis of patients

with stage IV melanoma has
remained unchanged for dec-
ades. A retrospective analysis
published in 1983 showed a
one-year survival rate of 40%
for stage IVA and 11% for
stage IVC disease [1]. In 2000,
the Eastern Cooperative Onco-
logy Group reported a median
overall survival of 8-10 months
in patients with soft-tissue or
lung metastases and 6 months
in those with visceral dissemi-
nation [2]. A systematic review
of 41 randomised clinical trials
revealed that combination
regimens produced higher
response rates, but at the

cost of increased toxicity and

with no benefit in overall sur-
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Fig. 1: The BRAF-MEK Pathway. Inappropriate activation of growth factor
receptors (e.g., KIT) or mutations of the BRAF gene can lead to constant
activation of MEK 1 or 2, with resultant effects on cells: increased prolifera-
tion, survival, and propensity for invasion.

vival [3]. These trials had used
single-agent chemotherapy,
combination chemotherapy,
interleukin-2 with or without
interferon or combinations of
chemotherapy and immuno-
therapy. In view of the limited

success of complex schemes,

single-agent therapy with
dacarbazine, which achieves
responses in 7 to 156% of
patients, was accepted as a
reasonable standard of care in
many institutions.

New Treatment Options
since 2010

Immune Checkpoint Control
using Anti-CTLA4 Antibodies
Ipilimumab is a fully humanised
monoclonal antibody directed
to CTLA-4 demonstrating that
immune check point control

is an effective cancer treat-
ment option. Although overall
response rates are low some
long-term survival in some
patients has been observed
[4]. Furthermore 2 independ-
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Primary melanoma

ent prospective-randomized
phase Il studies confirmed
that ipilimumab can confer a
survival benefit in metastatic
melanoma patients whether
treatment-naive or pretreated.
This survival benefit is particu-
larly interested if one analyses
survival at year 3, 4 and 5 post
treatment. [4,5]. Although
ipilimumab showed little
benefit in overall response rate
or progression-free survival a
survival plateau appeared after
two years of follow-up, with
20% of patients remaining
alive in the long term. Based
on these results, ipilimumab
(Yervoy®) has been approved in
the US, Australia and Europe.

Since the mode of action of
Ipilimumab is different than all
other oncological drugs, stand-
ard criteria for the evaluation
of therapy response might be
not sufficient for evaluation of
treatment benefit of patients
treated with ipilimumab. Main
issue of confusion is an initial
lymphocyte infiltration in the
tumour which may increase
tumour size or lead to the
radiological appearance of
“new or enlarged” lesions in
computed tomography images
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(pseudo-progression). Further-
more, ipilimumab is associated
with a new toxicity profile of
immune-related side effects,
mostly cutaneous and gastro-
intestinal, which requiring
specific education and training
of treating clinicians. Other
antibodies having influence on
the immune checkpoint control
and that enhance the activity of
the immune system are under
current clinical development
including those targeting PD1
and PD1 ligand.

Specific Therapy in BRAF
Mutated Melanoma

The activation of the MAP-
RAS-RAF signalling pathway is
believed the critical pathway in
melanoma development (Fig
1). Approximately 40% of mel-
anomas present mutations in
BRAF, usually V60OE and less
commonly V600K mutations
or others. This has allowed the
development of specific kinase
inhibitors.

BRAF Inhibitors

Vemurafenib and Dabrafenib
are selective BRAF inhibitors
that target the V600 mutant
forms of the BRAF. The drug is
active only in tumours har-
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bouring this kind of mutation,
which needs to be detected by
molecular pathological tech-
niques prior to treatment initia-
tion. Objective responses for
both drugs are above 50% of
patients with a median pro-
gression-free survival of around
6 months [6,7]. The most com-
mon adverse events requiring
dose reduction were arthralgia,
rash, photosensitivity, fatigue
and elevated transaminases.
Based on these results vemu-
rafenib (Zelboraff) has already
been approved for the treat-
ment of BRAF mutated meta-
static melanoma in most parts
of the world. Approval for dab-
rafenib is expected to follow in
2013. Interessingly, dabrafenib
also shows significant activity
in brain metastases with an
overall response rate of 39%
as first-line treatment and 31%
in those who had prior brain
radiotherapy [8].

MEK Inhibitors

MEK is a downstream target
of the BRAF pathway, which is
depicted in Figure 1. A specific
MEK inhibitor, trametinib, was
recently tested in a phase

[l study, in comparison to
chemotherapy (either dacar-
bazine or paclitaxel), in mela-
noma patients bearing a BRAF
mutation. The results showed
that trametinib is a first-in-class
MEK inhibitor that conferred
significant improvement in
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™

Regional spread of melanoma

progression-free survival and
overall survival, compared to
either chemotherapeutic mo-
dality [9].

Combinations of Specific
Inhibitors

Considerable effort is being
dedicated to study the resist-
ance to BRAF inhibitors and a
number of mechanisms have
been proposed. For instance,
preclinical models indicate
the importance of MEK
dependency in BRAF-mutant
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Melanoma

melanoma and suggest that a
combination of BRAF and MEK
inhibitors could prevent the
emergence of resistance. A
phase Il study of the BRAF in-
hibitor dabrafenib and the MEK
inhibitor trametinib has shown
encouraging activity with lower
than expected toxicity [10].
Currently various registration
studies are underway to proof
the benefit of a combination of
BRAF and MEK inhibitors over
the monotherapy alone.

Major limitation of those
targeted treatment approaches
are the development of drug
resistance. At this time, the
best strategy to prevent or
overcome resistance to BRAF
inhibitors remains unknown
and will be the aim of future
clinical trials.

KIT Inhibitors

Approximately 15% of mu-
cosal (with an especially high
mutation rate in vulvovaginal
melanomas; [11]) and 23%

of acral melanomas have a
mutation or amplification in KIT
[12], which could allow therapy
with specific inhibitors. Clinical
trials utilizing imatinib or nilo-
tinib show evidence of activity
although treatment benefit is
more heterogeneous (13).

Classical Chemotherapy and
Other Compounds
Twenty per cent of melanomas
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Visceral metastases visualized by PET

harbour mutations in N-RAS,
whereas uveal melanomas
typically have mutations in
GNAQ or GNA11, and other
melanomas yet show a vari-
ety of other mutations (PI3K
pathway, MITF, CDKs, etc.).
Although MEK inhibitors could
play a role in some of these
uncommon subgroups of mela-
noma, specific inhibitors have
not been developed, mainly be-
cause those mutations are less
amenable to targeted therapy
than BRAF or KIT. Further basic

PET Jlaniwls Ly shuall o YELYI

bk Jars pe 331,33 Sl
Aalygall L Lpaall al5Y1 3 Jle
Leluall alys¥ 5o ZYY 5 (VV)
sl olyak cllis acral melanomas
a3 S5 (V) KIT (o aaaiias
RECFLROIE A SYR EN | EDN|

il A sl Slalyall o
nilotinib i imatinib ceeas il
oo pe L Lllad e Lol o gbel
Alate yud Laa Ml 3.5 )

(VYY)

s Latl 251

gols oo sl oo Ly Laally (KU
(9) LS LasI Aol

Qs ull slayiiall yay &S Lisalf
L g0 SomS w g Jdy a3 0l
BRAF o Uayial do slaall dul,ul
Ly sl Ju3le £ 3Ladll L6 Mia
e alaie VI el oLl
s s Lt luall al,5¥1 3 MEK
CA%y BRAF 3 Yag ellis

9 MEK 5o W olayia el yiil
94 g5 o oS 5 BRAF
L sl Tl yo 3 g Lo gLl
BRAF o Uasis Jlaaiw
trametinib = Ui 5 dabrafenib
e Lantue Ludlad o yelsl 03 MEK
(V*) Bssall o J3T Lo

olwbusae Lila (5,23

MEK olayie Jlasinw Liliaws
oo Y L BRAF olkayiag
s ol 2 Madl Jlaaiul

A Ll gall Lo laall Haias,
Skl sda Jlaaiw¥ ;S sasall
Obs LYl sha 3y Laa Ml
il ol dhal Luaysl il Juasl
BRAF layial doslaall e

O SBagll a5 Lgrne sud (B
AahiEtall 4y sl sl all

KIT Uasia
Lablaall al, oY1 G 7V 0 LupyEs



German  al.Jl
Medical =l
Journal =iy

Melanoma stlaall a,gll

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

research and multi-institutional
cooperation will be critical in
the future management of
these subgroups. On the other
hand, chemotherapy has tradi-
tionally been associated with

poor overall results, but some iGNAQ e
patients clearly benefit from 9 & 2SS

. ) Lt Luall al, 53 Ly (GNATT
this approach. For this reason, ) f R .
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Treatment Strategy in 2013

As therapy for advanced mela-

noma becomes more complex, '

it is important to delineate

treatment algorithms. Registra-

tion labels and drug availability ’
will drive the sequence. At this

time in early 2013, ipilimumab

and vemurafenib have been ap-
proved by regulatory agencies,
although cost constraints may

limit access in some countries. .
Other new drugs and combina- Lo
tion options mentioned above |
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noma. Acral and mucosal mela-
nomas should also be tested
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referred to clinical trial centers
offering treatment with MEK
inhibitors, RAS mutation status
should be ascertained in wild-
type BRAF melanoma.

Vemurafenib is the preferred
option in patients with BRAF-
mutated melanoma. However,
ipilimumab could be considered
in low-risk patients, i.e., those
with low tumour burden and
excellent performance status.
Some of these patients could
become long-term survivors,
whereas the remaining would
receive vemurafenib upon
progression with ipilimumab.
As ipilimumab requires time to
produce an effective response,
patients with short life expec-
tancy could be better served
with other options.

Imatinib or another KIT inhibi-
tor is indicated if a KIT muta-
tion is detected, although
evidence in this regard is less
consistent than in the case of
vemurafenib and dabrafenib
for BRAF-mutant melanoma.
Ongoing studies will determine
which KIT mutations are most
amenable to treatment with
this kind of inhibitors.

Patients progressing on ve-
murafenib, dabrafenib or a KIT
inhibitor could receive ipili-
mumab or chemotherapy, de-
pending on performance status
and drug availability. Ipilimum-
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ab should also be considered
as first line therapy whenever
a targetable mutation is not
detected in the tumour.

The importance of clinical trials
cannot be overemphasized.
The possibility to refer patients
for clinical investigation should
be considered at any stage of
the patient’s evolution. The
treatment algorithm will be
subjected to changes as new
alternatives demonstrate ef-
ficacy for specific subgroups.
For instance, the combination
of BRAF and MEK inhibitors
might be soon considered
first-line for BRAF-mutated
melanomas. In the future,
specific drugs could be devel-
oped to treat melanoma with
other mutations, in which the
detection of these mutations
should become standard of
practice. Registration studies
for melanoma bearing NRAS
mutations are currently ongo-
ing. Likewise, if markers pre-
dicting response to ipilimumab
or anti-PD1 antibodies are
finally found, they should be
incorporated to the pathological
workup.

Conclusions

In 2013, therapy for advanced
melanoma is determined

by the mutational status of
the tumour. Selective BRAF-
inhibitors such as vemurafenib
and dabrafenib are the most
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Melanoma

active agent in BRAF-mutant
melanoma, whereas a KIT
inhibitor could be considered in
tumours with a mutation in KIT.
Ipilimumab should be consid-
ered as first line for patients
with no target mutations or

as second line in any patients.
Chemotherapy may have a role
as salvage therapy in second or
third line.
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Novel Methylene Blue
Injection Directly into the
Inferior Thyroid Artery (ITA)
to Identify Parathyroid Gland
During Thyroid and
Parathyroid Surgery

Early Clinical Experiences in Daily Surgical
Practice by Means of a Prospective Unicenter

Observational Study

Abstract

Objectives (background):
Based on the increasing num-
ber of clinical observations,
which suggest a possible un-
favorable neurologic outcome
after traditional intravenous
[i.v.] methylene blue (MB) infu-
sion in several cases in the set-
ting of (para-)thyroid surgery,
the aim of this study was to
investigate feasibility, success
rate and accuracy as well as
short- to mid-term outcome of
a simple but novel technique
(intraarterial [i.a.] administration
of methylen blue).

Methods: Prospective uni-
center observational study to
assess surgical treatment qual-
ity in daily clinical practice at
Alkadhymia Teaching Hospital,
Baghdad (Irak) between 2007
and 2008.

Results: Thirty five patients
with surgically indicated
thyroideal and parathyroideal
diseases (females, n=28 [80
%]) with age ranging from 28 -
65 years, who had undergone
thyroid / parathyroid surgery at
the Alkadhymia Teaching Hos-
pital in Baghdad, were enrolled.
One mL of methylene blue (fi-

nal concentration, 0.1 %) was
administered into the inferior
thyroid artery (ITA) intraopera-
tively. Thus, in thyroid cases,
44 out of 50 parathyroid glands
were distinctly stained by the
dye (88 %). In parathyroideal
disease, 16 out of 18 (88.8 %)
were tacking the dye, which
can be considered an excellent
and satisfactory result in the
same range as reported in the
literature, with an obviously
low complication potential.
Conclusion: The presented
technique can be recommend-
ed as a novel sufficient meth-
od, which can be considered
a feasible and safe alternative
in identifying efficaciously
parathyroid glands for the
endocrine surgeon as found
in this pilot study on the novel
i.a. methylene blue applica-
tion mode into ITA. However,
it needs further and continu-
ing systematic evaluation in

a greater number of patients
to assess more appropriately
short- and long-term outcome
aspects.

Key words: Novel i.a. methyl-
ene blue injection into ITA to
identify parathyroid gland
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Fig. 1: Scheme on the
locations and main blood
supply of parathyroids.
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Introduction

There is a great anatomic vari-
ety with regard to the local site
as well as their numbers and
incidence of parathyroids as
has been reported by numer-
ous authors. For instance, the
number may vary from 1-12
but the regular number is 4 (87
%) in the majority of cases:

2 at the superior and 2 at the
inferior position, i.e., 2 pairs
per person (in relation to the
thyroideal gland). However,
there may be 3 glands (6 %),

5 glands (0.2 %) and even 6
glands (0.6 %) [1]. The parathy-
roid glands are usually visible
only in 50 % of cases. The mid-
dle third of the posterior border
of thyroideal gland lodge the
majority of these glands (60-65
%) [2]. The average weight of
a parathyroid gland is approxi-
mately 35 mg. The combined
weight of the two superior and
two inferior glands is therefore
approximately 140 mg. Ana-
tomically, the superior parathy-
roids can be mostly found at a

site, which has developed from
the 4th branchial arch, which is
the same origin for the thyroid.
Usually, the superior parathy-
roids are found within one cm
from the cricoarytenoid joint

at the posterior surface of the
upper pole of the thyroid gland.
In contrast, there is a great
variety in the locations of the
inferior parathyroids as they
develop from the 3rd branchial
arch, the same as for the thy-
mus, and can be dragged down
for a variable distance to the
superior mediastinum.

Since the location of the
parathyroid glands is quite
variable, the surgical ap-
proach must be based on a
competent knowledge of the
embryological development

of the parathyroids and their
derived most common loca-
tions. As already stated, the
superior parathyroid glands are
less variable in anatomic site,
with approximately 75 % being
located either crico- or juxtathy-

71

olall Caatall
lslase saddl adge o Lalya
daling oSl (5 as 533 3,00
Ay slall aatas of o s
LS o slaall e Lyalyal
hslas sasll Jnall jhsll
Lac st o3 Ko (5l ooy 3Ll
oy slan suill 5l B S5 LS,y
s s g I3 Ay slall 3,000
s old oy nasll uls
Alall Gy paill ol Goull 5ylaa
L Sy oVl e Vo 3
Ala Say S s 1S YNl
A8, 330 (s plall Ll
Lol YLl (o 71 Ty s 535
poalill Gala i g pall cals
ohslas Gaiaall g8l e Juuis
76 ST Uy Lilall 3,5l
gl b g 533 YLl (e
il aall 5,80 5 5laall
s aLo¥1 1) 23 susll

e 8 Do ST o (calall
g Glaad (5 s o35 YA
5uid Luliull LAl Gy o gl

Sl olay .Y e f00
agandl (3 &5 ,ull aill b g1l
obhslas saddl lel 3 Lol
(X)(0=1+) 3l

Soll wlyslae 3usdl G5 Jass O
de¥o Ly ,as

Ssaadl el jsiuall 056l o

5 Oadaslall 3,0l ol slae

e Ve L, aiyadl
ol wlyslas O Ly yis
S e sl 5 aalis & glall
el gaaall Gugill e ekt
Sasdl ool uh (o yaian 53l
Sasaadl aalis e 3ule . 445,0l
Llical (s oladl 3,00 3, glaa
ol Bl Jeadall (o aid
Lf'q.l';ll bl e cricoarytenoid
b oS g 53 allia AL
w‘ 6‘)4." C;'J\,\éa @é‘\,.o
ol (B oskaty (Slslly
Gale o LS Ul guaall
©dad3 o) (Sany pugeatll Buc
I daling o lelu Jau ¥



Parathyroid Gland

Fig. 2: Scheme on the intraoperative

i.a. injection of methylen blue to iden-

tify parathyroid gland(s) according to
the blood supply.

roideally, and the remainder
are located primarily behind the
upper pole of the thyroid gland.
One percent, however, can be
found either retroesophage-
ally or retropharyngeally. The
inferior parathyroid glands are
more variable; approximately
40 % are located in the tissue
immediately adjacent to the
lower pole of the thyroid (both
anteriorly and posteriorly) and
another 40 % are located in
the tongue of thymic tissue be-
tween the inferior border of the
thyroid gland and the clavicle.

Fifteen percent will be located
juxtathyroideally, approximately
1 % are located in the medi-
astinum, and 2 % are ectopic,
at any location along the mi-
grational path from the base of
tongue to the lower neck. For
superior and inferior parathy-
roids, approximately 2 -5 % of
glands will be located within
intrathyroideal tissue [3].

The glands have a rich blood
supply originating from the
natural anastomosis between
superior and inferior thyroideal
arteries. However, their direct
main blood supply comes from
the inferior thyroid artery (ITA),
and there is a definite fascial
compartment. Identifying and
respecting this fascial com-
partment will save the blood
supply to the parathyroids. In
the majority of cases, the ITA
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contributes minimally to the
arterial perfusion of the thyroid
gland since most of the blood
supply goes to the parathy-
roids. Avoiding surgical insult
due to too aggressive handling
or preparation or devascularis-
ing the parathyroid gland is of
utmost importance in thyroid
surgery, which recommends
basically a superior-to-inferior-
dissection technique. Based
on the increasing number of
clinical observations, which
suggest a possible unfavora-
ble neurologic outcome after
traditional systemic i.v. meth-
ylene blue (MB) infusion in the
setting of parathyroid surgery,
the aim of this study was to
investigate feasibility, success
rate and accuracy as well as
short-term outcome of a simple
but novel technique compared
with the conventional ap-
proach, namely the application
of methylen blue, by injecting
intraoperatively 1 mL of it (final
concentration, 0.1 %) directly
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Parathyroid Gland

Fig. 3: Clinical view on the neck in
a 28-year old female patient with
parathyroid adenoma.

into the ITA in order to

i) reliably identify the parathy-
roid glands during thyroid
and parathyroid surgery [Fig.
1] but

ii) limit or reduce significantly
the complication potential of
the conventional approach.

Patients and Methods

During a defined time period,
all consecutive patients with
an indication for thyroid and
parathyroid surgery admitted to
AlKadhymia Teaching Hospital
in Baghdad (Irak) because of
various thyroid and parathyroid
diseases (inclusion criteria)
were enrolled in this prospec-
tive unicenter observational
clinical study according to the
study aim; patient- as well as
intervention-related character-
istics were documented in a
computer-based registry.

The primary endpoint was the
feasibility of the novel method
indicated by identification rate
(in particular, success rate and
accuracy) of the parathyroids
further characterized by the
number of parathyroids per
patients in using the novel di-
rect injection of methylen blue
into the ITA. The secondary
endpoint was outcome charac-
terized by short-term follow-up
(postoperative return of the se-
rum calcium level to normal) as
well as perioperative morbidity
and mortality.

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

The preoperative approach
and the intraoperative meas-
ures were, in brief [Figs. 2-41:
Patients were referred from
the department of endocrinolgy
after all the relevant diagnos-
tic investigations had been
accomplished and the patients
had been prepared for surgery
as indicated including informed
consent form in each case.
General anesthesia in reverse
Trendelenburg’s position with
the neck slightly extended was
used in all cases. The standard
neck incision is made measur-
ing about 8 - 12 cm in length

at the lower part of the central
neck [Fig. 2]. After opening

the pretracheal fascia in the
midline and mobilisation of the
sternothyroid muscle, the thy-
roid gland is mobilised to allow
searching for the four parathy-
roid glands, which reside mod-
erately deep in the neck behind
the thyroid. In all cases, ITA
was subsequently identified
preserving recurrent laryngeal
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Parathyroid Gland

Fig. 4: Intraoperative situs of parathy-
roid surgery indicating:

a) Thyroid anatomy before i.a. injec-
tion of methylen blue

nerve, which runs near the

artery, freed from adhesions to

the soft connective tissue and
slightly fixed with loose loops
of absorbable suture material.

After this, T mL of methylen

blue (vial of 50 mg were diluted

in 5 mL [resulting concentra-
tion of the stock, 1 %]) was
administered (after further
dilution 10 times using 0.9 %
of saline resulting in a final con-
centration of 0.1 %) using an

1-mL ["insulin”] syringe and a

(27G)Fr.-curved injection needle

or (22G)Fr.-cannula (depending

on the diameter of the artery)
into the ITA apart from the
thyroid gland (to avoid injury to
the recurrent laryngeal nerve)
leading to an immediate flash
of the glands by the dye. After
identification of the ipsilateral
glands, the procedure is re-
peated at the contralateral side
in order to identify the glands
there. In particular:

- In case of hyperplasia of
the parathyroideal glands,
three and a half glands were
removed, the remaining
half was kept in situ.

- For parathyroid adenoma,
only the pathologic adenoma
was removed mostly associ-
ated with one of the
glands. The other glands
were investigated to exclude
multiple adenomas; then,
these glands were also
left in situ.

- In case of parathyroid
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carcinoma, we removed the
gland with ipsilateral thyroid
lobectomy.

All removed parathyroid glands,
which have dark purple colour,
are casually visible under the
fascial layer; they were subject-
ed to histopathologic investiga-
tion. In subjects with thyroid
disease, FNAC confirmed the
clinically diagnosed parathyroid
gland. The patients in whom

a nodule was not proved to

be part of parathyroid gland
were excluded from the study.
Because of possible alterations
of serum calcium levels in the
postoperative observation pe-
riod, serum calcium was meas-
ured every 6 to 8 hours during
the first few days [4]. Potential
symptomatic hypocalcemia
was prevented by initiating
calcium tablet supplemention
for 1-2 weeks.

The study was undertaken
according to the guidelines
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Parathyroid Gland

Fig. 4b: Parathyroid gland and recur-
rent laryngeal nerve

of the Declaration of Helsinki
for Biomedical Research from
1964 and the standards of the
Institutional Review Board as
appropriate. Informed consent
form for surgical interven-

tion was obtained from each
patient as appropriate.

Results

From 2007 - 2008, in total 35
(sex ratio: females, n=28 [80
%]1; males, n=7 [20 %]) with
age ranging from 28 - 65 years
were diagnosed with various
thyroid and parathyroid dis-
eases and were subsequently
admitted to the AlKadhymia
Teaching Hospital in Baghdad
(Irak) for surgery. Out of these
cases, 24 patients (68.5 %)
showed multinodular goitre, 3
(8.5 %) diffuse hyperthyroid-
ism, 3 (8.5 %) parathyroid
hyperplasia, 1 (2.85 %) single
parathyroid adenoma, 2 (5.7 %)
thyroid adenoma, and thyroid
tumour as well as parathyroid
carcinoma was found in one
patient each (2.85 %), respec-
tively [Table 11.

Out of 68 detectable parathy-
roid glands in total, 18 glands
were detected in parathyroid
cases (n=b) with an average
rate of 3.6 per case, whereas
50 glands were detected in
thyroid cases (n=30) with an
average rate of 1.7 per case
[Table 2]. Sixty (88.2 %) glands
were located at an orthotopic
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position and further 8 (11.8

%) near the carotid sheath.

In patients with pathology of
the thyroidal gland (n=30), 44
out of 50 glands were clearly
stained by the dye (success
rate, 88 %) [Table 3]. Four
glands (8 %) were not tacking
the dye due to technical failure
as it happened severily in one
case, thus, ITA could not be
identified using this method.
The spectrum of surgical inter-
ventions ranged from simple
lobectomy to near total thy-
roidectomy with preservation
of the(/both) recurrent laryn-
geal nerve(s) and parathyroid
glands. In cases with diseases
of the parathyroideal gland
(n=5), 16 out of 18 (success
rate, 88.8 %) were tacking the
dye. Two glands (11.2 %) did
not resorb the dye, which were
located near the carotid sheath
lower down in the neck.

All patients recovered well
from anesthesia without any
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Fig. 4c: Parathyroid after methylen
blue injection.

complication. Postoperative
hospital stay with an aver-

age of 3.5 (range, 2-5) days
was uneventful in almost

each case. Interestingly, there
was only one case with a
postoperative symptomatic
hypocalcemia who needed
additional i.v. administration of
calcium gluconate (100 mL of
10 % calcium gluconate over 4
hours) (perioperative morbidity,
2.9 % [n = 1/35]). However,
there was no allergic reaction
or mental disorientation with
regard to methylen blue appli-
cation, neither a specific com-
plication such as postoperative
bleeding or wound infection,
general complication such as
urinary and pulmonary infection
nor even postoperative death
(hospital mortality, 0).

Discussion

Due to small size, variable
appearance and anatomic posi-
tion, (partially extended) intra-
operative search for the para-
thyroid gland occurs not rarely,
can frustrate the surgeon and
can significantly prolong the
operating time. Hypoparathy-
roidism is a well recognised
complication of thyroid surgery
and recurrent hypercalcemia is
also a well known sequela of
parathyroid surgery for primary
hyperparathyroidism. Preopera-
tive staining of the parathyroid
glands has been shown to help
to overcome these problem.
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Dudley in 1971 introduced the
use of methylen blue and con-
sidered this a reasonable and
safe approach [5]. In 1975, Gor-
don and co-workers advocated
also the use of methylen blue
for this purpose [6,7]. Cox and
colleagues in 1979 reported

on the application mode and
efficacy of this technique [8].

In 1985, Bland and associates
reviewed the technique and re-
ported a significant reduction in
operating time due to ease of
locating the glands. During the
following few years, the role of
methylen blue faded especially
after the observation of neu-
rological side effect that had
been reported after i.v. infusion
in the literature [9], e.g., mental
toxicity by traditional methyl-
ene blue application for search
of parathyroids and following
parathyroidectomy. Martin-
dale et al. [10] have reported

a patient who had rotational
nystagmus and dilated pupils
unreactive to light in the recov-
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Table 1: Thyroid and parathyroid
disease types (nTotal=35)

ery. Thirty minutes later, the
patient displayed rigid, jerky
movements of all four limbs
and remained very agitated
with fluctuating Glasgow Coma
Scale (GCS) of 7-10 for the
subsequent 2 h. Arterial blood
gases demonstrated respira-
tory acidosis and the patient
needed to be re-intubated. The
speech and the neurological
status returned to normal with-
in 2 days. Bach et al. [11] have
described that their patient had
marked aphasia in the recov-
ery. Within the next few hours,
the aphasia improved, but the
patient’s speech remained
slow and he was not oriented
to time and place. The patient
remained calm and pleasant
throughout his hospital course.
His mentation returned to
normal after 2 days. The risk
appears to be dose-dependent.
Khan et al. have reported on

a patient who had confusion,
agitation and altered mental
status during the early
postoperative course second-
ary to traditional infusion of
methylene blue (5 mg/kg) ac-
cording to 370 mg in 500 mL of
glucose b % started 1 h before
surgery and continued during
surgery [12]. Such risk has not
occurred in our series due to
low concentration and volume
of methylene blue used and
the advantage that i.a. adminis-
tration of methylene blue led to
no systemic distribution of the
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Characteristics
of tissue
Cases

Multi-
nodular

Parathyroid

dye with possible unfavorable
consequences. Methylene blue
has been safely used intraarte-
rially in identification of endo-
crine pancreatic tumours [13]
or i.a. methylene blue was in-
jected into the inferior mesen-
teric artery as a novel method
to improve lymph node (LN)
detection [14]. In the presented
study, 60 out of 68 dectable
glands (88.2 %) were found by
the novel i.a. methylene blue
application mode, which can
be considered an excellent and
satisfactory result in the same
range as obtained by Bland (90
%) [15] and Wheeler (86 %)
[16].

The open question is still the
appropriate concentration of
methylene blue since, if it is
too concentrated, it makes the
thyroid gland and the perithy-
roideal connective tissue dark
blue with no reasonable chance
to be able for further careful
preparation and adequate dif-
ferentiation of various tissues
and anatomical structures.
Occasionally, thyroid gland as-
similates the dye, in particular,
thyroid cyst can incorporate it
but this can be distinguished
from the parathyroid gland by
macroscopic features seen
intraoperatively.

Sometimes, cannulation of the
ITA can be difficult since the
injection site is usually at the

Diffuse
hyperplasia
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Table 2: Detectable parathyroid
glands (nTotal=68)

deepest part of the operative
situs, which requires patience
and skills. Taken together,
the use of methylene blue for
injection into the ITA to identify
parathyroid glands requires an
experienced endocrine surgeon
with expertise in both thyroid
and parathyroid anatomy and
surgery. However, there are
further limitations, e.g., in one
case, the ITA could not be iden-
tified at all, or, in another case,
the superior thyroid glands are
not supplied by blood from the
ITA, which
i) has not become obvious in
the case presented here,
most likely due to rich natural
anastomoses and a well
developed net of arteries and
collaterals, and
ii) can only be observed in
larger series of patients with
various peculiarities of sup-
plementary arteries.

Conclusions

In developing countries, it is

not always possible to use

cost-intense tools in the major-
ity of cases. Therefore, the
role of methylen blue should
be considered an appropriate
alternative technique, which is
safe and feasible, in particular,

i) with regard to tolerability
and complication rate,

ii) to simplify the search for
and reliably identify the
parathyroid glands intraop-
eratively, and

Detectable parathyroid glands (ny,¢,=68)

Operation

Thyroid

Parathyroid

i) to achieve very likely a suf-
ficient limitation in operat-
ing time and costs, which
should be addressed in
a subsequent study in a
greater number of patients.

In conclusion, the presented
technigue can be recom-
mended as a novel sufficient
alternative method in identify-
ing parathyroid glands for the
endocrine surgeon, which can
have a beneficial effect on the
detection rate and can quicken
the search for the parathyroid
glands. Further systematic
evaluation is needed to em-
phasize the favorable benefits
and elucidate disadvantageous
limitations for a reasonable and
suitable use in an appropriate
group of (possibly only select-
ed) patients.

Total Detected
cases glands

.

Average
per patient

3.6
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Table 3: (Para-)Thyroid staining
(nTotal=68)
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