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Important note: Medicine is an ever-changing science undergoing con

tinual development. Research and clinical experience are continually 

expanding our knowledge, in particular our knowledge of proper treat

ment and drug therapy. Insofar as this book mentions any dosage or 

application, readers may rest assured that the authors, editors, and pu

blishers have made every effort to ensure that such references are in 

accordance with the state of knowledge at the time of production of 

the book. 

Nevertheless, this does not involve, imply, or express any guarantee 

or responsibility on the part of the publishers in respect to any dosage 

instructions and forms of applications stated in the book. Every user is 

requested to examine carefully the manufacturers' leaflets accompany

ing each drug and to check, if necessary in consultation with a physician 

or specialist, whether the dosage schedules mentioned therein or the 

contraindications stated by the manufacturers differ from the statements 

made in the present book. Such examination is particularly important 

with drugs that are either rarely used or have been newly released on the 

market. Every dosage schedule or every form of application used is enti

rely at the user's own risk and responsibility. The authors and publishers 

request every user to report to the publishers any discrepancies or inac

curacies noticed. If errors in this work are found after publication, errata 

will be posted at www. thieme.com on the product description page. 

Some of the product names, patents, and registered designs referred 

to in this book are in fact registered trademarks or proprietary names 

even though specific reference to this fact is not always made in the text. 

Therefore, the appearance of a name without designation as proprietary 

is not to be construed as a representation by the publisher that it is in the 

public domain. 

This book, including all parts thereof, is legally protected by copyright. 

Any use, exploitation, or commercialization outside the narrow limits set 

by copyright legislation without the publisher's consent is illegal and 

liable to prosecution. This applies in particular to photostat reproduction, 

copying, mimeographing or duplication of any kind, translating, prepara

tion of microfilms, and electronic data processing and storage. 



We look forward to the future as reflected in the curiosity in the eyes of this world's children. 

Andrea Wichelhaus 
Tena Eichenberg 
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velopment phase. Georg Thieme Verlag offered us a unique op

portunity to record our own therapeutic concept, rather than 

trying to describe and evaluate all conceivable therapeutic ap

proaches. The atlas enables fellow practitioners to refer to a 

treatment concept that has been technically proven and scientifi
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1 Fundamental Problems in Orthodontics 

Successful orthodontic treatment of anomalies requires a funda

mental knowledge of orthodontic tooth movement itself, to

gether with its biomechanical parameters. The kind of tooth 

movement, intrusion, extrusion, and rotation as well as tipping 

versus bodily tooth movements must be continuously adjusted 

to suit the particular patient in terms of the magnitude of force 

used during the individual treatment phases. Biological knowl

edge of tooth movement has led to the current concept of the 

light wire technique in orthodontic treatment. Genetic factors 

may play a part in the orthodontic tooth movement itself and 

the orthopaedic effects of the anomaly. The therapist must be 

aware that most orthodontic treatment involves patients who 

are still growing. Stability and retention planning are closely 

linked to the growth parameters of the particular anomaly. In 

orthodontic therapy, side effects in the form of decalcification, 

attachment loss, and resorption may occur, which, in many cas

es, can be avoided by means of appropriate diagnosis and pa

tient selection. 

Patient-specific individual
ized therapy 

As ind ividua l  responses d iffer, each 
stage of development i n  the ind ivid
ua l  anomaly group must a l so be 
dealt with d ifferently. In young pa
tients, i n  whom tissue responses are 
expected to be good , orthodontic 
treatment can be performed suc
cessfu l ly  in  most cases if the funda
mental problems of orthodontic 
therapy a re taken into consideration .  

2 Patient-specific individual-
ized therapy 

Treatment in adu lt patients requ i res 
a different approach because of a l 
tered conditions in  terms of  biome
chan ics, bone response, and 
additiona l  dental and other  d iseases 
as wel l  as a ltered attachment. I n  
many cases, t h e  biomechanica l ly and 
biologica l ly a ltered conditions a l so 
requ i re a d ifferent treatment 
technique. 



1 . 1 B iomechan ica l Factors 

I 1 . 1  Biomechanical Factors 
Orthodontic treatment is a combination of the orthopaedic im

pact on the bone, or to be more precise, the maxilla and the man

dible, and the orthodontic effect on the teeth. The biomechanical 

response is dependent on factors such as the magnitude of force, 

direction (force vector), and frequency (Roberts 201 2 ). Orthopae

dic effects presuppose modulation of the bone and sutures. Den

tal effects require an intact periodontal ligament (POL) and bone 

modeling and remodeling processes (Fig. 1, Fig. 2). 

3 Bone structure of maxil la 
and mandible 

The masticatory forces are trans
ferred to the bones of the maxi l l a  
and mand ible. As  the maxi l l a  is con
nected to the cran ium anatomica l ly, 
the bone is less compact, un l i ke the 
structu re of the mandible. The tra
becu lae in  the maxi l l a  a re therefore 
much more g raci le and there is less 
compact bone than i n  the mandib le .  
This must be taken into account 
when considering movement of the 
teeth and orthodontic anchorage. 
(Mod ified from a s l ide by Prof. 
Waschke, Anatomical  I nstitute LMU 
M unich ,  Germany. ) 

4 Histological section: man-
dibular anterior tooth 

Bone coverage is not the same on a l l  
tooth su rfaces. I n  the  mand ibu lar  
anterior tooth shown here, there is 
dense and sufficient l i ngua l  bone 
coverage from a l i ngua l  aspect. From 
a buccal aspect, the proportion of 
bone is th in .  In the case of uncon
tro l led lab ia l  tipp ing ,  the r i sk of los
ing bone and attachment is h igh .  
Knowledge of  the l im its of  anatomi
cal structures is a prerequ isite for 
successfu l orthodontic treatment. 

Courtesy of Prof. Ba rte ls ,  Anatomical  
I nstitute LMU Mun ich .  

The structure of the bone is important for orthodontic tooth 

movement. High bone density and compact bone lead to less re

sponse in tooth movement. This affects not only the speed of 

tooth movement, but also the response of the tissue itself. Thus, 

the proportion of hyalinization is greater for oro-vestibular 

movements than for sagittal tooth movements (von Bohl et al 

2004a, 2004b ). This aspect must also be taken into consideration 

with regard to anchorage. While molars in the mandible migrate 

more slowly in a mesial direction due to the bone morphology 

The structure, bone density, and extent of bone coverage of the 

individual teeth are important for the biomechanics of the result

ing tooth movement. From an anatomical perspective, the maxil

la-unlike the mandible-is directly linked to the cranium so that 

less compact bone is sufficient to distribute the stresses that affect 

the jaw as a result of masticatory forces (Roberts 201 2 ). According

ly, the maxilla is composed of more finely structured trabecular 

bone and the mandible of more compact bone (Fig. 3). 

and density, this movement is significantly faster in the maxilla. 

Biomechanically, given the same amount of sagittal tooth move

ment or gap closure, anchorage is unproblematic in the mandi

ble, whereas in the maxilla the position of the molars has to be 

monitored in most patients. In our treatment concept, we there

fore use Roth attachments as a straight wire concept for the max

illary molars and, if necessary, we add a transpalatal arch with 

and without anchorage bends. Micro-screws are required for 

maximum anchorage in extraction patients and/or adults. 



In addition to the differences in the structure of the bone be

tween the jaws, within one jaw the bone is not isotropic but 

anisotropic. Thus, molars in the mandible may move at different 

speeds in response to exactly the same biomechanics. Biome

chanically, a certain amount of room for maneuver is therefore 

highly desirable for certain tooth movements in our treatment 

concept. 

Buccolingual and buccopalatal bone coverage varies in individ

ual tooth segments (Fig. 4). In particular, this is the case for the 

area comprising the incisors and the canines, the first premolars 

and first molars in the maxilla (Thilander 201 2 ). In individual 

Radiological studies by Fuhrmann ( 1 996) show the same criti

cal situation in mandibular incisors. Given uncontrolled labial 

tipping, as may occur in the leveling phase with NiTi archwires, 

there is a high risk of losing attachment during orthodontic treat

ment (Fig. 4). A detailed spatial analysis to correct existing 

crowding and monitoring of arch length during leveling are 

therefore important parameters of orthodontic therapy. 

The movement of the maxillary molars in a mesial direction is 

faster than that of the mandibular molars. Following extraction of 

1 . 1 B iomechanica l  Factors 

cases, fenestrations may even be found here (Fig. 5). Studies by 

Fuhrmann ( 1 996) show that the buccal bone lamella is only 

1 to 2 mm in histological sections. Based on these aspects, ex

pansion of the dental arches in the permanent dentition using 

orthodontic appliances is only possible to a limited extent in our 

treatment concept. In many clinical cases, a rapid palatal expand

er (RPE) is indicated before insertion of the orthodontic appli

ance. The same is true for the buccopalatal axis adjustment of the 

posterior teeth to improve articulation and avoid balancing con

tacts. Buccal root torque in the maxilla is only possible if there is 

sufficient bone. 

5 Buccal bone coverage 

The cone beam CT of a patient 
shows the bone coverage of the 
teeth i n  the maxi l l a  and mandib le  
from the buccal aspect. The density 
of the cortical l aminae varies in the 
ind ividua l  a reas. In pa rticu lar, the 
bony covering of the i ncisors and ca 
n ines and a lso of the premolars and 
fi rst molars i n  the maxi l l a  is th in 
from the bucca l  aspect. Fenestra
tions in  the molar  a rea are common.  
I n  many cases, an  RPE is therefore 
ind icated.  

6 Mesial migration of the sec
ond molars in the maxil la 
and mandible 

Fo l lowing extraction of the fi rst mo
lars ,  the mesia l migration tendency 
of the second molars is d ifferent in  
the maxi l l a  and mand ib le .  I n  the 
mandible, mesia l ti pp ing occurs 
when the second molars erupt and 
th i s  makes fu rther treatment me
chan ics difficu lt. 

Left: With unfavorab le maxi l l a ry si
nus development, t ipping can a l so 
be expected in the maxi l l a .  

the first molars in the mandible, there is clinically no bodily mesi

al movement, but tipping of the tooth occurs in most patients 

(Fig. 6). In the maxilla, the second molars tip less and migrate al

most bodily in a mesial direction. This is related to the more favor

able bone structure for root movement, and makes closure of the 

gap in a distal to mesial direction easier in clinical terms. Howev

er, favorable maxillary sinus conditions are a prerequisite. In the 

case of tooth movement that is not orthodontically induced, me

sial movement may thus be made more difficult (Fig. 6). 
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1 . 1 . 1 Tipping Tooth Movement 
Biomechanically, a distinction must b e  drawn between a tipping 

and a bodily tooth movement. Force may be applied or transmit

ted via spring elements or screws on removable appliances and, in 

the case of fixed orthodontic appliances, via wires or tensile and 

pressure mechanisms. In the biomechanical consideration of tooth 

movement, in addition to the movement of individual teeth, the 

movement of groups of teeth is of interest. In terms of the move

ment of teeth, there is always a unit consisting of tooth, POL, and 

adjacent alveolar bone (Fig. 7). A center of resistance (CRe) and a 

7 Biomechanical factors in-
volved in tooth movement 

I n  terms of tooth movement, a dis
t inction must be d rawn between the 
movement of ind ividua l  teeth and 
the movement of groups of teeth. A 
CRe and a CRo can be determined 
for the movement of ind ividua l  teeth 
and g roups of teeth.  The biome
chan ica l  un it a lways consists of 
tooth, POL, and surround ing a lveola r  
bone. The CRe depends on the 
attachment. 

8 Tipping tooth movement 

I n  the case of t ipping tooth move
ment, force is app l ied corona l ly. I n  
orthodontic therapy, it can  be ap 
pl ied via chains or N iTi tension 
springs. The force acting (eccentri
cal ly) beneath the CRe produces mo
ment, which leads to t ipping of the 
tooth. The amount of moment is de
pendent on the magnitude of force 
of the chain or spring and the dis
tance of the force app l ication point 
from the CRe. 

9 Center of rotation 

The CRo is determined by the force 
app l ication point and the magnitude 
of force. The CRo is represented by 
missing a rrows as there is no move
ment here. The s imu lation shows the 
CRo as a function of force transmis
sion, magn itude of force, and M/F  
ratio (moment/force ratio) .  The  CRo 
is apica l  with an M/F  ratio of 8 
( right) . If the M/F  ratio is sma l ler, the 
CRo mig rates in  the d i rection of the 
CRe (center and left) .  

center of rotation ( CRo) can be defined for the movement of indi

vidual or groups of teeth. The location of the CRe depends on the 

tooth and the associated root geometry. For a single-rooted tooth, 

the CRe is assumed to lie between the cervical root third and half 

of the root length; for a multi-rooted tooth, it lies 1 to 2 mm apical

ly of the bifurcation or trifurcation (Pedersen et al 1 990). The CRe 

is not a really constant value as it may move its location in an api

cal direction during tooth movement as a result of a change in the 

unit comprising tooth, POL, and bone attachment. 

T = tooth 

CRe = center of resistance 

CRo = center of rotation 

POL = periodonta l l igament 

A =  a lveolar bone 

F = force (N} 

CRe = center of resistance 

F = force (N} 

M = moment (Nmm} 

F 
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A tipping tooth movement is produced as a result of eccentric 

transmission or application of force, the vector of which does not 

run through the CRe. Due to anatomical conditions, this is usually 

in a coronal direction (Fig. 8) .  The resulting clinical effect is tip

ping of the tooth as the transmitted force acts as torque on the 

tooth. If the force is too great or the transmission of force is too 

far in a coronal direction (in the case of headgear due to excessive 

angulation beyond the crown), the CRo migrates in the direction 

of the CRe (Fig. 9, Fig. tO). In the worst-case scenario, the tooth is 

F -... -
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1 . 1 . 1 Tipp ing Tooth Movement 

then moved in the opposite direction not only with the crown, 

but also in an uncontrolled way with the root. With headgear, 

this can lead to loosening of the tooth without a clinical distaliza

tion effect. In orthodontic treatment, when the incisors are re

tracted, a small sagittal apical base and uncontrolled application 

of force may give rise to an unwanted vestibular movement of the 

roots (Fig. 1 1 ,  Fig. 12) .  These are critical movements, in particu

lar in the orthodontic treatment of Class 1 1 /1 anomalies with thin 

vestibular bone coverage. 

M 

1 0  Biomechanics: headgear 
angulation 

If the angu lation of the headgear is 
too fa r in  a caudal  d i rection ,  the CRo 
migrates in the d i rection of the CRe 
and the tooth is on ly loosened , but 
not moved in  a d istal d i rection .  

I n  the fi rst phase of dista l ization of 
the molars with headgear, the exter
na l  arm of the headgear is therefore 
not angu lated in the case of low pu l l ,  
so that the  CRo is located apica l ly 
and on ly the crown is moved in a dis
ta l d i rection .  

1 1  Biomechanics: bracket 
positioning 

If a bracket is positioned too fa r i n  a 
corona l  d i rection ,  a more propa latal 
tipping of the anterior teeth is to be 
expected due to a longer lever arm 
(distance of bracket to the CRe) .  To 
guarantee precise, ta rgeted force 
and moment app l ication ,  the center 
of the c l in ica l  crown is therefore a 
reproducib le and acceptable bracket 
position .  G reater deviations resu l t  i n  
undesirab le  c l in ica l  s i de  effects. 

1 2  Biomechanics: magnitude of 
force and bracket 
positioning 

Where eccentric forces a re too g reat 
and a bracket is wrong ly positioned, 
t ipping is g reater in  a palatal d i rec
tion. In add it ion, the CRo mig rates in 
the d i rection of the CRe ( left) and 
moment is a lso transferred mesia l ly 
to a root movement that is usua l ly  
undesirab le .  This is an  effect to be 
avoided, especia l ly i n  patients with a 
sma l l  apica l  base. 
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1 . 1 .2 Bod i ly Tooth Movement 
The bodily movement of individual teeth or groups of teeth is 

the best form of tooth movement in biological terms. The ten

sion arising in the tissue due to the force applied is evenly dis

tributed in the periodontium, alveolar bone, and tooth. Fewer 

or no stress peaks occur in individual areas (Fig. 13,  Fig. 14) .  

Clinically, this is  true for sagittal movement, but not for intru

sive moments ; even bodily intrusion movements can lead to 

stress peaks at the root tip. With a simulated tipping tooth 

movement, the individual stress peaks in the tooth are evident 

1 3  FE simulation: translational 
tooth movement 

A purely translationa l  movement of 
the tooth is a bodi ly movement. The 
stresses produced by the forces a re 
d istributed over a wide a rea on the 
su rface of the tooth. PDL. and bone. 
As a resu lt. no local stress peaks that 
compress the periodontal gap too 
much and resu lt  in orthodontic s ide 
effects occur in  ind ividua l  a reas. 

1 4  FE simulation: tipping tooth 
movement 

I n  the case of a tipping tooth move
ment, tension peaks occur in the 
corona l -apica l  a rea and the root in  
the a rea of  the apex. As a resu lt, the 
stresses a re not distributed over an  
entire a rea and the  risk of  excessive 
compression in  ind ividua l  a reas is 
h igh .  

15 Biomechanics: bodily tooth 
movement 

A bodily tooth movement may take 
p lace biomechanica l ly through the 
combination of force (F) and mo
ment (M) .  Idea l ly the M/F  ratio 
shou ld be 1 0  ( l eft) .  

Right: A bod i ly tooth movement can 
take p lace as a resu lt  of force being 
transmitted d i rectly through the 
CRe. However, this does not occur  
c l in ica l ly  due to anatomica l  c ircum
stances, whi le the CRo is located in  
infin ity. 

(Fig. 14) .  In biological terms, it is a less favorable form of tooth 

movement. Biomechanically, a bodily tooth movement can only 

be obtained if the force runs through the CRe of the tooth to be 

moved (Fig. 15, right). Clinically, however, this is  not possible 

for anatomical reasons. Translation of the tooth can only be 

achieved by means of the combined application of forces and 

moments (Fig. 15, center). During sagittal tooth movement 

with orthodontic appliances, moment is transmitted by means 

of the angulation in the bracket. 

F 



Clinically, crown tipping precedes root movement. Using to

day's straight wire technique, a tipping tooth movement rather 

than a bodily movement is thus performed biomechanically. 

However, the clinical result is that a bodily tooth movement is 

achieved. The tooth movement itself is a tipping of the crown, 

combined with subsequent root uprighting (Fig. 16) .  This is ad

ditionally complicated by the fact that precise determination of 

the force and moment is clinically problematic as a result of 

variation of root geometry and individual attachment. Only 

slight changes in the root geometry of an upper molar will cause 

significant changes in the location of the CRo (Fig. 1 8). However, 

Ro 
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1 . 1 . 2 Bod i ly Tooth Movement 

this a lso changes the tipping of the tooth or-in the case of a 

bodily tooth movement-the coordination of force and moment 

to be applied. A further complicating biomechanical factor for a 

clinical bodily tooth movement is the influence of material pa

rameters. When analyzed, friction measurements display jagged 

rather than straight curves (Fig. 17 ). If this is transmitted to the 

teeth as impulses on account of the material, the clinical realiza

tion of a purely bodily tooth movement is doubtful. Due to vary

ing parameters such as attachment, root geometry, and bone 

and POL response, we refer to a biomechanically optimized tooth 

movement. 

16 Clinical bodily tooth 
movement 

Bod i ly movement i n  the sag itta l 
p lane is achieved by bracket angu la 
t ion in  stra ight wire therapy ( left) .  

Center: The app l ication of force pri
mari ly resu lts in  tipping of the crown 
as there is p lay between the a rchwi re 
and bracket s lot. The crown tips unti l  
the friction in  the s lot is g reat 
enough to ha lt  fu rther tipp ing .  

Right: After tipping of the crown, the 
root is uprighted and this resu lts in  a 
bodi ly tooth movement. 

1 7  Influence of friction o n  bodi-
ly tooth movement 

I n  the case of a rchwi re-gu ided tooth 
movement, the influence of friction 
via g u idance of the tooth movement 
a long the a rchwi re is an  important 
influencing factor. A precise look at 
the measurements shows that a un i 
form cu rve is not produced, but  
sma l ler  or stronger impu lses can 
equa l ly have an influence on tooth 
movement. The influence of materia l 
parameters on tooth movement is 
not inconsiderable. 

1 8  Influence of root geometry 
on the center of rotation 
and tooth movement 

In the FE s imu lation of the root ge
ometry of an  anterior tooth,  it is 
c lear that rea l ization and control via 
a bodi ly tooth movement is sti l l  c l in i 
ca l ly problematic nowadays. Varia 
t ions  in  root geometry a lter the CRo 
substantia l ly and hence a lso a lter the 
stress peaks on the tooth , PDL, and 
bone. 
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1 . 1 .3 Centers of Resistance for Groups of Teeth 
In the case of tipping and bodily tooth movement, not only indi

vidual teeth, but also groups of teeth can be moved. Clinically, 

this occurs with intrusion and extrusion as well as retraction and 

gap closure. It therefore makes sense to define the CRe not only 

for individual teeth, but also for two teeth (Fig. 19), four teeth 

(Fig. 20), and six teeth (Fig. 21 ) (Pedersen et al 1 991  ). However, 

the determination of centers of resistance on macerated skulls is 

only an approximation of the actual clinical reality. In individual 

1 9  Center of resistance for two 
incisors with sagitta l and 
vertica l forces 

Center: Sag itta l forces: the CRe for 
two incisors. with app l ied sag itta l 
forces of 1 to 2 N, is approximately 
6.5 mm apica l ly from the vertical 
bracket position .  

Right: Vertical forces: the CRe for two 
incisors, with app l ied vertica l  forces 
of 0 .25 to 0 .5  N. is approximately 
1 3  mm d ista l ly from the bracket 
position or 3 mm anterior to the dis
ta l a rea of the canines. (Adapted 
from Pedersen et a l 1 99 1 . )  

20 Center of resistance for four  
incisors with sagitta l and 
vertica l forces 

Center: Sagitta l forces: The CRe for 
four  incisors, with app l ied sag itta l 
forces of 1 to 2 N, is approximately 
5 mm apica l ly from the vertical 
bracket position .  

Right: Vertical forces: The CRe for 
fou r  incisors, with app l ied vertical 
forces of 0 .5  to 1 N, is approximately 
1 3  mm d ista l ly from the bracket 
position or 3 mm anterior to the dis
ta l a rea of the canines. (Adapted 
from Pedersen et a l 1 99 1 . )  

21  Center of  resistance for six 
incisors with sagitta l and 
vertica l forces 

Center: Sagitta l forces: The CRe for 
six incisors, with app l ied sag itta l 
forces of 3 to 4 N, is approximately 
5 mm apica l ly from the vertical 
bracket position .  

Right: Vertical forces: The CRe for six 
incisors, with app l ied vertica l  forces 
of 1 to 1 .5 N, is approximately 
1 9  mm d ista l ly from the bracket 
position or 3 mm posterior to the 
distal a rea of the canines. (Adapted 
from Pedersen et a l 1 99 1 . )  
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cases, radiological checks of the axial position are necessary be

fore finishing, so as to correct any deviations, especially of the 

axial position of the anterior teeth. 

Clinical i ndication-Movement of Groups of Teeth 
• Class 1 1 / 2  and i ntrusion of two centra l  i ncisors 
o Overbite and segmented intrusion of the fou r  mand ibu lar  incisors 
o Overbite and segmented intrusion of six mand ibu lar  incisors 
o Retraction of the fou r  maxi l l a ry and mand ibu lar  incisors 
o En masse retraction of the six anterior teeth 

200 eN 
F 

30 

25 30 

25 30 

Distance (mm) 
. 

5 

E -; 20 
u � 25 
6 30 

Distance (mm) 

5 

-; 20 
u � 25 � 30 

E 

Distance (mm) 

5 
1 0  

-; 20 
u � 25 
6 30 

1 50 eN 



The intrusion of two teeth occurs clinically in Class 11/2 therapy. 

However, the location of the CRe is less significant because trans

mission of the force mesially to the CRe is indicated in almost 90% 

of cases. However, the CRe does need to be ascertained when 

treating adult patients (Fig. 22, Fig. 23). Incisors can thus be spe

cifically intruded and retracted. 

Knowledge of the location of the centers of resistance can also 

be used specifically for intrusion of the mandibular incisors with 

segmented archwires or micro-screws (Fig. 20, Fig. 23 ). The seg

mented intrusion mechanism shows this efficiently for intrusion 

of four incisors in the maxilla and mandible (Burstone 1 977, 

1 . 1 .3 Centers of Res istance for Groups of Teeth 

Sander et al 1 996). In our experience, the segmented archwire 

technique alone is not efficient enough for the intrusion of six 

anterior teeth. Either the canine must be intruded beforehand or 

the anterior teeth and the canines are intruded together using 

micro-screws. 

The ideal force application point can be selected (Fig. 20, 

Fig. 24) for the intramaxillary retraction of incisors. For recipro

cal anchorage, 5-mm-long power hooks are used. For maximum 

anchorage, a micro-screw is inserted at the corresponding verti

cal position. Torque loss is then greatly reduced. 

22 Clinica l :  center of resistance 
for two incisors 

Biomechanics a re he lpfu l in the re
traction of two incisors in  adu l t  pa
t ients.  Contro l led retraction and 
intrusion thus resu l t  in  a vertica l  at
tachment ga in .  S imple leve l ing with 
fu l l  a rchwires or s l id ing mechan ics is 
not ind icated in  this patient. Con
tro l led t ipping,  s l i ght  intrusion, and 
retraction with the app l ication of 
force through the CRe are to be used 
in  this c l in ica l  situation .  

23 Clinica l :  center of resistance 
for four  incisors 

The intrusion of fou r  incisors in the 
mandib le  is most effective if the 
force can be transmitted through 
the CRe. Th is  does not produce any 
unwanted protrus ion.  I n  our  pa
t ients,  the protrusion of the mand ib
u la r  incisors is on ly ind icated i n  a few 
cases, with a segmented compound 
intrusion mechan ism being used for 
c l in ica l  app l ications involving larger 
intrusion d istances (see Chapter 3) .  

24 Clinica l :  center of resistance 
for four  incisors 

In the case of maximum anchorage, 
retraction of the incisors is achieved 
with the a id of micro-screws. The d i 
rection of pu l l  can be selected by 
means of the height of the mi
cro-screws such that the force runs 
through the presumed CRe of fou r  or 
six incisors. At the same time, this 
resu lts in  good control of the axial 
position of the incisors. G iven i n itial 
retrocl ination ,  however, torque and 
intrusion cannot be d ispensed with .  



1 . 1 B iomechan ica l Factors 

1 . 1 .4 Segmented Archwire Technique 
The segmented archwire technique for specific treatment goals 

and individual patients is indispensable, despite using self-ligating 

or friction-reduced mechanics and materials. In the treatment of 

adults, it enables better control of biomechanics. When correct

ing crowding, it allows better control of the axial position of the 

incisors. In the case of intrusion, it permits transmission of force 

through the CRe and hence there are no side effects on the axial 

position of the incisors. In the case of larger sagittal movements, 

more effective and more efficient tooth movements are achieved 

with segmented archwires (Fig. 25, Fig. 26, Fig. 27). 

25 Segmented archwire mecha· 
nism: adult patient 

For better control of the biomechan
ics  of  complex movement patterns, 
a segmented a rchwire mechan ism is 
often usefu l i n  the treatment of 
adu lt patients. I n  the patient shown 
here, the can ine must be moved not 
only d ista l ly, but also palata l ly ( left) .  
With the segmented archwire, the 
ind ividua l  force and moment com
ponents can be adjusted and then 
produce the c l in ical resu lt  (r ight). 

26 Segmented archwire mecha
nism: modified sl iding 
mechanics 

If there is crowd ing of the anterior 
teeth with correct axial position ,  or if 
leve l ing of the cu rve of Spee is ind i 
cated, segmented a rchwi res must be 
c l in ica l ly  employed .  Due to the prop
erties of the materia l ,  however, 
today's NiTi archwi res no longer 
requ i re a loop. At the same t ime, 
interproxima l  reduction of enamel or 
extraction is necessary with level ing .  

27 Segmented archwire mecha
nism: moving distance 2 4 
mm 

For a moving d istance of more than 
4 mm,  a s imple tens i le mechan ism 
with chains ,  C lass I I  traction app l i 
ances, or N iTi tension spr ings is in 
sufficient. I n  spite of  the 0.0 1 8 x 
0.025 steel archwi res s imu ltaneously 
used, the t ipping movement itself 
and the side effects of the tens i le 
mechan ism g ive r ise to extrusive 
forces that make complete gap clo
sure imposs ib le and resu lt  i n  l i ngua l  
or pa latal t ipp ing of  the anterior 
teeth or a sagitta l ly  unfavorable po
sition of the molars .  

Ind ication for segmented archwire technique 
o Adult patient: 

- Better control of biomechan ics 
o Correction of crowd ing through s l ici ng :  

- Control of  the  axial position of  the  inc isors 
o I ntrusion of ind ividua l  teeth or groups of teeth: 

- Force transmission through the CRe 
o Distance of sag itta l movements 2 4 mm:  

- No friction 



1 o 1 o 5 S l id ing Mechan ics 
Sliding mechanics are user-friendly (Fig. 28), though they involve 

risks that result from biomechanical side effects on the full arch

wire. Clinically, however, sliding mechanics can be activated with 

greater ease and control, and consequently we employ modified 

sliding mechanics in our treatment concepts for young patients 

(Fig. 29, Fig. 30). These differ according to the various anomalies. 

Thus, for an Angle Class 11/2 anomaly, intrusion is performed be

fore leveling with a NiTi intrusion mechanism. 

1 . 1 . 5 S l id ing Mecha n ics 

Ind ication for sl iding mechanics 
o Young patients 
o Nonextraction patients 
o Extraction patients with intermaxi l l a ry and reciproca l gap c losure 
o Extraction patients with intramaxi l l a ry gap c losure ( reciprocal or in a 

sag itta l d i rection of movement) 

28 Modified sl iding mechanics: 
nonextraction 

Sl id ing mechan ics can be employed 
in most cases where no extraction 
has been performed. I n  this patient 
g roup on ly s l ight sagitta l move
ments a re necessary. The infl uence 
of friction is therefore s l ight. Fre
quently, leve l ing of teeth and bite 
ra is ing are paramount. The axial po
sition in the mandib le  needs to be 
checked. 

29 Modified sliding mechanics: 
extraction with intermaxi l
lary gap closure 

For many young patients, c losure of 
the gap after extraction of fou r  pre
molars may take place reciproca l ly 
v ia C lass I I  traction mechanisms.  The 
biomechan ical s ide effects of trac
tion app l iances must be taken into 
consideration in the process. A pre
requis ite for the use of s l id ing me
chan ics in extraction cases is 
therefore a neutra l  or horizonta l ly 
deep skeleta l configuration .  

30 Modified s l id ing mechanics: 
extraction with intramaxi l 
lary gap closure 

S l id ing technology can a lso be used 
for intramaxi l l a ry or intramand ibu lar  
gap c losure. I n  pa rticu lar, th i s  is ind i 
cated for patients with a vertica l  
sku l l  structu re. Anchorage in  the 
jawbones must be properly taken 
into account. Compared with a seg
mented archwire, a fu l l  a rchwire re
qu i res more anchorage. 



1 .2 Extrus ion 

I 1 .2 Extrus ion 
The extrusion of teeth is performed clinically in the region of the 

posterior teeth and the anterior teeth. Extrusion movements do not 

cause any compression of the POL but cause tensile stresses, which 

are transmitted via the POLs to the bone (Fig. 31 ). Although no com

pression of the POL occurs, slight forces should be applied to ensure 

that the tooth is not moved out of the alveolus during orthodontic 

treatment. In young patients, the POL fibres are stretched to a vary

ing extent. According to Thilander (201 2), the supra-alveolar fiber 

31  Extrusion and response of 
the PDL and bone 

The extrusion movement with sma l l  
forces produces a tens i le stress in 
the PDL that resu lts in  bone apposi
tion apica l ly and corona l ly  of the a l 
veo lar  bone (A. B) .  I n  this way, the 
tooth is extruded with the bone, 
with the PDLs being subject to d iffer
ent levels of stress in the process. 
Most of the stretching occurs in the 
supra-a lveolar  l igaments. (Adapted 
from Thi lander 201 2 . )  

32 Extrusion of  the posterior 
teeth: removable appl iances 

During the eruption of the teeth,  ex
trusion of the posterior teeth can be 
contro l led .  Ideal ly, bimaxi l l a ry devic
es a re employed shortly before 
changing of the supporti ng zones in  
the posterior reg ion.  Guide strips on 
the acryl ic materia l  ensure a ta rget
ed extrusion movement. As the ap
p l iances are not worn 24 hours a day, 
the influence of masticatory forces is 
a factor which must not be underes
t imated with rega rd to relapse. 

33 Extrusion of the posterior 
teeth: fixed orthodontic 

The posterior segment can be specif
ica l ly extruded with orthodontic ap
p l iances. One of  the most frequent 
bends in  the archwire is the sweep 
for leve l ing the curve of Spee. Verti 
cal traction app l iances can a l so be 
employed in combination with bite 
p lates. Retention in  the posterior re
gion is difficult because masticatory 
forces operate after the bite p lanes 
have been removed.  Adequate re
tention must be p lanned du ring 
treatment. 

bundles are more affected than the central and apical POLs by 

stretching (Fig. 31 ). The majority of the fibers stretched during ex

trusion adapt after a short retention phase. However, the supra-al

veolar fiber bundles remain stretched for longer and are seen as a 

factor in the greater instability of the extrusion versus the intrusion 

movement (Thilander 201 2). Regeneration of the POLs takes place at 

different speeds in young people and adults. This must be taken into 

account with respect to retention. 



Extrusion can be performed on groups of teeth or individual 

teeth. Extrusion in the posterior area results clinically in raising 

of the bite and/or leveling of the curve of Spee. Extrusion can be 

performed during eruption of the posterior teeth using function

al orthodontic devices in the late mixed dentition or orthodontic 

appliances in the permanent dentition (Fig. 32, Fig. 33). The ex

trusion of the anterior teeth must be metrically restricted and is 

not indicated in many cases for aesthetic reasons (Fig. 34). Extru

sion of individual teeth is performed for impacted, displaced 

teeth (Fig. 36), and forced eruption (Fig. 35). During the extru-
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s ion movement, the tooth with adjacent bone is moved using 

slight force (Kajiyama et al 1 993, Thilander 201 2 ). By this means, 

attachment can be obtained ( Melsen et a! 1 988) .  Strong or great 

force may move the tooth out of the alveolus (Mantzikos et a! 

1 997, 1 999). Clinically, advantage can be taken of these effects. 

As the tooth with bone is moved, the alveolar process can be re

developed. Apart from the attachment gain in periodontal dis

eases, this can be used as a preimplantation therapy for vertical 

bone development before removal of the tooth or a retained root 

after a dental trauma (Fig. 35). 

34 Extrusion of the anterior 
teeth 

Extrusion of the anterior teeth is 
rarely ind icated for patients. In our  
treatment concept, we restrict our
selves to an extrusion movement of 
1 to 2 mm.  In our  patients with open 
bite and a vertical skeleta l configura
t ion ,  there is usua l ly  a l so a gummy 
smi le  in the maxi l l a  or the upper l i p  
is too short. An extrusion of  the 
anterior teeth is not ind icated for 
aesthetic reasons. but may be usefu l 
for overcorrection (see Chapter 4). 

35 Forced eruption of individual 
teeth 

Left: Orthodontica l ly forced eruption 
may move the tooth out of the a lve
o lus  if g reat force is appl ied.  This 
may be ind icated in  the treatment of 
adu lt patients for tooth fractu res and 
subsequent prosthetic restoration .  

Right: Forced eruption with l ight 
force moves the tooth and bone i n  
an  occl usa l  d i rection .  Th i s  is ind icat
ed for the adjustment of disp laced 
teeth and before imp lantation .  

36 Extrusion of the canines 

The extrusion of ind ividua l  teeth is 
performed orthodontica l ly for 
impacted or d isp laced teeth.  The 
maxi l l a ry canine is one of the teeth 
most frequently i nvolved. This tooth 
can be specifica l ly  extruded employ
ing forces of 0.2 to 0.3 N. After 
adjustment in the denta l  a rch , it has 
a normal attachment with a corre
spond ing proportion of bone 
because the bone is inc luded in  
the movement. 



1 .3 I ntrus ion 

I 1 .3 I ntrus ion 
Intrusion i s  a biomechanically demanding movement as bodily in

trusion can clinically only be performed with difficulty. The pre

dictability of the response always depends on the axial position of 

the tooth to be intruded. Thus, the intrusion of a mandibular mo

lar depends on the oro-vestibular axial position (Fig. 37, Fig. 38). If 

the mandibular molar is tipped in a lingual direction, intrusion 

may exaggerate the lingual tipping (Fig. 37). In the mandible, in 

particular, the straight wire appliance intensifies this effect as a 

result of torque incorporated into the attachment. This clinical sit

uation may arise with Class Ill anomalies. Where there is a skeletal 

37 Individual tooth intrusion as 
a function of the buccal ves
tibu lar axial position 

The intrusion of ind ividua l  teeth (F) 
depends on the axia l  position .  The 
pred ictabi l ity of the oro-vestibu la r  
response of  the tooth depends on 
the i n itial oro-vestibu la r  position .  In 
C lass I l l  patients, the posterior teeth 
of the mandib le a re often tipped in  a 
l i ngua l  d i rection in a compensatory 
fash ion .  Here intrusion resu lts in  i n 
tensified l i ngua l  t ipping.  The  i n itiat
ed buccal eccentric force (F) resu lts 
in  a tipp ing moment (M)  in  a l i ngua l  
d i rection .  

38 Individual tooth intrusion as 
a function of the buccal ves
tibu lar axial position 

In patients with crowd ing in the mo
lar  reg ion,  the molars a re often 
tipped in a vestibu la r  d i rection .  Here 
intrusion (F) resu lts in intensification 
of the vestibu la r  position .  The buccal 
eccentric force (F) resu lts in  a t ipping 
moment (M)  in  a buccal  d i rection .  I n  
pronounced oro-vestibu la r  axia l  po
sitions,  oro-vestibu la r  uprighting is 
a lways necessary before intrusion 
and sag itta l movement for biome
chan ica l  reasons. 

39 Intrusion and response of the 
PDL and adjacent bone 

The intrusion of teeth (F) resu lts in 
relaxation of the g ingival l igaments 
of the periodontium .  Primari ly, the 
l igaments in the centra l  th ird a re 
stretched (A) . At the same time, the 
periodontal gap is compressed in  the 
apica l  reg ion.  For an  effective biolog
ical response, contro l led minor forc
es must be app l ied .  (Adapted from 
Thi lander 20 1 2 . )  

cause, the posterior teeth compensate for the transversely over

sized mandible and are often tipped in a lingual direction. Con

versely, where there is a small apical base, the molar may also be 

tipped too far in a vestibular direction. This is frequently due to 

crowding in the molar region. In this case, intrusion would result 

in vestibular tipping (Fig. 38). Oro-vestibular uprighting therefore 

always precedes the intrusion or mesialization of individual teeth. 

Intrusion occurs clinically with deep bite and open bite. It may be 

present in the anterior and posterior region, and affects individual 

teeth or tooth segments (Fig. 41,  Fig. 42). 



Unlike the extrusion movement, the gingival ligaments of the 

periodontium are relaxed during intrusion (Thilander 201 2 ). The 

resulting stresses mainly occur in the central third of the POL 

(Fig. 39). According to Thilander (20 1 2 ), this results in reorgani

zation of the stretched ligaments over a period of 2 to 3 months. 

These biological parameters must be allowed during the reten

tion phase of the intrusion movement. Retention in adults must 

be prolonged accordingly. The relaxation of the gingival ligaments 

1 .3 I ntrus ion 

means that intrusion is more stable than extrusion. This has  been 

confirmed experimentally and clinically (Thilander 201 2 ). 1n our 

treatment concept, controlled intrusion is an important part of 

the therapy. While continuous minor forces can be used for 

young patients, intermittent minor forces are recommended for 

adult patients because their apical bone may be more compact 

and more time is required for the appropriate biological response 

(Fig. 40) (Thilander 201 2 ). 

40 Finite element simu lation: in
trusion of a single-rooted 
tooth 

The intrusion of teeth leads to com
pression in  the apica l  reg ion .  As 
compression is focused on a sma l l  
a rea , minor forces of  0 . 1  to 0 .5  N 
must be app l ied depending on the 
particu lar  tooth . The apica l  stresses 
in  the PDL and adjacent a lveo lar  
bone then lead to the desired 
c l in ica l  response. 

41 Intrusion of the anterior 
teeth 

I ntrusion of the anterior teeth in the 
maxi l l a  and mandib le is a frequent 
measure used in  our  treatment con
cept for the efficient correction of a 
deep bite or a Class 1 1 / 2  anoma ly. I n  
young patients, continuous minor 
forces can be employed . I n  our  mod
ified s l iding mechanics, we accord
ing ly use specific N iTi materia ls for 
intrusion before level ing .  

42 Intrusion of the posterior 
teeth 

We use intrusion of the posterior 
teeth i n  the maxi l l a  and mandib le  in  
our  treatment concept for an open 
bite. As a ru le ,  tooth segments a re 
intruded and the occl usa l  p lane is 
a ltered. C l in ica l ly, vertical tooth 
migration is a lso ind icated in  adu l t  
patients due to a lack of vertical 
support. I n  this situation ,  ind ividua l  
teeth have to be appropriately 
intruded ( left) . 



1 .4 Rotation 

I 1 .4 Rotation  
Rotation is a movement along the longitudinal axis of the tooth. 

Biomechanically, it can be initiated by a force couple (Fig. 43). 

The force couple then generates the moment for the clinical 

derotation of teeth. Clinically, the moment or force couple can be 

achieved via the slot and the archwire itself or by opposing ten

sions (Fig. 44, Fig. 45 ). In the orthodontic derotation of teeth, the 

stress is distributed over the entire POL, enabling greater forces 

to be applied (Thilander 2012  ). 

While the fibers of the apical and central third of the tooth 

adapt after a brief retention period ( Reitan 1 960), a minimum 

43 Biomechanics: rotation 

If a force acts on a rotatab le rig id 
body, it generates a moment .  Th is  
corresponds to the effect of a force 
coup le  ( right) .  The force coup le  can 
be cl in ica l ly achieved by means of 
opposing tensions or corresponding 
wi re rests i n  the s lot. Derotation by a 
force coup le  is on ly poss ib le to a l im
ited extent with s l i ght  mesiodistal 
d imension of the s lot. 

44 Derotation of teeth with a 
steel l igature and chains 

I n  the twin bracket technique, the 
derotation of ind ividua l  teeth is 
achieved by the introduction of a 
steel l igature. The steel l igature is 
twisted at the greatest d istance from 
the a rchwire and the a rchwire is in 
troduced into the s lot i n  the best 
possib le way. This ensures maximum 
de rotation of  the  tooth. Elastics are 
not c l in ica l ly efficient. For more se
vere rotations ,  opposing chains can 
a l so be used as an a lternative to the 
steel l igature ( right) . 

45 Derotation of teeth with NiTi 
a rchwires and SL brackets 

When us ing self- l igati ng brackets, 
derotations of teeth a re performed 
using rig ht-ang led N iTi a rchwires 
with d imensions of 0 .0 1 4  x 0.025 
and 0 .01 8 x 0.025 .  As the force or 
app l ied moment may be g reater for 
the rotation movement, N iTi a rch
wi res with a force range of 1 N can 
be used. With round a rchwires, on ly 
a s l ight de rotation effect can usua l ly  
be expected in  the c l in ical situation .  

retention period of 232 days is specified for the free gingival fi

bers (Thilander 201 2 ) . Discussion of the stability of derotations 

is clinically controversial. While Thilander (201 2 )  recommends 

a fiberotomy, Heimisdottir et al (2008 ) did not reveal any im

proved stability as a result of surgical severance of the supragin

gival fibers of the POL. Overcorrection as well as long-term 

stabilization of severely rotated teeth is therefore a clinical 

requirement. 

a 



I 1 . 5 Torq ue 
Applied torque results in movement of the root or crown. In 

the straight wire technique, torque is introduced in the arch

wire by means of programmed values in the bracket base and 

third-order bends. Bending of torque is  indispensable in the 

straight wire technique as slot-fill ing archwires are not used 

in the majority of patients . There is a clinical indication for 

palatal root torque, reverse torque, and buccal root torque 

(Fig. 46, Fig. 47, Fig. 48) .  

-
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Ind ication for torque 
• Pa lata l / l i ngua l  root torque :  

- Axia l  position of the maxi l l a ry incisors 
- Contro l led tipping 
- Retraction of the maxi l l a ry and mandibu lar incisors 
- Crossbite correction: dental Class I l l  

• Reverse torque:  
- Labia l  corona l  torque for mesia l ization of the molars in  the maxi l l a  

and mandib le  
• Buccal root torque:  

- Bucca l  movement of the roots in  the maxi l l a  

46 Palata l root torque 

There is a c l in ica l  ind ication for pala
ta l root torque with a 0.022 s lot 
techn ique in our  treatment concept 
for Class 1 1 /2  anoma ly, Class 1 1 / 1  
anoma ly, and in  many extraction 
cases. Movement of the root in  the 
maxi l l a  in  a pa latal d i rection can be 
partia l ly offset by the use of brackets 
with h igher torque va l ues ( l eft) .  Even 
today, addit ional torque in the a rch
wi re is requ i red in  many patients. 

47 Labial torque of the crown or 
reverse torque 

Reverse or lab ia l  torque of the crown 
(T) can be used for anchorage in the 
a rea of the anterior teeth.  This may 
be necessary i n  both the maxi l l a  and 
mandible, particu la rly if c losure of a 
gap in a d ista l to mesia l d i rection is 
ind icated. Labia l  torque of the crown 
in the anterior teeth therefore does 
not move the crown in  a labial d i rec
t ion. It on ly acts as an anchor for the 
tens i le force (F) used . 

48 Buccal root torque 

Comparab le  to anterior tooth torque 
in  the maxi l l a ,  buccal root torque 
on ly featu res in  the stra ight wire sys
tem to a l im ited extent. As a resu l t  
of this fundamental prob lem, in  
many instances the fin ish ing torque 
in  the maxi l l a ry anterior teeth and 
the buccal  root torque i n  the maxi l l a  
have to be bent  inwards ( right) as  
the torque in  the bracket is insuffi
cient for many patients ( left) .  
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In most patients, the torque movement in orthodontic treatment 

is a movement of the root rather than a movement of the crown. 

The latter movement occurs in correction of the anterior cross

bite or compensation of a Class III anomaly. In orthodontically 

induced root movement in the maxillary anterior teeth, the root 

is moved in a palatal direction. This is a critical movement as, 

compared to intrusion, the roots in the apical region are subject 

to a high stress load. In our experience, clinical effects are only 

visible after a period of 8 weeks, even with the application of 

small moments. 

49 SEM image of a premolar 
that has not been moved 

SEM image of a human premolar 
root of a maxi l l a ry fi rst premolar. 
The root su rfaces of premolars ,  
which had not been moved , served 
as a comparison with premolar roots 
stressed with d ifferent moments. 
The root su rface of the premolar 
which has not been moved appears 
homogeneous. No resorptive areas 
a re d iscern ib le (Casa et a l  2001  ) . 

50 Torque appl ication with mo-
ment of 3 N mm for 4 weeks 

A N iTi wire was used for torque. We 
were ab le  to apply a defined mo
ment biomechanica l ly by means of a 
compound connection with stee l .  
The app l ied moment of 3 N mm for 
4 weeks shows s l ight surface resorp
tions in  the SEM image on the root 
su rface of the premolar which has 
been moved (Casa et a l  2001 ) .  

51 Torque appl ication with mo-
ment of 6 N mm for 4 weeks 

The app l ied moment of 6 N mm for 
4 weeks shows clear resorptions in  
the SEM image on the root su rface 
of the premolar which has been 
moved. Both,  deep craters and ex
tended resorptive areas are shown. 
The resorptive a reas a re s ign ificantly 
deeper and more pronounced when 
a moment of 6 N mm is app l ied ,  
compared with 3 N mm (Casa et a l  
200 1 ) .  

According to our treatment concept, a light wire system is also 

recommended when applying moments. It was shown with hu

man premolars that both the magnitude of the moment and the 

duration of application of torque influenced the amount of resorp

tion ( Casa et al 2001 ). Torque application should therefore be used 

in a targeted manner and for a defined period of time. The applica

tion of a small moment of 3 N mm produced significantly fewer 

resorptive areas on the tooth surface (Fig. 49, Fig. 50). By contrast, 

the surfaces of teeth to which moments of 6 N mm were applied 

showed significantly more resorptive areas (Fig. 50, Fig. 51 ). 



A NiTi element was used for torque application. Application of 

a small, defined moment was possible on account of the com

pound element (NiTi/steel ). Apart from the amount of moment, 

we were also able to show that the duration of the torque effect 

influences the extent of resorption on the tooth surface (Fig. 53, 

Fig. 54). Torque application of 6 N mm for 4 weeks revealed sig

nificant differences in the extent and degree of resorption com

pared with torque of 6 N mm for 1 week. From the study, it is 

possible to conclude that the use of wire materials with a small 

Young's modulus is particularly appropriate for the application of 

1 . 5 Torque 

torque-regardless of  whether palatal anterior tooth torque or  

buccal root torque is applied. This is in accordance with studies 

by Reitan and Kvam ( 1 971  ) ,  who found hyalinization zones in the 

central and apical third on lateral incisors in response to greater 

forces. However, an additional conclusion is that resorptive areas 

can also be found with slight torque, although they are not clini

cally relevant in most cases. 

In the case of buccal root torque (Fig. 52), it must also be noted 

that the bone coverage of the teeth is very thin. This restricts the 

extent of the movement clinically. 

52 Buccal root torque 

I n  the case of buccal root torque, 
there is a correction of the trans
verse axia l  position of the teeth.  This 
functiona l ly enables correct a rticu la
t ion. When sma l l  forces a re app l ied ,  
the movement primari ly g ives r ise to 
compression in the centra l th ird of 
the root (Reitan and Kvam 1 97 1  ) .  
The  apica l  portion is moved on ly  
afterwa rd . Sma l l  moments must be  
app l ied with buccal root torque to 
induce a movement with fewer bio
logical  s ide effects. 

53 Torque appl ication with mo-
ment of 6 N mm for 1 week 

Scann ing electron microscopic im
age of  the root surface of  a premolar 
loaded by a constant moment of 6 N 
mm after 1 week. After on ly 1 week, 
sign ificant resorptions a re vis ib le on 
the tooth su rface of the premolar. As 
a resu lt, the magn itude of moment 
app l ied has an  effect on the degree 
of resorption (Casa et a l 2001  ) .  

54 Torque appl ication with mo-
ment of 6 N mm for 3 weeks 

Scann ing electron microscopic im
age of  the root surface of  a premolar 
loaded by a constant moment of 6 N 
mm after 3 weeks. After 3 weeks of 
app l ication ,  s ign ificantly more areas 
on the tooth su rface disp lay resorp
tive a reas which, compared with 1 
week's app l ication ,  extend into the 
dentine. The time factor is therefore 
crucia l ly important for the effect of 
moment (Casa et al 2001  ) .  



1 .6 Relationsh ip  between Force and Resorption 

I 1 .6 Relationsh i p  between Force a nd Resorption  
In the clinical use of removable and fixed appliances, apart from 

biomechanical parameters of force transmission and direction of 

movement, the force and magnitude of moment are important 

factors. An orthodontically induced force leads to desirable re

sorption in the region of the bone and thus to a change in the 

position of the tooth. While areas of resorption on the bone, in

duced via the POL, are a desirable effect, areas of resorption on 

the tooth itself are usually therapeutically undesirable. The loca

tion and extent of the resorptions are crucial to their clinical rel

evance. 

55 Forces used in orthodontic Author 
treatment 

1 .6 . 1 Force 

Technique 

The application of  force is closely related to the technique used. 

With a full archwire technique involving the whole arch in tooth 

movement, frictional forces arise that have to be overcome. On 

the other hand, with a segmented archwire, these frictional forc

es do not arise. Different forces must therefore be applied for the 

two different techniques. 

Force (eN) 
The magnitudes of force used in  the 

Storey and 1 952  1 0- 1 7 1 50-250 Cmax 21 d 
l iterature vary between authors. 

Human 

More recent l iteratu re shows that 
Smith 

sma l l  forces shou ld be used in  ortho- Reitan 1 960 2-1 0 
dontic treatment ( 1  0-60 eN) .  This 

Reitan 1 957 corresponds to the resu lts of h isto- 5-6 

logical  studies by Reitan ( 1 957,  Lee 1 964 1 0- 1 7 
1 960), who recommends forces of 
50 to 60 eN for t ipping movements. H ixon et a l 1 969 30- 1 00 

Sma l l  forces of 1 0  to 50 eN produce jarabak and 1 972 7- 1 1 
more effective tooth movement and 
fewer resorptions compared with 

Fizze l l  

1 00 eN (Gonzales et a l  2008) .  For Boester and 1 975 9-2 1 
specific movements such as i ntru- johnston 
sion and extrus ion,  forces s ign ifi-

King et a l  1 99 1  65- 1 80 
cantly lower than the specified 
va lues may be recommended (0 .  1 - Lee 1 995 1 7- 1 8 
0 .3 N} .  Compa red with the segment-

Pilon et al 1 996 1 0-40 ed archwire techn ique (with no 
additiona l  frictiona l  forces), g reater G ibson et a l  1 992 1 33 
forces have to be app l ied in the s l id-
ing a rchwi re or fu l l  a rchwire tech- Owman-Mol l  1 996 5-20 

n ique because additiona l  frictiona l  et a l  

forces that a rise make it necessary to Fa ltin et a l  1 998 
apply a g reater c l in ical force. 

Verna et a l  2000 83 

lwaski et a l  2000 4- 1 3  

Kohno et a l  2002 4- 1 1 

Gonza les et a l  2008 33-330 

Magnitude of Force 

The magnitude of force to be applied in therapy is variously re

ported in the literature (Table 55). A distinction must be drawn 

between clinical, experimental, and histological studies. The 

teeth being moved also vary. However, the trend discernible in 

more recent literature suggests that application of small forces is 

indicated in orthodontic treatment. When considering the mag

nitude of force, a distinction must be made between the magni

tude of physical force and the pressure (force per root surface in 

the POL) (Table 55). 1t is still difficult at present to draw a conclu

sion regarding the optimal magnitude of force. A. M. Schwarz 

40- 1 40 P1 max 27 d Human 

50-60 Cmax 1 8  d Human 

1 50-260 Cmax 7 d  Human 

300-1 000 Cmax 56 d Human 

1 05-1 70 Cmax 60 d Human 

1 40-3 1 0  Cmax 70 d Human 

20-60 M , max 1 - 1 4 d  Rat 

255-275 (max 50 d Human 

50-200 P2max 1 20 d Dog 

40 M, max 1 -24 h Rat 

50-200 P, max 49 d Human 

50- 1 00 P, max 30-44 d Human 

25  M , max 21 d Rat 

1 8-60 Cmax 84 d Human 

1 .2- 1 0 M , max 2- 1 4 d  Rat 

1 0-50 M, max 3-28 d Rat 

( 1 961 ) provided initial indications of the ideal force in the 

form of 4 degrees of biological efficiency: 

• The first degree of biological efficiency comprises forces 

that are so small that they do not result in any orthodonti

cally effective tooth movement. 

• The second degree of biological efficiency comprises forces 

which generate pressure of 0.1 5 and 0.2 Nfcm2 on the root 

surface. At this degree of efficiency, the pressure generated 

by the force is lower than the blood pressure in the POL, 

thus ensuring continuous circulation in the POL. This is a 

favorable condition for bone remodeling (direct resorption). 



• The forces of the third and fourth degrees of biological effi

ciency exceed the capillary blood pressure in the region of 

the POL, as a result of which circulation is  no longer possi

ble in some areas of the POL ( 0.2-0.5 N/cm2, > 0.5 N/cm2 ). If  

there is a lengthy interruption of the circulation of the 

blood, periodontal damage may occur as a result of the cir

culatory disturbance. 

From a clinical perspective, it is difficult to achieve the desirable 

second degree of biological efficiency in accordance with 

42.5 35 65 60 60 

42.5 35 65 60 60 

28 23 43 40 40 

20 20 36 30 30 

30 30 55 45 45 

30 30 55 45 45 

60 1 1 0 

Differently sized areas out of the total root surface are utilized, 

depending on the direction of movement. Ideally, this would be 

half for a bodily sagittal movement. If the total root surface is ad

ditionally considered, it may realistically be assumed that ap

proximately one-third of the root surface is used for the 

movement in a transverse direction. In the worst-case scenario, 

only approximately 1 / 1 0th of the total surface will be used for an 

intrusive movement (Ricketts et a! 1 988,  Sander et a! 201 1 ). This 

information may be used to draw up recommendations on the 

magnitudes of force for individual tooth movements. 

1 .6 . 1 Force 

A.M. Schwarz ( 1 961 ). This is closely related to the variation in 

size and shape of root surfaces. At present, such variation mor

phologically limits the extent to which an exact force can be 

specified for a particular tooth (Ren et a! 2003 ). The inclusion of 

the root surfaces in the magnitude of force nevertheless makes 

sense (Fig. 56). On the basis of comparative tables and known 

direction of movement, an ideal force to be applied can be ascer

tained via the root surfaces. Different magnitudes of force for the 

various teeth can be derived from these considerations (Fig. 56). 

56 Magnitude of force as a tunc-
tion of the root surface of 
the teeth 

Average magnitude of force in eN i n  
our  treatment concept for the ind i -
vidua l  teeth for a bod i ly and t ipping 
tooth movement as a function of the 
patient's age. As t ipping movements 
s ign ify a g reater load on the tooth 

Adolescent and adjacent POL and bone, the 

Bod i ly force must be reduced by ha lf  or a 
th ird of the physical force. I n  addi-

Adolescent tion, a d istinction must be d rawn be-1 60 1 50 tween young and adu lt patients. The Tipping 
magnitude of force is smal ler for 

Adult adu lts as the root su rface is de-1 60 1 50 
Bod i ly creased due to reduced attachment. 

(Adapted from Reitan 1 957 ,  1 960, 

1 06 1 00 Adult Lee 1 965,  Ricketts et a l 1 988 ,  Sander 
Tipping et a l 20 1 1 . ) 

Adult 90 83 Tipping 

Adult 1 35 1 25 Bod i ly 

Adolescent 1 35 1 25 Tipping 

Adolescent 
Bod i ly 

Bod i ly and Tipping Tooth Movement 

The magnitude of force for a bodily tooth movement may be sig

nificantly greater due to better distribution of stresses on the 

tooth and bone surface. For tipping tooth movements, the force 

should only be half or one-third of the bodily force (Ricketts et a! 

1 988, Sander et a! 201 1 ). 
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Duration of  Force Effect 

Intermittent and noncontinuous forces must be distinguished 

from continuous forces. Intermittent forces may be greater than 

continuous forces (Thilander 201 2 ). In clinical terms, this means 

that a headgear worn only at night can exert a greater force than 

an intraoral compression spring with a continuous effect 

(Fig. 59). When applying continuous forces with NiTi, it is also 

true that smaller forces maintain the circulation of the blood 

(Noda et al 2009). The force applied with a compression spring in 

an orthodontic appliance also depends on the frictional forces. 

With removable appliances (Fig. 57), such as active plates, com-

57 Appl ication of short-stroke 
forces 

Screws in removable devices app ly 
short -stroke forces. When a screw is 
activated in  a rig id orthodontic 
p late, a movement of 0.1 mm is in 
duced for activation of  90 degrees 
per side. As the system is relatively 
rig id ,  h igh forces can be appl ied.  This 
is because virtua l ly no force has any 
more effect after the movement 
takes p lace. 

58 Appl ication of long-stroke 
forces 

Spring e lements apply long-stroke 
forces. The uprighting spring is an e l 
ement that app l ies more or less con
t inuous forces and moments to  the 
tooth over a g reater range of tooth 
movement. S l ight changes in  the po
sition of the tooth do not resu lt in  a 
sig n ificant reduction in force or mo
ment.  C l in ica l ly, therefore, the forces 
and moment employed must be s ig
n ificantly lower than for short-stroke 
forces. 

Appl ication of Short-Stroke Forces 

Short-stroke forces arise in removable appliances. An example of 

a short-stroke force in orthodontics is a removable plate with a 

single-spindle screw (Fig. 57). If the patient activates the screw 

on a removable plate to distalize a molar unilaterally, for exam

ple, this usually involves a quarter turn. This is equivalent to 0.1 

mm. Once the patient uses the appliance, it becomes 0.1 mm 

more rigid than before. When using the appliance, relatively high 

forces may be produced as the system itself barely yields. Balanc

ing of the forces is only possible by distortion or movement of the 

teeth in the periodontal gap. If the teeth have moved by 0.1 mm, 

paratively high forces are applied via screws. Clinically, however, 

this is not a problem as regeneration of the periodontal tissue 

can take place due to the intermittent application of force. 

Stroke 

Apart from the actual physical magnitude of force, a distinction 

should also be drawn in terms of stroke. The force is a vectorial 

quantity. It has a strength (magnitude) and a direction. It may be 

active over a short or long distance or activation length. This is 

called the stroke. Accordingly, reference is made to a short or 

long stroke. 

no force has any further effect. Due to this short-stroke (short

way) approach, it is generally assumed that high forces produced 

in the process will also not cause any damage to the teeth. 

Appl ication of Long-Stroke Forces 

Long-stroke forces arise in spring elements in orthodontic thera

py. A spring element for the uprighting of molars can be seen as 

an example of a long-stroke (long-way) force (Fig. 58). With an 

uprighting spring, the forces and torque act on the tooth more or 

less continuously. Even slight changes to the position of the tooth 

do not result in a significant alteration of the level of force. 



Potentia l  Ada ptation of the Tissue 

A factor to be taken into account which influences tooth move

ment and resorption is the adaptive potential of the tissue. This 

also influences the magnitude of force. The adaptation potential 

of tissue decreases with age. Perfusion of hard and soft tissue is 

reduced by comparison with a young person and, as a result, the 

speed and possible extent of tooth movement are limited 

(Fig. 60). In older patients, not only is there less available bone 

As a therapeutic consequence, orthodontically applied force 

should therefore be significantly reduced in adults. Likewise, ad

ditional support for tissue activity is advisable. First, calcium 

supplementation is recommended. According to a study by 

Krishnan and Davidovitch (2009b ), total tissue turnover can be 

significantly increased by the additional intake of 500 mg of cal

cium per day. Second, daily vitamin C supplement is recom

mended. Like age, general illnesses are also a determining factor 

in the adaptation potential of tissues. From an orthodontic per-

1 .6 . 1 Force 

overall, but it is also more poorly perfused. The bone has fewer 

medullary cavities and more trabecular structures (Roberts 

201 2 ). Bone density increases, while its elasticity decreases with 

age. As a result of these circumstances, hyalinization is much 

more likely to occur in orthodontically induced tooth movement 

( Kita et al 1 987,  Goz 1 990). Even slight forces are enough to over

load the local damping system, resulting in excessively high POL 

pressure. 

59 Appl ication of intermittent 
forces 

I ntermittent forces a re app l ied when 
us ing headgear. The headgear is not 
worn 24 hours per day-the wearing 
t ime is 1 0 hours. An intermittent 
force is an  interrupted app l ication of 
force. It resu lts in stress phases and 
rest phases. These forces a re pro
duced in  therapy with removable 
devices (p lates, functiona l  orthodon
t ics) and orthodontic app l iances 
such as headgear. 

60 Tissue adaptation in juveni le 
and adu lt patients 

As wel l  as macroscopic differences in 
bone formation,  there a re h istologi
cal differences between juven i le  and 
adu lt patients. The juven i le  patient 
has s ign ificantly more medu l l a ry 
cavities and b lood vessels which sup
ply the bone (center). I n  adu lt pa
tients, sma l ler  forces and longer  
refractory phases must therefore be 
a l l owed for du ring orthodontic 
therapy. 

Courtesy of Dr. Miehe, I nstitute of 
Anatomy and Cel l B io logy, 
G reifswa ld ,  Germany. 

spective, diabetes mellitus stands out among general illnesses on 

account of its frequency. The microvascular and macrovascular 

angiopathies resulting from diabetes and the diabetic metabolic 

state significantly impair the bone turnover rate (bone loss and 

regeneration) (Davidovitch and Krishnan 2009, Reichert et a! 

2009). While orthodontic tooth movement is basically possible, 

the retention phase must be significantly extended because bone 

formation (ossification) is particularly delayed. 
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1 .6 .2 Resorption 
During orthodontic therapy, a distinction must b e  drawn be

tween resorption affecting the bone and the tooth (Fig. 61 , Fig. 

62, Fig. 63). Resorptive processes are a prerequisite for enabling 

tooth movement to be induced by orthodontic appliances. It is 

the cells in the POL that initiate the tooth movement. A stable 

change in the position of the tooth can be achieved by means of 

bone formation and loss (Fig. 61 ). In general, physiological and 

pathological resorption must be differentiated. Among the group 

of pathological resorptions, resorption of the tooth and particu

larly resorption of the root must be mentioned above all. Howev

er, not all root resorptions are clinically relevant and thus 

pathological. 

Physiological  Resorption of the Tooth 

In principle, root resorption is a physiological process. During the 

change from primary to secondary dentition, there is a process of 

resorption of the deciduous teeth by the permanent teeth 

(Fig. 62). Changes in the direction of eruption may disrupt this 

process. Orthodontic monitoring of regular tooth eruption is 

therefore necessary. 

61 Physiological resorption of 
the bone 

During orthodontic tooth move
ment, a stable change in the posi
tion of the tooth is achieved by 
means of physiological  bone resorp
tion and bone apposition .  I n  the pa
tient shown here, after extraction 
therapy the molar with crown and 
root was moved in a mesia l d i rection 
( left before and center after root 
movement). Bone regeneration on 
the d ista l su rface of the root is dis
cern ib le ( right) .  

62 Physiological resorption of 
the tooth 

During the natural eruption of teeth.  
the deciduous tooth is resorbed by 
the permanent tooth.  Physiological  
resorption thus takes p lace i n  the 
corona l  reg ion of the remain ing 
tooth germ. Th is  enab les regu la r  
tooth eruption .  If eruption is d isrupt
ed, regu l a r  resorption cannot take 
p lace as a resu lt  of an atypical posi
tion of tooth bud and d i rection of 
eruption .  Extraction of the decidu
ous tooth may then be necessary 
( right) . 

Physiolog ica l Resorption of the Bone 

Orthodontically induced tooth movement produces bone resorp

tion by osteoclasts on the pressure side and bone apposition by 

osteoblasts on the tensile side of the adjacent bone of the POL 

( Sandstedt 1 904, Oppenheim 1 9 1 1 ,  Schwarz 1 932, Reitan 1 960, 

Heller and Nanda 1 979, Masella and Meister 2006, Thilander 

201 2 ). Minor orthodontic forces, taking into account appropriate 

biomechanical principles, move the tooth without major biologi

cal side effects. Major forces in orthodontic therapy, on the con

trary, display longer-lasting hyalinization with corresponding 

risks ( Reitan 1 985). Biomechanically, even when small forces are 

clinically applied, there is the problem of orthodontic forces nev

er being evenly distributed in the POL (Burstone 1 962 ). For clini

cal orthodontic therapy, small forces are advisable as they induce 

direct resorption. Reitan ( 1 957, 1 969) therefore recommends 0.2 

to 0.3 N for the tipping movement of small teeth and 0.5 to 0.75 

N for the tipping movement of large teeth. Bodily movements are 

to be applied with forces of 0.4 to 0.5 N for small teeth and 1 .5 N 

for large teeth. Extrusion is specified as 0.3 to 0.5 N and intrusion 

as 0.25 N. 



Di rect/ Anterior Resorption 

Direct resorption occurs in response to application of minor forc

es and biomechanically optimized tooth movement (Fig. 64). 

Tipping tooth movements lead to hyalinization even with small 

forces. Hyalinization can also occur with bodily tooth movement 

in the first stage of the movement, but it is significantly less pro

nounced (Reitan 1 957,  1 960, 1 985,  Thilander 201 2) .  The applica

tion of minor forces and bodily tooth movement result in direct 

or anterior resorption. The circulation of the blood is not inter

rupted when the POL is compressed and the cell activity of the 

POL is maintained. 

1 .6 .2  Resorption 

I n d i rect/ U ndermin ing  Resorption 

In the case of indirect or undermining resorption (Fig. 65) ,  the 

periodontal gap is compressed in sizeable areas of the POL to 

such an extent that the blood is prevented from circulating and 

distinct hyalinized zones are produced. The cells of the POL can 

no longer bring about resorption of the bone. Only adjacent 

cells and cells from medullary cavities of the adjacent cancel

lous bone induce undermining resorption ( Reitan 1 960, Krish

nan et al 2009). Indirect resorption occurs when major forces 

are applied. 

63 Physiological bone 
resorption 

Orthodontica l ly induced force re
su lts in pressu re and tension on the 
root su rface and a corresponding 
d istribution of tension in  the POL 
and bone. Bone loss i n  the a rea of 
the compression zone is achieved by 
osteoclast activity ( left) .  Bone for
mation is led by osteoblasts ( right) . 
(Cou rtesy of Dr. Miehe, I nstitute for 
Anatomy and Cel l B io logy, 
G reifswa ld ,  Germany. ) 

64 Direct/anterior resorption 

In the case of d i rect resorption ,  re
sorption of the adjacent bone in  the 
compressed area takes p lace from 
the POL. A prerequ isite is that perfu
sion of the POL remains intact. Sma l l  
forces and d istribution of  the pres
sure as consistently as possib le ,  as i n  
bodi ly tooth movement, are essen
tia l for physiological  cel l  activity. 
(Adapted from Reitan 1 957 ,  1 960.) 

65 Indirect/undermining 
resorption 

I nd i rect resorption of the bone adja
cent to the POL emanates from the 
bone itself and occurs when major 
forces are app l ied and pressure is 
d istributed unevenly i n  the POL. As a 
resu l t  of i ntense compression of the 
POL, the periodontal gap is com
pressed to such an  extent that  perfu
sion is no longer intact and 
pronounced a reas of hya l i n ization 
a rise. (Adapted from Reitan 1 957,  
1 960.) 
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1 .6 .3 Root Resorption 
Root resorptions may occur i n  permanent teeth. According to 

Ngan et al (2004), resorption in permanent teeth involves a dis

turbance of the protective mechanism of the cementum in areas 

where cementoclasts and osteoclasts are active. It is assumed 

that the balance between resorption and apposition is shifted 

unfavorably in phases of tooth movement (Brezniak and Wasser

stein 1 993) .  However, root resorptions (Fig. 74, Fig. 75 ) are also 

described in patients who have not undergone any orthodontic 

treatment (Harris and Butler 1 992) .  

66 Classification of root resorp· 
tions according to location 

Orthodontical ly, latera l resorptions 
can be d istingu ished from apica l  re
sorptions .  As a ru le ,  repa ir  mecha
n isms i n  the form of rep lacement 
cementum compensate for latera l 
resorptions. Trauma-related latera l 
resorptions ,  which can occur after 
replantation .  a re an exception .  I n  
most cases. resorptions resu lting 
from trauma lead to loss  of the 
tooth. Un l i ke latera l resorptions ,  ap i 
cal resorptions caused by orthodon
t ics a re not compensated for by 
rep lacement cementum. 

67 Orthodontica l ly induced lat-
era l  root resorptions 

If an  RPE app l iance is used, it produc
es a pressure zone i n  a vestibu la r  d i 
rection and a tens i le area in  a pa lata l 
d i rection on the teeth to which the 
app l iance is attached. Resu lti ng re
sorptions cannot be detected us ing 
conventional denta l  fi lms or a pan
oramic tomogram.  

68 Classification of the attach
ment loss according to mar
ginal  and apical resorption 
processes 

Marg ina l  attachment loss has a 
g reater infl uence on the overa l l  at
tachment compared with apica l  root 
resorptions. A marg ina l  attachment 
loss s ign ifies a lmost 30% reduction 
of the overa l l  attachment. Com
pared with this, root resorption of 3 
mm leads to an attachment loss of 
7%. (Adapted from Ka l kwarf et a l  
1 986, Giiz 2000.) 

2 
2 

In patients with resorptions without orthodontic treatment, 

dysfunctions above all have an influence on root resorption. 

Tongue dysfunction, onychophagia, and incisal premature con

tact can result in a j iggling effect (Fig. 71 ,  Fig. 72). According to 

Horn et al ( 1 995 ), these forces may be 3 to 6 N. In addition, pre

mature contacts in the area of the incisors can easily be in the 

region of 1 0  N or more at nighttime (Wichelhaus et al 2003 ). Re

sorptions are already known to occur as a result of inflammatory 

processes (Tronstad 1 988 )  and as a reparative process in anky

losed teeth. Resorptions can occur anywhere on the dental root. 

1 Lateral resorption 

2 Apical resorption 

1 0 3  
2 1 . 1  
29.8 
39.4 
48.5 
57.3 
65.6 
73.5 
80.7 
87.1 
92.7 
96.9 
1 00% 



The magnitude of force (Reitan 1 960, Harry and Sims 1 982, 

Owman-Moll 1 995, Faltin et a! 1 998 ), the duration of the force 

(Zachrisson and Alnaes 1 973, Malmgren et a! 1 982,  Lilja et a! 

1 983, Dermaut and De Munck 1 986, Vardimon et a! 1 99 1 ,  

Owman-Moll 1 995,  Kurol et a! 1 996), the adaptation potential of 

the associated tissue ( Stockli 1 973, Burstone and Koenig 1 976, 

Reid and Boyde 1 987,  Rakosi and jonas 1 989), and genetic pre

disposition (Hartsfield 2009, 201 2 )  (Fig. 74, Fig. 75 ) are deter

mining factors in orthodontic root resorptions. Lateral or buccal 

root resorptions such as those produced by an RPE appliance 

have not been discussed much in the literature as they are very 

difficult to diagnose and the lateral resorptions have repair mech-

1 .6 .3 Root Resorption 

anisms (Fig. 66, Fig. 67).  Ottolengui ( 1 914 )  first referred to  root 

resorptions in extracted teeth. Ketcham ( 1 927)  and Rudolph 

( 1 936) described resorptions visible on X-rays. These are not 

small resorption lacunae, but apical resorptions with different 

levels of severity (Fig. 68, Fig.69, Fig. 70). Clearly visible root 

shortening (EARR: external apical root resorption) must be taken 

into consideration before and during orthodontic therapy. The 

resorptions to be expected in more than 90% of orthodontically 

treated patients are on average 1 .5 to 2 mm (Remington et a! 

1 989, Linge and Linge 1 991 ) and are not clinically relevant with 

regard to attachment (Fig. 68). 

69 External apical root resorp· 
tion (EARR) 

Non physiological  resorptions may be 
id iopathic or iatrogenic i n  orig i n .  
They a re accompanied by  shorten ing 
of the root. No repair  mechan ism is 
anticipated with apica l  root resorp
tions. This type of resorption is clea r
ly d iscern ib le  on the X-rays 
customari ly used by dentists. 

70 Orthodontica l ly induced api-
cal root resorptions 

Apical root resorptions can be i n 
duced by orthodontic treatment. 
Critica l  movements in  this respect 
a re intrusion, extrusion and torque. 
The du ration and magn itude of force 
a re orthodontic parameters for or
thodontica l ly induced resorptions.  
SEM image of a dental root with ap i 
cal resorption lacunae after ortho
dontic treatment (Casa et a l  2001 ) . 

71  Dysfunctions and root re
sorptions: premature 
contacts 

Dysfunctions can lead to resorptions.  
This app l ies, i n  particu lar, to prema
ture contacts in  the incisal a rea. The 
risk of prematu re contacts may a rise 
in  the presence of fau lty contacts, 
induced by d iffering g rowth of the 
jaw in  Class I l l  anomal ies. During the 
g rowth phase of patients undergo
ing orthognathic surgery, we there
fore use long-term bite p lates in  our  
treatment concept. 
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72 Dysfunctions and root re
sorptions: tongue 
dysfunction 

An anterior open bite. caused by 
tongue dysfunction, root resorptions 
may a lso occur without orthodontic 
intervention. If permanent dentition 
is a l ready present, the l i ke l ihood of 
permanently e l iminating tongue 
dysfunction is low. Orthodontic 
treatment of the teeth a l ready re
sorbed must be avoided at a l l  costs. 

73 Dysfunctions and root re-
sorptions: disrupted eruption 

When teeth erupt in  the wrong d i 
rection ,  this can lead to resorptions 
affecting the root of adjacent teeth.  
This can affect the upper canines i n  
pa rticu lar. Eruption i n  the  wrong d i 
rection resu lts i n  resorption of  the 
roots of the latera l i ncisor. Monitor
ing the eruption of the teeth and 
t ime ly extraction of the C lass  I l l  
anomaly i s  a c l in ica l  necessity i n  
these cases. 

74 Root resorptions: agenesis 

Patient with fami l i a l  mu lt ip le agene
sis .  Tooth 35  and 34 have not devel 
oped . Patients with agenesis have a 
h igher incidence of id iopathic root 
resorptions in our  patient popu la
t ion. On ly l im ited orthodontic treat
ment is possib le .  Extraction therapy 
to offset agenesis shou ld on ly be 
performed with sma l l  moving dis
tances, if at a l l .  

75 Root resorptions: agenesis 

Same patient as in  Fig. 74 at a later 
date. The orthopantogram (OPG) 
shows the resorption of the decidu
ous denta l  roots of 74 and 75 ,  a l 
though  the  permanent teeth have 
not developed. In addition ,  the pa
tient is an  a l le rgy sufferer. Extensive 
orthodontic measures shou ld be 
avoided in this case as there is a h igh 
r i sk  of root resorption du ring ortho
dontic treatment. 



1 .7 Orthodontic Tooth Movement 

I 1 .7 Orthodontic Tooth M ovement 
The aim of orthodontic treatment is to move teeth as efficiently 

and carefully as possible and with minimal side effects for tooth, 

tissue, and bone (von Bohl and Kuijpers-Jagtman 2009). 1t is essen

tial to ensure an optimal force system for the biological response of 

the periodontium and tissue. Unwanted tissue responses, necro

ses, and root resorptions may occur as attendant symptoms, de

pending on the application of force and duration of the force effect. 

The significance of mechanical stimuli on the bone, tissue, and 

teeth has already been studied since the mid-1 9th century (von 

One of the first studies concerning force and tooth movement 

was undertaken by Sandstedt ( 1 904, 1 905 ): osteoblasts bring 

about bone apposition on the tensile side and osteoclasts cause 

bone resorption on the pressure side. However, the distribution 

of pressure and tensile zones differs depending on the type of 

movement: tipping (Fig. 76) or bodily (Fig. 77). 

1 .  7 . 1  Tissues Supporting the Teeth 
The most important structures of the tissues supporting the 

teeth that are actively involved in tooth movement are the peri

odontium and the alveolar bone. 

Meyer 1 867, Wolff 1 892 ). Reconstruction of the bone is a remodel

ing process. Osteoclasts resorb bony material and osteoblasts form 

new bone. The remodeling processes are the result of complex in

teractions between cells or between cells and the matrix. Hor

mones, cytokines, and growth factors act as messengers and 

intermediaries (Krishnan and Davidovitch 2009a, 2009b ). The al

veolar bone is also stressed during daily mastication. but it only 

changes by apposition and resorption, subject to a certain amount, 

direction, and duration (Meikle 2006). 

\ .-- 1 M F ) 

Periodonta l  Fiber 

76 Tooth movement: tipping, 
tensile (+) ,  and pressure 
zones (-) 

I n  an  orthodontica l ly induced t ip
p ing tooth movement, g iven pa latal 
movement of an  anterior tooth, a 
pressure zone is produced palata l ly 
in the cervica l th ird and vestibu la rly 
d i rection in  the apica l  th ird of the a l 
veo lar  bone with a compressed peri
odontal gap. Accord ing ly, tens i le 
zones with a widened periodonta l 
gap a re produced on opposite sides. 

77 Orthodontic tooth move
ment: bodily movement, 
tensile (+) ,  and pressure 
zones (-) 

I n  the case of an  orthodontica l ly in
duced bodi ly movement of an  ante
rior tooth in  a palata l d i rection ,  a 
pressure zone is produced over the 
entire pa lata l su rface of the root and 
of the adjacent a lveola r  bone with 
compression of the periodontal gap.  
Accord ing ly, a tens i le zone with an  
en larged periodonta l gap is pro
duced on the vestibu la r  su rface . 

One of the first studies concerning 
force and tooth movement was under
taken by Sandstedt ( 1 904, 1 905): os
teoblasts bring about bone apposition 
on the tensi le side and osteoclasts 
cause bone resorption on the pressure 
side. However, the d istribution of pres
sure and tensi le zones differs depend
ing on the type of movement: tipping 
(Fig. 76) or bodily (Fig. 77). 

The diagonal structure of the fiber bundles of the periodontium 

dampens the masticatory forces that arise (Fig. 78). A distinction 

is drawn between dentogingival, dentoperiosteal, transseptal, al

veologingival, and circular ligaments in the fiber bundles (Reitan 

1 989 ). The direction and location of the fibers are not uniform in 

the individual periodontal fibers. 
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