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Periodontal and root changes after
orthodontic treatment in middle-aged
adults are similar to those in young adults
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Introduction: The goal of this studywas to compare the outcomes and amount of change in periodontal health of
anterior teeth in young versus middle-aged adults, who were treated to improve anterior alignment and
occlusion.Methods: Pre- and posttreatment records including orthodontic casts, cephalograms, and standard-
ized periapical radiographs were retrospectively collected from young adults (aged 19-30 years; n 5 12) and
middle-aged adults (aged $40 years; n 5 27). Following the American Board of Orthodontics criteria,
discrepancy index (DI), cast-radiograph evaluation (CRE), treatment duration (TD), marginal bone loss
(MBL), and tooth length (TL) were measured, and with the use of periapical radiographs, changes in the level
of marginal bone (MBC) and the amount of root resorption (RR) after orthodontic treatment were calculated.
Results: DI, MBL, and TD were significantly higher in the middle-aged adults than in the young adults
(P \ 0.05). However, CRE and MBC after treatment were similar between the 2 groups (P . 0.05). The
mean amount of RR following treatment was �0.6 6 0.44 mm and �1.0 6 0.61 mm in young and middle-
aged adults, respectively. The degree of RR after compensating for treatment complexity and TD was similar
between the 2 groups (P . 0.05). Conclusions: Although the initial malocclusion and periodontal conditions
were unfavorable for the middle-aged adults, the overall treatment and periodontal outcomes after
orthodontic treatment of the anterior teeth were similar to those for young adults. It appears that older adults
tolerate orthodontics to improve the appearance of the anterior teeth as well as younger adults, with no
additional burden because of their increased age. (Am J Orthod Dentofacial Orthop 2019;155:650-5)
With the gradual increase of adult orthodontic
patients,1,2 the proportion of those who are
middle-aged and above is increasing as

well.3 In general, orthodontic treatment for middle-
aged or elderly people is considered more complex and
limited in what can be accomplished than treatment
for adolescents or young adults. This is due in part to
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the fact that older adults have a higher risk of developing
chronic periodontal disease4,5 and respond differently
owing to the aging changes of the surrounding
periodontium and the dentition.6-10

Among adults with chronic periodontitis, about 30%
indicate pathologic tooth migration resulting in occlusal
changes such as flaring, diastema, rotation, and extru-
sion in the anterior teeth.11 These changes in alignment
and occlusion are irreversible with periodontal treatment
alone but can be corrected with interdisciplinary ortho-
dontic treatment.12 It has been well documented that a
history of periodontal disease and severe bone loss is not
a contraindication to orthodontic treatment when the
underlying periodontal disease is controlled and oral
hygiene is maintained.13-16 Periodontal treatment
followed by orthodontic treatment has also been
reported to have positive effects of increased clinical
attachment and improved surrounding marginal bone
height.17-20 However, these clinical outcomes do not
fully represent the impact of orthodontic treatment on
middle-aged and elderly patients, because the reported
data are derived from relatively young adults with or
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Table I. Demographic characteristics of the subjects, n
(%)

Charracteristic
Young adults
(n 5 12)

Middle-aged
adults (n 5 27)

Age (y) 22.7 6 2.93 53.3 6 7.93
Sex
Male 7 (58.3%) 8 (29.6%)
Female 5 (41.7%) 19 (70.4%)

Region
Maxilla 8 (47.1%) 20 (52.6%)
Mandible 9 (52.9%) 18 (47.4%)
Total 17 (100%) 38 (100%)

Previous history of
periodontal therapy
Male 0 (0%) 6 (22.2%)
Female 0 (0%) 11 (40.7%)
Total 0 (0%) 17 (62.9%)
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without periodontal disease13,14,21 or lack comparisons
with adequate control groups.7,15,22,23

Clinically, middle-aged populations are frequently
affected with chronic periodontal disease,5,24 which
requires continuous self-maintenance and manage-
ment, and treatment planning and biomechanics for
tooth movement is often complicated because of multi-
ple tooth loss or restorations.25,26 In contrast to the
previously mentioned studies, there are reports
indicating increased risks of periodontal bone loss and
attachment loss because of tooth mobility after
orthodontic movement in these older adults.15,21,27

Susceptibility to root resorption has also been
suggested to increase with age7,8,28 and the presence
of active periodontal disease.29 Therefore, dental profes-
sionals may well perceive age itself as a main limiting
factor for orthodontic treatment.30,31

The key motivating factor for adults seeking ortho-
dontic treatment is the appearance of the anterior
teeth.32 Given the typical features of pathologic migra-
tion and aging changes associated with anterior
teeth,11,12,33 the needs and demands for orthodontic
treatment in the older adult population are expected
to grow.

The aim of the present study was to evaluate the in-
fluence of aging on the orthodontic and periodontal
outcomes of treatment in the anterior teeth by
comparing middle-aged adults and young adults.

MATERIAL AND METHODS

All patients in the Department of Orthodontics,
Gangnam Severance Hospital, Yonsei University, from
2011 to 2016 who underwent orthodontic treatment
to align and improve the appearance of the maxillary
or mandibular anterior teeth were retrospectively evalu-
ated (n 5 51). These patients had fixed appliances on
anterior teeth between the first premolars. Skeletal an-
chors were used if anchorage was needed in the molar
regions; molars were not banded or bonded. Patients
with pre- (T1) and posttreatment (T2) medical records,
orthodontic casts, lateral cephalograms, and standard-
ized anterior periapical radiographs with a 4 mm radi-
opaque steel ball for measurement calibration were
considered to be eligible for further evaluation. Because
alveolar bone loss gradually increases with age regard-
less of orthodontic treatment at around the age of
30,6 the collected subjects were then divided into a
young adult group aged 19-30 years (n 5 12; total of
17 sites) and a middle-aged adult group aged
$40 years (n 5 27; total of 38 sites). Dental records
were monitored for history of periodontal therapy before
orthodontic treatment excluding periodic hygiene
American Journal of Orthodontics and Dentofacial Orthoped
control. See Table I for the group characteristics. This
study was approved by the Institutional Review Board
(3-2017-0032).

The discrepancy index (DI) of the American Board of
Orthodontics (ABO) was scored following the ABO
criteria,34 but it was modified to represent the degree
of malocclusion and treatment complexity in the ante-
rior teeth (canine to canine) only. In brief, anterior
crowding, space, overjet, overbite, and missing anterior
teeth were evaluated on the diagnostic model, and
incisor–mandibular plane angle angle was evaluated
on the T1 cephalograms (Supplementary Table I, avail-
able at www.ajodo.org). Skeletal criteria, such as ANB
and SN-GoGn, and posterior occlusal evaluation, such
as lateral open bite and buccolingual crossbite, were
not included for the scoring.

To evaluate the treatment outcome, cast-radiograph
evaluation (CRE) was scored following the ABO
criteria,35 with similar modification to include anterior
alignment, proximal contact, overjet, and root inclina-
tion of the anterior teeth at T2 (Supplementary Table
II, available at www.ajodo.org). The overall dental his-
tory and the duration of active orthodontic treatment
(TD) were collected from the medical records.

To measure the change of the marginal bone height
before and after treatment, standardized periapical
radiographs were used (Kodak Insight, film speed F;
Rochester, NY; and 70 kVp, 10 mA, Yoshida Rex 601;
Tokyo, Japan). The periapical radiographs included a
4 mm radiopaque steel ball and were imaged with
the use of the XCP Kit (extension cone paralleling
instruments; Ran, Elgin, Ill). The magnification of the
images and measurements were calibrated and stan-
dardized according to the size of the steel ball.36 Alve-
olar crest (AC) was defined as the most coronal areas of
ics May 2019 � Vol 155 � Issue 5
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Fig. Measurement parameters with the use of a stan-
dardized periapical radiograph. TL, tooth length;CEJ, ce-
mentoenamel junction; AC, alveolar crest;MBL, marginal
bone loss; b, diameter of the steel ball.

Table II. Treatment outcome based on discrepancy in-
dex (DI), cast-radiograph evaluation (CRE), and treat-
ment duration (TD)

Outcome

Young adults Middle-aged adults

Pmean SD mean SD
DI 4.8 2.42 8.5 6.22 0.011*
CRE �2.1 3.06 �2.5 3.14 0.69
TD (mo) 5.6 2.53 8.4 5.57 0.04*

*P\ 0.05.
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alveolar crest where periodontal space retains its
normal width22 (Fig).

To measure the amount of marginal bone loss (MBL),
the distance from the cementoenamel junction (CEJ) to
the AC was measured parallel to the long axis of the
tooth at the mesial and distal aspects of the left and right
central incisors before (MBL T1) and after (MBL T2)
treatment. Mean change of the marginal bone was
analyzed using the average measurement of the left
and right central incisors. The amount of marginal
bone changes from before to after treatment (MBC)
was recorded as a negative value when there was an
additional loss of marginal bone and as a positive value
when there was an improvement of marginal bone level.

Tooth length (TL) was measured by the distance from
the incisal edge to the root apex along the long axis of
the tooth. Root resorption (RR) was defined as the
changes of TL from before (TL T1) to after (TL T2) treat-
ment within the individual tooth, but the changes of the
left and right central incisors were averaged for the final
statistical analysis.

Statistical analysis

Twenty subjects were randomly sampled and remeas-
ured after 2-week intervals. The range of intraclass cor-
relation coefficients was 0.785-0.995 (P \ 0.001),
indicating high reproducibility.

A paired t test was used to compare the MBL and TL
between T1 and T2, and an independent t test was used
to compare DI, CRE, TD, MBC, and RR between the
young adults and middle-aged adults and between
sexes. To reduce error caused by the difference of DI
and TD, analysis of covariance (ANCOVA) was performed
when comparing RR. The statistical analyses were per-
formed with the use of SPSS 24.0 (IBM, Armonk, NY),
with a significance level of P\ 0.05.

RESULTS

DI, indicating treatment complexity, was signifi-
cantly higher for the middle-aged than for the young
adults (P \ 0.05), although the posttreatment CRE
was similar between the 2 groups (P . 0.05). The
mean TD was longer for the middle-aged than for the
young adults (P\ 0.05; Table II).

The mean MBLs before (T1) and after (T2) treatment,
respectively, were 1.3 6 0.48 and 1.5 6 0.47 mm for
young adults and 3.1 6 1.58 and 3.4 6 1.43 mm for
middle-aged adults. Both MBL T1 and T2 were signifi-
cantly greater in middle-aged adults than in young
adults (P \ 0.001), but the mean change of marginal
bone after treatment (MBC) was similar between the 2
groups (P . 0.05; Table III). A majority of subjects in
May 2019 � Vol 155 � Issue 5 American
both the young and middle-aged groups presented less
than �1 mm of MBC after treatment (100% vs
89.5%), but 3 sites (7.9%) of the middle-aged group pre-
sented a positive MBC with improvement of MBL at T2
compared with T1 ($0 mm; Table IV; Figure.

TL before treatment was similar between young and
middle-aged adults. However, the mean amount of RR
after treatment was significantly higher in the middle-
aged adults than in the young adults (P\ 0.05; Table
V). RR reportedly is positively influenced by the distance
of tooth movement and TD.8,37 Given that both the
initial DI and TD were higher in middle-aged adults
compared with young adults, additional statistical anal-
ysis (ANCOVA) was performed to determine the influence
Journal of Orthodontics and Dentofacial Orthopedics



Table III. The changes of marginal bone level after orthodontic treatment

Measure

Young adults Middle-aged adults

PT1 T2 T1 T2
MBL Mean SD Mean SD Mean SD Mean SD

1.3 0.48 1.5 0.47 3.1 1.58 3.4 1.43 \0.05*
DMBC Mean SD Mean SD

�0.2 0.1 �0.3 0.38 0.06

MBL, Marginal bone loss; DMBC, Marginal bone change; T1, before treatment; T2, after treatment.
*P\ 0.05 between young and middle-aged adults at both T1 and T2.

Table IV. Distribution of changes in marginal bone
following orthodontic treatment, n (%)

Marginal bone change Young adults Middle-aged adults
.�1 mm to\0 mm 17 (100%) 34 (89.5%)
.�2 mm to # �1 mm 0 1 (2.6%)
Improved, $0 mm 0 3 (7.9%)
Total sites 17 (100%) 38 (100%)
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of DI and TD. Accordingly, when the 2 factors were
compensated for, RRs were similar in the middle-aged
adults and the young adults (P . 0.05; Table VI).

RR following orthodontic treatment in majority of
subjects was fewer than 1 mm in both young and
middle-aged adults (88.2% vs 59.5%). RR exceeding
2 mm was noted in 4 sites (10.8%) of the middle-aged
adults but not in the young adults (Table VII). Sex differ-
ences were not noted for MBC and RR (data not pre-
sented).

DISCUSSION

According to this study, the middle-aged adults pre-
sented outcomes and periodontal changes after ortho-
dontic treatment of anterior teeth similar to those of
young adults, although the initial status of aged adults
was relatively unfavorable owing to the complexity of
malocclusion and greater marginal bone loss.

Despite the increasing needs and demands for ortho-
dontic treatment in older adults, reports on the influence
of aging on orthodontic treatment are limited and lack
comparisons with young adult control subjects.
Although it was difficult to set a similar degree of initial
malocclusion between the 2 groups owing to the retro-
spective characteristics of the study, it is noteworthy that
increase in chronologic age per se does not negatively
affect orthodontic treatment outcomes.

After orthodontic treatment, the incisors presented
an average of 0.3 mm MBL and \3 mm RR in both
young and middle-aged adults. Although the amount
of MBL may seem clinically insignificant, when com-
bined with RR it may cause negative consequences in
American Journal of Orthodontics and Dentofacial Orthoped
the supporting tissue owing to the changes in the
crown-root ratio.8 In general, RR limited to \2 mm
reportedly does not significantly affect tooth prog-
nosis.38,39 However, for aged patients with preexisting
attachment loss, it should be kept in mind that the
effect of loss of �3 mm apical support due to RR is
estimated to be similar to the loss of 1 mm coronal
support.8,38

Unlike young adult subjects who showed healthy pe-
riodontium with minor anterior space discrepancies, the
middle-aged group had a mixture of healthy and peri-
odontally compromised subjects with histories of patho-
logic migration accompanied by previous periodontal
therapy (17 out of 27). To improve anterior occlusion
and esthetics in these patients, alignment, space closure,
and intrusion of the anterior teeth were undertaken with
proper periodontal intervention and continuous hygiene
control as previously recommended.13-15,17 Importantly,
an increase in marginal bone levels was noted in some of
the older adults after orthodontic treatment, and MBL
was limited to 0.5 mm even in those who had .1 mm
of RR. Therefore, based on our results, a high-risk trait
in aged adults of both severe MBL and RR was not
observed.

However, the present study was conducted on sub-
jects who underwent selective orthodontic treatment
with relatively short treatment duration. Although major
changes including RR can be noted and predicted during
the initial phase of treatment,40,41 it is possible that a
greater degree of MBL and RR may occur in
comprehensive orthodontic treatment including the
whole dentition with longer treatment duration.
Physiologic properties of the periodontium, such as the
periodontal mechanoreceptors, also reportedly change
with age, and those differences may not have been
detected by our macroscopic morphologic
evaluation.9,10

Our study was focused on the short-term treatment
outcomes, but periodontal changes in the long term
also are important, especially for older adults. Orthodon-
tic treatment raises dental awareness and improves oral
ics May 2019 � Vol 155 � Issue 5



Table VI. Comparison of the degree of root resorption (mm) adjusted by DI and treatment duration

Measure Young adults (n 5 17) Middle-aged adults (n 5 38) P

Root resorption Estimate mean SE Estimate mean SE
�0.713 0.165 �0.909 0.108 0.346

Table V. Amount of root resorption following orthodontic treatment

Measure

Young adults Middle-aged adults

PT1 T2 T1 T2
Tooth length (mm) Mean SD Mean SD Mean SD Mean SD

21.7 2.34 21.1 2.27 22.4 3.09 21.4 2.93 \0.001*
Root resorption (mm) Mean SD Mean SD

�0.6 0.44 �1.0 0.61 0.014y

*P\ 0.001 between young and middle-aged adults at both T1 and T2; yP\ 0.05 between young and middle-aged adults.

Table VII. Distribution of root resorption severity after
treatment, n (%)

Root resorption Young adults Middle-aged adults
\1 mm 15 (88.2%) 22 (59.5%)
$1 mm to\2 mm 2 (11.8%) 11 (29.7%)
$2 mm to\3 mm 0 4 (10.8%)
Total sites (%) 17 (100%) 37 (100%)
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hygiene and health care behaviors,42 and combined
orthodontic-periodontic treatment shows better clinical
efficacy and prognosis than basic periodontal treatment
alone for periodontally compromised patients.16 Inter-
estingly, the level of orthodontic treatment satisfaction
and intention to recommend treatment to others is
higher for the middle-aged and older population than
for young adults, suggesting additional psychosocial
benefits of orthodontic treatment in older individ-
uals.39,43 Thus, proper orthodontic management in late
adulthood may provide a positive psychosocial benefit
in the long run for older as well as young adults.
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Supplementary Table I. Modified discrepancy index
(DI) to measure orthodontic case complexity

Measure Criteria Scoring
Overjet $0 to\1 mm 1 point

$1 to #3 mm 0 point
.3 to #5 mm 2 points
.5 to #7 mm 3 points
.7 to #9 mm 4 points

.9 mm 5 points
Negative overjet 1 point per mm

Overbite .0 to #3 mm 0 point
.3 to #5 mm 2 points
.5 to #7 mm 3 points
100% overbite 5 points

0 mm(edge to edge) 1 point
Open bite 2 points per mm for

each maxillary
tooth involved
from canine to

canine
Crowding $1 to #3 mm 1 point

.3 to #5 mm 2 points

.5 to #7 mm 4 points
.7 mm 7 points

IMPA $99� 1 point
Each full
degree .99�

Add 1 point

Impaction (except third molars) 2 points per tooth
Missing teeth
(except third
molars)

Noncongenital 1 point per tooth

Congenital 2 points per tooth
Spacing Diastema $2 mm 2 points

$0.5 mm space on
both sides of any 4
teeth or more

2 points

IMPA, incisor–mandibular plane angle.
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Supplementary Table II. Modified dental cast and radiograph evaluation (CRE) to evaluate treatment outcome

Measure Criteria Scoring
Deviated alignment $0.5 to #1 mm 1 point for each tooth

.1 mm 2 points for each tooth
Interproximal space .0.5 to #1 mm 1 point for each contact

.1 mm 2 points for each contact
Overjet If the mandibular canines or incisors are not contacting lingual surfaces of maxillary

teeth, and the distance is # 1 mm
1 point for each maxillary tooth

.1 mm 2 points for each maxillary tooth
Root angulation Not parallel 1 point for each occurrence

Root contacting adjacent root 2 points for each occurrence
Omit scoring the canine relationship with adjacent tooth root
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