
ABSTRACT ÖZET

Aim:  To determine the incidence and degree of 
apical root resorption of the upper central incisors 
during intrusion and extrusion and to compare the 
amount of root shortening with a control group 
having minimal upper central incisor movement after 
orthodontic treatment.

Subject and Methods: Thirty-eight patients were 
selected on the basis of intrusion or extrusion needs 
of the upper incisors. Twenty patients who had no 
vertical upper incisor change were included as  con-
trol group. The median ages of the subjects were 
17.3, 15 and 12.7 years for the intrusion, extrusion 
and control groups respectively. SNA, SNB, ANB, 
FMA, IMPA angles, overjet, overbite, inclination of 
the upper central incisor to the palatal plane, the 
perpendicular distances from the incisor tip and apex 
to the PTV plane and from the centre of resistance 
of the upper central incisor to palatal plane were 
measured on the cephalograms.

Results: The amount of apical root resorption was 
determined for each patient by subtracting the initial 
tooth length from the final tooth length. Root shor-
tening following orthodontic treatment was found in 
all groups. The median apical root resorption was 
0.9, 1.2 and 0.6 mm in the intrusion, extrusion and 
control patients respectively.

Amaç: İntrüzyon ve ekstrüzyon sırasındaki üst santral 
keserlerdeki apikal kök rezorpsiyonunun insidans ve 
derecesinin belirlenmesi ve ortodontik tedavi sonra-
sındaki minimal üst santral keser hareketine sahip 
kontrol grubu ile kök kısalma miktarının karşılaştırıl-
masıdır.

Bireyler ve Yöntemler: Araştırmaya, üst keserlerde 
intrüzyon ya da ekstrüzyon ihtiyacı olan 38 hasta 
seçilmiştir. Vertikal yönde üst keser değişikliği olma-
yan 20 hasta, kontrol grubu olarak dahil edilmiştir. 
Yaş ortancaları, intrüzyon, ekstrüzyon ve kontrol 
grupları için sırasıyla 17,3, 15 ve 12,7 yıldır. SNA, 
SNB, ANB, FMA, IMPA açıları, overjet, overbite, üst 
santral keserin palatal düzleme göre inklinasyonu, 
keser ucu ve apeksinden PTV düzlemine olan ve üst 
santral keserin rezistans merkezinden palatal düzleme 
olan dik mesafeler ölçüldü. Her hasta için apikal kök 
rezorpsiyonunun miktarı,  başlangıç kök boyu, final 
kök boyundan çıkartılarak belirlendi.

Bulgular: Tüm gruplarda tedavi sonrasında kök 
kısalması bulundu. Ortanca kök rezorpsiyon miktarı; 
intrüzyon, ekstrüzyon ve kontrol grupları için sırasıy-
la; 0,9, 1,2 ve 0,6 mm idi.

Hacettepe Diş Hekimliği Fakültesi Dergisi
Cilt: 33, Sayı: 1, Sayfa: 69-77, 2009

Apical Root Resorption During Intrusion 
And Extrusion of Upper Incisors

Üst Keserlerin İntrüzyonu ve Ekstrüzyonu 
Sırasında Oluşan Apikal Kök Rezorbsiyonu

*Tülin Taner DDS, PhD, **Banu Çakırer DDS, PhD, *Müge Aksu DDS, PhD,
*Semra Cİğer DDS, PhD

* Hacettepe University Faculty of Dentistry Department of Orthodontics
**Marmara University Faculty of Dentisry Department of Orthodontics

ARAŞTIRMA (Research)



70

INTRODUCTION

Root resorption is a common consequence of 
orthodontic treatment and several factors have 
been implicated in the initiation and progression 
of external root shortening. These can be divided 
into patient and local factors related to mechano-
therapy1.  Whenever the magnitude and duration 
of force exceeds the reparative capacity of the 
cementum, root resorption will occur 2-4. There 
is a general agreement that resorption mostly oc-
curs in the upper anterior region5-8. 

Several tooth movements have been associ-
ated with root resorption. These are prolonged 
tipping 3,9, bodily tooth movement9, upper inci-
sor retraction10,11, and intrusion12-14. Intrusion 
has been suggested to have the most deleterious 
effect because the axial forces are concentrated 
near the root apex due to the cone shaped struc-
ture of the roots15. On the other hand, some 
studies have shown that external apical root re-
sorption is not associated with either intrusion or 
extrusion11,16. 

There have been suggestions that the amount 
of root movement is also associated with root 
resorption3-17. However, only few investigations 
have evaluated the extent of root resorption 
based on orthodontically induced tooth move-
ments14,17,18.

The purposes of this study were to determine 
the incidence and degree of apical root resorp-
tion of the upper central incisor during intrusion 
and extrusion and to compare the amount of 
root shortening with a control group, with mini-
mal upper central incisor movement, after treat-
ment with fixed orthodontic appliances. 

Subjects and methods

The radiographs of 700 subjects were evalu-
ated from the files of the Orthodontic Depart-
ment of Hacettepe  University, Faculty of Den-
tistry. The cases were selected on the basis of the 
following criteria:

1.	 Subjects having non-extraction treatment 
with significant upper incisor intrusion.

2.	 Subjects having non-extraction treatment 
with significant upper incisor extrusion.

3.	 Initial and final standardized lateral cepha-
lometric films after intrusion and extrusion 
treatment with visible upper incisor root apex 
and incisal tip available.

4.	 No evidence or history of trauma to the ante-
rior teeth.

5.	 No alterations of the incisal edges during 
orthodontic treatment.

6.	 Root formation of the permanent maxillary 
central incisors completed before treatment. 

A total of 38 subjects (19 deep bite, 19 open 
bite) met these criteria. The measurements were 
made on the initial and final lateral cephalomet-
ric head films and the upper central incisors were 
evaluated for the study.  The clinically suggested 
force ranges were  40-60 gr for each upper cen-
tral incisor and 30-45 gr for each upper lateral 
incisor for intrusion and extrusion movements. 
The forces of  intrusion and extrusion had been 
applied on upper incisors until normal overbite 
relationship was achieved.

The initial and final lateral cephalometric 
head films of 20 subjects who had undergone 
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Conclusion: The extent of root resorption was not 
related to the amount of vertical apical movement of 
the upper central incisors. 

Sonuç: Kök rezorpsiyon miktarı, üst santral keserlerin 
vertikal apikal hareket miktarıyla ilişkili değildi.
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incisor to the pterygoid vertical plane (U1INC-
PTV) (mm), the perpendicular distance from the 
apex of the upper central incisor to the ptery-
goid vertical plane (U1APEX-PTV) (mm). Verti-
cal tooth movements were measured as the per-
pendicular distance from the center of resistance 
(CR) of the upper central incisor to the palatal 
plane (CR-PP) (mm).

CR was positioned on the long axis of the 
tooth, two-thirds of its length from the incisal 
edge. This localization was comparable to the 
3/10 of the cervical level-apex distance of a par-
abolic shaped single rooted tooth19.  This point 
was marked on the initial cephalometric radio-
graph and then relocated on the final cephalo-
metric radiograph by means of a template20. 

Measuring root resorption

Each cephalogram was assessed to define the 
degree and severity of root resorption from the 
most procumbent upper central incisor. Tooth 
length was measured directly on the cephalo-
grams and root shortening was defined as any 
reduction in tooth length of an upper central in-
cisor measured from the tip of the incisal edge 
to the apex of the root8,21. The initial and final 
tooth lengths were recorded for each patient. 
The amount of apical root resorption was deter-
mined by subtracting the initial tooth length from 
the final tooth length.

minimal upper central incisor movement after 
non-extraction fixed appliance therapy were also 
included in the study. The selection criteria 4-6 
were valid for this control group. All the lateral 
cephalometric radiographs were taken with the 
same magnification on the same cephalostat. Ta-
ble I shows the average initial age and duration of 
treatment in all groups. 

Figure I shows the measurements used to 
determine the initial dentofacial characteristics. 
Seven skeletodental variables were measured at 
the start of treatment (Angles SNA, SNB, ANB, 
FMA and, IMPA, overjet (mm) and overbite 
(mm)). 

Upper incisor positional changes

Figure 2 illustrates the measurements used 
to calculate the positional changes of the upper 
central incisors during orthodontic treatment. 
Sagittal tooth movements were calculated with 
one angular and two linear measurements: The 
inclination of the upper central incisors to the 
palatal plane (U1-PP, degrees), the perpendicular 
distance from the incisal tip of the upper central 

FIGURE  1

 Initial dentofacial characteristics. (1)  SNA: Inward angle 
toward the cranium between the NA line and the sella-nasion 

(SN) plane (2) SNB: Inward angle toward the cranium between 
the NB line and the SN plane (3) ANB: Angle between the NA 

and NB lines, obtained by subtracting SNB from SNA (4) FMA: 
Angle between mandibular plane and Frankfort horizontal 
plane (5) IMPA: Angle between mandibular central incisor 

long axis and mandibular plane (6) Over jet: The horizontal 
distance between the upper and lower incisor tips (mm) (7) 

Over bite: The vertical distance between the upper and lower 
incisor tips (mm).

FIGURE  2

Upper central incisor positional changes. (1) U1-PP (°): Upper 
central incisor- palatal plane angle (2) U1INC-PTV (mm): 
The perpendicular distance from the upper central incisor 

tip to PTV plane (3) U1APEX-PTV (mm):  The perpendicular 
distance from the upper central incisor apex to PTV plane (4) 
CR-PP (mm): The perpendicular distance from the center of 

resistance of the upper central incisor to PP plane.
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Statistical analysis

Differences between the three groups were 
tested using the Kruskall-Wallis analysis of vari-
ance test. Test significance level was set at α= 
0.05. When the groups were statistically sig-
nificant, pairwise comparisons were carried out 
by using Mann-Whitney U test with Bonferroni 
correction. Wilcoxon test was used to compare 
the initial and final maxillary incisor positional 
changes and tooth length. 

All tooth length measurements were made 
by one author  and upper incisor changes by a 
second author  in order to eliminate inter-exam-
iner variability. Intra-examiner variability in tooth 
length measurements was tested after two weeks 
by remeasuring 25 percent of the radiographs 
chosen at random using Dahlberg’s formula22. 
The precision for tooth length measurements 
was 0.11 mm.

Results

There was no difference between the age of 
patients who had intrusion or extrusion treatments 
but the pre-treatment age in the control group was 
significantly different than that of two groups. The 
duration of treatment between the intrusion and 
control groups was also different (Table I).

Initial facial characteristics of the three groups 
did not differ except for angles SNA, ANB, FMA 

and the amount of overbite. SNA angle was sig-
nificantly different between the intrusion and 
control groups, while ANB angle was signifi-
cantly different in the three groups. The median 
FMA values were 21.0, 31.5 and 27 degrees in 
intrusion, extrusion and control groups, respec-
tively. The amount of median overbite in the 
intrusion group was 6.0 mm, the median open 
bite was -2  mm in the extrusion group and the 
control group had a median initial overbite of 2.3 
mm (Table II). 

The upper central incisors were significantly 
intruded in the intrusion group (mean: 1.3±0.1, 
p< 0.001) and significantly extruded in the ex-
trusion group (mean: 2.7±0.2, p< 0.001). The 
upper incisor-palatal plane inclination (U1-PP 
degrees) increased significantly in the intrusion 
(p<0.05) and control groups (p< 0.001). The 
upper incisor- PTV distance (U1INC-PTV mm) 
increased significantly in the extrusion (p<0.05) 
and control groups (p<  0.01). The upper incisor- 
apex distance (U1APEX-PTV mm) significantly 
decreased in the intrusion (p<0.05) and in-
creased in the extrusion groups (p<  0.01). Root 
length decreased significantly in all groups, with 
a mean difference of 1.43±0.17 for the intrusion 
(p<0.01), 1.53±0.94 for the extrusion (p<0.001) 
and 0.77±0.04 for the control group (p< 0.001) 
(Table III).  

TABLE I

Age and duration of treatment in the intrusion, extrusion and control groups.

    N Median Minimum Maximum p

Age (years)
 
 

Intrusion 19 17.3a 12 30.3
0.001

 
 

Extrusion 19 15a 12.5 23

Control 20 12.7b 11 26

Duration of
treatment
(months)

Intrusion 19 26a 12 45
0.012

 
 

Extrusion 19 22 11 51

Control 20 18b 9 32

Groups with different letter are significantly different.
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Table IV shows the comparison of changes 

in upper incisor movement and root length in 

all groups. The median amount of CR-PP dis-

tance was different among all groups (-1.0 mm 

for the deep bite, 2.5 mm for the open bite and 

0.3 mm for the control group).  However, the 

median amount of root length did not show any 

significant difference among the groups.             

Discussion

All types of tooth movement can cause api-

cal root resorption although intrusion is assumed 

to have the most detrimental effect15. There is 
no agreement, however, on which type of tooth 
movement actually has the greatest impact on 
root resorption. In some studies no significant 
associations have been found between root re-
sorption and intrusion or extrusion although 
significant associations were determined with 
retraction of the incisors10,11  and the amount of 
overjet23. This may be because not all subjects 
with a deep overbite or open bite require signifi-
cant intrusion or extrusion. The extent of tooth 
movement is also suggested to be a determin-
ing factor for root resorption14,17,18. Larger tooth 

TABLE II

Comparison of the initial skeletodental variables of the intrusion. extrusion and control groups.

Variables Groups N Median Minumum Maximum p

SNA (◦)
 
 

Intrusion 19 80.0a 72 90

0.014Extrusion 19 80 73.5 84

Control 20 78.0b 74 82

SNB (◦)
 
 

Intrusion 19 76 69 84

0.017Extrusion 19 79 70.5 83

Control 20 76 72 78

ANB (◦)
 
 

Intrusion 19 4.0a -1 10

0.000Extrusion 19 2b 0 3.5

Control 20 2.5c -2 6

FMA (◦)
 
 

Intrusion 19 21.0a 10 28.5

0.001Extrusion 19 31.5b 17 36

Control 20 27 16.5 36.5

IMPA (◦)
 
 

Intrusion 19 95 79 108.5

0.224Extrusion 19 91 77 102

Control 20 93.5 84 102

OVERJET (mm)
 
 

Intrusion 19 3.5 2 14

0.300Extrusion 19 3 -0.5 7.5

Control 20 3 1.5 6

OVERBITE (mm)
 
 

Intrusion 19 6.0a 2 7

0.000Extrusion 19 -2.0b -6.5 0

Control 20 2.3c 0 6

Groups with different letter are significantly different.
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movements to correct malocclusions may result 
in a greater resorption potential. Thus; it is im-
portant to evaluate root resorption in patients 
in whom significant tooth movement is accom-
plished. 

Achieving pure intrusion movement seems to 
be a difficult orthodontic movement. Although 
many patients were treated due to their deep-bite 
malocclusion, deep bite correction was mostly 
achieved by  proclination of upper anterior teeth 
which might simulate an intrusion movement. As 
a consequence, although a large number of cases 
were assessed, a limited number of subjects could 
be included in the study due to the technique used 
to measure the actual amount of intrusion. 

This study was designed to determine the 

incidence and degree of root resorption during 

significant vertical movement of the upper inci-

sors to correct bite problems. A group of patients 

who did not show any vertical positional change 

in the upper central incisors after fixed appliance 

therapy was also included in the study as  con-

trol group. The initial facial characteristics were 

similar in all groups except for angles SNA, ANB 

and FMA and amount of overbite. The initial age 

of the control group was younger than that of 

the intrusion and extrusion groups which may 

affect the amount of root resorption, yet no age 

dependent risk has been reported for apical root 

resorption in previous studies15, 23-27. 

TABLE IV

Comparison of the changes (final-initial) in upper incisor movement and root length in the intrusion, extrusion and control groups. 

Variable change Groups N Median Minumum Maximum p

U1-PP (°) Intrusion 19 9.0a -25.0 29.5
0.001

 
 
 

Extrusion 19 -1.0b -12.0 13.0

Control 20 3.0c -2.0 23.0

         

U1INC-PTV (mm) Intrusion 19 1.0 -4.0 9.0
0.646

 
 
 

Extrusion 19 3.0 -3.0 7.50

Control 20 1.8 -2.0 10.0

         

U1APEX-PTV (mm) Intrusion 19 -2.0a -5.0 3.5
0.001

 
 
 

Extrusion 19 2.5 -1.5 6.0

Control 20 1.0b -34.0 32.0

         

CR-PP (mm) Intrusion 19 -1.0a -4.0 -0.5
0.000

 
 
 

Extrusion 19 2.5b 0.5 5.0

Control 20 0.3c -0.5 1.0

         

Root length (mm) Intrusion 19 -0.9 -7.1 0.0
0.320

 
 

Extrusion 19 -1.2 -4.7 0.0

  Control 20 -0.6 -2.3 0.0

Groups with different letter are significantly different.
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The duration of orthodontic treatment is ac-
cepted to be a risk factor for apical root resorp-
tion13,17,28. However, no association between 
apical root resorption and duration of treatment 
could be found in other investigations12,15,16,21,24.  
In accordance with the studies mentioned above, 
there was no significant difference among the 
groups in the present investigation regarding root 
resorption although the duration of orthodontic 
treatment was different for each group.

Some labial inclination of the upper incisors 
during the intrusion, and some retrusion of the 
upper incisors during the extrusion were obtained 
simultaneously. In contrast, both intrusion and 
some retrusion were obtained in a similar study12. 
This difference in incisor inclination during intru-
sion may be due to the treatment needs of the 
subjects. In this study,  the CR of the upper cen-
tral incisor was determined on the pre-treatment 
radiograph and transferred to the post-treatment 
radiograph to measure actual vertical tooth move-
ment19,20. Dermaut and DeMunck 12and Melsen et 
al29 also used similar methods to determine the 
actual amount of intrusion during intrusion.

Root shortening was obvious during orth-
odontic movement of the upper incisors but was 
not found to be statistically different among the 
three groups. This is in agreement with the re-
sults of previous investigators who reported that 
routine orthodontic treatment increases the risk 
of root resorption5,13,17,30-32. The mean amount 
of apical root resorption measured in this study 
(0.77-1.53 mm) is in agreement with the previ-
ous findings5,13,21,23,31,33. 

From a clinical point of view, the maximum 
single root resorption was measured as 7.1 mm, 
4.7 mm and 2.3 mm in intrusion, extrusion and 
control groups respectively. However, the mean 
and median  amounts of apical root resorption 
was not found to be associated with the extent of 
vertical displacement of the upper incisors. Oth-
er factors such as the differences in force mag-
nitude or individual susceptibility can explain the 
maximum single root resorption seen in these 

patients34.  Owman-Moll et al35 stated that great 
individual variations may be even more impor-
tant than force magnitude and type or duration 
of force application. In a recent study, it has been 
shown that due to either intrusion or extrusion, 
root resorption can occur in the same patient, 
confirming that there is susceptibility for root re-
sorption36. 

Conclusion

The incidence and amount of apical root 
resorption during orthodontic tooth movement 
including intrusion and extrusion, was deter-
mined in this study. Similar amounts of apical 
root resorption occurred at the end of treatment. 
However, upper incisor retraction was required 
in some subjects, following intrusion. Studies 
showed more apical root resorption in patients 
when upper incisors were retracted than when 
no upper incisor retraction was performed10,11.  
Thus, it should be kept in mind that additional 
root resorption may occur when upper incisor 
intrusion and retraction are needed for orth-
odontic correction.
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