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oot surface resorption is a common phe-
Rr:‘omenon associated with orthodontic
eatment. Many investigators have at-
tempted to elucidate factors that contribute to
and/or cause root resorption. These factors in-
clude the magnitude of applied force,'* the du-
ration of force application,®® the type of
orthodontic appliance,’®'? the type of applied
force,®'® and individual variations.?*%'>” How-
ever, few investigations of the reparative poten-
tial of root resorption have been published 2#!
In orthodontic patients, the healing process of
a resorption cavity is believed to start when
orthodontic force is discontinued or reduced to
below a certain level.?? It may be seen simulta-

neously with the resorption process.>>**® Henry
and Weinmann'® found in an autopsy material
of adults that 72% of the resorptive areas showed
anatomic (full) repair. (They did not state
whether orthodontic treatment had been per-
formed.) Vardimon et al.,” in a study of 8 ado-
lescent monkeys subjected to palatal expansion,
reported that repairs were mainly partial resto-
rations, functional or nonfunctional, depending
on the rate of deposition of repair tissue (rapid/
slow) and the development of extrinisic fibers
(present/absent). Also, the amount of repair
seemed to increase with time after maxillary ex-
pansion.?*

Most studies concerning the healing pattern of
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The aim of this investigation was to study the reparative potential of orthodontically induced root resorption. Sixty-four
maxillary right and left first premolars in 32 patients (15 boys and 17 girls, mean age 13.7 years) were moved buccally with
fixed orthodontic appliances and a continuous force of 50 cN (=50 g), activated weekly for 6 weeks. The patients were divided
into 4 groups of 8. Retention periods varied from 1 week to 8 weeks. Histological preparations showed that root resorption
affected all the test teeth. The percentage of resorptive areas that had begun to repair ranged from 28% after 1 week of
retention to 75% after 8 weeks. The healing cementum was almost exclusively of the cellular type. Partial repair, with the
resorption cavity walls only partially covered with cementum, was the most frequent type of repair during the first 4 weeks
of retention (17% to 31%). Functional repair, with the total surface of the resorption cavity walls covered with varying
thicknesses of cementum, dominated after 5, 6, 7 and 8 weeks of retention (33% to 40%). There were no large differences
in the healing potential in the cervical, middle, and apical thirds of the root. After 8 weeks, three out of four resorptive areas
showed some degree of repair. Individual variations in healing potential were large.
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Group
1 8 individuals
2 8individuals
3 8individuals
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Orthodontic tooth movement Retention periods

= denotes weekly reactivation of the force to 50 ¢N
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Figure 1

Experimental design.
The maxillary first pre-
molars were moved
buccally during 6
weeks with a continu-
ous force of 50 cN, ac-
tivated weekly. Sixteen
test teeth in each of 4
groups were retained
for 1 or 5 weeks, 2 or 6
weeks, 3 or 7 weeks, or
4 or 8 weeks. Each
group comprised 8 in-
dividuals.
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orthodontically induced root resorption have
been carried out after maxillary transverse ex-
pansion,®#1%242 when applied forces are often
higher than in conventional treatment with a
fixed appliance. Root surface resorption has been
registered in elmost 7% of the root contour in a
histological section after only 7 weeks of routine
orthodontic tooth movement with small forces
(35 to 50 ¢N).” The possibility of repair of such
resorptive areas, the potential for full or partial
repair of the cavity, ard the relationship of re-
pair and time have not been fully elucidated.

The aim of this investigation was to study the
early time-related healing patterns of
orthodontically induced root resorption follow-
ing the cessation of a commonly used, controlled
force of 50 cN

Material and methods
Experimental design and orthodontic appliance

Maxillary right and left first premolars in 32
individuals (15 boys and 17 girls, 11.3 to 17.3
years old, mean 13.7 years) constituted the test
teeth. The patients had been referred for ortho-
dontic treatment and showed bilateral maxillary
crowding or maxillary protrusion. Orthodontic
treatment for these patients would include bilat-
eral first premolar extractions, with the extrac-
tions postponed for the purpose of this study.
The design of this study was approved by the
Ethics Comrnittee of the Medical Faculty,
Goteborg University, Sweden.

The 64 test teeth were moved buccally with a
fixed orthodontic appliance and a sectional arch-
wire (Sentalloy 0.018 inch heavy, Tomy, Tokyo,
Japan). A continuous, horizontal® force of 50 cN
(» 50 g), controlled and reactivated weekly, was
applied for 6 weeks. Then a passive sectional
archwire (Blue Elgiloy 0.017 x 0.022 inch heavy,
Rocky Mountain Orthodontics, Denver, Colo)
was applied for retention. The archwire was ac-
tivated by bending the wire just mesial to the mo-
lar tube. The passive retentional archwire was
adjusted to fit the bracket on the orthodontically
moved test tecth. The experiment design is out-
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lined in Figure 1. The patient material was sub-
divided into 4 groups of 8 individuals. Retention
periods varied from 1 to 8 weeks, with 4 weeks
intraindividual difference between sides.

At the end of the experimental period, the teeth
were extracted with forceps. After routine his-
tologic preparation, the teeth were step-serially
sectioned longitudinally in a buccopalatal direc-
tion (3 levels, 0.3 mm apart) with the microtome
set to 4 um, then stained with hematoxylin and
eosin.

Registration of root resorption and repair

A light microscope was used to register root
resorption and repair on one randomly chosen
histological section from each of three different
sectional levels. In order to describe the location
of the findings, the root was divided into three
parts: cervical, middle, and apical. Surface exten-
sion and depth of each resorption lacuna was
measured to the nearest 1 arbitrary unit (=1.33
um = 0.0133 mm) using a scale placed in the eye-
piece of the microscope. Resorptive cavities mea-
suring 5 arbitrary units (=65 um = 0.07 mm) or
more were registered. This corresponds roughly
to the size of a multinucleated resorbing cell.
Small (<5 arbitrary units), closely spaced cavi-
ties were registered as one area. No distinction
was made between resorptive areas with multi-
nucleated cells and those in which the resorption
process seemed to have stopped without any ce-
mentum deposition. Repair was registered
whenever a lacuna revealed any secondary ce-
mentum.

The following registrations of repair were
made:

No repair, Figure 2B.

Partial repair. Part of the surface of the resorp-
tion cavity was covered with reparative cemen-
tum, Figure 2C-D.

Functional repair. The total surface of the re-
sorption cavity was covered with reparative ce-
mentum without reestablishment of the original
root contour, Figure 2E.

Anatomic repair. The total surface of the re-
sorption cavity was covered with reparative ce-
mentum to such an extent that the original root
contour was reestablished, Figure 2F.

All registrations on histological sections were
performed by one of the authors (P.O.M.)
Statistical analyses

The correlation between the total number of re-
sorptive areas and the number of resorptive ar-
eas showing repair independent of time was
studied by means of an analysis of variance
(ANOVA). Intraindividual variations of repara-
tive potential were investigated using a paired



t-test. The statistical analysis was performed us-
ing the StatView 4.0 computer program (Abacus
Concepts, Inc, Berkeley, Calif, 1992).

Results

Resorptive areas were registered for all 64 test
teeth, with great individual variation (between
2 and 35, average 15£7), in three histological sec-
tions of each experimental tooth. Resorptive at-
eas were located primarily in the apical and
cervical thirds of the root (55% and 32%, respec-
tively).

The amount of repair increased with time. Af-
ter 1 week, 28% of the resorption lacunae showed
some degree of repair; after 8 weeks, that num-
ber rose to 75% (Figure 3). Figure 4 illustrates the
distribution of open resorption areas and the
three types of repair. Partial repair was registered
more often (17% to 31%) than functional or ana-
tomic repair during the first 4 weeks of retention.
After 5 to 8 weeks with a passive sectional arch-
wire, functional repair dominated the repair pro-
cess (33% to 40%). Resorptive areas with
anatomic repair were registered 6 times more
often after 8 weeks of retention than they were
after 1 week (12% and 2%, respectively). How-
ever, after 8 weeks of retention with a passive
appliance, almost half of the resorptive areas
showed open dentin tubuli, i.e., unrepaired,
open spots (26%}) or partial repair (23%).

The distribution of resorptive areas with sec-
ondary cementum was almost the same in the
cervical, middle, and apical thirds of the root
(56%, 55%, and 66%, respectively). Partial repair
was registered most often in the cervical part of
the root while anatomic repair was found prima-
rily in the middle and apical parts. Anatomic re-
pair was seen nine times more often in the apical
third compared with the cervical third of the root
(Figure 5).

There were significantly more resorptive areas
with varying degrees of repair after a retention
period of 5 weeks than there were after 1 week.
Similarly, more repair was evident.after 6 weeks
than after 2, and more after 7 weeks than after 3
(P<0.001). However, there was no significant dif-
ference in reparative potential after 8 weeks of
retention than after 4 weeks. There were large in-
dividual variations in repair of root resorption,
with no association between right and left sides
in each individual (Figure 6A,B).

The healing cementum was almost exclusively
of the cellular type. A tiny layer of acellular re-
pair cementum partly covered the surfaces of less
than 1% of the resorption lacunae.

An analysis of variance revealed a significant
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Figure 2

Histological illustration of varying degrees of
repair in orthodontically induced root resorp-
tion in maxillary premolars after 1 to 8 weeks
retention.

A. Root surface in the cervical third of the root
with normal dentin (d), acellular root cementum
(c), and periodontal ligament (p).

B. Undermined root resorption in the cervical
third of the root. Dentin (d), cementum (c), peri-
odontal ligament (p).

C. Partial repair with acellular cementum (ac) in
the cervical third of the root. Dentin (d).

D. Partial repair with cellular cementum (cc) in
the apical third of the root. Dentin (d).

E. Functional repair with cellular cementum (cc)
in the apical third of the root. Dentin (d).

F. Anatomic repair with acellular cementum (ac)
in the middle third of the root. Dentin (d).
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Figure 3 correlation (p<0.0001) between the total number retention with a heavy archwire. Moreover, the

Root resorptions with
varying degrees of re-
pair (mean and SD) in
64 test teeth after 6
weeks of force applica-
tion followed by 1 to 8
weeks of retention with
a passive sectional
arch.

Figure 4

Distribution of open re-
sorptive areas and
areas with partial, func-
tional, and anatomic re-
pair (%) in 64 maxillary
premolars after 6 weeks
of force application fol-
lowed by 1to 8weeks of
retention.
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of resorptive areas and the number showing vari-
ous degrees of repair (Figure 7). However, there
was no correlation between the number of lacu-
nae with varying degrees of repair and age or
sex.

Discussion

This clinical investigation showed that early
repair with varying degrees of reparative cemen-
tum was frequently registered in root resorption
after discontinuation of an orthodontic force of
50 cN, and that the amount of repair was related
to time.

In order to study the effects of repair over a 4-
week period, this irvestigation was outlined
with 4-week intraindividual differences in peri-
ods of retention. Although the experimental
premolar on the right side was extracted 4 weeks
earlier than the contralateral premolar, there was
probably no mechanical interference on the re-
parative potential in the left side tooth due to
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occlusal forces were reduced by use of an ante-
rior acrylic bite block. Whether the repair could
have been influenced by the healing process of
the alveolus after extraction is open to
speculation.

The orthodontically induced root resorption in
young individuals in this study was repaired al-
most exclusively with cellular cementum (Figure
2D,E). This is in agreement with earlier investi-
gations in patients of about the same age.>!>%
Vardimon et al.? reported similar results in an
investigation using monkeys. It was hypoth-
esized that the cells were inclusions of rapidly
growing tissue. This may explain why primarily
cellular cementum was registered in the present
investigation in young individuals in whom re-
generation processes are faster and cells more
easily captured by growing repair tissue.

Resoption lacunae with secondary cementum
were distributed with almost the same frequency
in the cervical, middle, and apical parts of the



root. This may lead to the assumption that tooth
movement was primarily bodily and the applied
force was evenly distributed over the entire root
length. However, in an earlier study® in this se-
ries of investigations, using the same type of ap-
pliance and the same magnitude of force, tooth
movement was found to be mainly a tipping dis-
placement when registered in a coordinate mea-
suring machine. The even distribution of
secondary cementum in a coronal-apical direc-
tion in this study may be explained by the use
of a passive sectional arch during the retention
period in combination with an anterior bite
block. Thus, the test tooth was kept in a steady
position without interference from relapse and
occlusal forces, which allowed the healing pro-
cess to continue evenly all over the root surface.

Partial repair was most often seen in the cervi-
cal third of the root and anatomic repair in the
apical third. Since there was no difference in the
frequency of deep root resorption lacunae be-
tween the cervical and apical parts of the root,
the finding is somewhat surprising and we can-
not find an explanation.

In this report, the healing pattern was investi-
gated for 8 weeks. For ethical and practical rea-
sons, observations were limited to this time
period, which may seem short considering ear-
lier reports dealing with retention periods of 16
weeks with 8 weeks of relapse in monkeys,**' or
53 weeks in humans.’”®*?% Vardimon et al.”' re-
ported that the healing process in monkeys
reached a steady phase after 42 to 56 days. The
present study in adolescent humans revealed a
rapid healing potential during the first 7 weeks,
after which a slowdown was noted (Figure 4),
although there was no significant difference in
the number of resorptive areas with secondary
cementum after 7 and 8 weeks of retention. Af-
ter 8 weeks, 49% of the resorption lacunae were
still not covered with repair cementum or were
only partially covered.

What happens with the healing process in the
long run? It has been stated that all resorption
lacunae may be repaired once the cause of the
resorption ceases.""®? Vardimon et al.® agreed,
as long as the total unresorbed surface area ex-
ceeds the total resorbed area. Two years after
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rapid expansion and discontinuation of reten-
tion, evidence of recent root resorption and re-
pair may remain.” Such information is difficult
to interpret and relate to the test situation be-
cause long observation periods out of retention
may influence the results, through function, hab-
its, trauma, treatment, systemic factors, etc. (See
Brezniak and Wasserstein® for a review.) In the
present investigation, some possible disturbing
factors that might overshadow the results were
eliminated. The healing potential after orthodon-
tic treatment was studied during active retention,
i.e., relapse with reversed tooth movement, and
perhaps further resorption was prevented. More-
over, occlusal forces were reduced by the ante-
rior bite block disengaing the occlusion. Related
to the findings in this study, the average num-
ber of resorption lacunae showing repair in-
creased three-fold, from 28% after 1 week to75%
after 8 weeks. It would be tempting to assume
or hope that, with time, the open lacunae would
all be repaired.

Summary

The potential for repair in young individuals
seems to be considerable. Repair could already
be seen after one week of retention. After 8 weeks
with a passive appliance, 3 out of 4 resorptive
areas showed signs of healing. On the other
hand, after 8 weeks of retention, almost 50% of
the lacunae surfaces showed no repair or only
partial coverage with healing cementum.
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Figure 5

Distribution of varying
degrees of repair (%) in
each third of the root
after 1 to 8 weeks of
retention: cervical third
(C 1/3), 56%; middle
third (M 1/3), 55%; and
apical third (A 1/3),66%.

Figure 6

A. Distribution of repair
cementum (%) after 6
weeks of orthodontic
treatment followed by a
retention period of 1
week on the right side
and 5 weeks on the left
side in 16 maxillary first
premolars in 8 individu-
als.

B. Distribution of repair
cementum (%) after 6
weeks of orthodontic
treatment followed by a
retention period of 4
weeks on the right side
and 8 weeks on the left
side in 16 maxillary first
premolarsin 8 individu-
als.

Figure 7

Total number of resorp-
tive areas, and number
of areas with various
degrees of repair with
secondary cementumin
the maxillary first pre-
molars in 8 patients. The
test teeth were moved
with a buccally directed
continuous force of 50
cN for 6 weeks, after
which a passive sec-
tional arch was applied
asretention for 8weeks.
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Commentary: Repair of orthodontically
induced root resorption in adolescents

Peter Ngan, DMD

ost clinicians are aware that rapid max-

illary expansion exerts forces on

nchor teeth far in excess of custom-

ary orthodontic forces. Alveolar dehiscences, fen-

estration, and external root resorption (ERR)

have been cited as possible deleterious effects re-

sulting from indiscriminate dental arch expan-

sion. But does ERR occur with routine

orthodontic tooth movement with light forces of

around 50 g? If so, what kind of repair processes
do our bodies possess?

The paper by Owman-Moll et al. addresses
these clinical questions. The authors are to be
congratulated for the ingenious method of study-
ing root resorption and repair following orth-
odontic tooth movement in young human
patients. They used fixed orthodontic appliances
and a continuous force of 50 g, activated weekly
for 6 weeks, to move 64 maxillary right and left
premolars buccally. Then they made the appli-
ance passive for 1 to 8 weeks, using a rectangu-
lar wire to prevent relapse and a bite plane to
eliminate occlusal interferences. By using the
contralateral premolars as controls, the authors
were able to study intraindividual differences
during the retention period.

Previous animal studies have shown that the
onset of ERR is related to impulse (force/time)
and narrowing of the periodontal ligament.>* For
example, the turning of a jack screw in the case
of treatment with RPE substantially increases the
magnitude of the impulse. During tipping move-
ment, when the center of rotation is located api-
cal to the center of resistance, no change in
periodontal ligament width is expected at the
narrowest width. Conversely, substantial
changes are expected in root extremities. Thus,
more marginal root areas are prone to ERR as-
sault. In the present study, the authors showed
that with buccal tipping of premolars, resorption
lacunae were registered in all teeth with great
individual variation. Furthermore, the distribu-

tion of resorption lacunae with secondary ce-
mentum was almost the same in the cervical,

-middle, and apical thirds. However, the authors

did not discuss the reasons for the uniformity of
root resorption and repair along the root surface.
Is it because the movement is more translatory
than tipping?

The authors reported that repair started 1 week
after the insult and that 75% of the registered re-
sorptive areas showed signs of repair by the
eighth week. They went on to describe the type
of repair. Partial repairs were registered during
the first 4 weeks and anatomic repair was regis-
tered with longer periods of retention. In addi-
tion, partial repair was the dominating form of
healing in the cervical part of the root while.ana-
tomic repair was seen more often in the apical
third of the root. Intuitively, wouldn't one expect
more resorption around the apical third of the
root with buccal tipping and less repair due to
the ongoing process of resorption?

Clinically, the present study should alert clini-
cians to the presence of ERR in routine orthodon-
tic tooth movement. On the other hand, there is
a sign of relief to know that repair starts as early
as 1 week after the insult. In particular, repair
with cellular cementum was found in young pa-
tients in which there was rapidly growing tissue.
However, it is cautioned that after 8 weeks of
retention, 49% of the resorption lacunae are not
covered or are only partly covered with repair
cementum. Total healing times must be far
greater than the 8-week period of the present
study. If we do not allow enough time for repair,
it is possible that, in patients who require orth-
odontic treatment for more than 3 or 4 years, the
problems will be compounded to produce "un-
healed ERR" that can be observed on posttreat-
ment radiographs.

Peter Ngan is chairman of the Department of Ortho-
dontics, West Virginia University, Morgantown,
West Virginia.
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