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ORIGINAL RESEARCH

EVALUATION OF CHANGES IN ALVEOLAR BONE HEIGHT
FOLLOWING REMOVABLE ORTHODONTIC APPLIANCES AT
UNIMUS DENTAL HOSPITAL

Dea Zahra Khairunnisa', Dimar Pangestika Sari*?, Ayuda Nur
Sukmawati®, M. Al Haris*.

ABSTRACT

Introduction: Malocclusion is a condition characterized by misalignment
of the teeth and improper jaw alignment, which can lead to impaired
chewing function. One type of orthodontic appliance that can be used in the
treatment of malocclusion is the removable orthodontic appliance. This
appliance offers the advantage of being easily removed and reinserted by
the patient, thereby helping to maintain better oral hygiene, and carries a
lower risk of root resorption and periodontal complications compared to
fixed orthodontic appliances. Research on changes in alveolar bone height
has largely focused on the use of fixed orthodontic appliances, while studies
on removable orthodontic appliances remain limited. Aim: This study aims
to evaluate the differences in alveolar bone height before and after the use
of removable orthodontic appliances in patients at Unimus Dental Hospital.
Methods: This study applied an analytical observational approach with a
cross-sectional design. The study was conducted by measuring the alveolar
bone height on panoramic radiographs before and after the use of
removable orthodontic appliances on 10 teeth in 17 subjects using ImageJ®
software. Result: Both the paired sample t-test and the Wilcoxon signed-
rank test results showed p-values greater than 0.05. Conclusion: There was
no difference in alveolar bone height before and after the use of removable
orthodontic appliances in patients at the Unimus Dental Hospital
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speech functions and affect the patient’s physical
and emotional health.! Globally, malocclusion is

considered the third most common oral health
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INTRODUCTION
Malocclusion is a condition characterized
by misalignment of the teeth and improper jaw

alignment, which can impair masticatory and

condition after caries and periodontal disease.? In
Indonesia, the prevalence of malocclusion
remains high, with an estimated 80% of the
population affected by the condition.? The high
incidence of malocclusion highlights the need for
appropriate treatment through orthodontic care.
Orthodontic treatment aims to correct abnormal
ideal

tooth positions to achieve a more
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alignment, both functionally and aesthetically.*
Orthodontic appliances that can be used in the
treatment of malocclusion include removable
orthodontic  appliances, fixed orthodontic
appliances, and fixed-removable orthodontic
appliances.* Removable orthodontic appliances
offer several advantages, such as being easily
removed and reinserted by the patient,
maintaining oral hygiene more effectively,
relatively lower treatment costs, and lower risks
of complications such as root resorption,

decalcification, and periodontal disorders
compared to fixed orthodontic appliances.®

One type of tooth movement produced by
removable orthodontic appliances is tipping.
Tipping occurs when orthodontic forces act on
the crown of the tooth, causing it to tilt around a
specific pivot point.® The force required to move
a single-rooted tooth ranges from 25—40 g/mm;
forces below 25 g/mm may not produce optimal
tooth movement, whereas forces above 40 g/mm
may damage periodontal tissues and delay tooth
movement.”  Suboptimal  application  of
orthodontic forces can elicit biological responses
in periodontal tissues, including the alveolar
bone.® The alveolar bone is a complex structure
located on top of the basal bone of the maxilla
and mandible that forms the tooth sockets.’ In
areas subjected to pressure, bone resorption
occurs, whereas bone apposition occurs in areas
subjected to traction.® Resorption during
orthodontic treatment generally occurs at less
than 1.5 mm, with the normal range considered
to be 1-2 mm.!' Although alveolar bone
resorption is generally within normal limits,

excessive alveolar bone loss can reduce tooth

support, potentially causing occlusal instability
and decreasing the patient’s quality of life.!!
Therefore, evaluation of alveolar bone
height is important in orthodontic treatment.
Radiography serves as a diagnostic tool to
evaluate changes in hard tissues during
orthodontic treatment.!'? Panoramic radiography
is frequently utilized because it provides a
comprehensive view of the maxillary and
mandibular structures with relatively minimal
radiation exposure.'> Previous studies have
mainly focused on alveolar bone height changes
associated with fixed orthodontic appliances;
however, studies involving removable
orthodontic appliances remain limited. Based on
this, the researchers intend to further investigate
the relationship between alveolar bone height
and removable orthodontic appliances. This
study aims to determine the differences in
alveolar bone height before and after the use of
removable orthodontic appliances in patients at
the Unimus Dental Hospital, with the expectation
of contributing to the scientific field of
orthodontics and supporting clinical decision-
the wuse of removable

making regarding

orthodontic appliances.

METHODS

The research adopted an analytical
observational cross-sectional design, purposive
sampling was used to select the participants, a
non-random sampling method (non-probability
sampling). The study sample consisted of 17.!3
orthodontic patients who treated by clinical
students at the Faculty of Dentistry,
Muhammadiyah University of Semarang. The

sample selection for this study was based on the

95

B-Dent: Jurnal Kedokteran Gigi Universitas Baiturrahmah Vol. 13 No 1 (Juni 2026)



Khairunnisa : Evaluation of changes in alveolar bone height following removable ...

research conducted by Nauli et al. in an article
titled “Decrease in Alveolar Crest Height Due to
Standard

Molars”;

Orthodontic Treatment Using a

Edgewise Fixed Appliance on
therefore, the sample criteria used were adapted
to the characteristics of the subjects and the
research objectives outlined in that study.

The samples were selected based on the
following inclusion criteria: 1. The study
subjects were orthodontic patients of dental
students at the Faculty of Dentistry,
Muhammadiyah University of Semarang; 2. The
patients had never used fixed orthodontic
appliances; 3. Patients had attended at least 10
and/or had completed

follow-up  visits

orthodontic ~ treatment using  removable
orthodontic appliances with Adam clasps on their
molars; 4. Patients did not have any systemic
diseases; 5. Patients did not have periodontal
disease or periodontitis; 6. Patients were aged
15-40 years. The exclusion criteria applied in
this study were as follows: 1. Patients with
extracted canines, second premolars, and molars.
This study was approved by the Health
Research Ethics Committee (KEPK) of the
University of Muhammadiyah Semarang Dental
and Oral Hospital following an ethical review
process and was approved on January 26, 2026,
under reference number:
007/RSGM.KEPK/PE/2026. This study was
conducted at the University of Muhammadiyah
Semarang Dental and Oral Hospital from
December 2025 to February 2026.
This study was conducted by measuring
the difference in alveolar bone height before and
after treatment with removable orthodontic

appliances in patients at the University of

Muhammadiyah Semarang Dental and Oral
Hospital using panoramic radiographs and
ImageJ® software. The alveolar bone crest
height was determined by measuring the distance
from the cemento-enamel junction to the alveolar
The

the

bone crest before and after treatment.

Cemento-Enamel Junction (CEJ) and
alveolar bone crest were selected as reference
points because they are stable anatomical
landmarks that can be consistently identified on
radiographs. Therefore, measuring the CEJ-AC
distance is used as the standar method for

evaluating alveolar bone loss. !

B

Figure 1. Determining the points to be measured on the
radiograph (A) and on the patient's dental anatomy (B)
Note: Red: CEJ (Cemento-Enamel Junction), Blue:
Alveolar crest

Before performing data analysis, an intra-

examiner calibration test was conducted using
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five randomly selected panoramic radiographs.
Each radiograph was measured three times at

five-day intervals to assess measurement

consistency.

Figure 2. Draw a straight line from the CEJ to the alveolar
crest on the mesial and distal sides

Alveolar bone height measurements were
performed on all study subjects using the
Imagel® software application, as follows: 1.)
Open the patient’s digital panoramic radiograph
using the Image]® software. To minimize
measurement bias, all panoramic radiographs
were first scale-calibrated prior to analysis. In
addition, only panoramic radiographs of Grade 2
(diagnostically acceptable) quality were included
in the study, ensuring that the images met
diagnostic acceptability criteria and allowed for
identification of

2)

accurate and consistent

anatomical landmarks. Calibrate the
measurement scale and specify the actual length
(Known Distance) in millimeters, then click
“OK” to save the calibration. 4.) After the image
is calibrated, measurements are taken by drawing
a straight line using the Straight Line Tool from
the cemento-enamel junction to the alveolar bone

crest on the mesial and distal aspects of the

examined tooth.'* 5.) The measurement results
can be analyzed using software statistics.
Normality test was first examined using
the Shapiro—Wilk test, a paired sample t-test was
applied to normally distributed data, whereas the
Wilcoxon signed-rank test was used for non-

normal data.

RESULTS
Based on 17 panoramic radiographs
obtained from patients who met the inclusion
criteria, a calibration test (intra-examiner error)
was then conducted by selecting a random
sample of 5 panoramic radiographs, with each

sample measured three times at 5-day intervals.

Table 1. Intraclass correlation coefficient test
ICC
0.990

Sig.
0.000

Single measures

The calibration test results indicate a p-
value greater than 0.90 (see Table 1), indicating
consistent and stable measurements.

The results of the measurements before and after
orthodontic treatment as shown in the table

below.

Table 2. Alveolar bone height before treatment

N Min-Max Mean + SD
33D 17 2.02 - 3.06 2.61 + 0.308
35M 17 2.00 - 3.00 2.58 £ 0316
35D 17 1.69 —2.94 2.39 +0.337
36M 17 1.89 -3.52 2.60 £0.435
36D 17 1.69 -3.15 2.38 +£0.345
43D 17 1.96 —3.82 2.61 +£0.440
45M 17 2.06 -3.37 248 £0.321
45D 17 1.85-3.77 2.59 +0.446
46M 17 2.03-3.80 2.78 £0.564
46D 17 2.12-3.67 2.74 + 0.425

Note: 33: Mandibular Left Canine, 35: Mandibular Left
Second Premolar, 36: Mandibular Left First Molar, 43:
Mandibular Right Canine, 45: Mandibular Right Second
Premolar, 46: Mandibular Right First Molar, M: Mesial, D:
Distal.
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Table 3. Alveolar bone height after treatment

Table 5. Results of Paired Sample t-test

N Min-Max Mean + SD
33D 17 2.04 -3.28 2.57+0.429
35M 17 1.68 —4.24 2.55+0.643
35D 17 2.06-2.79 2.39+0.198
36M 17 1.82-4.18 2.62+0.598
36D 17 2.00-2.99 2.45+0.271
43D 17 1.85-3.44 2.58+0.483
45M 17 1.73 -3.35 2.68+£0.519
45D 17 2.12-3.64 2.74 +£0.356
46M 17 1.94 —-3.60 2.63+£0.525
46D 17 2.18-2.93 2.57+0.214

Note: 33: Mandibular Left Canine, 35: Mandibular Left
Second Premolar, 36: Mandibular Left First Molar, 43:
Mandibular Right Canine, 45: Mandibular Right Second
Premolar, 46: Mandibular Right First Molar, M: Mesial, D:
Distal.

Table 4. Alveolar bone height difference after treatment

Min - Max Mean + SD
33D -0.78 - 1.26 -0.042 —0.543
35M -0.92 -1.80 -0.029-0.734
35D -0.60 —0.69 -0.006 — 0.339
36M -1.17-147 -0.018 — 0.725
36D -0.43-0.61 -0.072 -0.297
43D -1.05-1.09 -0.030 - 0.661
45M -0.76 — 0.81 -0.205-0.537
45D -1.11-1.79 -0.147 - 0.628
46M -1.75-0.98 -0.154 -0.722
46D -0.86 —-0.39 -0.171-0.397

Note: 33: Mandibular Left Canine, 35: Mandibular Left
Second Premolar, 36: Mandibular Left First Molar, 43:
Mandibular Right Canine, 45: Mandibular Right Second
Premolar, 46: Mandibular Right First Molar, M: Mesial, D:
Distal.

Since the data is numerical, a normality
test was first conducted on the difference in
alveolar bone height before and after the use of
removable orthodontic appliances. Based on the
results of the Shapiro—Wilk normality test, the
data for teeth 33D, 35D, 36M, 36D, 43D, 45M,
45D, 46M, and 46D showed a normal
distribution; consequently, a parametric test was
performed using a paired t-test to compare two
within  the

measurements same

group.
Meanwhile, for the data with a non-normal
distribution in tooth 35M, analysis was
conducted using the non-parametric Wilcoxon

signed-rank tests.

Mean £+ SD P Notes
33D 0.042+£0.543  0.749 Not Significant
35D  -0.006 +0.339  0.938 Not Significant
36M  -0.018+0.725 0919 Not Significant
36D -0.072+0.297 0.326 Not Significant
43D 0.030+0.661  0.851 Not Significant
45M  -0.205+0.537 0.135 Not Significant

45D  -0.147+0.628  0.349 Not Significant
46M  0.154+0.722  0.390 Not Significant
46D 0.171 £0.397  0.094 Not Significant

Note: 33: Mandibular Left Canine, 35: Mandibular Left
Second Premolar, 36: Mandibular Left First Molar, 43:
Mandibular Right Canine, 45: Mandibular Right Second
Premolar, 46: Mandibular Right First Molar, M: Mesial, D:
Distal.

Results of the paired-sample t-tests for
all regions showed no significant differences,
with p-values above 0.05. The findings from the
Wilcoxon signed-rank test showed a p-value
greater than 0.05.

Table 6. Results of the Wilcoxon Signed-Rank test
p Notes

35M 0.276 Not Significant
Note: 35: Mandibular Left Second Premolar, M: Mesial

DISCUSSION

Removable orthodontic treatment in the
Dental  Clinical  Student  Program  at
Muhammadiyah University of Semarang is
performed using Adam clasps on the molars. The
duration of treatment depends on the patient’s
specific case. Removable orthodontic treatment
is generally suitable for mild malocclusion cases,
such as diastema.

This research aimed to evaluate the change
in alveolar bone height before and after treatment
with removable orthodontic appliances in
patients at the Unimus Dental Hospital using
panoramic

radiographs. This study was

conducted on 17 panoramic radiographs
measured using the Bjorn method, which
measures the height of the upper alveolar bone in

relation to the total crown length—specifically,
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the ratio of the distance from the upper alveolar
bone to the crown, to the cementoenamel
junction, to the upper surface of the canine,
second premolar, and lower molar before and
after the use of the orthodontic appliance.

According to the results of the paired t-test
analysis conducted on all observed teeth, the p-
value was > 0.05. These findings indicate that
there was no statistically significant difference
before and after use of removable orthodontic
appliances.

Based on Table 6, the results of the
Wilcoxon Signed-Rank tests on all measured
teeth showed a p-value greater than 0.05,
suggesting that there was no change in alveolar
bone height before and after treatment with
removable orthodontic appliances.

Based on the findings of this study, it can
be concluded that no difference in alveolar bone
height was observed after the use of removable
orthodontic appliances. This may occur because
the pressure exerted by removable orthodontic
lower

appliances is compared to fixed

orthodontic appliances; in  removable
orthodontics, the resulting movement is tipping,
which generates a force of 35-60 gm, whereas
the movement produced by fixed orthodontic
appliances is bodily movement, which generates
a force of approximately 70-120 gm.'?

This study shows similar results to a
previous study, which found that resorption at the
root apex was higher in patients treated with
fixed orthodontic appliances than in those treated
with removable orthodontic appliances—
specifically clear aligners. The mean resorption
at the root apex in the fixed orthodontic appliance

group was 1.51 = 1.34 mm, while the mean ARR

value in the clear aligner group was 1.12 + 1.34
mm. It can be concluded that the level of apical
root resorption in patients undergoing treatment
with removable orthodontic appliances (clear
aligners) is lower compared to patients using
fixed orthodontic appliances.'®

A similar study was also conducted by
Atae et al.,'” comparing changes in alveolar bone
and apical root resorption between users of
removable orthodontic appliances, such as clear
aligners and fixed orthodontic appliances. The
results showed that a more significant reduction
occurred in users of removable orthodontic
appliances, with an average root length of 13.2
mm, whereas in clear aligner users, the average
root length was 13.8 mm.!”

This study has several limitations that
should be considered. The limitation of this study
is that measurements were taken using
panoramic radiographs of patients before and
after treatment. Panoramic radiographs have
image distortion and non-uniform magnification,
as well as resolution limitations; differences in
patient positioning and superimposition of
anatomical structures can affect the consistency
of measurements. To minimize potential bias,
this study used only Grade 2 (diagnostically
acceptable) panoramic radiographs, ensuring that
the images analyzed met diagnostic acceptability
criteria and allowed for the accurate and
consistent  identification = of  anatomical
landmarks. The author’s recommendations for
institutions based on this study include
improving radiographic examination standards
and enhancing the standardization of panoramic
radiography procedures, particularly regarding

patient positioning and image quality, to improve
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the consistency and accuracy of pre- and post-
treatment measurement results.

Recommendations for future researchers
include using a a greater number of samples to
boost statistical power and enhance sensitivity to
minor changes. Additionally, the use of a
longitudinal study design with a longer
observation period is expected to provide a more
comprehensive picture of the changes that may
occur as a result of using removable orthodontic
appliances.

Further research is also recommended to
employ more accurate imaging methods, such as
periapical radiographs or cone beam computed
tomography (CBCT), so that the results of the
measurements become more precise and reduce
measurement bias that

may occur with

panoramic radiographs. Furthermore, the
inclusion of other variables such as appliance
wear duration, patient compliance, age, and
baseline periodontal condition can provide a
deeper understanding of the factors influencing
changes in the periodontal tissues during

orthodontic treatment.

CONCLUSION

Based on both parametric (paired t-test)
and non-parametric (Wilcoxon Signed-Rank
Test) analyses, all p-values were greater than
0.05, indicating that there was no statistically
significant difference in alveolar bone height
before and after the use of removable orthodontic
appliances. Therefore, within the limitations of
this study, the use of removable orthodontic
appliances in patients at Unimus Dental Hospital
did not result in significant changes in alveolar

bone height.
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