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Preface 

One of the really significant stories relating to the crea­
t ion of this book happened at t he beginning of 2005, 

in  our old apartment in  Munich, Germany. Like so of­
ten, my little daughter Emma was sitting beside me at 
my desk chatting while I was working at the computer, 
desperately trying to make some progress on the book 
manuscript .  I can st i l l  remember the exact moment 
when she suddenly changed the subject and more or 
less asked me pointblank what color the book would be. 
Taken by surprise, I tried to explain to her that I had 
just started working on the book and that the last thing 
on my mind at that moment was the color of t he book. 
However, she did not let up .  To make a long story short, 
I finally had no other choice but to actually swear on 
my "great princess's honor" that the cover of the book, 
should it one day ever get finished, would be printed up 
in her favorite color. So i t  happened that I had to insist 
on having t he book bound in pink despite the serious 
concerns raised by the publisher. In the end, the respon­
sible parties at Quintessence accepted under protest. 
My reason for choosing that color, therefore, was not to 
attract more attention or to make al lusions to "pink es­
t hetics" but solely to honor my reckless promise to my 
daughter Emma, whose favorite color is pink . . .  

A t  this point ,  I would l ike t o  extend my sincere gratitude 
and appreciation to the senior management of Quintes­
sence Publishing-Horst-Wolfgang Haase, Alexander 
Ammann,  Christian Haase, and Johannes Walters-not 
only for bearing with my color choice but also for the 
great confidence and trust t hey have placed i n  me,  for 
t heir endur i ng patience throughout this book project, 
which was indubitably trying at t i mes, and, not least ,  for 
t heir tremendous support, cooperation, and partnership 
over the last few years. Many t hanks also to Janina Kuhn,  
Ina Steinbri.ick, Valeri Ivankov, and Peter Rudolf  for 
turning the manuscript into an actual book. In particular, 
I am deeply indebted to Peter Rudolf, who gave me the 
reassurance and peace of mind straight from the begin­
ning that he was doing everyU1ing possible to make this  
book the best i t  could be.  Thanks also to Christ i ne Rose, 
Florian Curtius,  Andreas Dol l inger, and Jens Hoepfner 

I 

for processing the cl inical photographs for print and 

to  the  Quintessence TV team of Gerd Basting, Martin 

Jakovljevic, Fabian Pietsch, and Ireneusz Watola for 

producing the videos for the accompanying video com­

pendium. Credi t  also goes to Angeli ka Kramer for her 

dedication and commitment in preparing the drawings 

and to Stefan Bogner, Annette Bauer, and Stephen Witt­

mann for t heir assistance i n  developing the layout for 

this  book. My thanks also go to Suzyon O'Neal Wandrey 

for the English translation and to Chee Wan Ang for t h e  

enormous effort be u n dertook i n  proofreading t h e  Eng­

l ish version of this  manuscript .  
Furthermore, I would l ike to take this  opportunity to 
t hank al l  of my teachers, even if  it is not possible to men­
t ion every single one of t he m  by name here and now. In 
my years as  a dentist and periodontist ,  I have bad the 
extraordinary luck to work wi th  a lot of great personal­
i t ies in  our field. I was not only able to see them in ac­
t ion and learn from t hese great teachers but also had the 
chance to engage in in tense discussion,  d iscourse. and 
debate wi th some of them on a large number of topics. 
In  particu lar, I would l ike to thank Wolfgang Bolz and 
Hannes Wachtel for their long-standing support o f  my 
professional development and for many i ns p ir ing years 
of common ground . . .  

Looking back, I can hardly put into words how much 
t ime and energy have actually gone i nto work on thi 
book. This i nevitably led to gaps in coverage of the dai­
l y  needs and requirements for qual i ty-oriented practice 
management and treatment ,  w hich had to be compen­
sated for and closed by others. I n  this context. my mo t 
profound t hanks to my dental  practice team. Barbel 
Hi.irzeler, Marc Hi.irzeler, Wol f  Richter. and all our hard­
working dental assistants,  dental  hygienists ,  a n d  admin­
istrative staff: Thank you for your open-mi n de d  and 
sincere teamwork and for your ceaseles a n d  u n _  wer­
ving pursuit of our ultimate goal of making patient care 
at our dental  practice a l i tt l e  bit  better each daY. war 
after year. To Stefa n  F ickl , who stepped i n  to he lp u:> 
when we had just s tarted and were short -handed.  mam· 
thanks i n deed. In addit ion,  I owe my re pect to the �-



t ist and culptor Gerd Bischur, who was instrumental  
i n  the creat ion of object images and provided support 
in all aspects relating to digital photography. I am also 
deeply i ndebted to the dental laboratory technicians 
who performed all the prosthetic work in t he scope of 
this  book project and who have basically been a part of 
my team ever since I started my professional l i fe: Rai­
ner Janousch, Uli Schoberer, and Uli Werder. My special 
thanks go to Uli Schoberer for his exceptional analytical, 
creative. and technical skil ls,  for his fundamental belief 
that a treatment o utcome that is  inferior to that which 
i s  technically feasible is never acceptable, ru1d for his  
spir i t  of brotherhood. 
The idea of having the book manuscript critically re­
\'iewed from the student perspective prior to its final 
completion proved to be a correct and rewardi ng de­
cision: I would l i ke to thank Stephan Rebele not only 
for drafting the rough sketches of the il lustrations i n  
this book b u t  also for critical ly  reading and creatively 
evaluating the manuscript. His input ultimately led to 

didactically valuable changes and additions in different 

parts of the book. I am also deeply indebted to Biirbel 

Hiirzeler for the enormous amount of t ime she spent 

proofread i ng our manuscripts without complaint at var­

ious stages of development of this book, for the razor­

sharp i n tellect wi th  which she consistently enriched 

and constructively supported the book's development, 

and for her big heart. 

Last but not least, I would l ike to thank Marc Hi.irzeler 
for his u nparalleled way of practicing dentistry with a 
passion that is irresistibly motivating and contagious, 
for always being a model of partnership and team spirit 
for me, for standing by me all these years, and for hel­
ping whenever I needed him, without exception, with­
out question, and without having to be asked: I feel ex­
tremely grateful and fortunate that our paths crossed. 
Without you, this book woul d  never have become real­
ity-my colleague, partner, very best friend . . .  

With the deepest respect, I would l ike to thank my par­
ents, Marianne and Otto, and my sisters, Marianne and 
Barbara, for showing and setting the example for me of 
what a home and family should be, for always allowing 
me to be who I really am, and for giving me their uncon­
ditional love. 
From the bottom of my heart, I would most l ike to thank 
my chi ldren, Emma, Paula, and Oscar, for opening my 
eyes and, especia lly, my wife, Kira, for her enduring 
strength, serenity, and wisdom and for the continuous 
flow of energy, warmth, and love with which she has 
supported and motivated me over the years-I could not 
i magine l iving without you for one second. I love you, 
to the moon and back . . .  

Uffing (Germany), September 2011 Otto Zuhr 
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SECTION A 

PRINCIPLES 



CHAPTER" 

BAS I C  P R I N C I P LES O F  

P E R I O DO NTAL ANATOMY 

AN D STR U CTU RAL B IO LOGY 



:-ound no" ledge of the macroanatomical and m icro­
anatomical structure of periodontal and peri- implant 
h:�ues is key to u nderstanding the principles of 
plastic-c thetic periodontal and i mplant surgery. There­
fore. anatomical structures relevant to the diagnostic 
and therapeutic procedures presented in later chapters 
o f t h i  book w i l l  be defined and described here (F ig 1-1 ) . 
Bccau e the scope of this  chapter is l imited to the in­
formation relevant to performance of these procedures, 
the reader should refer to more specific publications i n  
the l i terature for a more detailed description o f  the ana­
tomical and structural biology of periodontal and peri­
i mplant ti sues. l 

1 .1 Anatomy of Periodontal 

Structures 

1 .1.1 Gingiva 

The oral mucosa, or mucous membrane epithel ium of 
the mouth, can be divided into three types: masticatory 
mucosa (gingiva and hard palate) , lining mucosa ( l ips, 
cheeks, vestibule, floor of the mouth, base of the tongue, 
and soft palate), and specialized sensory mucosa (taste 
buds on dorsum of the tongue). 2 The gingiva consists 
of gingival connective tissue and an epithelia! covering. 
The surface of the gingiva is keratinized except in the 

,....--------- GS 

ES--+---

CEJ 

AS -'"'*====�-­
POL ---tt::�� 

FG 
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l 

Fig 1 - 1  Anatomical 
structure of the marginal 
periodontium. ES: enamel 
space; CEJ: cementa­
enamel junction; RC: root 
cementum; AB: alveolar 
bone; POL: periodontal 
ligament; GS: gingival 
sulcus; GM: gingival mar­
gin; OE: oral epithelium; 
SE: sulcular epithelium; 
JE: junctional epithe-
lium; CT: gingival connec­
tive tissue; GG: gingival 
groove; MGJ: mucogingival 
junction; FG: free gin-
giva; AG: attached gingiva; 
G: gingiva; AM: alveolar 
mucosa. 
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interdental col region. The gingiva extends from the gin­
gival margin to the mucogingival j unction. 
The average t hickness of the gingival tissue is  around 
1 mm.3 Its vertical dimension is subject to great varia­
tion and can range from 1 to 9 mm but is generally great­
est buccal to the max i llary anterior teeth and smallest 
l ingual to the mandibular anterior teeth.4,5 The width 
of the gingiva is  basically determined by the position in 
which a tooth emerges through the alveolar ridge. The 
more buccal the tooth posi t ion, the narrower the gingiva 
on the buccal aspect of the tooth. Conversely, the more 
l ingual the tooth position, the broader the gingiva on the 
buccal aspect of the tooth.6 
The width of the gingiva increases during jaw growth 
in chi ldhood. 7,8 Spontaneous buccolingual changes i n  
tooth position during growth affect the dimensions of 
the gingiva, as does orthodontic movement in  the bucco­
l ingual direction.9, 10  Buccal movement of a tooth results 
in  narrowing of the gingiva on the buccal aspect of the 
tooth, whereas l ingual movement results in  widening of 
the gingiva.lO The width of the gingiva also i ncreases 
after orthodontic extrusion of teeth or coronal distrac­
tion of alveolar bone segments, including the respective 
tooth roots (see chapter 12 ) . 

Free gingiva 
The free gingiva has a smooth appearance and extends 
along the buccal and l ingual surfaces of the teeth from 
the gingival margin to the apical border of the epithelial 
attachment (Fig 1-2). This border, located at the level of 
the cemenloenamel junction, can be identified cl inically 
as the gingival groove in  30% to 40% of al l  patienls.5 
Toward t he oral cavity, the free gingiva is covered by 
stratified squamous keratinized epithel ium. 
Toward the tooth surface, it retracts sl ightly to form a 
shallow sulcus that, under healthy condit ions, has a 
depth of approximately 0.5 mm. The sulcus is l ined by 
oral sulcular epithel ium,  which extends coronally to 
m rge with t he oral gingival epithelium. Histologically, 
the overall  structure of the oral sulcular epithel ium re­
sembles that of the oral gingival epithel ium except for 
the outermost layers of cells. In the oral sulcular epithe­
l ium, they are th inner and, in  part, i ncompletely ker­
atinized. This pattern of incomplete keratin ization is 
referred to a parakeralinization ( Fig 1-3) .  

At the bottom of the gingival sulcus, the oral sulcular ep­
ithelium merges with the junctional epithelium. which 
forms a 1- to 2-mm-wide epithelial attachment on the 
enamel surface. The j unctional epithel ium is  a stratified 

Fig 1 -2 Histologic view of the free gingiva. ES: enamel space; 
CEJ: cementoenamel junction; GS: gingival sulcus; GM: g1ng1val 
margin; OE: oral gingival epithelium; SE: oral sulcular epithelium; 
JE: junctional epithelium; CT: gingival connective tissue. (Courtesy 
of Peter Schupbach, Zurich, Switzerland.) 

GS 

Fig 1-3 Histologic view of the oral sulcular ep1thehum. Parakera ru­
zation is characterized by the presence of Incompletely era n -ed 
epithelial cells with cell nuclei in the outermost layer (stratu m  cor­
neum). These are referred to as parakeratinized eptthelial ce Is P 
Because of its narrow intercellular spaces (ICS), the oral sulcular 
epithelium has a low permeability to microorganisms. GS: g• 1 
sulcus. (Courtesy of Max Listgarten. Philadelphia. Penns tv 
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nonkerat inized epithelium t hat surrounds the tooth like 
a collar and resembles a thin wedge in cross section. 
Interdental ly, the junctional epithelia of adjacent teeth 
touch, forming the nonkeratinized interdental col .  
The junctional epithelium is demarcated by t wo basal 
laminae, one facing the tooth and the other facing the 
gingival connective t issue on the opposite side. Con­
trary to the widespread belief t hat the junctional epi­
thelium attaches d irectly  to  the tooth surface by means 
of hemidesmosomes and integrins, bemidesmosomal 
attachmen t  actually  occurs a t  the internal basal lamina 
on the enamel surface. Compared to  the convent ional 
structure of the external basal lamina facing tl1e gingi­
val connective tissue, that of the in ternal basal lamina is 
very specialized.11 The question of  the  exact mechanism 
o f  a t tachment of  the in ternal basal lamina to  tl1e tooth 

Fig  1 -4 The junctional 
epithelium (JE) can be 
regarded as a reaction zone 
that enables the body to 
stage immunologic conflicts 
with oral microorganisms 
distant from the bone. The 
nonkeratinized structure of 
the junctional epithelium 
facilitates the immigration 
of immune cells from the 
subepithelial connective 
tissue (CD. 

surface cannot be answered adequately from a scientific 
perspective at this t i me.  
The basic task of the  j un ct ional epithelium is to maintain 
the cont inui ty  of the epithelial l ining of the oral cavity 
toward the tooth surface and thus to protect t he under­
lying bone from microbial invasion. It al lows bacteria 
and t heir toxic by-products to pass through the epit he­
l ium in the apical direction and al lows components of 
cellular and humoral immunity that are chemotactical ly 
drawn from the connective t issue during a peripheral 
immune response to pass coronally in t he d irect ion of 
the sulcus. Therefore, the junctional epithel ium can be 
regarded as a contact and react ion zone that enables tl1e 
body to stage this  imm unologic con Oict distant from t he 
bone (Fig 1-4). 
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Fig 1 -5 Arrangement of collagen fibers in gingival connective tissue. 

The junct ional epitl1el ium undergoes continuous renew­
al ,  which is reflected by a very h igh rate of cell  division. 
The t urnover rate is only 4 to 6 days. During this time, 
epithelial cells from the basal layers of proliferative cells 
overlying the external basal lan1ina migrate coronally 
and are ul t imately shed at the bot tom of t he sulcus. If  the 
junctional epithelium is injured or removed, complete 
regeneration occurs within a few days by this  mechan­
ism. 12 

Attached gingiva 

Buccal and l ingual to the rows of teeth, the free gingiva 
becomes cont inuous with the attached gingiva, which 
is firmly c01mected to t he cementum and alveolar bone. 
At t l1e mucogingival junction, i l  merge wit l1 tl1e mobile 
m ucosa li ning tl1e alveolar bone. Palatal ly, tl1e at tached 
gingiva makes a smooth transit ion into lhe masticatory 
mucosa covering the hard palate. 
When healt hy, the surface of the at tached gingiva has 
a pink color and a stippled appearance. Strong kerat in-

ization of the gingival epithelium is not an adaptive re­
sponse to  functional requirements but rather a resnlt of 
genetic factors affecting the underlying connective tis­
sue)3,14 
The matrix of the  gingival connect ive t issue contains 
fibers, cells,  blood vessels,  and nerves. Roughly 60°o 
of its volume is occupied by col lagen fibers, w h ic h  are 
funct ionally arranged in bundles that form the  supra­
alveolar fiber apparatus of the periodontium betwee n  
t h e  cementoenamel junction a n d  t h e  alveolar bone 
crest . The height of epithelial  a t tachment i s  subject 
to  strong i ndividual  variation, w hereas the height of  
connective tissue attachment remains very constant at  
aroun d  1 mm. 15·16 B y  virtue of the  fact that  thev i nsert 
into the  cementum and alveolar bone. the coll�oen fi.-o 
bers are able to a ttach the gingival t issues to t h e  supra-
alveolar cementum and the alveolar bone ere t. Due t o  
t heir t hree-dimensional  archi tecture. thev tabilize t h e  
positions of the t e e t h  and uni te  them i�to one cloced 
row of dent i t ion (Fig 1 -5 ) .  
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Fig 1 -6 Histologic view of the interdental gingiva.17 ES: enamel 
space; CEJ: cementoenamel junction; JE: junctional epithelium; 
CT: gingival connective tissue; IB: interdental bone septum. 
(Courtesy of Niklaus P. Lang, Bern, Switzerland.) 

p 

p 

c I 

Fig 1 -7 Interdental soft tissues. In this region, the junctional 
epithelia (JE) of adjacent teeth touch, resulting in the formation of 
a saddle-shaped, non keratinized interdental col (C) under the area 
of interproximal contact of the teeth. The soft tissues on the buccal 
and lingual aspects of the teeth bulge to form buccal and lingual 
papillae (P). IB: interdental bone septum; SE: oral sulcular epithe­
lium. 

Fig 1 -8 The geometry of 
the interdental col changes 
from anterior to posterior. 
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I nterdental g ingiva 
The interdental gingiva fil ls the space between two con­
tacting teeth and has a free part and an attached part . 
The shape of the interdental gingiva is determined by 
the adjacent tooth surfaces, the interdental contact area, 
and the interdental bone septum ( Figs 1 -6 and 1 -7) .  The 
t issues on the buccal and l ingual aspects of the teeth 
bu lge outward to form the buccal and l ingual papillae. 
The saddle-shaped depression between the two papi l ­
lae  is referred to as  the interdental coJ.lB The shape and 
depth of the  interdental col  are determined by the size 
a11d shape of t he interproximal contact area. The epi­
thelium covering the col normally is not keratinized or 
parakeratinized.19 
The interproximal contact area is most coronal between 
the two central incisors and becomes progressively more 
apical toward the more distal parts of the arch. There­
fore, the papil lary height decreases from anterior to pos­
terior. Conversely, the distance between t he peaks of the 
papil lae and thus the width of the col increase progres­
sively from anterior to posterior20 (Fig 1 -8) .The papil­
lae are responsible for the typical scalloped shape of t he 
gingival margin along t he teeth. 

1.1.2 Periodontal Fiber Apparatus and 

Cementum 

The periodontal fiber apparatus develops d uring tooth 
erupt ion and root growth.  Functionally arranged col­
lagen fiber bundles i nsert on the root surface, form­
ing two dist inctive components, one supra-alveolar 
and the ot her alveolar. The su pra-alveolar component 
(connective t issue attachment) provides attachment 
between the teeth and the marginal  gingiva (Fig 1 -9 ). 
whereas the alveolar component provides at tachment 
between t he teeth and the bony sockets in wh ich t hey 
arc suspended. The fiber bundles insert ing into the 
cementum and cribri form plate of the alveolar bone 
l in ing t he alveol i  are cal led Sharpey's fibers. Most 
Sharpey 's fibers extend diagonally in  t he ap icoronal 
d i rect ion from the surface of the cementum to the  
bone ( Fig 1 - 1 0) .  
Principal fibers of t he periodontal l igament extending 
horizonta lly and radially can be found in the region of 
the crestal alveolar bone, the root apex, and furcations. 
In the unloaded slate, t he fibers are slightly wavy. When 
subjected to funct ional loading, t hey stretch to permi t  
physiologic tootl1 mobi l i ty, which helps t o  absorb and 
counteract the forces act ing on the Leeth.  

Fig 1 -9 Histologic view of the supra-alveolar fiber apparatus (SAF) 
as seen by polarization microscopy. ES: enamel space; CEJ: ce­
mentoenamel junction; RC: root cementum; D: dentm. (Courtesy of 
Peter Schupbach, Zurich, Switzerland.) 

The periodontal ligament contains b lood vessels .  lymph 
vessels, and a dense network of sensory nerve endings 
t hat  serves to monitor and control ful1ctional forces act­
i ng on the teeth. A rich cel l  population comprising fibro­
blasts, cementoblasts, osteoblasts, osteocla t . and t heir 
respective progenitor cells completes thi  p i c ture o f  
highly v i t a l  t issue. I t s  v i ta l i ty is also reflected i n  t h e  col­
lagen t urnover, w h ic h  is  significant ly h igher than t ha t  of 
other connective lissues.21 

Al though mineral ized , the  cementum is vi ta l  connecti.Yt.> 
t issue. The mineral content of the  cementum ranges be-
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Fig 1 - 1 0  (a and b) Histologic and scanning electron microscopic views of the apicocoronal course of Sharpey's fibers (SF) in the peri­
odontal ligament (POL). D: dentin; RC: root cementum; LC: cribriform plate. (Courtesy of Peter Schupbach, Zurich, Switzerland.) 

tween that of other dental hard t issues and bone. Di ffer­
ent types of cementum have been ident ified in h istologic 
studies investigating the distribution of cementocytes 
and the composit ion and course of fi ber components. 22 

B ased on t hese criteria, cellular versus acellular cemen­

tum and fibrillar versus afibrillar cementum can be d is­
t inguished (Fig 1-1 1). 
Acellular afibrillar cementum (AAC) appears as small 
islands or "tongues" o f  cementum located at the cervical 
enamel margin .  I t  is  probably secreted by cementoblasts. 
AAC i s  t hought to develop after completion of preemp­
tive enamel mat uration, dur ing the l ime of tooth erup-

tion when the enamel comes in  contact with the con­
nective t issue because of discontinui ties in the reduced 
enamel epi thel ium.  
Acellular extrinsic fiber cementum (AEFC) is located di­
rect ly  on the dentin in the cervical and middle thirds of 
the root. As the site of i nsert ion of extrinsic Slwrpey's 
fibers, the AEFC is primari ly responsible for anchor­

age of the tootl1 in the alveolus. This typo of cementum 
forms both preerupt ively and posteru ptively. 
Cellular intrinsic fiber cementum (CIFC) does not contain 
Sharpey's fibers. Consequent ly, it does not contribute to 
tooth anchorage. All fiber bw1dles in ilie CIFC are located 
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Fig 1 -1 1  Location of the different 
types of cementum on the root 
surface. D: dentin; CC: cemen­
tocytes; AAC: acellular afibrillar 
cementum; SF: Sharpey's fibers; 
AEFC: acellular extrinsic fiber 
cementum; CMSC: cellular mixed 
stratified cementum. 

cc 

exclusively within t he cementum and thus are referred 
to as intrinsic fibers as opposed to extrinsic fibers. More 
precise information about tl1e formation and function of 
tl1is type of cementum is lacking, but it is iliought to [·unc­
tion primarily as repair cementum protecting against an­
kylosis and resorption of t he root surface. Because CIFC 
is continuously produced and secreted by cementoblasts 
on t he root surface tluoughout an individual's l i fetime, 
its thickness increases throughout l ifo. Cementocytes are 
enclosed in lacunae within t he cellular intrinsic fiber ce­
mentum and can communicate wit l1 each other and ilieir 
surroundings by means of cytoplasmic processes. 

( \ 

Cellular mixed stratified cementum (CMSC) is the rela­
t ively t h ick layer of cemen t u m  covering the middle and 
apical t hirds of the root surface. I t  i s  called mixed strati­
fied cementum because it contains extrinsic fiber cross­
ing t hrough a network of i ntrinsic fibers. Therefore. Lhi 
type of cementu m  plays an i mportant part in anchoraoe 
of tl1e tooth in the alveo l us. CMSC is  produced by both 
cementoblasts and fibroblasts, and i t  also contain ce­
mentocytes enclosed in lacunae.2 2  
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1 . 1 .3 Alveolar Process 

The a lveolar processes of the maxi l l a  and mandible 

develop i n  conjunction with tooth eruption and root 
growth. In the  congenital  absence of teeth, ru d i men­
tary development o f  the corresponding sections of the 
a lveolar process occurs. S im ilarly, extensive resorptive 
changes can be expected when teeth are lost. 
The al veolar processes consist of buccal and l i ngual cor­
Ucal plates of compact bone, a cribriform plate (lamina 

cribriformis) l in i ng the alveoli ,  and cancel lous or trabec­
ular bone between them. Radiographical ly, the cribri­
form p late appears as a radiodense line referred to as the 
lamina dura. The cribri form p late (bundle bone) is the 
portion o f  the  a lveolar bone w here fibers from the peri­
odontal  l igament  i nsert (Fig 1-12). J n  the maxi l la ,  the 
cortical p late is  thicker on the palatal aspect than on the 

Fig 1 - 12  Alveolar process in the cervical 
region. At the alveolar crest (AC), the external 
cortical bone (CB) merges with the portion of 
alveolar bone that lines the alveolus, which 
is referred to anatomically as the cribriform 
plate (lamina cribriformis, LC) and radiologi­
cally as the lamina dura. The cribriform plate 
(bundle bone) is the part of the alveolar bone 
where fibers from the periodontal ligament 
(PDL) insert. MS: marrow space with cancel­
lous bone. 

buccal aspect of the roots. The mandibular cortical plate 
is denser than t he maxillary cortical plate, especially in 
the anterior region and on the l ingual and buccal aspects 
of the molars, where it is reinforced by t he internal and 
external oblique ridges. 

From a h istologic perspective, the bone lamel lae are 
considered the mineralized bui lding blocks of t he cort i­
cal bone (Fig 1-1 3). The osteon is the basic functional 
unit of the cort ical bone. Each osteon consists of mul­
t ip le,  densely packed concentric layers of bone lamellae 
surround ing a central cavity referred to as the haversian 

canal. Each haversian canal contains a neurovascular 
bundle responsible for supplying blood and nerves to 
osteocytes in  the mi neral ized bone matrix of t he osteon. 
Volkmann's canals connect each haversian canal wi th 
those of adjacent osteons, the marrow spaces of cancel­
lous bone, and periosteal blood vessels. However, the 

Basic Principles of Periodontal Anatomy and Structura. B10 ogy Char; er 1 A 

Fig 1 - 13  Histologic view of the mineralized components of the 
alveolar bone in the cribriform plate region (LC). Osteons (0), the 
basic functional units of the compact bone, are clearly visible. 
D: dentin; RC: root cementum; PDL: periodontal ligament. (Cour­
tesy of Peter Schupbach, Zurich, Switzerland.) 

overall rat io of blood vessels to bone mass in the cortical 
bone is low. 
The cancel lous bone located between t he buccal and l in­
gual cortical plate and the cribri form plate consists of a 
loose network of bone trabecu lae between which well­
perfused and cell-rich manow spaces are interposed 
(Fig 1 -14). 
The endosteum lines the medul lary cavities and all other 
internal bone smfaces in the canals of the cortex, whereas 
the external surfaces of the bone are l ined with perios­
teum. These are thin layers of nonelastic, collagen-rich 
connective tissue contai ning osteoblasts, osteoclasts, t he 
corresponding precursor cells, and many blood vessels 
and nerves responsible for supplying blood and nerves to 
the bone as well  as for bone regeneration. 
Alveolar bone undergoes constant remodeli ng. Through 
the cont inuous breakdown and synthesis of lamel lae 

Fig 1 - 1 4  Section through the mandible in the region of the anterior 
teeth. 

and osteons, osteoblasts and osteoclast i nteract to en­
sure t he contin uous adaptat ion to changing functional 
loads and t issue repair after m icrotrauma.  The e ndoste­
W11 and periosteum p lay key roles i n  th is  comple:--.. meta­
bolic act ivi ty. Because it is controlled bv hormone and 
growth factors, the  bone is a h ighly re

-
actiYe and Yi ta l  

t issue. l ,23 .24 
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1 . 1 .4 Blood Supply and Innervation 

HPalth� periodontal structu res are wel l  perfused .  The 
primary blood supply to the maxilla is through the pos­
terior superior alveolar arteries and the anterior superior 
alveolar arteries comi ng from the i nfraorbital arteries. 
The mandible receives i ts main blood supply from the 
i n ferior alveolar arteries. 
The alveolar arteries d iv ide into the dental arteries, 
which enter at the  apices of the roots to supply the 
teeth.  Before doing so, t hey supply blood to the gingi­
val t i ssues by giving off branches t hat pass vertically 
through the interdental septa and the periodon tal lig­
ament (Fig 1 - 1 5) .  The buccal and l i ngual gingiva are 
suppl ied by n u merous supra periosteal branches of the 
facial  arteries, the  i n fraorbital  arteries, the  i ncisive ar­
t ery, and the greater and lesser pala t ine  arteries in the  

Fig 1 - 1 5  Corrosion specimen from the inferior alveolar artery in 

the mandibular second molar region. The blood vessels supplying 

the penodontal ligament space and the interdental and interra­

dicufar septa are clearly visible. (From Til/mann.25 Reprinted with 

permiSSIOn.) 

maxilla and by the sub l i ngual arteries, the buccal ar­
teries, and the mental arteries in the mandible. Thus, 
arterial blood to the periodontal t i ssues is  supplied by 
vascular sources from t hree d i fferent territories-the 
i n terdental septa, the periodontal l igament, and t he 
oral mucosa-and t hese vessels exhibit  frequent anas­
tomoses (Fig 1 -16 ) .  
The  periodontal l igament contains a very dense vascu­
lar network t hat p lays an i mportant role in the absorp­
t ion and d istribution of occlusal forces.21  
Gingival connective t issue appears to have two termi­
nal capilJQ/y beds-an external network of subepithe­
lial cap i l lary loops below the marginal gingiva and oral 
epi thel ium (external network) and an internal network 
of postcapi l lary venules located below the junctional 
epithel ium, which seems to be of great im portance in  
host defense against  i n fection.Z6 Venous drainage of  
the periodontal l igament occurs via arterioles and ar­
teries. 21 
The periodont ium contains autonomic nerve endings 
as well as sensory receptors, that  is ,  mechanoreceptors 
and nociceptive nerve fibers capable of sensing and 
transmit t ing pain, pressure, and tact i le signals.  The 
sensory nerves originate i n  trigeminal brainstem nuclei 
and are conducted to the periodontal structures of the 
maxilla via the second branch of the trigeminal nerve 
and to the periodontal structures of the mandible via 
the t hi rd branch of the trigeminal nerve. ln the maxil la ,  
sensory innervat ion of the labial gi ngiva is supplied by 
i n fraorbital  nerve endings in  the anterior and premolar 
region and by posterior superior alveolar branches in 
U1e molar regi on. The anterior palatal mucosa is sup­
pl ied by the incisive nerve, whereas the rest of t he pal­
atal mucosa is supplied by the greater and lesser pala­
t ine nerves. ln  the mandible, sensory innervation of the 
labial gingiva is supplied by the mental nerve in  the 
anterior and premolar region and by the buccal nerve 
in  the premolar and molar regi on. The l ingual gingiva 
is innervated by the subl ingual nerve. 
The teeth are i nnervated by the superior a lveolar 
nerves in  the maxilla and by the i n ferior al veolar nerve 
in the mandible.  The pulpodent in complex and the 
corresponding periodontal space share sensory inner­
vation. Therefore, they form a h ighly sensit ive func­
t ional  uni t  that can sense even the sl ightest forces ex­
erted on the teeth during swal lowing and chewing i n  

order to control t he mandibular open ing a n d  closing 
reflexes appropriately. Together wi th  t he receptors in  
the periodont ium, the propriocept ors in  the tendons of 
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Fig 1 -16 Periodontal blood 
supply. The periodontal 
tissue receives its blood 
supply from periodontal 
(PER), alveolar (ALV), and 
supraperiosteal (SP) blood 
vessels. IN :  internal net­
work (postcapillary venule 
plexus); EN: external net­
work (subepithelial capillary 
loops). PER ALV 

the masticatory muscles play a key role in the control 
of mast icatory forces, mast icatory movements, jaw po­
sit ion, and speech . 2 1 

Ly mph from the peri odontal t i ssues dra ins in to  lymph 
capil laries, whi ch form a dense net work i n  gingival 

SP 

connective t i ssue.  Larger lymph vessel usuallY run 
along blood vessels a n d  e m p ty in to  l y m p h  �ode . .  
Lymph from periodontal  t i ssues collects i n  the s ub ­
mental ,  submandibu lar, a n d  deep cen·ical  hmph 
nodes.2 1  

-
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FAJ 

Fig 1 - 1 7  (a and b) Histologic views of peri-implant hard and soft tissues. JE:  junctional epithelium; CT: connective tissue; AB: alveolar 

bone; FAJ: fixture-abutment junction. (Courtesy of Peter Schupbach, Zurich, Switzerland.) 

1 . 2  Anatomy of Peri-im plant 

Structures 

The anatomy of  peri- implant structures i s  h ighly depen­

dent  on the i mplant posi t ion,  the i mplant system, and 

the c l i nical procedure used23.27·28 (Fig 1 -1 7) .  In some 

cases. i t  can c losely resemble the anatomy of  structures 

around the natura l  teeth at  fi rst glance. AlU1ough i t  is im­

possible to find a general ru l e  that accurately describes 

the complex architecture of  the peri- implant t i ssue, one 

thing is  certa in :  The establ ishment of  adequate biologic 

\\·idth around a n  i mplant is crucial t o  the hea l th  of  the 

peri- implant structures. The biologic width is defined as 

the sum o f  the heights o f  the j u nct ional  epi t he l ium and 

the u nderly i ng connective t issue.  As i n  natural  teeth, 

the connecti ve t issue height around i mplants shou l d  

consistently fal l  wi th in  the range of  approximately 1 .0 

to 1 . 5  mm. 23 .29-3 1 Simi lar to cond it ions in natural teeth, 
the junctional epi thel ium around implants should have 
a height of 1 . 5 to 2.0 m m23,29-3l and should be attached 
to the i mplant surface via h midesmosomes and an in­
ternal basal lamina.32 

The periodontal fibers insert into cementum on the root 

surfaces of natural teeth, whereas the connective tissue 

fibers around implants extend para I lei to U1e surface of 

U1e implant and/or abutrnent23 .33 ,34 (Fig 1 -1 8) .  Because 

the connective tissue around implants has a higher per­

centage of collagen fibers and a lower percentage of fibro­

blasts than that around natural teeth, it is very s imilar to 

scar tissue from a h istomorphologic perspect ive. 35 More­

over, peri-implant connective tissue contai ns fewer blood 

vessels than the connective tissue around natural teeU1. 

The gingiva around natural teeth is supplied by vascular 

sources from three d i fferent territories (the supraperios­

tea l region, the periodontal space, and interdental bone), 
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Fig 1 -1 8  Axial (a) and longitudinal (b) sections through an implant 
and the surrounding soft tissues as seen by polarization micros­
copy. Note the collagen fiber bundle in the peri-implant connec­
tive tissue running parallel (a) and perpendicular (b) to the implant 
surface. (Courtesy of Peter Schupbach, Zurich, Switzerland.) 

whereas the peri-implant mucosa is only supplied by 
supraperiosteal vessels and a few vessels Erom the bone; 
moreover, no anatomical structure comparable to the 
periodontal space is present around i mplants.36 

Because of these d i fferences, a d ifferential approach to 
diagnosis and treatment of peri-i mplant mucosa and the 
gingiva around natural teeth is necessruy Because of  its 
scar tissue-l i ke structure, absence of insert ing fibers, and 
relat ively poor blood supply, peri- implant t issue may be 
less resistant to mechan ical and microbio logic i mpacts 

than the t issue around natural teeth.24 Furthermore, the 
lower level of perfusion of peri-i mplant t issue m ight 

have a negat ive effect on hea l ing after surgical interven­
tions. It is important for the cl in ician to consider U1ese 

factors when performing plastic-esthetic periodontal 

surgical procedures involving implants. 

A few more important d i fferences should be mentioned. 

Tho presence of kerat inized gingiva seems to be related 

to U1e presence of nonelastic collagen fibers in the u nder­
lying connect ive t issue.l4 Because the majori ty of  fibers 
in U1e periodontal space are nonelast ic .  there is a lwaYs 
a band of kerat i nized gingiva around natural teeth. ev�n 
if only minimal .14 Implants, on the other hand .  may be 
seated in ei ther kerat i n ized m ucosa or l in i ng m ucos� . 
Apart from kera t inizat ion ,  U1e attachment  of peri­
implant tissue is  another i m portant factor to consider. 
The gingiva arou nd natural teeth forms as part of  the 
biologic development process. w hereas peri - implant 
m ucosa forms as the resu l t  of the wound healing proce 
fol lowing surgical i mplant placement or  second- taoe 
surgery. In cases where the j unction between the kerati�­
ized m ucosa and the l i n i ng m ucosa comes to l ie coronal 
to U1e bone i n  indiv iduals with a h igh per i - implant soft 
t issue cuff, peri-i mplant m ucosa may be mobile in  spi te 
of kerat in ization (Fig 1 - 1 9) .  
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Fig 1 - 19  In contrast to the mucosa around natural teeth (a), peri-implant mucosa may be either keratinized {b and c) or nonkeratinized 
{d). Peri-implant mucosa may be mobile and not attached to the underlying peri-implant bone in spite of keratinization (c). 
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1.3 Biologic R elation ships and 

Their Clinical Relevance 

1 .3. 1 Biologic Width 

The fact that  teeth or i m p lants  emerge t h rough lhe oral 

m u cosa means t h a t  they i nterrupt the i ntegrity of the 

epi thel i a l  l i n i ng. This p laces specia l  configurat ional  

demands o n  the a ffected struct ures. The fu ndamental  

task o f  the gingi va or peri - implant  m ucosa at  t hese weak 
spots is t o  protect the u nderlying anatomical  s tructures 

from mechan ical a n d  biol ogic stress (Fig 1 -20). 
The g i ngiva fu l fi l l s  t h i s  t ask by form ing a combi nat ion 
o f  epithefjaf a n d  connective tissue attachn]('nts on the 

t oo t h  s u rface. 1 5 Epi t hel i a l a l tachmenl has a biologic 

protec t i ve fu nct ion .  w h i l e  con nective t issue at tachment 

a ppears t o  con fer mechan ical stabi l i t y. :>? The biologic 
ll'idth is the sum of t h ese t wo st ruct u res .:!B Therefore, 

t h e  b i o l ogic w i d t h  can be u n derstood as the body's re­

sponse to t h e  specia l  cha l l enges at the s i te  where a tooth 

e merges U1ro ugh the oral m u cosa. 

The bio logic w i d t h  a round n a t u ra l  teeth was fou n d  t o  be 

a m ea n  of 2.04 m m , cal c u lated as the sum o f  the levels 

of co nn ect i ve t issue a l l achment ( 1 .07 m m )  and epithe­

l ia l  a t tachmen t  (0.97 m m ) . 1 5  The level of connect i ve t is­

sue a t tach m e n t  remai n s  very consta n t ,  whereas the level 

of e p i t h e l i a l  a t t achment  i s  su bject to s t rong i nd i vidual  

\·ari a t i on . 1 5 · 1 6 

Likewise, the protective function of peri- implant  mu­

cosa is  to establ ish the required biologic widU1 around 

a n  i m p l a n t .  A l t hough i ts  connect ive t i ssue fibers run not 

perpendicular  but ralher para l lel  t o  the implant  or abut­

ment su rface, Lhe d imensions of epiU1e l i a l  and conn ec­

t ive t issue at tachment are comparable to t hose of natur a l  
teel h.ZJ 

Many contem porary periodonta l ,  dental  implant,  and 

prosthodonl ic  concepts are shaped by recent knowledge 

conce rn i ng the estab l ishment and violat ion of t he bio­

l ogic width ,  a l though many quest ions and correlat ions 

have yel l o  be defi n i t ively explai ned (Fig 1 -2 1 ) .  

Biologic width and dental prosthetics 

The biologic width is  o f  relevance t o  the prosthet ic res­

torat ion of Leeth on ly w hen i n l rasu lcular  restorat ion 

margi ns w i l l  be used for esthet ic or fun t iona!  reasons.39 

If the preparat ion marg i n  extends to the epi thel ia l  or 

con nect ive t issue attachment zone apical to the bot tom 

of the su lcus,  t h e  m icrobiologic contact zone w i l l  he d is­

p laced apica l ly. As tho body reacts t o  this  violation of 
the biologic ll'idth. adapt ive and adjustment processes 

in the epi thel ia l  and con nect ive t issue at tachment zone 

can be expectod .40 

The a ffected t issues can l a u nch t wo d i fferen t  types of 

response. The first is a sel f-regulat ory response that at­

tempts t o  restore adequate biologic w i d t h. This response 

is  associated w i t h  t he loss o f  a l veolar bone and tho c l i n i -
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Fig 1 -20 The establishment of the biolo�ic width can be understood as the body's response to special microbiologic challenges at the 
s1te of 

.
emergence of 1m plant� and teeth 1n the oral cav1ty. The junctional epithelium functions as a semipermeable membrane that allows 

act1ve 1nteract1on between m1croorgamsms from the oral cav1ty on the one side and the host immune system on the other to ke th 
bone from becoming infected. Apical to this microbiologic contact zone, there is always a completely intact layer of connective

e
t
p e 

f I I I d. · h 
ISSUe 0 

more or ess cons an 1mens1on I at appears to serve as a barrier protecting the underlying alveolar bone. 
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cn l p i ct u re of gingilral n•cc•ssion. I f  t h i s  s n l f-regu l atory 

nwcha n i s m  fa i ls ,  chronic inflammation o f  l lw g i ngi vfl 

a n d  o t h or p rocesses may occur as a secondary rr.sponso 

(fig J -22) .  To enable t h o  body In  restore an adf'q u a t e  bio­

l ogic: w i d l h  in t h is case. t h  • cl i n ician m u s l  ci l h  r s u rg i ­
cal l v  rod uco t h o  a l veolar bone to a n  a p p ropr i a te he igh t 

or ort h odon l i ca l l y move t ho t ool h .  a n d  t h u  · t lw rnstor;J­

t i on marg i n .  t he c:orrcsponcl i ng c l is l a nce from t he a l veo­

lar bone. 

A t  thP prcsl' l l t  l i nw, l h< •n•  i s  no I ' \  idcttu• o f  a nwl hod 

t hai  rP l ia b l y  prPd icls  how t l w  body \1 i l l  rcac l lo such il 
vi ola !  ion of l lw b i o l og i c  \\' i d t h  in a g i 1·pn e<ISl' , but  t he 

poss i b i l i t �  t h a i  t h e  t h ickness of i h o  a ffected a l veolar 

bon e  might h a ve a s ign i fica n t i m pact on this process bas 

JE r r 
EA 

DGC 
CT 

BW 

I 
CTA 

1 I .1. 

F1g 1 -21 BIOIOQIC Width (BW) 
and dentogJngJval complex (DGC). 
GS QJng1val sulcus; JE: JUncllonal 
ep1theilum; CT: gJng1val connect1ve 
ttssue, EA eptthelial attachment; 
CTA connecttve ttssue attach­
ment 

been d isc ussed. otw i t hs t a n d i ng. t h e  rule of t h u m b  is :  

I f  t lw n•stora t ion marg i n  is located w i l h i n  t h t• su lrus . 

t hr. propilrat ion marg i n  m ust he placed corona I to the 
bot tom ol t lw s u lc u s  to prPvnnt violat ion of thr biologic 

w i d l h . 4 1 

I n  c l i n i c a l  pract ice.  it i s  P x t rc m r l _  d i fll c u l t t o  est i ma t e  

hm1 far i n t ra s u l cu l nrly a prrpara t i on margi n c a n  be 

p l acPd i n  a g i ven pat i e n t .  The d i mensions of biologic 

w i d t h  a rc subjPr t t o  great i n d i v i d u a l  \'ari a t i on .  Conse­

q u<'ll t l y, a l l  p u b l i shed rcferrnce 1·a l ues arp nwan val ues 

w i t h  l i m i ted appl icabi l i t y. I Ii furt hermore. the prob i ng 

depth or c l i n ica l  s u l c u l a r  d e p t h  measured a l  cha i rside 

i s  not  a l ways consistent  wi th t h e  h istologi r  s u lc u l a r  

d n p l h . 4 2  Accord i ng t o  A.ois,4:J i l i s  lH't l < !r  t o  mnasure 
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Fig 1 -22 V1olatJon of the b1olog1c w1dth can result 1n two responses, a self-regulatory response associated w1th the loss of alveolar bone 

and the format1on of gmg1val recess1on (a) or chron1c mflammat1on of the QJng,va (b) 

;..---
l lw total  dnnt ogingi 1 al com ph• b) sou n d i ng t lw osse­
ous cr!'sl ,,· i t h  a periodontal prolw l l igh tota l  gingi 1 a l 
com ple \ a l uns suggest d rt> lat i YPh dt •ep sulcus t h a t  
\\ O t t l d  a l lo11 preparat ion t o  l 'Xl l'nd rl'l a t i n· J �  far i n t o  
t lw s u lc u s .  11 hereas lo11 ,·a l tH'S suggest t hat  cau t ion i s  
adusPd.4·1 
In < \ 1 1\  case. pach of t l wse n!l'thods-dt•pth nwasurc­
nwnts and 1 onP sou n d ing-can bo considN •d an i m­
proYPment of cl i n ical prorPd u n• comparPd to rPh i n g  on 
st.J t is t ical mean Yal ues. Eq•n so. rpl iahh• dPterm inat ion 

of tlw dmount of biologic " id t h  act u a l ! )  prP:Pnl in a 
gh Pn pat ient is not poss1hh• u s i ng Pi t lwr method. Then•­
fon• ,  i t  wou ld seem prudnnt t o  maJ...p 1t a gt•twral rulP 

to plat 1'  an i n t msukular prPparal ion margin as coronal 
i n  t lw sukus as possible. l ' l .u  ing t l w  n•stnrnl inn marg i n  
. 1 1  . tn t n l rnsnl <  n l a r  d P p t l t  of 0 2 lo  0 :;  l ll lll ca n I)(' ( 'Oil·  
su[ , .r,.d s. tft• lor .t i l  t .onr 1 ' 1 \  .1hll '  anal  omit a l  1·a n a t i n n s .H 
!lPc<�ust• i lw sulcus i s  us1w l l� shgh i l ) dPt'pPr i nt erpro i­

mal l � .  i lw i n t rasulcular  111Mgin can lw plarnd s l ighth 

df!l'JH'f i n  that  n•gionol'i 

C:onlrarv t o  s1 iPnt i fic t lwory. t.l i n ical pn1ct iu• has shown 

t h.tt most pat ients l nlPra l e  restordl ion m a rgin s  t hat  Sl'Pm 

t o  liP sl igh t h •  a pir.al t o  t lw bot tom nf t lw s u lc us.H 1 1  is 

t lwr!'lon• com.ninJble t hat  i lwrl' is a n!rl a i n  rangl' of tol­

Pnt JHl' lo  i n ll a m mator� response. t lw P tPnl  of which 

II  HI\ ' an from one pat ient  to a not lwr. 

Shou ld a rPstorat ion margin bn placnd 11 1 1 1  d •eper t ha n  

t h e  s11f1• i n l rasulcular  range o f  0 . 2  t o  0. 5 1 1 1 1 1 1 ,  1 1  t h i n  re­

l rm l inn 1 nnl  shou l d  lw i n M•rted w i t h  gen t l e pross u r ' 

1 11 to  t lw 1 nrnnal  part nf t l w  P p i l l w l i n l  n l l achnwnl  prior lo 

p n, parat um.-Hi Th i s  i s  v i l n l l y  i m port n n l :  cord pl aceme n t  

prPi nnls  t l w  preparat ion from exten d i ng t o o  for p a s t  t h e  
hast• of t lw sukus. This  procedure scums t o  m i n i m i ze or 
pn•n•nt t l w  r isl.. of biologic com p l ica t i o n s .  

Key points: 

Tlw prnparat ion of i n t ra s u l  u l a r  restorat io n  m a rg i n s  

m ust b!' ' i t!wed cri t ic a l l y  from a biologic perspccl ive.  

Tlw mnsl frPquont  consequences of biologic w i d t h  v i oln­

t wn an•  1 hron ir i n lln m mal ion ol t h ' gi ngi va4 7 a n d  gi n ­

gi l .d rt'f t •ssion .411 Thcroforo, rcst o m t i o n  m argi ns shou l d  

l w  pl . trod su prngi ngivn l l y  o r  cres t n l l y  w henever possi­

ble. Shou l d  a restora t i o n  margi n one! in t ho g ingival  · u l ­
r u s ,  t lw cl i n ician shou l d  ost i m a t o  t ho d i mensions of t h e  

a 1  o i lahh• biologic w i d t h .  This  c a n  b e  acco m p l i shed by 

nwasuri ng t he c l i n ical sulcular  dept h ( prob i ng depth)  o r  
t o t a l  dentogi nginJI  c o m  pi ' u s i ng a periodon t a l  p rob . 
Prcp<Jral ion marg i n s  t ha t  do not extend m or ' t h a n  0 . 2  t o  
0.5 n11 1 1  i n t o  t h e  s u i  us a p pear t o  b e  the safes t . h o u l d  
t l w  preparat ion marg i n  b e  p laced a n y  clooper, t h ' i n ser­
t ion of a t h i n  retrnct ion cord w i t h  gen t !  • pressur i nt o  
t ho coronal  part of t ho e p i t hel i a l  a t t a c h m e n t  prior t o  
preparut ion c o n  roduco t he r i s k  of I a l or b io logic com pli­
cat ions (Fig t -23) .  
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Biologic width a n d  resective periodontal 

s u rgery 
If periodon t a l  s u rgery is to res u l t  in pred ictable apical  

d i s p l acemen t o f  t h e  g i ngival  marg i n ,  then the b i o l ogic 

w i d t h  m ust be regarded as a constant  d imension.  

Whenever connec t i ve t issue or epi thel i a l  at tachment is  

completely or part i a l l y  removed d ur i ng external  gin­

g ivectomy or apica l l y  d i s p l aced d uring apica l  flap re­

posit ioni ng.  the b i o l ogic w i d t h  is  a l ways reestablished 

d u ri ng the course o f  the h ea l i ng process. Once heal i ng 

is com p l ete ,  a soft t i ssue height of approximate ly  3 m m  

a n d  4 m m  above the bone l evel can be expected a t  buc­

cal/l i ngual  a n d  i n terproxi m a l  s i tes.  respec t i ve l y.45 ,49,50 

Fig 1 -23 The safest way to prevent violation of the biologic width 
around an intrasulcular restoration margin is to ensure that the 
preparation margin does not extend more than 0.2 to 0.5 mm into 
the sulcus and to respect the gingival scallop during preparation. 
Should it be necessary to place the margin deeper in the gingival 
sulcus, the actual biologic width can be estimated by sounding the 
probing depth (a) or the total dentogingival complex (b). The inser­
tion of a thin retraction cord with gentle pressure into the coronal 
part of the junctional epithelium before preparation appears to be 
the most reliable way to protect the structures lying apical to it 
from injury during preparation (c). 

Because the reestablishmen t  of biologic width can resul t  

from the coronal growth of the gi ngiva , the apica l.  devel­

opment of soft t i ssue in association with the related re­

sorpt ion of marginal  a lveol a r  bone, or a combinat ion of 

t hese t wo processes, i t  is  d i fncul t t o  predict the final  gin­

gival  margin pos i t ion ( Fig 1-24) .  This causes problems 

for the c l i nician during esthet ic crown lengthen i ng, for 

exa m p le,  because the pred icted gingival margin posi t ion 

i s  a defined goal o f  t reat ment t hat shou l d  be mel as pre­

cisely as possible.  To obtain succ ssfu l and pred ictable 

res u l t s  when perform i ng such procedu res, the c l i n ici a n  

must  precisely a d a p t  the technique t o  the specific ana­

tomica l  con d i t i ons present at  base l i n e  (see chapter 1 0) .  
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a b c d 

Fig 1 -24 Whenever marginal connective t1ssue (a) is removed during the course of external g1ng1vectomy or apically positioned flap sur­
gery (b), biologic w1dth growth can occur in an ap1cal (c) and/or coronal (d) direct1on during the subsequent course of healing. 

J1 t l <'- n 
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Biologic width and implant dentistry 
Achieving natur a l l y  beaut i fu l  resul ts  in the esthetic zone 
has become one of the greatest cha l lenges in modern im­

plant dentistry. Ensuring the best possible preservation 

or reconst ruct ion of peri- implant hard and soft t issues is  
crucial to achieving this  goa l .  

From the contemporary perspective. t he results  of aJ1 i ­

mal. stud ies suggest that  the development of hard t issue 

defects after toot h ext ract ion cannot be prevented en­

t i rel y.5 1-53 Furthermore, the surgical trauma associated 

with implant bed preparation, 54 occlusal overloading fol­

lowing prosthetic implant loading,55,56 peri- implant in­

llammation,24 .57 and U1e establishment of biologic width 

around implants dur i ng the course of hca l ing5B cru1 lead 

to an addi t ional loss of peri- implant bone secondru·y to 

t he loss of soft t issue. From biologic and sthet ic perspec­

t ives, the goal must t herefore be to prevent ,  as far as pos­

sible,  addi t ional loss of peri- implant bone during the es­

tabl ishment of biologic width around an implru1l. 

A nu mber of studies have been conducted to e lucidate t he 

processes surrou nd ing the development of biologic width 

around implants. A l t i1ough the only avai lable prospec­

t ive, contro l led histomorphologic study data arc based on 

I I ... n�.,. ., , �  � 1 I -c:: � ¥"0.. t lo.. iv• � J t �l{ D "J 

animal models,  U1ese findings can be ext.rapolated t o  un­

derstand U1e sit uation i n  h u mans, as doc u mented using 
individual  biopsy specimens. These s tudies fundan1en­

t a l l y  explain U1e radiographic changes in the peri- i m p l an t  

bone a s  detected i n  n u merous h umru1 experimental  s tud­

ies.  The resul ts  of exemplru·y a n i ma l  s tudies i nvestigat­

i ng t he establ ish ment of biologic w i d t h  around dental 

impl.anls w i l l  be sunm1arized below. 
Ericsson et a)59 .60 performed variou studies on the 
establ ishment of biologic width around cresta l l y  posi­
t ioned two-piece i mp lants a fter one-stage ru1d two-stage 
hea l i ng. They conclu ded that vert ical  bone l oss m ust be 
expected around i mp l a n ts p l aced in a one-stage or t w o­
stage approach and determi ned t h a t  the most coronal 
bone-to- implant  contact l ies at  a mean o f  1.1 to 1 .3  mm 
apica l  t o  t he i m p l a n t-abutment connection.  
They a l so identified two spat ia l l y  d istinct types o f  inflam­

matory i n fi l t rate present in the peri- i m p l an t  connectiYe 

t issues. The first type ( p l aque-related i nflan1matorv infil­

trate) is located latera l  to the j unct ional  epitheliu�1. and 

the second type is present i n  ilie region of ilie i mplant­

abut ment connection.  The l atter type of i nfl a mmatory 

i n fi l trate extends appro x i mately 0.5 mm i n  the coro n ai . 
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Fig 1 -25 (a to d) The establishment of biolog1c Width around an implant IS a three-dimensional process s1m1lar to that around natural 
teeth. 

apica l ,  ru1d l ateral d i rect ions, and t here is a lways an ap­

proximately 0.8-mm-wide layer o f  hea l t h  connec t i ve l is­

sue bet ween the bone and the i n fi l t rate. Ericsson 's team 

i nterpreted t h i s  to mean that the microspace between the 

abutment and the i m p l ant shoulder is at the center of  the 

inflam matory response associated w i UJ the formation of 

the i n llrunmatory inl.i l  trate. 

The bon e  is  a pparent l y  protected from t h is i n O a m ma­

t o r� i n fi l t ra t e  a n d  kept steri le i n  all  spa t i a l  d i rect ions by 

a con s t a n t  l a yer o f  h ea l t h y  connect i ve t issue, s i m i lar  t o  

t h e  s i tuat ion i n  nat ural  tee t h .  Consequent ly. the estab­
l i s h ment of biologic width around a dental  implant  is 

a t h ree-d i mensional process, and the peri- implant  bone 

loss occurring i n  associat ion w i t h  t h is pro oss has a hor­
izon tal  component as wel l  as t h e  a forement ioned vert i­
cal component6 1 (Fig 1 -25). 
Other a n i ma l  stud ies con firmed the fi n d i ngs of Ericsson 's 

group,59.bO w h i c h ,  a l t hough obt a i ned using Bdrnemark 

i m plants ,  arc fu ndamen t a l l y  va l i d  for other implant  

systems as wel l .  29.62 
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Hermann et a l63.64 compared the re orpt ion and remod­

e l i ng processes occurring i n  peri- implant  bone during 
the cour e of establ ishment of biologi w i d t h  aroun d  

one- a n d  two-piece i m p l a n t  s y  t e m  based on rad i o­
graphic and h i  t o l ogic eviden c col lected i n  a n i ma l  
studies; t hey found t h a t  bone l o  s w a  d i rec t l y  rel ated 
to t h  in ertion depth of the implants .  In t he group of 
animals  with one-piec implants ,  t hey ob cr\'ed t hat  i t  
w a s  possible t o  stop bone loss at t he rough-to-smooth 
j u nction of the implant .  I n  animals  with t wo-piece im­
plants, bone loss cou ld be O:\pocted t o  extend u p  to 
2 mm apical t o  the implant-abut ment connect ion a n d ,  
i n  some cases, beyond t he rough-to-smoot h junct ion 
of the implant .  However, subsequent animal  st udies 
and c l i nical  stud ies have fai led to con firm t hese find­
i ngs.Z9.65,66 

onetheless. it can be assumed t hat d i fferent implant  
systems and di fferences i n  their macrodesign and mi­
crodosign characteristics result  in r model i ng and adap­
t ive processes of variable exten t . 29.67 In th case of t wo­
piece implaJ1ts systems, the type of abutment material 
used also seems to play a role,6B but the extent to which 
d i fferent implant surface characteristics and d i fferent 
biamechanicol characteristics of the implant-abutment 
connection ma ' be of rei evan e is u nclear. 
ln an animal  study prompted by quest ions rel a t i ng to im­
plant design , Berglundh and Lindlw3 1 demonstrated t hat 
tho thickness of the peri-implant soft tissue affect s  t he 
o tent of bone resorption occurring after second-stage 
surgery in association with  U10 establ ishment of biologic 
width.  They observed t hat animals \\ i l b  iat rogenic t h i n­
n i ng of pori- implant soft t issues at tho L i me of econd­
stugo surg 'ry developed greater peri-implant bono loss 
t han did a nonmanipu lated control group.  They hypoth­
esi zed that a m i n i mum thickness of peri- implant  soft 

t issue is needed for the establishment of biologic width 
and that , i f  necessary, tho body's sol f-proleclive mech­
anism wi l l  ensure t hat these condit ions are met at L h  
c pcnso o f  peri- implaJJ L  bon '· 
Animal  stud ios a l so showed t hat repeated insertion and 

rcmol·of of threaded implant components res u l t s  i n  api­
cal migration of t ho junctional epi thel ium with a conse­
quent loss of peri- implant bono. Th i '  c a n  b e  interpreted 
as repeated trauma to tho connect i v ' t issue a t t ached 

t o  tho abutment and i m pairment of Lhr related wound 
hea l i ng processes, which can be part icularly relevant i n  
t h e  C<Ise of deeply inserted implants  . . Hl 

Tho est ablishment of biologic width nround an implant  

is part of an im portant endogenous fa I I  back system. From 

t h o  biologic and e thet ic  porsp c t i Ye . an i m port a n t  goa l 

of con t i n u i ng research and do\'elopmcnt must  he to i m ­

prove met hods t o  encourage t h e  growth of t h  b i o l ogic 

width i n  a coronal d i rect ion w i thout  a d d i t i o n a l  l oss of 

peri- implant  bono. The development o f  an i m p l a n t  ca­

pable of a l lowing the growt h o f  t he biologic w i d t h  in t h e  

coronal d i rect i o n  based o n  t ho exist i ng bone level fa l ls 

u nder the hea d i ng of periointegration. 

In t h is context ,  ssome recen t  t rends can be ob en·ed i n  

t he do\'elopmcnt o f  i m p l a n t  dent is try. The fi rs t  t re n d  

i n\'olves allompts to i mprove t h  m i  robiologi s e a l  at  

the implant-abut ment connect ion.  Tho goal is  t o  use 

the prost hetic advantages o f  t wo-pic e i m p la n t  yslems 

'' i t hout su fferi ng d isach·antages i n  terms o f  t he stab­

l ishmont of biologic w i d t h .  Ach ieving a tight microbial 

sPol at the implant-abutment connection and prevent­

ing micromOI'ement i n  t h i s  region arc t he m a i n  g a l s  o f  

t he e scient i fic efforts. 
Th second research t rend i n vo l \'OS effort s t o  o p t i m i ze 

t h  distribu tion of forcps i n  pori- i m p l a n t  bone i n  t h e  

coronal  port ion o f  i m p l a n t s  based o n  t h o  b i o m ec h a n i ­
c a l  fi n d i ngs of fi n i te-element analysi  . l icrorol n t i o n  
a n d  bioac l i ve su rfaces s h o u l d  h e l p  t o  stabi l i ze t h e  bone 
i n  t h is  region.  d quate wal l  s l r  ngl h i n  t he coron a l  
port ion of an i m p l a n t  a l s o  appears t o  b e  a n  i mport a n t  
factor. 
One-piece scal l oped i m p l a n t s  were developed i n  a n  
a t t e m pt t o  meet t h  s e  d e m a n d s  w h i l e  a l l o w i ng for a 
sca l loped shape of peri- i m p l a n t  bone accord i n g  t o  t h e  
model o f  t h  n a t u ra l  teot b .69 Theorel ica l l  . sca l lo ped 
i m p l a n t s  s h o u l d  e n h a nce t h e  preserv a t i o n  o f  hard a n d  
soft t i ssues b ' l woen t wo i m p l a n t s .  However. d u e  t o  
t h o  l a c k  o f  c l i n ical  s u  cess,  t h e  i n i t ia l  e u p ho r i a  s u r­
rou n d i ng t he sca l l oped i m p la n t  de ign ha sharp l y  
dec l i ned.  
P l a t form s w i t c h i ng p u rsues t h e  same goa l w i t h  a n e w  
design concept based o n  t h o  t heory t h a t  h o r i zo n t a l l y  
s h i ft i ng L h  m i crobi o l ogic cont act zone away from 
t h ' per i - i m p l a n t  bone and more toward the c e n t er 
of t h o  i m p la n t  

"
w i l l  prevent  bone l o ' s . 7U Creal hopes 

arc p i n ned o n  t ho fu r t h  r develo p m e n t  o f  p l a t fo r m  
s w i t c h ing.  A l t h o ugh t he first c l i n ic a l  a n d  a n i ma l  s t u d y  
ll n d i ngs su pport t he p l a t form s w i tch i ng concept and 
Lh hypothesis  that i t  l ea d s  t o  h o r i zo n t a l  h i ft i ng of 
tho b i o l ogic w i d t h  and t hu s  a l l o w s  for p re ervation 
o f  peri - i m p l a n t  bone in a more coro n a l  p os i t i o n ,  they 
a l so s h owed t hat  t he bone preserv i n g  effc L does not 
occur in every case a n d  t ha t  t ho e x t e n t  of t h i s  e ffect i s  
variable7 1 .72 ( F i g  1 -26) .  

'l \ � I 
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Fig 1 -26 Innovative implant designs are being developed with the goal of enhancing the growth of the biologic width in the coronal direc­
tion. 

U n l i k e  t h e  gingiva around n a t u ra l  teeth,  the  b io logic 

width around i m plants  lacks the  in sert ion of  con­
nect i ve t i ssue fi bers horizonta l ly  in to  the  abutment 

or  i m p lant  surface and strong perfusion of  the  mar­

g ina l  soft t i ssue.  Consequent ly, i m plants  may have a 
l o we r  resistance to external m echanical  a n d  m icro­

b i o l ogic s tresses . 24 In the fu t u re ,  it  m ight be poss ib le  

t o  enhance t h e  resistance o f  the b io logic wid th  around 

i m plants  by m o d i fy i ng the  i mplant  and/or abutment 

surface t o  al low connec t i ve t issue fibers to  a t tach to 

i m plants  s i m i l a r  t o  the  way they al lach t o  the  cemen­

t u m  o f  n a t u ra l  leet h . 73 

Key points: 

The fact that  i m plants .  l ike na tura l  teeth,  a re exposed 

to  the m icrobial environment o f  the oral cavity tr iggers 

adapt ive processes in tended to protect deep structures 

fro m  i n fect ion . These p rocesses resu l t  in  the format ion 

o f  b io logic w i d t h ,  which l eads to  a t h ree-d imensional  

loss of p e ri - implan t  bone d u e  to  rem odel ing process­

es.61 Other u nd esirable consequences inc lude soft Us-

sue changes , consisting of gingival recession and loss 
of  papi l lary height on the buccal and interproximal  
surfaces, respect ively. From biologic and esthet ic  per­
specti ves, it is not d esirable to have the establ ishment 
of  b io logic width around an i m plant resu lt in a loss of 
bone or soft t issue. Therefore, researchers are current ly 
d iscussi ng a nu m ber of  d i fferent factors Lhat cou ld have 
a posi t ive effect on bone remodel ing,  inc luding the sta­
b i l i ty  of  the im plant-abutment con nect ion,  the micro­
bial seal of  the implant-abutment con nect ion,  and the 
m icrost ruct ura l  and macrostructural characterist ics in  
the  coronal port ion o f  implants .  It is uncl ear  whether 
other as yet un ident i fied factors may also p lay a role. 

The cha l lenge in  the fut u re wi l l  be to  ident i fy all of  the 

relevant factors and to  understand how t hey interact .  

The goal wou l d  be to  apply th is  knowledge to  create 

new i m plant  designs and c l i nical  t reatment protocols 

capable of  pred ictably achieving more complete and 

stable preservat ion of  peri - implant  hard and soft tis­

sues in  the long-term. 
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Fig 1 -27 (a and b) The dentogingival complex can be measured by sounding to bone with a periodontal probe. The dimensions of the 

normal dentogingival complex are approximately 3.0 mm buccally and lingually and a mean of 4.5 to 5.0 mm 1nterprox1mally. 

1 .3.2 Dentogingival Complex 

The dentogingival complex is the sum of a l l  supracrestal 

soft t issue components. H istomorphologica l ly, the den­

to�ingivnl complex is the sum of the biologic width and 

the gingival su lcus. ln natural teet h ,  the vert ical di men­

sion of U1e dentogingival complex is approxi mate! ' 

3.0 mm at buccal and l i ngual sites. At interdental sites, 

t he values arc slightly higher (about 4 .5  to 5 .0 mm), pre­

sumably clue to the support provided to the interdental 

soft t issues by adjacent teeth.43 
Like the biologic width,  the dentogingival complex is 

subject to individual va.riation. l 5. 16  Unl ike the biologic 

width,  however, the dentogingival complex can be mea­
smecl by sounding to the alveolar bone with a periodon­

tal probe under local anest hesia and increased pressure 

(Fig 1 -27 ) .  Therefore, the cl inical relevance of the den­
togingival com plex is much greater than t hat of the bio­

logic width.  which cnnnot be measured at chairsi de . J The di mension of the dentogingival complex is of great­
est relevance to the cl i nician when the gingival contour 

is to be changed in the context of esthetic crown length­

ening (see chapter 1 0) .  Measurement of the dentogingi­
val complex i also useful where int rasulcular  restora­

tion margins are used. 

1 .3.3 Position of the Osseous Crest 

The osseous crest is posit ioned 1 to 2 mm apical a n d  

paral le l  to  t h e  cemcntoenamel junct ion.  The i n terdental  
bone septa rise s l ight l y  in  the coronal  d irect ion .  whereas 
the facial  and l i ngual aspects of the a l veolar bone crest 

arch apica l ly  (Fig 1 -28) . The degree of  sca l lop  of the os­
seOliS crest Oallens progressively from anterior t o  poste­
rior (Fig 1 -29). 
Dehiscence and fenestration of the alveolar bone are n o t  
u ncommon . particularly in  t h e  maxil l ary anterior region 

(Fig 1 -30) .  
The presence of  support i ng bone is  i mportant because i t  
provides a support ive base for and posi t ional  s tab i l i ty t o  
the soft t issue o f  the dentogingival comple--:: .7-< G ingiYal  
recession can develop only in the  presence of  ah·eo l ar 

v \ 
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Fig 1 -28 The alveolar bone 
follows the cementoenamel 
junction at a distance of 1 
to 2 mm. 

Fig 1 -29 Like the cemen­
toenamel junction, the 
degree of scallop of the 
alveolar bone decreases 
progressively from anterior 
to posterior. 
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Fig 1 -30 Dehiscence and 
fenestration of the alveolar 
bone are common, particu­
larly in the maxillary anterior 
region. 

Table 1-1  

Classification of  osseous crest type according to Kois43 

Crest type Incidence 

Normal 85 % 

low 1 3 %  

High 2 %  

TDC: total dentog1ng1val complex. 

botH' dnh iscenccs. which would al l ow the su pracrestal 
soft t issue to recede without violation of the biologic 

width (sec chapter g), 
Three types of relat ionships can be dist inguished be­
tween the osseous crest and soft tissue: normal crest, 
low crest, and high crest43 (Table 1 - l ) .Whcn the d i men­
sion of  the dentogingival complex is  measured,  the ver­
t ical distance from the osseous crest to the free gingival 
margin can vary. Under healthy periodontal conditions, 

the osseous crest type of the clentogingival complex can 

be determ ined by cl inical measurement. l lowever, t he 
dcntogingival complex and the osseous crest type do not 

di ffer in terms of their c l inical relevance. 

TDC, buccal TDC, interdental 

3.0 mm 3.0-4.5 mm 

> 3.0 mm > 4.5 mm 

< 3.0 mm < 3.0 mm 

1 .3.4 Gingival Biotypes 

Cl inica l  d if ferences in the shape, po i l ion .  and t hick­

ness o f  U1e margi nal  periodont ium can be d is t inguished. 

Normal, thick flat, and thin scalloped gingival bio�·pes 
or phenotypes can be dis t inguished based on these d i f­

ferences. 75 

The thin scal loped biotype is characterized by a highly 

scal loped gingival architecture ,  relat ively thin and frag­

i le  gingival t issue,  a narrow band of kerati n ized gingh:a. 

the frequent o currence of osseous dehiscence a n d  fen­

estrat ion, tr iangular anatomical  crowns wi th  short i n t er­

proximal  contacts in the i ncisal third , and  a flat emer­
gence profi le .  
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The t h i c  flat  b iotype is characterized by a relat ively 

flat  soft t i s  ue and bony architecture, t hick,  dense,  and 
fibrot ic  soft t issue, a wide band of  kerat in ized gingiva, 
and rectangu l ar or  square anatomical crowns with a 
pronounced e mergence profile and l ong i nterprox­
i ma l  contacts that often extend in to the cervical th ird .  
The i nterdental pap i l l ae are long i n  the th in  scal loped 

biotype. whereas t hose in the thick flat biotype are 
hort J6.77 

Individuals with the thin gingival biotype have a high 

r i  k of  developing gingival recession on buccal tooth 
urfaces and i n  the papi l lary region after prosthetic,  

orthodontic , and surgical i nterventi ons. Conversel y, in­
dividuals  with the  thick gingival  biotype are  less sus­
ceptible to gingival recession but have an increased risk 
of  inflammation and pocket formation fol lowing treat­
ment.  76, 78-BO 

The classification of thick and thin gingival biotypes is 
subjective and operator dependent because the  border­

l i ne behveen what constitu tes the d ifferent biotypes can 
be u nclear (Fig 1 -3 1 ) . Based on c l inical experience, there 
seems to be a d irect correlat ion between tooth morphol­
ogy and gingival biotype. Therefore, i t  woul d  seem that 
tooth m orphology coul d  be usefu l  as an object ive param­

eter o f  g ingival biotype, as was proposed by Olsson et 
a lJ6,77 However, there is  no scient ific evidence confirm­

ing this hypothesis. 
From the current perspect ive, the gingival biotype is  one 

of  the  most i mportant prognostic factors of the predict­

abil i ty  of  a plastic-esthetic periodontal surgery or im­

plant surgery. 

1 .3.5 Keratinized Gingiva Around Teeth 

and Implants 

As mentioned previously, t here is a lways at  least a min i­

mal  band of kerat inized gingiva around natural teeth .  

For m an y  years, a band of  kerat inized gingiva several 

m i l l im eters wide was considered the prerequisite for 

keeping the  periodontal t issue inflammat ion free and 

stable. 4,81 ,82 Lang and Loe82 conducted a c l inical  study 

showing that  sites with l ess than 2 mm of  kerati nized 

gingiva and l ess than 1 mm of  attached gingiva exhibit­

ed sign i fi cant l y  m ore signs of  inflammation.  Subsequent 

studies did not  confirm these fi n d i ngs. 83-85 Furthermore , 

l ong-term c l inical  stud ies showed that the i ncidence of 

gingh•al recession on buccal tooth surfaces with narrow 

gingiva was not  h igher than that at surfaces with a wide 

zone o f  kera t inized gi ngi va.86-89 The fact that gingival 

\.. 

recession is frequent ly  associated with the narrow band 
of kerat in ized gingiva would seem to imply that the nar­
row band of kerat inized gingiva is a consequence rather 
than tl1e cause of  gingival recession.90 
The tl1ickness of the gingival tissue at ilie affected tooth 
surfaces is probably mqre i mportant for ilie development 
of recession. Thin gingival tissue seems to be ilie least 
resistant to the development of  recession in  individu­
als with tooilibrush trauma or plaque-related inflan1illa­
tion. 91-93 
Ericsson and Lindhe94 studied ilie relat ionship between 
i lie presence of kerat inized gingiva and the development 
of  gingival recession at  si tes with subgingival restora­
t ion margins and inflammatory changes. Eight monilis 
after placing cotton floss l igatures around tl1e necks of 
the mandibular third and fourth premolars to induce 
experimental periodontitis in  dogs, they performed sur­
gical periodontit is treatment, consisting of an apically 
positioned flap i n  ilie control group and a gingivectomy 
in ilie test group. The keratinized gingiva was largely 
preserved in  tl1e apically positioned flap group and com­
p letely removed in the gingivectomy group. 
After 4 months of  in tensive oral  hygiene, ilie height of 
the gingival margin was marked by notching the affect­
ed teetl1, and steel bands were cemented to ilie teeth at  
an intrasulcular depth of 1 mm. After another 6 montl1s 
wii liout oral hygiene, t l1e animals were ki l led and histo­

logica l ly examined.  Recession occurred more frequently 
in ilie test group ilian in the control group. However, tl1e 
histologic exa mination showed that tl1e healed gingiva 

was thinner after a gingivectomy iliat after an apically 
posit ioned flap. The auiliors therefore d iscussed a po­

tential  effect of  gingival iliickness on the development of 
recession in the group lacking kerat inized gingiva. 

Wennstrom and Lindhe9s compared plaque-induced 

gingival in flammation in clogs with a wide zone of ker­
at inized gingiva to tl1at in dogs with a surgical ly  nar­

rowed zone of kerat inized gingiva. No cl in ical signs of  
i n fl a m mation were detected in  ei ther the test group or  

the control group during ilie period in which adequate 

oral hygiene was provided. After 40 clays without oral 

hygiene, c l in ical signs of  inflammation developed. In­

flam mation was more severe arou nd teeth with a nar­

row zone of kerat inized gingiva than arou nd those with 

a wide zone of kerat inized gingiva. 

Con trary to the c l in ical assessment,  the subsequent his­

tologic evaluation showed that the inflammatory infil ­

trates in the test group and control group were nearly 

i dentical in  extent. The only d i fference was a smaller 

Fig 1 -31 The classification 
of thick and thin gingival 
biotypes can be indistinct. 
Furthermore, it would 
appear that a scalloped 
margin and a flat gingival 
margin can be present 
independent of the given 
biotype. 
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dimension of marginal soft t issue in the buccolingu� i nflammation and recession.99-102 After reviewing the 
direction and a loH·er degree of keratinization of the co l iterature, Biihler-Frey and Burkhardt1 03 came to t he 
ering epithelium i n  the group with the narrow zone o · conclusion t hat  there is scientific evidence demonstrat-

eratinized gingi\·a. The authors concluded t hat  the in- \ ing t hat  the absence of kerat inized and attached mucosa 
flammatory responses of teeth wi th  a wide zone of ker- aroun d  implants is associated wi th  the development of 
atinized gingiva were not significantly d i fferent from gingival recession but is not correlated to the implant 
the responses of teeth wi th a narrow zone after 40 days survival rate. I n this context, t he question of whether 
without oral hygiene. The reduced t hickness of the mar- the th ickness of the peri- implant mucosa affects t he de­
gina! soft t i ssue and the  lower degree of kerat inization velopment of gingival recession has yet to be answered 
of the  covering epithelium in teeth wi th a narrow zone from a scientific perspective. 
of kerat inized gingiva only led to greater visibi l i ty  of the Al though the impact of kerat inized gingiva on the health 
bloo d  vessels, whic h  was clinically misinterpreted as a and stabi l i ty of gingival and peri-implant t issue is the 
sign of more severe inflammation. subject of some controversy, i t  is certainly important 
These results coul d  explain why t h i n  gingival tissue is from a c l inical perspective. The presence of kerat in­
more prone to recession in the  presence of i nflamma- ized t issue makes i t  easier for the cl inician to perform 
t ion than thick gingival  t issue. A lt hough the  size of the prosthetic procedures and makes i t  easier for the patient 
i nflammatory infil trate is  the same in both cases, it occu- o perform home oral hygiene. Consequently, surgical 
pies a larger proportion of the available soft t issue space procedures to widen the kerati nized t issue components 
at si tes wi th  a th in  gingiva than at  t hose wi th  a t hick woul d  appear to be useful, particularly where subgingi­
gingiva. This could lower t he resistance of the t issues, val restoration margins and implants are involved. 
which could lead to the development of gingival reces- From an estl1et ic perspective, detached from the medi ­
sion i n  response to external s t imul i .  cal debate, t he presence of kerat inized t issue is abso­

I n  contrast to natural teeth, implants may be seated en- l u tely essent ia l .  A harmonious and even gingival mar­

t i rely in l i n i ng m ucosa. The question of whether tl1e gin as wel l  as i nflammation-free, pale pink, st ippled,  

presence of an adequate zone of masticatory m ucosa and kerat inized t issue surfaces are symbols of perfect 

around implants improves implant survival rates re- "p ink  esthetics . "  Therefore, it is i nconceivable t l1at 

mains controversial ,96-9B a lt hough there is increasing good resu l ts of plast ic-estl1et ic  periodontal  or i mp lant 

evidence that  the  absence of kerat inized t issue arounc\ surgery could ever be achieved wi thout kerat inized t is­

implants can promote the development of peri-implant sue (Fig 1 -32) .  

' 
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Fig 1 -32 Although the 
biologic significance of 
keratinized gingiva around 
teeth (a) and implants (b) is 
the subject of controversy, 
the presence of keratin­
ized gingiva is absolutely 
essential from an esthetic 
perspective. 
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CHAPTER 2 

M I C ROS U RG E RY: 

A N EW D I M E N S ION 
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2. 1 Princi ples of M icrosurgery 

\1icrosurgery is the collective term for surgical proce­
d u res performed with  the a id  of optical  magnification, 
whic h  a llows the cl inician to perform very precise sur­
gery with smaller instruments and finer suture materi­
al' t han was possible before. The use of a microsurgical 
technique makes it possible to consistently minimize 
ti- u e  trauma and maximize the precision of wound 
clo ure .  two factors that play a decisive role i n  postoper­
ative outcome (Figs 2 - 1  and 2-2) .  
1\.licro urgical and m i nimally invasive surgical procedures 
are already widely used in many medical specialties such 
as eye surgery. neurosurgery, and plastic surgery, where 
they have achieved significantly enhanced outcomes 
not possible with conventional macrosurgical proce­
dure . 1-3 The i d ea that the deep heali ng of a wound can 
never be better than the quality of i ts surface closure 
was first expressed by a p last ic  surgeon.4 Wound margin 
necrosis can be very detrimental to the postoperative 
outcome (see chapter 3). Necrosis generally is caused 
by an insufficient blood supply to the affected t issue re­
gions. which can result  from iatrogenic crushing of deli­
cate m icrovascular structures i n  the capi l lary bed during 
surgery and the subsequent blockage of these vessels by 
m i crothrombi. Consequently, the use of a m icrosurgical 
technique can lead to a significant reduction of surgical 
trauma. As i t  min imizes t issue trauma whi le  allowing 
more precise wound closure, m icrosurgery performed 
u nder an operat ing m icroscope or Ioupe results i n  a qual­
i ty of heali ng that can rarely be achieved by conventional 
macrosurgery. 
The concept of m icrosurgery has also gained i ncreasing 
significance in periodontal surgery in recent years. How­
ever, because m icrosurgery is generally associated with 
greater time and costs, the use of microsurgical tech­
n iques is  justified only if they are clearly superior to the 
conventional surgical alternatives .s  In periodontology, 
this  is most co=only the case in regenerati ve surgery 
and plastic-esthetic periodontal surgery. 
In guided tissue regeneration, for example, closed healing 
o f  the membrane i s  absolutely essential to the success 
of tlte regenerative procedure. Studies have shown that 

membrane exposure and subsequent bacterial contam­
i nation of the regeneration site occur in up to 80% of 
cases , depend i ng on the specific technique and type of 
materials used.6-S These compl ications compromise 
treatment outcomes and are associated with extensive 
t issue loss. A controlled cl inical study by Cortellini 
and coworkers9 demonstrated that the i ntroduction of 
a new flap design could reduce the exposure rate by 
approximately one-third. The addit ional use of a mi­
crosurgical concept by the same authors decreased the 
exposure rate even further, to only 7 . 7 % . 10, 1 1  Wachtel 
and coworkers1 2  made s imi lar observations. In their 
controlled cl in ical study, the use of a m icrosurgical 
concept in combination wi th  enamel matrix protein 
derivatives to repair infra-alveolar periodontal defects 
resulted in primary heal ing in nearly 90% of all micro­
surgically treated defects. 
In the field of plastic-esthetic periodontal surgery, Burk­
hardt and Lang1 3 conducted a controlled clinical com­
parison study of 10 patients with bi lateral Mil ler Class 
I and Class II gingival recessions at maxi l lary sites that 
were repaired with pedicle flaps used in  combination 
w ith subepithelial connective tissue grafts. I n  a split­
mouth design, root coverage was accomplished by 
conventional macrosurgery on one side and by micro­
surgery on the other. Fluorescence angiography was per­
formed to evaluate the course of heali ng immediately 
after surgery and 3 and 7 days later. Cl inical outcome 
variables were assessed before surgery and 1 ,  3, 6, and 
12 months postoperatively. 
Fluorescence angiography showed that the incidence of 
postoperative anemia was lower at microsurgically treat­
ed s ites than at macrosurgically treated si tes at the time 
of tl1e immediate postoperative assessment. This d iffer­
ence persisted over tl1e course of wound healing, as was 
clearly reflected by faster vascularization at microsur­
gically treated si tes. The autl1ors also demonstrated the 
stat istically significant superiority of the microsurgical 
techn ique, as determi ned based on the percentage of 
coverage of previously exposed root surfaces 1 year after 
surgery (Tables 2-1  and 2-2 and Fig 2-3) .  
Francetti and coworkers14 reported similar results after 
a 1 2-month c l in ical study. 
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Fig 2-1 (a to c) The use of conventional macrosurgical instruments and suture materials results in a relatively high level of surg1ca� tra _ 

ma to the penodontal soft t1ssues. Precrse approxrmatron of the wound margins is often difficult to achieve under these cond1bons. 



Fig 2-2 (a to c) The use of microsurgical 1nstruments and suture materials m1mmizes trauma to the soft t1ssues. Precise approximation of 

e NOUI"'d marg1ns 1s eas1er to achieve. 
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Table 2-1 

Results of the angiographic assessments performed immediately after surgery and 3 and 7 days postoperatively. expressed as the per­
centage of vascularization at the surg1cal s1te· 

Treatment Day O (%) 

8.9 \:t 1 81 

Day 3 (%) Day 7 (%) 

84 8 " 1 3.5) 

63.9 ':t 1 2  3) 

Microsurgery 53.3 \± 1 0.5) 

Macrosurgery 8.0 (± 1 8) 44.5 (:t 5.7) 

"The m1crosurg1cal results were clearly supenor to the macrosurg1cal results at all three sampling t1mes (From Burkhardt and Lang. '3 Aepnnted With permiSSion I 

Table 2-2 

Coverage of exposed root surfaces 1 and 1 2  months after surgery, expressed as the percentage 
of coverage· 

Treatment Day O (%) Day 12 (%) 

Microsurgery 

Macrosurgery 90.8 (± 1 2 1 )  

98.0 .• 3 4' 

89.9 (:t 8.5) 

·Microsurgery resulted 1n statiStically sigmflcant 1mprovement of cllntcal treatment outcomes. (From Burkhardt and 

Lang '3 Repnnted w1th perm1ssion.) 

Key points: 

Mirrosurge1y is a col lective term for surgical proce­
dures performed under optical magn ificat ion,  that i s ,  an 
operat ing microscope or Ioupe. Magnification makes it 
possible to perform surgical procedures more precisely 

and to usc finr'r and smaller instruments and suture ma­

terials than arc possible in  conventional macrosurgery. 
This reduces surgical trauma and al lows more precise 

approximation of the wound margi ns ,  both of which 

are prerequisites for enhanrrd and predictable healing. 

The usc of microsurgical principles and procedures pro­

vides cl inica l ly  relevant advantages over convent ional 
macrosurgical concepts for regenerat ive and plast ic­

esthetic periodontal s urgery. Natured appeamnce, harm-

onious transit ions between ti sue structures .  and t h e  

absence of scarring i n  the esthet ic  zone h a v e  become 
essent ia l  parameters of a successfu l  treatment o u tcome. 
Microsurgery is  a lso u perior to com:ent ional  macro­

surgery in  th is  regard. Further evidence · uggests tha t  

the  consistent u se of  microsurgical procedures can  
reduce postopcrat i \ e  morbidifJ fol lowing periodontal 

s urgery. 1 5  
T h e  adYcnt of m icrosu rgery i n  periodont ics a n d  i mplant  
dentistry has  only just  begun .  Considering i ts  potential .  
the populari ty of m icrosurgery i n  dent is try seems l i  el� 
to grow in  spite of the fact that  microsurgical tl'c hnique' 
are more t i me-consu m i ng and co t i n tensin. and require 
addit ional  tra in ing. 
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Fig 2-3a The outcomes of coverage of g1ng1val recession defects were assessed in a study by Burkhardt and Lang. 13 Sites treated by 
conventional macrosurgery or microsurgery were evaluated by fluorescence angiography immediately after surgery and 3 and 7 days after 
the 1ntervent1ons. (From Burkhardt and Lang.13  Reprinted with permission.) 

Fig 2-3b Cl1n1cal photographs and fluorescence ang1ograms were used to document the course of healing at s1tes treated by conven­
t•onal macrosurgery (A1 to AS) or m1crosurgery (81 to 8S). The s1tes are shown at baseline (A1 and 8 1 ), 1mmed1ately after surgery (A2 and 
f:.:3, 82 and 83), and 7 days after the Interventions (A4 and AS, 84 and 8S). The corresponding cliniCal photographs and fluorescence 
ang1ograms are shown in each case. Anemic reg1ons appear black in the angiograms. The vascularization of the microsurg1cally treated 
sites was clearly superior to that of the macrosurg1cally treated sites Immediately after surgery and 7 days postoperatively. (From Burk­
hardt and Lang.13 Repnnted with permission.) 

2.2 Technical Requirements 

2_2. 1 Optical Magnification Systems 

Magnification is absolutely essent ial for improved visu­
al ization of the surgical field and more precise manipu­
lat ion of fine tissues during microsurgery. Any opt ical 
magnification system used in microsurgery must meet 
the fol lowing requirements: 
• I t  must produce an enlarged, upright. and nome­

versed i mage of the surgical field. 
• I t  must generate stereoscopic ( three-dimensional) 

images that allow for exact depth local ization. 
• Opt ical distortion must remain below the percept ion 

threshold to prevent eye strain. 
• The worh.ing distance between the system and the 

surgical field must be large enough to allow the sur­
geon to worh. comfortably and ergonomically. 

• The system must be equipped with a l ight source that 
optimally i l luminates the surgical field. 

In  principle, both binocular lou pes and operating micro­
scopes meet t hese requ irements. 

Binocular loupes 

Bi nocular loupes are magnifying eyeglasses in which 
loupes are mounted on t he lenses. They have a lower 
range of magnificat ion than operat ing microscopes but 
are less expensive and easier to use. B inocular loupes 
permit the surgeon to change t he viewing angle at any 
lime without having to adjust or even look at t he lens 
system and without hav ing to change his or her own 
worh.ing posit ion. Different types of loup(' can b(' dist in­
guished based on their designs. The two types of Ioupe 
most commonly used in dentistry are Gali lean loupes 
and Kepler loupes. 

Galilean loupes 

Gali lean loupes have a convex and a concave lens and 
provide x2 to x3  magnificat ion. Their main advantages 
arc tlwir small size, l ight weight ,  and r('lativcly large 
field of \."i('w. Their main disadvantages arc a relatively 
low level of magni fication as well as a small worh.ing 
d istance in some cases (Fig 2-4). 

Kepler loupes (prism loupes) 

K('p ler lou pes (prism lou pes) con tain a series of convex 
lensns and prov ide x 3 to xB magn i fication. They arc ideal 
for periodontal microsurgery, where a magn ification 
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Fig 2-4 The ma1n advantages of Galilean loupes are the1r small 
size. light we1ght, and relatively large field of v1ew. They prov1de 
x2 to x3 magn1f1cat1on. 

41 

factor of x3 .S  to x6.0 is  recommended. Prism loupes of 
t he Kepler design ha\·e very well-corrected opt ics t hat  
permit  h igh magnificat ion at  an i deal working d is tance 
of 30 to 40 em. The mai n drawback. is t hat  t hey are much 
larger and heavier than Gal i lean loupes and therefore 
require a special frame. The Ioupe system can be e i t her 
brach.et mounted to the frame of the eyeglasses or bon­
ded d i rectly to the lenses. Custom fi t t ing by an optic ian 
is requ ired i n  the latter case. Headband-mounted lou pes 
arc also available as an alternat i ve but  must be read j us­
ted a ftcr each use. 
Loupe S) stems arc mounted at a certa in forward and 
downward t i l t  angle (relat ive to the  horizontal p lane). 
which permits  the surgeon to work with the head in a 
comfortable posit ion w i t hout stra in ing the  neck m uscles 
(Fig 2-S). 

Operatin g  microscope 

The main components of the opt ical  system of a n  oper­
a t ing microscope are the magni fication changer. objec­
tive lens, bi nocu lar t ube, C)epieces (ocular lenst's . am 
a l ight source. 
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Fig 2-5 Pnsm lou pes of the Kepler desrgn are relatrvely large and 
heavy. They provrde x3 to x8 magnrfrcation and are thus ideal for 
applications rn piastre-esthetic periodontal and implant surgery. 

Magnification changer 
The magni ficati o n  changer consists of  two Gal i l ean 

tel escopes wi th  d i fferent magnificat ion factors inser­

ted i n  a cyl i nder. To change the magn ificat ion factor, 

the  rela t i\'e posi t ion of the  two tel escopes is changed 

i n  e i ther  d i rect i o n  by rota t ing the cyl i n der. This sys­

tem p ro\' ides fou r  d i fferent magn ificat ion factors p lus  

a free passage pos i t ion  wi thout  opt ics ,  corresponding 

to a magn ificat ion factor o f  x l .  With rota t ion o f  the 

cyl i n der, t h e  combined action of  the  magn ificat ion 

changer, objective lens ,  and eyepieces makes it possi b le  

t o  i ncrease the  magni fi cat ion th rough a range o f  m agn i ­

ficat ion steps. Magni fi cat ion ranges o f  x 6  to x40  c a n  be 

achie,·ed wi th  t hese systems. Opera t i ng microscopes o f  

the  l atest genera t ion  a l l o w  a cont inuous c hange o f  mag­

n ificat i on wi thout  blackout .  

Objective lens 

The objP.cll n! lens forms an image of  the object pro­

cessed by the  magnificat ion changer whi le  project i ng 

i l l u m i nat ion from the l ight source onto the fie ld of view. 

Objer.t ive l enses wi th  a focal l ength of 2 00 to 300 m m  are 

Fig 2-6 Operatrng microscopes can achreve x3 to x40 magnifica­
Iron. 

available for use in periodontal su rgery. Ideal ly, an ob­
jective lens with a focal length of 200 to 250 mm should 
be used .  Lenses with a continuously adjustable focal 

l ength are also available.  The focal width genera l ly  cor­
responds to the worki ng d istance, that is ,  the d istance 
from the l ens to the surgical fie ld.  

B inocular tube 

The conventional b i nocular tube contains two invert i ng 
p risms that rect i fy the inverted i mage produced by the 
objective lens and col lected by the lenses in the end 
region of  the tube. Both straight and inc l ined b inocu­
lar tubes are ava i lable for operat ing microscopes. The 
type used depends on the appl ication. Stra ight tubes are 
posi t ioned para l lel to the axis of  the microscope, and 
incl i ned lubes are set at a 45-dcgree angle to the axi 
of  the m icroscope. B inocu lar tube with continuously 
adjustable viewing angles ( t i l t ing lu bes) were recen tly 
introduced. 

For ergonomic reasons, only l i l t ing tubes that permit 
continuously adj ustable v iewing are used in dental sur­

gery. They can be seamlessly adj usted to any viewing 

angle between 0 and 60 degrees, giving the surgeon a 
greater degree of freedom to manipulate the m icroscope 
without changing seating posi t ions. 
Al l  binocu lar tube systems come with an individual ly 
adjustable range of pupi l  distance. Precise adjustment 
of the pupi l  distance is essential for stereoscopic (three­

d imensional )  viewing of the surgical field .  

Eyepieces 
The role of the eyepieces, or ocular lense . is  to mag­
nify the intermediate image generated in the b inocular 
tube. Eyepieces with magnification factors of x l O  to 

x20 are available for operating m icroscopes. The type 
of eyepiece used determines not only the magnification 
factor but also the size of the field of view. The h igher 
the magnificat ion factor. the smaller the field of view. I n  
periodontal surgery. a x 1 0  eyepiece generally provides a 
good compromise between magnificat ion factor and size 
of the field of view. 
Modern eyepieces al low for the correct ion of emme­
tropic and ametropic eyes, which enable surgeons with 
refractive errors to work without gla ses. They can com­
pensate for refractive errors in the range of -8 to +8 di­
opters but  not  for astigmat ism. Therefore, surgeons with 
astigmat ism must  wear glasses when using an operat ing 
microscope. If glasses are worn, the surgeon must first 
push bad. the eye cups and adjust both yepiece diopter 
sett ings to 0. 
Operat ing microscopes can achieve x3 to x40 total mag­
nificat ion, but magnification ranging from x4 to x24 is 
usually su fficient and most commonly used in dental 
surgery (Fig 2-6). 

Light source 

Optimal l ight i ng is needed to achieve maximum v isual 

acuity. l l igh-intensity halogen bulbs and more recently 
introduced xenon bulbs, which are used with cold l ight 
mi rrors designed to protect the surgical field from heat 
generated by infrared l ight, are most commonly used in 
operat ing microscopes. The objective len projects the 

l ight in a coaxial path via two invert ing prisms to the 
surgical fie ld ,  that is ,  in the d i rect ion of view. An in­

creasing nu mber of cold l ight systems (xenon .  halogen ,  

a n d  l ight-em it t ing diode [ LED])  hm·e been introduced b y  

t h e  ind ustry in recent years. '1\vo types can be dist in­

gu ished : sem istat ionary systems connected to an AC po­

wer sou rce and battery-operated mobile systems. Mobi le  
systems nrc preferred because of the mobil i ty and com­

fort they provide for the surgeon (Fig 2-7) .  
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Fig 2-7 (a and b) The ltght source of an operatrng mrcroscope rs 
rncorporated tn the optrcal system. whereas the ltght source of a 
Ioupe rs attached to the frame of the magnrfying eyeglasses. 
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Table 2-3 

Companson of the advantages (+) and disadvantages (-) of loupes and operating microscopes 

Maximum magnification factor 

Field of view 

Direct view of surgical field 

Nonmagnified view (free passage position) 

Assistant scope 

Optical zoom 

Shadow-free illumination 

Flexibility/mobility of the system 

Ergonomics/working comfort 

Easa of handling 

Protection against eye strain 

Training time for surgeon 

Training time for assistant 

Camera/video documentation 

Acquisition cost 

Lou pes 

x6 (-) 

Larger (+) 

Always posstble (+) 

Possible (+) 

Not available (-) 

Not available (-) 

Possible wtth some light systems (+/-) 

+ 

+ 

Shorter (+) 

Shorter (+) 

Not possible (-) 

$1 ,000 to $3,300 (+) 

Operating microscopes 

x24 (+) 

Smaller (-) 

Only indirect view possible 1n some cases (-) 

Not possible (-) 

Available depending on equ1pment model (+) 

x4 to x24 (+) 

+ 

+ 

+ 

Longer (-) 

Longer (-) 

Available depending on equipment model (+) 

$ 1 3,000 to $100,000 (-) 

Fog 2-8 The Vanoskop is a head-mounted m1croscope. Fig 2-9 The Dentaloscope uses a flat-screen monitor to display 
three-dimensional camera images of the surgical site. 

Comparison of loupes and operating 

microscopes 
In contrast to loupes, operating microscopes are ergo­
nomic by nature and encourage a comfortable working 
position. In operat ing micro copes, the rays of l ight strike 
the retina in a parallel  configuration, so no ocular con­

vergence is neces ary. This reduce eye train. However, 

operat i ng microscopes have a small field of view that 
must be frequently adjusted when different structures are 
viewed. This can be t i resome when the cl inician is  per­
forming periodontal and dental implant surgery. Table 2-3 

summarizes the advantages and disadvantages of loupes 
and operat ing microscopes. Researchers developing new 
generations of optical systems are attempti ng to combine 
the optical and ergonomic advantages of operat ing micro­
scopes with the greater flexibi l i ty. ease of use, and lower 
cost of lou pes (Figs 2-8 and 2-9). 
Ult imately. t he decision to  use a Ioupe or operat i ng 
micro cope should be determi ned by t he t reatment out­
come. In endodont ic  surgery, operat ing microscopes 
achieve resu l ts that are clearly superior to those achieved 
using loupes. I n  fact ,  some procedures can only be per­
formed using microscopes. In periodontal and i mplant 
surgery, on t he other hand, none of t he available oper­
at ing microscopes has been shown to be clearly super­
ior to loupes. Therefore, they arc not rout inely used for 
t hese indicat ions. The extent to wh ich technical i nno­
vations such as t he i ntegration of autofocus can resul t  
in  wider application of operating microscopes i n  perio­
dontal microsurgery remains to  b seen. 
All of the microsurgical procedures presented in th is  
book can be performed u i ng a Kepler-type prism Ioupe 
with x3.5 to x5.0 magn ification. 

2.2.2 Periodontal Surgical Instruments 

Very precise and controlled guidance of the surgical 
instruments is  essent ial in periodontal  surgery. partic­
ularly when microsurgical procedures are performed. 
Therefore, surgical instrumen ls shou ld have rou nded 
nonsl ip  hand les to  a l low secure rotat ion among the 

d igits wi th t he best fine motor con t ro l :  the thumb,  
index finger, and middle  fi nger. This i s  essent ia l  to  
produce sma l l  and precise coord i nated movements .  I n  

a d d i t i o n ,  the i nstruments m u s t  b e  long enough ( a t  l east 
1 8  em) to  be held securely in t he thumb,  i n dex fi nger, 

and middle  fi nger in a pen grip.  The handles shou l d  

a l so b e  well balanced : Sl ight top-heavi ness fac i l i tates 

precision work. 
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Macro instrument set for periodontal 

surgery 
As macrosurgical instruments m ust somet imes be u ed 

for m icrosurgical procedures in plast ic-esthet ic  peri­

odontal and implant  surgery. a special  macro i n  tru­

ment set for general periodontal surgery is  presented in 

Fig 2-10.  These i n  t ru ments are designed with t wo goal 

i n  mind :  to meet the specific requirements o f  periodontal  

surger� and to keep t he number of i nstruments as smal l  

as possible. The i nterchangeable t i ps of  the instruments 

are made of surgical steel  to  pro\· ide optimal hardness. 

and t heir  handles are made of t i tan ium to  make them 

l ightweight .  

Micro instrument set for periodontal 

microsurgery 
The instruments used i n  periodontal  microsurgery are 
basica l ly  the same as those used i n  com·ent ional  perio­
dontal surger) . Although they arc finer and smal ler. t hey 
must be sturdy enough to  effect ively handle the gi ngi\·al 
t issues, which can be relat i\·ely tough. S ta inless steel is 
the material of choice for m icrosurgical i nstruments be­
cause i t  provides a greater degree of hardness and flexi ­
b i l i ty. 
When purchas i ng i nstruments for periodontal  m icrosur­
gery, the c l i n ician shoul d  choose only needle holders 
and forceps with smooth jaws. B lood easi ly a d heres to 
d iamond-coated i nserts or r idges, which can make i t  
more d i fficult  t o  grasp very fi n e  sutures securely a n d  can 
i ncrease the risl.. of damaging or breal..ing the del icate 
suture threads u ed i n  m icrosurgery. Smooth carbide  i n ­
serts have proved t o  b e  a n  exce l lent  choice. 

The ind iv idua l  components of  an establ ished micro­
surgical instrument are described in detai l  be low 
( Fig 2- l l ) . 

Microsurgical scalpel handle 

A microsmgical scalpel handle  m ust ha\·e rounded 
handles to  a l low the surgeon to  work safely and w i t h  
adequate precision . T h e  micro scalpel  blade i s  i nserted 
in the fi t t i ng a t  the top of  the handle and locl..ed in p lace 
by a rota t i ng mechanism located a t  the end o f  the inst­
rument (Fig 2- 12 ) .  Particularly in the case of  i ntrasulcu­
lar i ncisions,  i t  i '  very d i fficul t  t o  mal..e a precise mci­
sion with scalpel b lades s ized for convent i o na l  s urnen 
(Fig 2-1 3a).  M icrosurgical scalpel  b lades w i t h  round­
ed ends and b lades that cut  i n  a l l  d i rections thPrefore 
have been developed. They are a lso s u i table  for i nL , _  
sions i n  hard-to-reach p laces such as i n terdental s p  ,,.. 



Fig 2-10 (a to c) The ma­
madent Macro instrument 
set. 

Fig 2-10a 
(left to right) 
- Minnesota cheek 

retractor 
- Castroviejo needle holder 
- Dissecting forceps 
- Surgical scissors 
- Surgical forceps 

Fig 2-10b 
(left to right) 
- Hilger cheek retractor 
- Mouth mirror with lip 

retractor 
- Furcation probe 
- Periodontal probe 
- Two scalpel handles 
- Rhodes chisel 
- Modified Ochsenbeinl 

Kramer-Nevins chisel 
- Kirkland gingivectomy 

knife 
- Orban gingivectomy 

knife 
- Furcation curette 

Langer universal curette, 
angled 
Langer universal curette, 
straight 
Periosteal elevator 

- Prichard periosteal 
elevator 

Fig 2-10c 
(left to right) 
- Hilger cheek retractor 
- Mouth mirror with l ip 

retractor 
- Furcation probe 
- Periodontal probe 
- Two scalpel handles 
- Rhodes chisel 
- Modified Ochsenbeinl 

Kramer-Nevins chisel 
- Kirkland gingivectomy 

knife 
- Orban gingivectomy 

knife 
- Furcation curette 
- Langer universal curette, 

angled 
- Langer universal curette, 

straight 
Periosteal elevator 
Prichard periosteal ele­
vator 

Fig 2-1 1 The mamadent 
Micro instrument set. 
(top to bottom) 
- Microsurgical spring 

scissors 
- Microsurgical combina­

tion forceps 
- Microsurgical needle 

holder 
- Microsurgical scalpel 

handle 
- Papilla elevator 

Microsurgery- A New DtMer Ston Cr aptP-r 2 A 
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Fig 2-1 2  Microsurgical 
scalpel handle with a mi­
croscalpel blade attached. 

Fig 2- 13  (a) It is very dtfftcult to make a precise 1ntrasulcular incision without tissue loss when a macrosurgical scalpel blade is used. 

b In contrast, m 1crosurg1cal scalpel blades offer greater precision. 
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Fig 2-14 (a  and b) The use of  bendable m1crosurg1cal scalpel blades can be useful 1n hard-to-reach areas. 

(Fig 2-1 3b) .  The use of bondable m icrosurgical scalpel 
blades can a lso be useful in special sit uations ( Fig 2-14 ) .  

Microsurgical combination forceps 

Dissect ing forceps are the most commonly used i nstru­

ments in microsurgery. They come in di fferent shapes 
and sizes. Straight dissecting forceps with fine working 

l i ps fu l fi l l  the requirements of plasl ic-cslhclic periodon­

tal and implant surgery. As mentioned above, the jaws 
of tho forceps should have smooth tips to a l low t ho sur­

geon to tie knots with very thin sutures without damag­

ing the thread when grasping it with the forceps. Dis­
secting forceps arc held in tho nondominanl hand when 
the cli nician is tying knots. 

Tho working t ips of the forceps must be 1 to 2 mm apart 

when held loosely in the hand. It  should not be neces­
sary to apply great force to cl ose the forceps. Th jaws 

of the forceps must be perfect ly al igned when closed. 
A small guide pin is posit ioned in tho lower th ird of 

the forceps to  guide the c losure o f  the wod.ing t ips .  The 
jaws of t ho forceps should close over a d is tance o f  1 to  
3 mm on moderate pres ure  from the index fi nger a n d  
thumb. When greater p r e  sure i s  appl ied.  the t ips  o f  the  
jaws should not  dr ift apart.  

When sut ures arc p laced, i t  is  often n cessar) to  gra p 
the t issue wi th  surgical forceps for easier passage of the  

needle through the flap.  As t he s ubsequent knot-tying 
slop is  usual ly performed wi th  the aid of eli scc t i ng 
forceps,  combination surgical and d i s  ·cc t ing forceps 
have been developed to  permi t  the surgeon to  perform 
both work steps wi thout  changing instruments .  Combi­
nation forceps are basically d issect ing fore 'P . the ja\v · 

of which resemble t hose of surgical forceps. W he n  sl ight 
pressure is  appl ied to  the arms of the forceps .  the ja,,·: 
of the surgical forceps-like part c lo ·e  whi le  t h e  arms of  
the straight d issect ing forcep -l ike par t  rem a i n  open To 
close the d issect ing forceps-l ike part i n  order t o  t i e  nots .  
the surgeon must  apply greater pres u re (Fig 2-15)  



Fig 2-15a Microsurgical combination forceps are dissecting 
forceps and surgical forceps in one. They are designed to prevent 
frequent instrument changes. 

Fig 2-15 (b and c) Tissue can be securely grasped by applying light pressure to the combination forceps. Greater pressure must be 
applied while knots are tied. 

Papilla elevator 

The papi l la  elevator is a micro periosteal elevator used 

to raise flaps. It has semisharp, disk-shaped worki ng 

ends of d i fferent s izes d esigned for a traumatic d issec­

t i on of fine t issue structures, especial ly in the i n terden­

tal area (Fig 2-1 6). 

Microsurgical needle holder 

As needl es of various s izes are used in periodontal  

m i crosurgery, t h e  m icros u rgical  needle hol der should 

be designed to grasp very fine to  fi ne need les. I t  must 

also be slender enough to access interdental areas. Just 

as with the combination forceps, the microsurgical 

need le  holder shoul d  have smooth jaws to al low s imple 

and con tro l led knot tying without damagi ng the suture 

thread .  In conventional m icrosurgery, non locking needle 

holders are normal ly  used be ause open ing and closing 

the clasp of a locking need le holder could cause u ncon­

trol led and unwanted movement of the working tip. In 

periodontal microsurgery, on t he oth r hand, locking 
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Fig 2-16 (a and b) The papilla elevator is a micro periosteal elevator used to raise full-thickness flaps. It can be used 1n hard-to-reach 
areas due to its small size. 

Fig 2-1 7  (a and b) The jaws of the microsurgical needle holder are smooth. The slender shape of the instrument t1p makes 11 eas1er to 

work 1n hard-to-reach areas. 

needle hol ders are very usefu l .  The need le can be 
securely grasped and advanced i n  con trolled rotat ing 

movements t h rough the  tough gingival  t i ssue wi thout  
the surg on 's having to  exert too much pressure on the  
handles of  the needle ho lder  (F ig  2 - 1 7 ) .  

M icrosurgical scissors 

Curved m icrosurgical scissors wi th sharp working l ips 

have proved ideal for periodontal microsurgical appl­

icat ion . .  They are mainly used to cut sutures and arc 

somet imes used for controlled cul l ing of soft t issue. 

M icrosurgical scissors also have rounded handle desig­

ned to  faci l i tate rotational movement (Fig 2-18) .  

Technologic developments i n  t h e  aforement ioned  

m icrosurgical in  lruments i nclude the  i ncorporat i o n  o f  

an addi t ional j o i n t  i n  the  handles of  forceps a n d  need­

le holders. Modificat ions in the  geometry and tran -

m ission of forces at the worki ng l i p s  of t h e  i n strument;.  

have b en made to  furt her fac i l i tate the securt> a n d  

precise gras p i ng o f  needles a n d  suture s  (Fig 2- 19).  



Fig 2-18 (a to c) M icrosurgical sc1ssors are generally used to cut 
su1ures but are sometimes used for controlled cutting of soft tissue 
(eg. penosteal slitting). 

Fig 2-1 9 (a to c) The mamadent Master Microsurgical instru­
ment set contains a needle holder and combination forceps. The 
additional joint in the instrument handle makes it possible to grasp 
needles and sutures more precisely and securely during suturing. 

Fig 2-20 (a to c) Tunneling kn1ves are spec1ally des1gned for prep­
aration of part1al-th1ckness flaps accord1ng to the tunnel technique. 
To prevent perforat1on, only the side of the blade facing the peri­
osteum or bone IS sharp. 
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Tunneling knife 
Special i nstruments are needed to perform advanced 

surgical techniques such as the tunnel technique of 

flap elevat ion without vertical releasing i ncisions. The 

buccal alveolar bone and overlying m ucosa are curved, 

wherea most surgical instruments and scal pel  blades 

are straight .  Consequent ly. the use of  conventional in­

struments to create partial-thickness flaps by the  tunnel  

technique in  this region carries a considerable r isk of  

flap perforat ion. 
The use of sl ightly curved dissection i nstruments could  

help to reduce the r isk  of  perforat ion in  these cases. 
Patented tunnel i ng knives with such a curvature are spe­
cially designed for t hese situations.  Two large p la te l i ke 
b lades of different sizes are l ocated at the  working ends 
of t he knife. The i nstrument is used with the  sharp edge 
against periosteum or bone and the b lunt  edge against  
soft t i  sue.  Thnnell ing knife I has an angled b lade and 
is designed for use in  most s i tes. Tunnel i ng knife I I  i s  
straight and designed for use  at  sites with a very wide 
band of kerat inized gingiva. To ensure safe and atrau­
matic elevation of part ial-thickness flaps. the tunneling 
kni fe should always be sharpened prior  to surgery (Figs 
2-20 and 2-2 1 ) .  

Fig 2-21 Tunneling kn1ves must b e  sharpened regularly w1th a flat 
Arkansas kntfe-sharpening stone. 
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Fig 2-22 Synthetic m1crosurg1cal suture matenals are characterized by high t1ssue compatibility and m1n1mal plaque accumulation during 
the healing process. 

2.2.3 Suture M aterials 

D i fferent surgical proced u res req uire t he use of d i fferent 
s u tu re materials .  The physical and chemical  propert ies 

of t h e  s u t u re m a teria l  m us t  be appropriate for the expect­
ed mechanical and bio logic s t resses on the wound .  

Su ture m aterials  u sed i n  periodontal  microsurgery must  

meet a n u m ber o f  physical requ i rements including h igh 

tensi lf!  s t rength,  h igh tearing strength ,  good knot t i ng 

characterist ics.  and h igh knot  security. Moreover, the 

u t ure m ateria ls  shou l d  have a su rface tha t  faci l i t ates 

a traumat ic  passage through the t issues wi thout  ca using 

cap i l l ar i l \· in  order to m i n i m ize i m m une response in  

t h e  a ffected t issues. Capillarity i s  the  process by which 

sut ure materials,  part icu larly those wi th mul t ifi lament 

fibers, draw fl u ids and microorganisms into the wound 

l i ke the wick of  a candle. 1 G Consequent ly, it is also re­
ferred to as the  wick effect. Last but  not least , absorbable 

su ture materials must  have a defi ned absorption t ime. 

Types of suture material 

Sut ure materials may be c lassi fied accord ing t o  the ori­

gin of  their raw materials (natural versus synthetic), t heir 

abi l i ty  to d is in tegrate in t issue (absorbablr versus non­

absorbable) , and their struct ure (monofila ment versus 

m u l t ifi l amen t ) .  Monofilament su tures consist of a single 

s t rand of  materia l ,  whereas mul t ill lamcnt sut ures have 

several s t rands of material that are braided together. 

onabsorbable sutures are general ly preferred to absorb­
able sutures because the latter always induce i nflam­
matory react ions in  t i ssue when they disintegrate. I f  
a b  orbable sutures must b e  used , t hey should preferably 
be made of synthetic materials. This is  because com­
pared to sutures made of natural materials,  u tures made 
of synthetic materials cause mi lder inflammation as they 
disintegrate. Serafit ,  a suture made of polyglycolic acid .  
h a  pro,·cd to b e  a sui table synthetic product .  Size 6-0 

erafit suture ha\ e an absorption time of 60 to 90 days. 
onabsorbable suture arc chara terizcd by high ti ue 

compat ibil i ty. 1 7-1 9 Compared t o  mul t ifi lament sutures, 
monofi lament nonabsorbable threads cause much less 
capi l larity but are s t iffer and therefore have poorer knot­
t ing characterist ics and knot securi ty. Scralcne suture 
materials provide a good compromise between capi l­
larity and knott ing characterist ics. These are synthetic 
monofilament utures made of polyvinyl fluoride, which 
make them very t issue compat ible. Scralene 6-0 and 
7-0 sut ures have good knott ing characteristics and relat­
ively low stiffness. S t i l l ,  precise !-not-tying technique is 
necessary for secure suture closure when monofilament 
sutures are used. 
Expanded polytetrafluoroct hylene (c-PTFE) sutures are 
a special type of nonabsorbable sut ure (Fig 2-22) .  Su­
tures made of e-PTFE are monofilament threads with air 
pockets incorporated in the materia l .  Their t i ssue com­
patibi l i ty  is excel lent . but  their porosity (air content of 
50% to 60% )  results in a high swell ing capacity. mal-ing 
e-PTFE sutures prone to bacterial biofilm colonization 
of the thread surface. These arc major drawbacl-s. but  
e-PTFE also has some important advantages, such as  

excel lent gl ide characteristics. Consequent ly, Gore-Tex 
CV-5 suture materials can be recommended as standard 
materials for macrosurgical sut ure appl ications in mod­
ern periodontal surgery. 

The European Pharmacopoeia {EP) provides a standard­
ized system for suture size classificat ion in which size 
denotes the diameter of the su tur e  thread. The EP clas­
sificat ion is based on the metric . ystcm, and diameter is  

indicated in units of 0 .1  mm on the metric scale.  Under 
the EP system, the diameter of a size 1 suture ranges 
between 0 . 1 00 and 0. 1 49 mm. Al though the sut ure size 

printed on the label denotes the minimum diameter of 

t lw thread, the actual thread diameter usually l ies at the 
upper Pnd of the tolerancp range. 

The commonly used sut ure s izes such as 5-0.  6-0, 

and 7-0 arc based on tho United States Pharmacopeia 
{USP) syst em. To maintain uniform ity, t lw USP ha also 
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Table 2-4 

Comparison of the European Pharmacopoeia (EP) and Un1ted 

States Pharmacopeia (USP) suture s1ze classificatiOn systems 

Metric (EP) USP Diameter (mm) 

0,01 1 2-0 () ()()1 {) 009  

0 1  1 1 -0 0 01 CH> 01 9  

0.2 1 0-0 0.020-() 029 

0.3 9-0 0.030-{) 039 

0.4 8-0 0.04(}-{) 049 

0.5 7-0 0. 05(}-{). 069 

0.7 6-0 0 07(}-{) 099 
1 .0 5-0 0. 1 ()0-0  1 49 

1 .5 4-0 0. 1 50-0. 1 99  

2.0 3 0  0.2Cl0-0.249 

2 5  2 0  0 250-0 299 

3.0 2-0 0 300-0.349 

3.5 0 35(}-{) 399 

4 2 0.4Cl0-0.499 

5 3 0.5Q0-0.599 

6 3 0.600-{).699 

7 5 o.roo-o 799 

8 6 0.600-{) 899 

9 7 0.900-0 999 

57 

adopted the metric classificat ion system,  a n d  today bo th  
metric and USP size gauges are printed on the  labels of 

most  sutur e  packaging. Tabl e  2-4 provi de· a s ide-bv-s ide 

comparison of the metr ic  and USP u ture s ize clas�il'ica­

lion systems. 

Surgical needles 

Microsurgical ne dies must ha,·e h igh flexural trength 
t o  ensure that t hey do not bend when passed through 
tough t issues. Furthermore, t he} must be  duct i le  enough 
to prevent  breakage when overloaded. The material  that 
best meets t hese requirements is high-qu a lity stainles · 

stee l .  which is usual ly p la ted w i t h  n id.cl or chrome to 
faci l ita te  pol ishing. 



Curved needles are easier to handle in t ight spaces, and 

they guide the  path of  the suture in  such a way that when 

the  ends of  the thread are p u l led ,  i t  i s  possible to achieve 

apposit i on of  the  wound margi ns wi th a tendency for 

e�·ersion. Straight needl es ,  on the other hand,  resul t  in  

im·ersion o f  the wound margins,  which should be avoid­

ed in periodontal  surgery. When in terdental sutures are 

placed , i t  should be possible to i nsert the needle t hrough 

an i nterdental space in a single pass. This  requires the 

use o f  l onger need l es, especia l ly  in  the molar region.  

Therefore. needles with a 3/8 or 1 /2 curve and an arc 

l ength of 8 to 15 mm are preferred for use in  periodontal 

surgery. 

Cut t ing n eedles with a triangular cross section have 

p ro\·ed e ffect i ve i n  periodontal  microsurgery. Only the 

front third ( t ip)  of  the  needle should be sharp, and the 

middle th ird (shaft) should be flattened for better reten­

tion in the n eedle holder. Round-bodied need l es are not 

recommended because they bend more eas i ly  and are 

more difficult  to pass through periodontal t issues. A pol­

ished urface enhan ces !he a bi l i ty of  the need l e  to gl ide 

smooth ly  through t issues. 

Fig 2-23 Atraumatic suture 
needles with a curved body 
and a triangular cutting tip 
have proven effective in 
plastic-esthetic periodontal 
and implant surgery. 

The j unction between the needle and the thread is an­
other important factor. Convent ional needles are reus­
able and have an eye through which thread is inserted. 
The eye of  the need l e  and the doubled strand of  thread 
running through it produce a relat ively broad suture 
footprint ,  which results in  considerable t issue trauma. 
Atraumatic suture need l es were developed to solve 
this problem. U n l i ke conventional need les, the suture 
thread is glued or welded to the blunt end of the atrau­
malic sut ure needle, creating a smooth ju nction (swage) 
between the needle and the thread.  Because t hese are 
disposable need les designed for single use only, they are 

a l ways new and sharp. Consequently, the use of atrau­

matic suture need les results in  a substantial  red uction of 

t issue trauma. All of  the evidence points to the benefits 

of  using atraumat ic suture need le in periodontal sur­
gery, part icularly when microsurgical procedures are 

performed (Fig 2-23) .  
A sut ure set  commonly used in  p last ic-est heli perio­

dontal  and implant  surgery is shown in Fig 2-24 and 

Table 2-5 .  
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Fig 2-24 The mamadent suture set contains an assortment of different suture materials used 1n plast1c-esthet1c periodontal and 1m plant 

surgery. It conta1ns absorbable and nonabsorbable suture matenals for both macrosurgery and m1crosurgery. 

Table 2-5 

Charactenst1cs of materials included 1n the mamadent suture set 

Name Material Construction Size Needle Needle Indications Absorbability 
length shape 

Seralene DS 1 2  6 0 Polyv1nyhdene Monofilament 6·0 1 2 mm 3/8 c1rcle Penosteal sutures, anchonng Nonabsorbable 

fluoride needle sutures 1n the anterior reg1on 

Seralene DS1 5  6.0 Polyv1nylidene Monofilament 6·0 1 5 mm 3/8 circle Periosteal sutures. anchonng Nonabsorbabfe 
fluoride needle sutures 1n the posterior reg1on 

Seralene DS1 2  7.0 Polyv1nyhdene Monofilament 7-0 1 2 mm 3/8 c1rcle Standard m1crosurg1cal sutunng onabsorbable 
fluoride needle 

Seralene DS1 5  7.0 Polyv1nyhdene Monofilament 7-0 1 5 mm 3/8 c1rcle Mlcrosurg1cal suturing 1n the onabsorbab e 
fluonde needle molar and premolar onterprox1 

mal regoon 

Seralene HS8 7.0 Polyv1nyhdene Monofilament 7 0  8 mm 1 /2 circle Deta1led closure in hard-to- ooabsorba e 
fluoride needle reach areas 

Gore Tex CV-5 Polytetrafluor- Monofilament 5-0 1 6 mm 3/8 c1rcle Standard macrosurgocal sutunng onabsorbab 
ethylene needle 

Seraflt DS1 2  6.0 Polyglycohc Muhtf1lament 6·0 1 2 mm 3/8 c1rcle Subepithelial connect1ve tossue 
acid needle graft foxat1on 
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2.3 Microsurgical Training 

for Clinical Practice 

2.3.1 Adapting to the Use of 

Mag nification 

The use of optical magnification is becoming more and 
more commonplace i n  contemporary dentistry. Many cli­
n icians already rout inely use a Galilean Ioupe with x2 

t o  x3 magnification. Magnification signi ficantly reduces 
the \'isibi l i ty of the surgical field, making it much harder 
to control hand movements and work sequences. Clini­
c ians must tl1erefore adapt their old hand motor skil ls 
and master new ones (eg, p icking u p  and put ti ng down 
the needle when tying knots) .  There are specific courses 
that can fac i l i tate the t ransition to working wi th  optical 
magnification. As the power of magni fication i ncreases, a 
person's awareness of tile physiologic tremor of the hands 
al. o i ncreases. To ensure tllat tills awareness does not 
i mpair performance during surgery. the clinician should 
learn appropriate behavioral and mental preparatory tech­
niques before performing m icrosurgical i nterventions. 
Lack of sleep or excessive stress i n  the period prior to 
surgery can impair fine motor control ,  affect hand muscle 
coordinat ion,  and cause i ncreased tremor. Nicot ine ,  caf­
feine ,  and certa in med ications are known to persistently 
aggra\·ate p hysiologic tremors. Emotional factors such 
as stress and nervousness also have a negat i ve effect on 
p hysiologic tremor. Therefore, the surgeon m ust make 
sure that he or she is wel l rested and in a relaxed stale 
o f  mind when perform i ng m icrosurgery. Proper traini ng 

prior to the  first m icrosurgical in tervention can also help 

reduce tension and nervousness and is t herefore h ighly 

recommended. 

2.3.2 Training Exercises Using 

R ubber Dam 

The m ost i mportan t  skil ls to pract ice are the hand l i ng 

of suture materials and the ty ing of knots under opt ical 

magnificat ion.  Any surgeon wishing to perform m icro­

surgP.ry m ust be able to confidently pick up and guide 

a n ef�dle w i th microsurgical i nstruments, pu t  down the 

n eedle i n  the field o f  view when ly ing knots ,  eas i ly re­

trle\'fl a needle p laced outside the visual fie ld ,  and 

tw in l ru ment  knots. These ski l ls  can be practiced by 

stretchi ng a p iece of rubber dam over a wooden board 

that h as a hole cut  out  in the  middle  (Fig 2-25) .  

A simple exercise for pract icing m icrosurgical ski l ls  and 
procedures for tying m icrosurgical knots u nder optical 
magn ification wi th  the aid of microsurgical i nstruments 
is  described below. 

Incision technique 

Using a scalpel ,  the c l in ician makes a practice i ncision 
i n  a piece of rubber dam stretched over a wooden board. 
The i ncision should extend d iagonally, ei ther from left 
to right and up to down (right-handed surgeon) or in the 
reverse d i rection ( left-handed surgeon).  The placement 
of t wo addit ional parallel i ncisions prevents t he need to 
apply excessive tension on the sutures. 
In later t ra in ing, the surgeon should change the posi­
t ion of  the rubber dam to pract ice making incisions in 
d i fferent d irections w i t h  the i nstruments at  a d i fferent 
angle and the hands in an unaccustomed posi t ion. 

Postural support 

When the  pract i t i oner is working under magn ificat ion,  
movemen t of the  i nstruments is  control led primarily 
by fi nger and wrist  movement. Therefore, the  surgeon's 
arms should rest comfortably on the opera t i ng table or 
on t he armrests of the  chair. I nstruments are held in 
a pen gri p w h i l e  the  l i t t l e  fi nger and r ing fi nger rest 
aga ins t  a stable surface for sup port (Fig 2-26) .  The 
su pport prevents  premature fatigue and m i n i m izes 
physiologic t remor. 

Picking up the needle 

The surgeon should use the needle holder to grasp the 
back th ird of the needle perpend icu lar to the axis of t he 
needle. The following procedure is recom mended. 
Wi th forceps i n  the nondominant hand, the surgeon 
should grasp the thread 3 to 4 em away from the nee­
dle and l i ft it un t i l  only the t i p  of  the needle  is st i l l on 
the undersurface. Now the needle holder can be used 
to grasp and secure the correct sect ion of the needle. 
This proced ure excludes the possi b i l i ty  of  hold ing the 
need le  with two i nstruments at  the ame t i me ,  which 
cou ld resul t  in bend i ng. The l ip of  the needle should 
n ever be grasped because this contact could bend and 
bl unt the t ip .  

Inserting the needle 

Bite size is  the d istance from the incision I i no to the si tes 
where the n eedle enters and exits the t issue on ei t her 
s i de of the i ncision l i ne.  It is determ ined by the thick­
ness of the flap or the desired depth of the suture path 

Fig 2-25 Microsurgical 
suture skills can be prac­
ticed by stretching a 
p1ece of rubber dam over 
a wooden board that has a 
hole cut out in the middle. 

Fig 2-26 M1crosurg1cal 
Instruments are held 1n a 
pen gnp. The work1ng hand 
IS supported via the little 
f1nger and ring finger. 

in the t issue. The more superficial ly tho needle is to 
be passed through the t issue, the smal ler the d istance 
from the incision l ine to the noedll' insert ion and exit 
si tos. l lowever, a min imum t issue thid,ness is needed to 
prevent the sut ures from tearing tho t issue and causi ng 
addit ional t issue trauma. Uniform bite ize is crucial 
for precise suture closure wi thout overlapping wound 
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margins.  Therefore. the d istances between the  i ncision 
l ine and the needle i nsert ion and exi t  s ites must  ah\ a\ s 
be equal (Fig 2-27) .  

-

The creation of un i formly sized ·utures should b e  pra ·­
t iced on rubber dam. The correct d is tance between the 
i ncision l i ne and the needle i nsert ion or e i t  site b ap­
proximately twice the t hickness of rubber dam. Th 
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Fig 2-27 To achreve a unrform bite size, the drstances between the incrsion line and the points where the needle enters and exits the 
trssue on erther side of the rncision line must be equal. 

needle should be inserted at a 90-degree angle to the 
incision l ine and perpendicular to the surface of the rub­
ber dam. The cl inician can faci l i tate this positioning by 
holding the forceps against the underside of the rubber 
dam. Likewise. the surgeon can faci l itate removal of the 
needle on the opposite side by gently pressing against the 
opposite side o f  the rubber dam with forceps (Fig 2-28). 
During i nsertion, the needle  is p ushed through the rub­

ber dam as far as possible before the needle bolder is 
opened and the needl e  is released. ext, the need le 
h ol der is used to  grasp the shaft of the needle (middle 
t hirrl) and pul l  i t  a l l  the way through the rubber dam. 
The ner�dl e  should never be grasped by the tip if this 
can be avoided. Furthermore, use o f  another instrument 
in the nondominant hand to  remove the needle from of 
the needle  h ol der can easi ly  bend the need le. I f  only the 
t ip  o f  the  nePdle  emerges from the exit  site,  the cl inician 

should grasp it very gently without fu l ly closing the jaws 
of the needle holder and then pul l  the needle out only 
as far needed to grasp its middle port ion. Passage of the 
need le into and out of the material can be accomplished 
in one or two steps. After t he need le bas completed i ts 
passage through the rubber dam, the needle is ei ther set 
down, preferably somewhere within the field of view, or 
inserted in the rubber dam to facil itate retrieval of the 
need le with the need le bolder after the suture knot is 
t ied ( Fig 2-29).  

Tying a surgeon's knot 

Microsurgical sutures are l ied with microsurgical in­
struments. A simple surgeon 's knot ,  consist i ng of an 
ini t ia l  double throw fol lowed by a second single throw 
in the opposite d i rection, is commonly used. The cl ini­
cian should practice tying a surgeon 's knot on rubber 
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Fig 2-28 (a and b) The needle is inserted perpendicular to the surface of the rubber dam. Passage of the needle into and out of the rub­
ber dam can be facilitated by gently pressing with forceps on the opposite side. 

Fig 2-29 The needle should be set down withrn the field of vrew 
before a suture knot is Ired so that it can be located immediately 
after thrs task is completed. 

dam unt i l  the movements become routine and refi ned. 
The terms long end and short end of the suture are used 
in the fol lowing explanations of t he procedur . The long 
end is the one attached to the needle, whereas t he short 
end is the one protruding from the insertion site. 
1 .  The surgeon should grasp the long end of the suture 

approximately 3 em away from t he needle exit site 
using microsurgical forcep held i n  the nondominant 
hand.  

2 .  The surgeon should center the needle holder directly 
above the incision line and between t he two ends (long 
and short) of the suture using the dominant hand. 

3 .  The clinician should form a double throw by wrapping 
the long end of the suture around the needle holder 
twice using the forceps held in the nondominant hand. 

4 .  The short end of the suture should be grabbed with 
the need le hol der and pul led through t he double 

t hrow. This draws the short end in the needle hol­
der toward the needle exit  site w h i le the long end is 
pul l  d toward the needle insert ion si te .  

5 .  After releasing the short end of the suture, the u rge­
on shou l d  center the needle holder in the dominant 
hand above the knot and between the two ends of the 
suture. 

6 .  The surgeon shoul d  make a single throw by wrapp i ng 
the long end of t he suture around the needle  holder 
i n  the opposite d irection once using the forcep · i n  
t h e  nondom i nant hand. 

7 .  The short end of the suture is  grasped w i t h  the nee­
dle holder again and pu l led through the s ingle throw. 
This t i me, the short end of the suture is dra\\·n i n  the 
opposite direct ion,  back toward the i nsertion site 

8. The knot is gen tly t ightened and p l aced lateral to th 
i ncision l i ne (Figs 2-30 and 2-3 1 ) .  



Fig 2-30 (a to c) First, the suture IS pulled through the wound margins until just a small amount (about 1 em) remains at the short end. 
Next, the long end of the suture 1s grasped approximately 3 em away from the needle exit site using forceps, and the tip of the needle 
holder 1s centered between the two ends of the suture. A double throw is made by wrapping the long end of the suture around the needle 
holder tw1ce using the forceps, and the short end of the suture is grasped with the needle holder. 

Fig 2-30 (d to f) The first throw 1s loosely t1ghtened by pulling the short end of the suture through the double throw, in the direction of the 

needle ex t s1te. The t1p of the needle holder is then centered between the two suture ends aga1n. 

l ,.(. ; 
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Fig 2-30 (g to i) A s1ngle throw is made by wrapping the long end of the suture once around the needle holder in the oppos1te d1reclion 

us1ng the forceps, and the short end of the suture IS grasped agam. 

Fig 2-30 ij to I) The second throw IS loosely t1ghtened. This time, the short end of the suture is drawn 1n the oppos1te d1reclion ,  bac 
toward the insert1on site. The knot is then placed lateral to the incision line. 
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Cutting the sutures 
The suture materials used in  microsurgery are cut with 
microsurgical scissors. I t  is important to ensure that the 
cut ends are no shorter than 3 m m  but also not much 
longer than that.  I f  the needl e  is not in  the field of view 
at first, then only the short end of the suture is cut with 
the microscissors after knot tying is completed and the 
end is removed from the field of view. The long end 
o f  the suture is then grasped with the forceps and cut. 
Final ly, the thread grasped with the forceps is slowly 
drawn through the open jaws of the needle holder un­
t i l  the needl e  reappears i n  the field of view and can be 
grasped with the needle holder. 

Fig 2-31 A simple 
surgeon's knot, consisting 
of an initial double throw 
followed by a second 
single throw in the opposite 
direction, can be tied with 
microsurgical instruments. 

2.3.3 Advanced Training 

Incision and flap design are further important elements of 
m icrosurgical training. I n  addition to learning the move­
ment sequences, it is important to become accustomed 
to the unusual visual d imensions of microsurgery. When 
working under optical magnification, it is easy to over­
estimate the actual t hickness of an elevated flap. Conse­
quent ly, t he flap could be too thin and prone to necrosis. 
The use of microsurgical procedures and instruments 
makes i t  possible to perform flap procedures that are 
completely di fferent from those used in conventional 
surgery. The cl inician shou ld first practice these tech­
niques on an appropriate model before performing them 
on a patient. Pig jaws are very well suited for hands-on 
training in microsurgical procedures (Fig 2-32) .  When 
performing surgical exercises under a microscope for 
the first time, the surgeon shou ld take a microsurgical 
training seminar with an experienced instructor. 

Fig 2-32 Pig jaws are very 
well su1ted for hands-on 
training in microsurgical 
procedures. 
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Primary wound hea l ing is an essential  part of successful 
rt'Constructi\·e surgery. Rapid and unimpaired hea l ing is 
crucial .  part icularly in plastic-esthetic periodontal and 
i m p lant surgery. where soft and hard t issue grafts and 
artificial sub t i tu tes are frequently used. The survival 
and integration of grafts and graft sub t i tu tes depend on 
a n umber of factors, including the quali ty of the blood 
supply t o  the affected t issues and the prevention of bac­
terial i n fect ion.  Both are crucial  for achieving proper 
i ncorporation of graft materials into the surrounding 
t issues. The oral m icroflora contains a number of d i f­
ferent bacteria. Primary wound closure over natural or 
art ificial  graft material ensures that hea l ing w i l l  occur 
in an environment that is  i mpossible or very difficult  for 
m icroorganisms to enter. 
Heal ing fol lowing p last ic-esthetic periodontal and im­
plant surgery is  often complicated by the fact that the 
surgical wound is located on a rigid and avascular tooth 
or implan t  s urface, resul t ing i n  an impairment of lo­
cal immune defenses and a reduction of the supply of 
nutrients t o  vi ta l  t i ssues at  the s i te. 1 Impaired heal i ng 
can lead to wound dehiscence, t i ssue defects ,  and the 
formation of fibrot ic t i ssue and hypertrophic scars, a l l  
of which adversely a ffect the cosmetic outcome. Opti­
mal  wound hea l i ng is  crucial to the success of p lastic­
esthet ic  periodontal and implant surgery (Fig 3-1 ) . 

The term wound healing encompasses al l  of the physi­
o logic regenerative processes involved i n  restoring the 
i ntegrity of damaged body t issues. Because surgical 
wounds are created in a more or less controlled environ­
ment . the surgeon has a great degree of control over a 
range of factors involved in the wound heal ing process, 
from i ncision p lacement to wound closure. 
The p hysiologic processes involved in  wow1d heal ing 
w i l l  be described in the fol lowing sect ion. Those factors 
crucial to achieving optimal wound heal ing fol lowing 
periodontal and i mplant surgery wi l l  be d iscussed i n  
detai l .  

3.1 Principles of Wou n d  

H ealing 

3. 1 . 1 G eneral Principles 

\\oun d  hea l i ng occurs b y  one o f  two mechanisms: re­

generat ion or repair. !Vound regeneration refers to the 

replacement o f  lost or damaged t issue with identical L is­

sue, resu l tmg in restorat ion of the t issue to i ts  original 

condit ion (rest i tut io ad i ntegrum). Wound repair, on the 
other hand, involves the replacement of lost or damaged 
t issue by nonspecific scar t issue; therefore, the t issue 
is not restored to i ts  original condit ion.2 If a wound is 
caused by trauma, regenerative healing general ly is not 
possible because these wounds tend to be extensive­
in some cases, with complete t issue loss. In surgical 
wounds, on the other hand, regenerative heal ing is pos­
sible, and the surgeon should always strive Lo achieve 
complete regeneration of the damaged t issues Lo prevent 
formation of extensive scar t issue. 
Reparative heal ing is basical ly determined by the wound 
closure status during the healing process. I f  a wound 
such as an abrasion is left to open, reparative t issue must 
form Lo cover the t issue defect and restore the integrity 
of the body surface. The reparative t issue formed by this 
rou te transforms into scar t issue during the later phases 
of hea l ing. General ly  speaking, healing by secondary 
intention (per secundam i ntenlionem) occurs when the 
wound is left open to heal ,  whereas primary wound clo­
sure results in healing by prim01y intention (per primam 
inlenlionem). 
From a biologic perspective, the end resu l t  of wound 
heali ng by primary or secondary intention is basically 
the same: wound closure. However, the two processes 
di ffer significantly in terms of the chronology of the dif­
ferent phases of wound heal ing and the qual i ty of tis­
sues formed during the heal ing process. 

3. 1 .2 Primary and Secondary Wound 

Healing 

Wound healing by primary intention is characterized by 
the relatively W1COmplicaled healing of a wound with 
formation of either very l i LLie or no scar tissue. In oLI1er 
words, the t issue is made intact and restored to its original 
condi t ion. From a surgical perspective, the smooth, well­
vascularized, tension-free, and precisely approximated 
wound margins are the most important condit ions for 
heal ing by primary intention. After primary wound clo­

sure, a thin but stobfe blood clot forms between Ll1e wound 
margins, and litlfe to no focal tissue ischemia occurs. Con­
sequently, bacteria cannot infiltrate the wound, particular­
ly the deep t issue layers. Blood circulation to the wound 
is rapidly restored , and a provisional matrix quickly forms 
Lo cover the woW1d. Under favorable conditions, primary 
wound healing can occur within a few days in ilie absence 
of cl inically delectable inflammation, wound secretion, 

and granulation tissue formalion .2,3 

Pnmary Hea11ng. The Key to Success Chapte 3 A 7 

Fig 3-1 Immediately prior to suture removal 1 week after implantation and hard t1ssue augmentation, the s1te shows opt1mal wound heal­
ing, characterized by complete wound closure, mtnimal fibrin, and absence of signs of Inflammation. 

The surgeon should always attempt to create optimal 
condit ion for pri mary wound healing, which normally 
ensures that the course of postoperative heal ing wi l l  be 
quick and uncomplicated. If these condit ions are mel , 
the acute in flammatory response that invariably occurs 
during the healing process will  be short and hardly no­
t iceable c l i nical ly. pat ient discomfort and impairment 
will be minimal ,  necrosis-related t issue defects wi l l  
not occur. the regeneration processe below the surface 
can proceed unimpaired , and healing wil l  culminate 
in nearly scar-free restoration of the original condit ion 
( Fig 3-2).  

econdary wound healing occurs i f  the wou nd is inten­
tionally left open to heal or i f  primary wound closure 
is not possible due Lo the presence of t issue defects.  
Secondary heal ing is associated with the format ion of 

reparative t issue. To quickly close the wound and rapid­
ly restore t he integrity of the epiiliel ia l l i n i ng of the oral 
cavity. the body produces low-grade scar t issue to bridge 
the gap cau ed by the damaged or mi ing tis ue. Flap 
edge necrosis often occurs if the sutures exert too much 
tension on the flap ,  i f  the suture are poorly knotted and 
loose, or  i f  t here is local t issue hypoperfusion . result ing 
in secondary heal ing after primary wound closure. Bac­
terial infection and the resul t ing immunologic react i o n  
can delay hea l ing. 
The L ime required for wound healing is  mainly deter­
mined by t he size of the wound and the presence or ab­
sence of bacterial infection. earring u ual ly remams 
after the process is completed. The texture and color o 
t he scar t issue can vary great l y  from that  of t h e  'ttr­
rou nding t issues. The surface of the  scar t i ssue often 
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Fig 3-2 Healing by primary 1ntent1on 1 week after placement of a coronally pos1tioned flap for root coverage in a patient with gingival 
recess1on 

exhibi ts  projections and irregularit ies because of the 
contraction o f  the col l agen fi ber-rich t issue during the 
course o f  hea l i ng. 
Secondary healing is  associated with a higher risk of 
bacterial  infection,  postoperat ive d iscomfort , and scar 
t issue formation. Hence, secondary heal ing of surgical 
wounds shou l d  be avoided whenever possible, espe­
cia l ly  if the surgery was performed for cosmetic reasons. 
There are exceptions, however: In cases such as gingival 
mcession coverage and esthet ic  crown lengthening, spe­
cific areas of the woun d  are i ntent iona l ly  left open and 
a l lo\\'ed to heal by secondary intent ion (Fig 3-3).  

3. 1 .3 Phases of Wound H ealing 

The process of wound healing encompasses a l l  of the 
physiologic regenerat ive processes ini t ialed by the body 
to restore the continuity of its t issues. Interactions be­
tween me enchymal and epithel ial el ls ,  which are me­
dialed and coord inated by a large nu mber of chemical 
mediat ors with local and systemic effects (eg, growth 
factors and cylokines). p lay an im portant part. The over­
all  wound heal ing process can be broken down into a 
series of dist inct phases, which arc described below. 

Inflammatory phase 

The inflammatory phase mainly functions to establ ish 
temporary wound closure in order to restore the integ­
rity of the body surface. Dead cells are eliminated from 
the wound , and invading microorganisms arc ki l led. 
The inllammatory phase is a two-part process consisting 
of an exudat i ve phase and a resorpti ve phase. 

Fig 3-3 Differences 1n the 
healing outcomes of two 
vertical releas1ng 1nC1s1ons 
1 week after surgery 
(a) Primary wound heal­
Ing (b) Secondary wound 
healing 
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E udative phase 

The t' udat ive phase is  the first s tage of wound heal­
i ng.  I t  occurs w i t h i n  the fi rst  4 8  hours of a n  i nj u ry 
and i� characterized by an i n flux  of blood , lymph,  and 
t i ssue fl u i d  i n t o  t he wou n d .  The fi rst  local response, 
Yasocon t ric t ion , occur w i t h i n  seconds.  The affect­
ed b l ood vessels constrict to m i n i mize b lood loss. A 
b l ood clot  consis t i ng of platelets and red b lood cel ls  
e n meshed in a network of p lasma p roteins forms on 
t h e  wou n d .  This cel l  complex is  orga n i zed t o  form a 
fibri n -stabi l i zed provisional  matrix ,  which t em porar­
i l y  gl ues t he woun d  t ogether. In addi t ion to s tab i l i zi ng 
t h e  wound,  the provis ional  matrix serves as a reser­
\"Oi r  for growth fact ors and as a scaffold to guide blood 
vessel s  and migra t i ng cells i n t o  the wound . A narrow­
er wound open i ng w i l l  lead to a smal ler c lot ,  which 
enables faster hea l i ng and c l osure of the wound.  The 
overa l l  effect is  a rap i d  closure of the wound to l i m i t  
ex posure t o  the germ-laden oral cavity. 2 .4 

Resorptive phase 

The chemotactic st imu lat ion wi thin the wound at­
tracts neutrophils  to m igrate down t he provisional ma­
trix into the wound after a period of roughly 6 hours. 
The neu troph i ls phagocytose the pathogens and ensure 
their  in tracel lular el imination in the scope of a cel l­
mediated immune response. l l igh levels of bacterial 
contamination are associated with excessive neutroph il 
s t imulation , which can quickly result in the extracellu­
lar rcleas<' of proteolyt ic enzymes. These en zymes can 
prod uce defects in endogr•nous t issues and cause local 
acidosis, resu l t ing i n  cell damage. I n  a second wave of 
cel l -mediated i m m un e  response, macrophages d iffer­
en tiat ing from h isl iocytes systemat ically degrade and 
e l iminate the cel l ular and pathogenic debris. I n  this  con­
text . the exudation of plasma from the wou nd serves a 

number of p urposes: I t  not on ly  faci l i tates the d istribu­

tion of local ly  released mediators and ensures sufficient 

mobi l i t y  o f  the a foremen tioned i m mune cel ls i n  t issue 

but a ls� serves as a n u trient m edium for the later waves 

of fibroblasts m igra t i ng i n to the wound. 

Restoration phase 

\fter t he in i t ia l  differentiation and prol i feration of mes­

Pnchvmal cel ls .  there is a cont inuous transit ion from the 

i n fla�matory phase to the restorat ion phase. Central ele­

m,mts of this process i ncludP tlw i ngrowth ol capi l larv 

t i ssuP and formation of gran ulation t issue (prol iferative 

pha P) and redi fferen t iat ion of scar tissue (repair phase).2 

Proliferative phase 

The end of t he inflammatory phase of wound hea l ing 
is marked by the formation of new capil laries and their 
i ngrowth into the wound. Anastomoses are formed to 
successively reestabl ish the blood supply to t he wound. 
How smoothly this stage progresses is determined by the 
qual i ty of blood supply to the wound margins, which is 
determined by how many adjacent vascular structures 
were injured by t issue trauma '(eg, strain ,  contusion,  or 
i ncision).  
Subsequently, t he prol i ferative phase occurs 24 to 74 
hours after i njury. This is an anabol ic  process, character­
ized by epithelization starting from t he wound margins 
and transformat ion of the clot into well-vascularized, 
cel l - and col lagen-rich granu lation t issue. The in i t ial 
blood and fibrin clot serves as a guide t hat leads t he mi­
grat ing fibroblasts and endothelial cells to the wound.2.4 
I n woun ds hea l ing by primary i ntention , only a small 
amount of granulation t issue has to form, so wound 
heal i ng proceeds quickly, and the tensile strength of the 
wound i ncreases rap id ly. If a wound heals by secondary 
intention,  massive quanti t ies of granulation t issue must 
be formed to cover a larger defect , and it tak s much 
longer to achieve stable wound conditions. 

Repair phase 

Repa ir is the final  stage of wound hea l ing. Epithel ial 
closure of a wound is  achieved by t he lateral migra­
t ion of epithel ial  cel ls  along the margins of the wound 
to the granulat ion t issue. Scar formation after pri mary 
wound healing is m i nimal .  In most cases, the scar l i ne 
remai n i ng after wound hea l ing is i nconspicuous or, 
i deally, i nvisible. Wound hea l ing by secondary in ten­
t ion o ften resul ts  in wi der, unesthetic scar , some of 
wh ich resu l t  in functional impairment d 1.1e to excessive 
t issue contract ion.3 

3. 1 .4 Clinical Assessment of 

Wound Healing 

I 

It can be hard to d is t ingu ish between pri mary and sec­
ondary wou nd hea l i ng a few days a fter su rgery. To ad­
dress th is  problem,  Wachtel and coworkers5 developed 
t h e  Early Wou n d  Hea l i ng In dex (El l ! )  to faci l i tate d i f­
ferent ia t ion between primary and secondary heal ing 
and to provide a more objective assessment of post­
operat ive wound hea l i ng qual i ty. The EHl dis t i nguish­
es fi ve c lasses of woun d  hea l i ng 5 days a fter surgery 
( Fig 3-4 ) .  

EHI 1 
Grade 1 wound healing is characterized by complete flap 
closure with no fibrin l ine 5 days after primary wound 
closure (primary wound healing). Because of t he excel­
lent quality of wound healing, the sutures can be removed 
and tho recommended postoperative wound management 
measures started at tJ1is t ime (see chapter 6). 

EHI 2 
Grade 2 wound healing i characterized by complete flap 
closure and a fi ne fibrin l ine 5 days after primary wound 
clo ure. In Elf! 2 ,  the ulures should be left i n  place an­
other 2 days for further stabil ization of the wound area. 
The sut ures are removed and tho recommended postop­
erative management measures started 7 days after sur­
gory. 

EHI 3 
Grade 3 wound healing is characterized by complete 
flap closure with fibrin coverage of t ho i ncision l i ne 
and adjacent parts of t he flap 5 da) s after urgery ( t i l l  
classifi d a s  primary wound h aling). Tho sutures are 
removed and the recommended postoperative manage­
ment measures started 7 days after surgery. 

EHI 4 
Grade 4 wou nd heal ing is characterized by i ncomplete 
flap closure and partial necrosis of the wound mar­
gins. Due to the postoperative wound infection and the 
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increased t issue pressure i n  t he inflamed region, the 
woun d  margins drift apart, and secret ions  drain out  o f  
t he wound. Healing occurs by secondary in tent ion,  and 
increa ed wou nd pain and marked swe l l i ng can he ob­
served around t he surgical site. The sutures can be re­
moved 7 days after surger). Compl icat ions such as scar 
format ion cannot be excluded. Postoperative manage­
ment of t hese cases is described in chapter 1 7. 

EHI S 
Grade 5 wound hea l ing is characterized by i ncomplete  
flap closure and necrosis of t he wound margins.  Because 
of the wou nd infect ion, pus drainage t hrough the inci­
sion l ine or through t he su lcus of adjacent teeth may be 
observed, dependi ng on t he situation. The most com­
mon surgical cau es of impaired wound hea l ing i n  t hese 
cases arc flap edges t hat are too th in  and thus poorly 
perfused and/or the lad.. of precise and tension-free pri­
marv wound closure. Pus sometim drains from appar­
ently wel l -appro,imated wound margin , for e ample.  
i f  graft necrosis has occurred deep within the wound. 
I n  t he e cases. healing occurs by secondary i ntention and 
is often accompanied by inflammation,  which is frequent­
ly associated with significant problems such as i ncreased 
wound pain and swel l ing. Compl icat ions mu t be expect­
ed in pat ients with Ell!  5 wound heal i ng.  and a second 
surgery may be needed to correct t hese problems. The su­
tures can be removed 7 days after surgery. Postoperative 
management of t hese cases is de cribed i n  chapter 1 7 .  



EHI 1 

EHI 2 

EHI 3 

EHI 4 

EHI 5 

No fibnn at the incision line 

Slight fibrin at the incision 
line 

Fibrin at the 1ncision line 
and adjacent parts of the 
flap 

Open wound with 
suppuration 

Open or closed wound with 
localized pus collect1on 

Fig 3-4 The Early Wound 
Healing Index (EHI) dis­
tinguishes five classes of 
wound healing, as deter­
mined 5 days after surgery S 

It provides an objective as­
sessment of wound healing. 
The clinical photographs 
show the characteristics of 
healing in different cases 
5 days after regenerative 
periodontal surgery. 

3.2 Factors That I nfluence 

Wound Healing 

A number of local (Table 3 - 1 )  and systemic (Table 3-2)  
factors infl uence the healing of surgical wounds.  A l l  
should b e  taken i n t o  considerat ion to  achieve p ri mary 
wound healing (EHI 1 ,  2 ,  or 3), which is  the qual i ty  of 
healing requ ired for successfu l  plast ic-e thetic peri­
odontal and implant surgery. 

3_2. 1 Local Factors that I nfluence 

Wound Healing 

Absence of inflammation 

Gi ngi val inflammation and periodontal disease nega­
t i vely affect the quali ty of the marginal soft t issue. The 
inflammator� process resu lts  in a marked decrease i n  
col lagen content a n d  a sign i ficant increase in  blood 
flow. interst i t ia l  fluid , and inflammatory cells in the 
soft t issues. Apart from impairing wound hea l i ng af­
ter surgery, this also causes technical problems d ur ing 
surgery. In the presence of inflammation, the marginal 
soft t issue has a spongy consistency and an increased 
bleed ing tendency that makes it d i fficult  to achieve 
precise microsurgical i ncisions, flap elevation, and ap­
proximation of the wound margins. Because p lastic­
esthet ic periodontal  and implant surgery are elective 
procedures, they shou ld  only be performed in  the ab­
sence of inflammation . 
Al l  inflammatory periodontal conditions must be el imi­
nated prior to plastic-esthetic periodontal and implant 
surgery to ensure the predictabi l ity of the planneo pro­
cedure. Before surgery, patients with inflammatory peri­
odontal diseases mu t re eive adcquat p riodontal pre­

t reatment by a dental hygienist or dental assistant with 
comparable t raining. The periodontal pretreatment pro­
gram should include mul t ip le professional su pragingi­
val and subgingival tooth cleaning sessions as well as 
personal oral hygiene i nstruct ion and motivation. One 
of the established plaque and bleed ing indices shou l d  

b e  used to evaluat t h e  efficacy of personal oral hygiene. 
Plast ic-esthetic periodontal or implant surgery should 

not be performed u n less the Plaque Index (PI )  score is  

I ss t han 20% and the Papil lary B leeding I ndex (PBI)  
score is less t han 5% (see chapter 6).  
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R oot surface biocompatibil ity 

When periodontal plastic surgery is  performed to CO\ er 

exposed roots,  the biocompat ibil i ty of the root s urfaoe i s  

important for t h e  healing process a n d  treatment u cr e . 

Even in individuals with opt imal personal and profes­

sional oral hygiene, exposed root surfaces are a lwa)S 

covered with a thin layer of biofi lm.  The biocompat ibil­

ity of t he root s urface is  crucial  to ach iedng attachment 

of the soft t issue to  the tooth surface after root coverage 

surgery. Therefore. the root surface should be mechani­

cal ly cleaned immediately prior to  surgery to thorough !) 

remo\'e the biofi l m  and the m icroorganisms in  i t .  I f  t h is 

is not accompl ished, there is a h igh risk that the soft 

tissue wil l  not attach to t he root surface after surgery. 

This could result  in the formation of periodontal  pock­

ets instead of new attachment to the root surface of  the  

affected teeth (see chapter 9 ) .  

Use of a microsurgical a pproach 

One of the most i mportant k.eys to  achieving opt imal  
wound hea l ing i the use of  a microsurgical approach. 
The fi ve basic e lements of  a microsu rgical approach 
are optical magnification , microsurgical instruments. 
microsurgical suture materials, microsurgical flap de­
signs, and microsurgical suturing techniques. The cen­
t ra l  goal of t reatment based o n  t hese fi ve elements is 
to  achieve primary wound heal i ng by handl i ng the t i s­
sues atrau mat ical l y  and w i t h  m ax i m u m  p recis ion (see 
chapter 2 ) .  

Flap design 

iHucoperiosteal flaps. mucosal flaps, or a combination of 
the tii'O can be used i n  p lastic-esthetic periodontal and 
implant surgery. In mucoperiosteal flap procedures. a full 
layer of soft t i  ue ( ie. periosteum, connect ive tissue. and 
epithel ium) is elevated from the bone s urface b )  b lunt  
dissection. Mucosal flaps. on the other hand ,  are elevat­
ed by harp dissection of subepithelial  connective ti sue 
while the periosteum and parts of the connecti\"e ti ·sue 
are left on the bone. Consequently. mucosal flaps are usu­
al ly thinner than mucoperiosteal flaps and do not  contain 
any of th well-perfused periosteal oft t is. ue.  
Mucoperiosteal flap are t ec hnically i m pler. whereas 
m ucosal flaps are more demanding. In addi t ion to en­
hanced heali ng. m ucosal flaps ha.-e a n umber of  other  
advantages ,  such as better flap mobili ty. which  faci l i t ate, 
primary wound closure. Consequently. mucosal flap 
arc preferent ia l ly used in p lastic-esthetic periodontal  
and i mplant surgery ( ee chapter -l). 



Blood supply to the flap margins 
fltt' flap margin are the most critical zones during t he 
t'nt irt' wound heal ing process. Ischemia-related necro­
sis or i m paired wound heal ing in the region of the flap 
margins immediately results in wound dehiscence. This 
leads to secondary healing in association with deep bac­
terial i n fect ion.  Maintenance of a good blood supply to 
the flap margins must be a central goal of all in traopera­
t i\·e and postoperative treatment measures. 
The risk. of flap edge necrosis is inversely proportion­
a l  t o  t he th ickness of the flap. The th inner the edges of 
the flap. the smaller the number of vessels supplying 
the flap edges and, hence, the h igher the risk of postop­
eratiYe necrosis. When a mucosal flap is  elevated, it is 
crucial that the flap does nat thin out toward the edges. 

When the in i t ia l  incision is made, the scalpel blade 
should always be held perpendicular to the surface of 
the soft t issues. I f  these fundamental rules are observed, 
the elevated flap wi l l  have square-cut margins of uni­
form t h ickness i nstead of acute-angled margins. This de-
ign has particular advant ages in terms of flap perfusion. 

Intersect ing i ncision l ines should be s l ightly overcut to 
achieYe a flap o f  un i form th ickness, even a long the edges 
(see chapter 4) .  
Atraumat ic  soft t i ssue han d l i ng is  essent ia l  for good 
postoperative flap perfusion and t he prevent ion of flap 
edge necrosis .  Basic prerequis i tes for opt ima l  wound 
healing incl ude the use o f  a sharp scalpel  blade and 
atraumat ic  t issue d issect ion (see chapter 2) . 

Flap thickness 

In  many cases , flap t h ickness is  crucial  not only for per­
fusion a long the  flap edges during the  i n i t ia l  phase o f  
wound h ea l i ng but  a l s o  for t h e  fi n a l  outcome of peri­
odontal surgery. B.? Baldi et a lB  compared corona l ly  ad­
Yanced flap p rocedures for root coverage t o  determine 
whether  flap t h ickness was a relevant  predictor o f  root 
CO\·erage in pat ients wi th  g ingival recession.  They de­
termined tha t  complete root coverage was possible in 

1 00 %  of a l l  si tes wi th  a flap th ickness greater than 

0.8  mm. The complete-coverage rate for th inner flaps 

was l ower, and the  d i fference was stat is t ica l l y  s ignifi ­

cant . B  These fi n d i ngs suggest that  the mean t h ickness 

o f  m ucosal flaps should be u n i form and no less than 

1 .0 mm. Flap t h i ck ness has i mportant c l inical  i m p lica­

t i om (sP.e chapter 4). 

Flap tension 

Precise approxi mation of the wound margins without 
tension is another critical factor for achieving primary 
wound heal ing following surgery.B-10 Flap reposition­
i ng is often necessary in p lastic-esthetic periodontal and 
i mplant surgery. It is crucial that the sutures do not ex­
ert tension on the wound margins because tension could 
result in constriction and collapse of blood vessels, im­
pairing flap perfusion and consequently increasing the 
risk of impaired heal ing and flap necrosis. Flap tension 
is also associated with a risk of postoperative flap retrac­
t ion, which could result i n  secondary wound healing 
and i ts  related problems. 
Tension-free approximation of t he wound margins is 
therefore crucial to the success of plast ic-esthetic peri­
odontal and i mplant surgery. Adequate flap mobil i ty  can 
be ensured through the use of an appropriate flap design 
and releasing i ncisions (see chapter 4). Size 6-0 and 7-0 
microsurgical suture materials wi l l  tear if too much force 
is used when the sutures are tied. l l  I n  cl inical practice, 
th is  has actual ly proved to be a useful l imi tat ion because 
it prevents the surgeon from exerting excessive tension 
on the edges of the flap during suture closure. 

3.2.2 Systemic Factors 

Diabetes 

Individuals with diabetes (type 1 and type 2)  often 
have impaired wound heali ng. 1 2 The t issue perfusion 
d isorders associated with d iabetic micro- and macro­
angiopathies impair local immune defenses and wound 
heal ing. Consequent ly, diabetic patients have a h igh risk 
of suboptimal wound heal ing and necrosis, particularly 
when d iabetes is  poorly managed. 1 2 , 1 3  

When treat i ng d iabetic  patients,  t h e  surgeon should 
consul t  the at tending primary care physician or spe­
cial ist  to determine how well t he disease is control led. 
The glycohemoglobi n  fraction (HbA 1 c ) .  as a percent­
age of t otal hemoglobin, has been shown to have h igh 
d iagnost ic value for l ong-term moni toring of blood 
g l ucose management .  An HbA lc of less than 6 .5°'o in­
d icates that diabetes is  well  managed , and predictable 
and sat isfactory resul ts of p lastic-esthetic surgery can 
be expected in these patients. 1 4 Elective surgery should 
never be performed on i n dividuals with poorly man­
aged or uncontrol led diabetes. Even if performed in 
patients with well-managed diabetes, surgery should 
preferably be performed u nder prophylact ic antibiotic 
coverage (see chapter 6).  

Table 3-1 

Local factors that Influence wound healing 
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Absence of inflammation • Penodontal pretreatment and good personal oral hyg1ene help to efim111ate ·nflammation of he 
marg1nal g1ng1va. 

• Treatment prerequiSites: 
Plaque Index (PI) < 20%. 
Papillary Bleed1ng Index (PSI) < 5%. 

Root surface biocompatibility • B1ocompatib1hty 1s part1cular!y relevant for root coverage 1n g1ng1Val receSSion treatment 

• Mechanical clean1ng of exposed root surfaces is required 1mmediately pnor to surgery. 

Use of a microsurgical approach • Optical magnification. 
• M1crosurg1cal Instruments and suture materials. 
• Atraumat1c t1ssue handl1ng. 

Flap design • Mucosal flaps are techmcally more difficult to raise but easier to repos1t1on and suture. 

Blood supply to the flap margins • Acute-angled flap margins should be avoided. 
• The in1tial 1ncision should always be made w1th the scalpel blade held perpendicular to L'le 

!Issue surface. 
• Intersecting 1ncision lines should be overcut. 
• Trauma to the wound marg1ns should be minmized 

Flap thickness • M1n1mum flap thickness is 1 mm. 

Flap tension • Tens1on free approximation of the wound marg1ns 1S cruc1al. 

Smoking 

Nicotine and the toxic aerosols in tobacco smoke have 
systemic effects on wound healing in the oral cavity that 
occur in combination with local factors directly influ­
encing the healing of oral t issues. In this context ,  the 
most relevant effects of smoking are a dose-dependent 
reduction of blood !low to tissues suppl ied by terminal 
vessels and reduced immune defense. 1 5. 16 The surgeon 
can assume that wound healing compl icat ions wi l l  oc­
cur in smokers, even if the surgery is carefully planned 
and precisely executed. Therefore, elective plastic peri­
odontal and implant surgery should never be performed 
on smokers. t 7-20 Short-term abstinence from smoking 
prior to surgery is not sufficient. Long-term complete 
nicot ine abstinence cou ld be acceptabl , but there is no 
scient ifi ally validated evidence ind icat ing how long 
this period of abstinence should be. llowever, it  can be 
assumed that a minimum of 6 months of nicot ine absti­
nence is requi red before surgery.Zl 

Immunosuppression 

Immu nosuppressive medications such as cytostatics 
and corticoids d imi nish the imm unologic competence 

) r >11 

of the patient and therefore may impair  or delay wound 
heal ing.22 Pat ients who have received organ t ransplants 
require long-term immunosuppres i ve therapy t o  pre­
vent t ransplant reject ion .  l mrnunosuppress in� t herapy 
is not an absolute contraindicat ion to p las t ic-e thet ic  
periodontal and impl an t  surgery. However. surgical 
procedures should never be scheduled for a pat ient  
undergoing i m munosuppressive therapy before the p a­
t ient 's physician is consu l ted , and procedure hould 
always be performed under prophylact ic  antibi ot i c 
coverage. Precise approximat ion of the wound margin 
and primary wound closure are necessary t o  m i n i mi ze 
compl ications during hea li ng in patients who are tak­
i ng i m munosuppressive medications.22 Com p liance 
with a l l  relevant hygiene requirements is  m a ndatory 
(see chapter 6) .  

HIV and AIDS 

Modern ant ivira l  drugs and trea tment  protocol ha\ e 
sign i ficantly improved the feasib i li ty  and prognosis of 
surgery i n  l! IV- infected patients in recent year · .  Immu­
nocompetence, ie ,  t he presence of adequate quanti t ieo;; 
of CD4+ T cel l s  in the blood ,  determine, whethE.>r tr a t -
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S ·stem1c factors that Influence wound healing 

• Consult w1th the pat1ent's physician. 

Diabetes 
• Plast1c surg1cal interventions may be performed tf the dtabetes is well managed (HbA t c < 6.5 %). 
• Extenstve surgery should be conducted under prophylactic antibtotic coverage, even tf the diabetes IS well 

managed 

Smoking 
• Penodontal and tmplant surgery should never be performed tn active smokers. 
• Plasttc surg1cal procedures may be performed if the patient has abstained from mcottne for at least 6 months. 

• Consult w1th the pattent's physictan. Immunosuppression 
• Anttbtottc prophylaxis IS reqUired for surgery. 

• Consult wrth the pat1ent's phystcian. 

HIV and AIDS • Surgtcal procedures may be performed during the latency phase. 
• Anttbiotic prophylaxis is reqUired for surgery. 
• Stnct compliance wtth hygtene requirements is mandatory. 

Patient-specific factors • Each patten! has an individual healing capacity. 
• Accurate preoperattve predictton of the tndtvidual healing capac1ty of a given patient is not possrble. 

ment is feasible. The physician managing the patient 
wi th  HIV should always be consulted t o  determi ne the 
optimal t iming of  surgery. Periodontal and implant sur­
gical procedures are contraindicated during the acute 
phases of HIV infect ion and after the outbreak of AIDS22 
but may be performed under prophylactic antibiotic 
coverage d uring the latency phase of HIV infection.23 
Strict compliance with al l  relevant infection-control 
procedures is  essential to ensure the protection of these 
patients and the dental personnel treating them (see 
chapter 6) .  

Patient-specific factors 

Even if all known factors relevant to heal ing are taken 
into account,  patient-specific factors resul t  in  individual 
d ifferences i n  wound healing. The reasons for these dif­
ferences have been scarcely i nvestigated and , i n  most 
cases, only specula t ively discussed in  the l i terature. Age 
p lays an important role. General medical s tudies have 
clear!: shown that  patients older than 70 years have sig­
n ificantly lower rates of  successful wou nd heal ing than 
\·ounger palients 24 
Geneti c  predisposi t ion,  especia l ly  the expression of 
growth factors, appears t o  be anot her major patient-

pecific factor in  wound healing. Growth factors are 

involved in various stages of wound healing: They are 

chemotoctir. for fi broblasts, and they s t imulate immune 

cel l s  and angiogenesis .25 High levels of central cyto­

- ·ms such as platelet -derived growth factor, transform-

ing growth factor �.  platelet-derived angiogenesis factor, 
p latelet factor 4, and platelet-derived epidermal growth 
factor have been shown to improve an individual's 
wound heal ing capacity. zs 

Platelet-rich plasma is a concentrated source of preop­
eratively harvested and processed autologous platelets, 
which contain large quant i t ies of growth factors involved 
in wound heal ing. An adjuvant treatment approach in­
volves t he intraoperative application of platelet-rich 
plasma to surgical wounds in an attempt to improve 
wound healing. The results reported in the l i terature are 
i nconsistent,26 and the effects demonstrated so far have 
been l im ited, part icularly in the field of plast ic-esthetic 
periodontal surgery.27  It is general ly assumed that topi­
cally administered growth factors have a short duration 
of action and thus are unable to achieve any profound 
effects in the wound.26 
Enamel matrix proteins, which are commonly used in re­
generative periodontal therapy, are also reported to im­
prove and accelerate wound healing. In vitro studies have 
shown that enamel matrix proteins arc able to stimulate 
both periodontal and gingival fibroblasts.28 Because these 
cells i ncrease secretion of transforming growth factor �1 .  
the application of  enamel matrix proteins could have a 
posit ive effect on soft t issue healing.29-3 I They also seem 
to have a certain posi t ive effect on angiogenesis during 
the early heal ing phase, which cou ld also be beneficiaJ.32 
Furthermore, enamel matrix proteins produce an anti­
microbial environment, which could addit ionally boost 

wound healing processes.33-35 Reports in the l iterature 
regarding the effects of enamel matrix proteins on wound 
healing are contradictory. Some clinical studies have 
shown that they have positive effecls,36.37 whereas others 
could not demonstrate any effect.38 
To dale, there is no definit ive checklist of parameters 
that a cl inician can use to predict a pat ient 's wound 
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healing capacit) or t he effects of a givc'n tmatment on 
the wound healing capacity. Basic research in molecu­
lar biology cou ld make an important contribution by 
uncovering more of the mechanisms underlying wound 
healing and elucidating t he correlations between them, 
which could be translated into cl in ically useful appl ica­
t ions in the future. 
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