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ABSTRACT

Estimation of the trabecular structure of alveolar bone
before implant planning in orthodontic treated patients by
using fractal analysis method

Background: The aim of this study was to assess the trabecular
bone pattern changes of orthodontically treated patients before
orthodontic treatment (T0), immediately after (T1) and 6 months
after (T2) the treatment by using fractal dimension (FD) analysis
in order to guide implant applications.

Methods: Totally 32 orthodontic patients who had one missing
tooth were included in the study. Patients were treated to align
the teeth and to create a dimensionally appropriate space for
implant placement. Panoramic radiographs were taken with
standard protocols at the time periods of before (T0),
immediately after (T1) and 6 months after (T2) treatment. FD
analysis was performed using Image J 1.3 software with the box-
counting method.

Results: The highest FD value was measured before treatment
(T0=1.47+0.14). Mean FD values of T2 was found statistically
significantly higher (1.32+0.14) than T1 (1.19+0.15) (p<0.001).

Conclusion: It is suggested not to plan implant surgery
immediately after the end of orthodontic treatment because
trabecular bone gains more complex nature over time. FD
analysis is a simple and cost-effective tool for examining bone
structure in panoramic radiographs.

KEYWORDS

Alveolar bone, dental implants, fractal analyses,
orthodontics, panoramic radiography

6z
Ortodontik tedavi gérmiis hastalarda implant planlamasi

oncesinde fraktal analiz yontemi kullanilarak alveolar
trabekiiler kemik yapisinin tayini

Amag: Bu calismanin amaci, ortodontik tedavi géren hastalarin
implant tedavisinde rehber olmasi amaciyla, ortodontik tedavi
oncesinde (T0), hemen sonrasinda (T1) ve 6 ay sonrasinda (T2)
trabekuler kemik degisikliklerini fraktal boyut (FD) analizini
kullanarak degerlendirmektir.

Gere¢ ve Yontemler: Calismaya bir disi eksik olan toplam 32
ortodonti hastasi dahil edildi. Hastalar disleri hizalamak ve
implant yerlestirmek icin boyutsal olarak uygun bir alan
olusturmak igin tedavi edildi. Panoramik radyografiler standart
protokollerle sabit ortodontik tedavi ©ncesinde (T0), hemen
sonrasinda (T1) ve 6 ay sonrasinda (T2) alindi. FD analizi Image
J 1.3 yazilmi kullanilarak kutu sayma yéntemiyle yapildi.

Bulgular: En yiksek FD degeri tedavi 6ncesinde oélculdi (TO =
1.47 = 0.14). T2' nin ortalama FD degeri (1.32 = 0.14), T1'den
(1.19 = 0.15) istatistiksel olarak anlaml derecede yuksek
bulundu (p <0.001).

Sonug: Trabekuler kemik zamanla daha karmasik bir yapi
kazandigindan, ortodontik tedavinin sona ermesinden hemen
sonra implant ameliyati planlanmamasi énerilmektedir. FD analizi
kemik trabekul yapisini panoramik radyografilerde incelemek igin
basit ve uygun maliyetli bir yéntemdir.

ANAHTAR KELIMELER

Alveolar kemik, dental implantlar, fraktal analizler, ortodonti,
panoramik radyografi

Orthodontic tooth movement leads to a biological
response of the surrounding tissues of the teeth,
resulting in a remodelling of the periodontal ligament
and the alveolar bone.!" Tooth movement causes
resorption of pre-existing alveolar bone tissue and
provides new bone tissue formation in the process of
bone remodelling. Moreover, the new alveolar bone
tissue owns less mineral content than the pre-existing

bone tissue, so bone quality changes.?® Changes of
alveolar bone quality due to active bone remodelling
during and after orthodontic treatment have been
observed by many studies including rat and finitive
element models.*® However, only limited number of
human studies was conducted for evaluation of
guantitative bone quality.''

® Bolu Abant izzet Baysal University, Dentistry Faculty, Department of Periodontology, Bolu

# Bolu Abant izzet Baysal University, Dentistry Faculty, Department of Dentomaxillofacial Radiology, Bolu

Y Tarkiye Public Hospitals Agency, Ministry of Health, Ankara

A Bolu Abant fzzet Baysal University, Dentistry Faculty, Department of Orthodontics, Bolu

H Medeniyet University, Medical Faculty, Department of Biostatistics, Istanbul

259




Estimation of the trabecular structure of alveolar bone before implant planning in orthodontic treated patients by using fractal analysis method

Cilt 7 » Sayi 2

The trabecular bone structure can be evaluated
using different procedures like strut analysis, fractal
dimension (FD) analysis, and visual observation on
two-dimensional plain radiographs whereas specific
imaging software is used in three-dimensional (3D)
imaging modalities.'>'* 3D radiographs are the
methods that are not used in every patient and are
not available in all clinics. However, the inexpensive
panoramic radiographs provide information about
the maxillary and mandibular bone without undue
exposure.’™ Among the aforementioned techniques,
FD analysis is a mathematical method that can be
used to identify complex structure like trabecular
bone.’®"” FD analysis is an objective and
quantitative evaluation method which provides some
information about bone tissues in a non-invasive
way and is used to evaluate bone changes
associated with apical periodontitis, periodontal
disease, bone surgery and systemic diseases.'®1°

Dental implant treatment is a widely used method for
edentulous areas after orthodontic treatment. The
structure of the trabecular bone is critical for the
stability of the dental implants.?® Changes of the
trabecular structure after orthodontic treatment have
been researched in recent years. However, there is
no consensus about the schedule (or timing) of
dental implant placement after orthodontic
treatment. It is a controversial issue to what extent
clinicians should wait for bone formation before the
implant  placement to obtain  appropriate
osteointegration.

In this study, it was aimed to evaluate the changes
in the trabecular bone pattern of orthodontically
treated patients by using FD analysis before
orthodontic treatment (T0), immediately after
orthodontic treatment (T1) and 6 months after
treatment (T2) to guide the implant therapy of
patients.

MATERIALS AND METHODS

The study protocol was approved by the Clinical
Ethical Committee of Bolu Abant izzet Baysal
University (institutional review board number:
2017/149).

Totally 32 orthodontic patients who had been
applied to Bolu Abant izzet Baysal University,
Faculty of Dentistry, Department of Orthodontics
were examined. Patients who had any systemic
disease that might influence bone density (such as
osteopetrosis, osteoporosis, hypo-
hyperparatroidism), and had periodontal disease or
alveolar bone loss before treatment; any visible
anomalies and pathologic lesions were also
excluded. Patients not complying with similar
treatment period (1.5 years = 6 months) and
patients who smoke were also excluded from the
study.

All patients had one missing tooth; of these; 13 were in
the maxilla (9 teeth were left lateral incisor and 4 teeth
were right lateral incisor) and 19 were in the mandible (8
teeth were right first molar and 11 teeth were left first
molar). Lateral incisors were congenitally missing and
molars were extracted in childhood period with unknown
reasons.There was a tipping of the adjacent teeth to the
area where tooth loss occurred. Treatments were
performed to align the teeth and create a dimensionally
appropriate space for implant placement. Orthodontic
treatments were performed by the same clinician with the
experience of 5 years and a similar appliance system
[0.022 inches, MBT prescription, Mini Master Series
American Orthodontics metal brackets (Sheboygan, WI,
USA)] were used. Similar materials and with similar
strategies were used in all the subjects: type of arch wire
[NT3™ SE NiTi - Nickel Titanium Arch Wire (American
Orthodontics, Sheboygan, WI, USA), Stainless Steel Wire
(SS) (American Orthodontics, Sheboygan, WI, USA],
elastomeric ligatures, elastomeric chains, elastics and
separators (American Orthodontics, Sheboygan, WI,
USA). At the end of orthodontic treatment, for all patients,
ideal crown and root positions and appropriate space for
implant  placement were  provided. Panoramic
radiographs were taken by the same machine (Soredex
Cranex Novus, Tuusula, Finland) with standard protocols
at the time periods of TO, T1 and T2.

FD analysis of each patient was performed three times as
suggested by White and Rudolph® using the box-
counting method both for TO, T1 and T2. The images
were analysed using ImageJ version 1.3 software
(National Institutes of Health, MD, USA). Periodontal
ligament, lamina dura, and related regions, and root
apices were excluded to avoid false interpretation caused
by inflammatory alterations. FD measures of the
trabecular bone were measured from the expansion
space for one implant area between the expanded teeth.
In Figure 1, fractal analysis region of interest (ROI) is
demonstrated.
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Figure 1.

Panoramic radiograph with selected ROI. Lamina dura, periodontal
ligament and related regions, and root apices were not included within the
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The high resolution panoramic radiographs of the patients
were converted into tagged image file formats (TIFFs).
Region of interest (ROI) was selected with the size of 53x25
pixels, cropped, and duplicated. Gaussian blur was used to
blur the high and medium-bright areas in the image, which
was due to the variable thickness of bone and the superficial
soft tissue covering the bone. The resulting image was then
subtracted from the original image, adding 128 gray tones
for each pixel. Then binary process, erode, dilate, invert, and
skeletonize process were performed and FD was calculated
(Figure 2).

A8 C D

Figure 2.

A) Blurred image of the cropped and duplicated ROI, B) The duplicated image
was blurred with a Gaussian filter, C) The blurred image was then subtracted
from the original image, D) Addition of 128 gray value to each pixel location,
E) Binarization, F) Dilatation, G) Inversion, H) Skeletonization.

All measurements were conducted by a single observer
(dentomaxillofacial radiologist). The intra-observer reliability
of FD analysis of the trabecular structure was assessed by
re-evaluating TO, T1 and T2 on randomly selected 15
panoramic images at a 2-weeks interval by using intra-class
correlation coefficient (ICC) with a confidence interval (Cl) of
95%.

Power analysis

For power analysis, at the beginning of the study, the
meaningful difference - effect size - between the initial period
and the 6th month measurements was accepted as 0.20,
0.25 and the type-l error was accepted as 5%, and also the
power of test was accepted as 80%. Using this information,
the minimum required sample size was calculated as 25.
After data analysis, posterior power analysis was performed,
and it was seen that there was a significant difference
between the 3 periods with 99% power. G*Power (ver.
3.0.10) was used for sample size determination.

Statistical analysis

Simple Repeated measurement analysis of variance model
was used for comparisons. p value was accepted as
statistical significance if lower than 0.05 level. Statistical
analyses were done with SPSS for Windows SPSS® v. 16.0
(IBM Corp., New York, NY; formerly SPSS Inc., Chicago, IL)

RESULTS

The systemic intra-examiner error was evaluated at
p<0.05 and found to be statistically insignificant.
The intraclass correlation coefficient (ICC)
measurements indicated good reliability both for
TO, T1 and T2 with a mean ICC of 0.853 (0.832-
0.871), 0.847 (Cl = 0.797-0.863) and ICC of 0.861
(ClI=0.839-0.875), respectively. Of the patients
examined, 8 (25%) were female and 24 (75%)
were male. The mean age of patients was
28.84+9.86 (range between 16 and 56 years) The
mean age for male was 28.50+9.54 years (range
between 16 and 56 years) and for female was
29.87+11.38 years (range between 20 and 43
years), no significant difference was found in
distribution of age according to gender (p=0.739).

When we compared FD values that measured time
periods of TO, T1, and T2, a statistically significant
difference was observed (p<0.001) between them.
Mean FD values of TO was the highest
(FD1.47+0.14). T2 followed it with a mean FD
value of 1.32+0.14. The lowest mean FD value
was measured at T1 time period (1.19+0.15)
(Table 1).

Table 1.

Comparison of mean FD values of TO, T1, and
T2 groups with range and standard deviation
(SD)

T0 32 1472 1.07 1.71 0.14

T 32 1.19° 0.86 1.50 0.15 <0.001

T2 32 132 1.05 1.64 0.14
DISCUSSION

Dental implant treatment is the most widely used
treatment modality to treat edentulous areas after
orthodontic treatment. It is a known fact that there
must be sufficient bone support to perform implant
treatment. Therefore, it is necessary to evaluate
the quality of the bone to select the appropriate
side and suitable implant.?? In addition to giving
appropriate positions to the teeth, orthodontic
treatment also lead some changes in the density
of surrounding bone which may affect implant
stability.2®

In the dental literature, there are some studies
showing that bone density or quality is assessed
by Hounsfield units (HU) values® and grey scale
values on cone beam computed tomography
(CBCT)?* and FD analysis on two-dimensional
radiographs.’®#®2  CBCT and other 3D
radiography modalities give more accurate results
and provide more details, but using them routinely
for orthodontic therapy seem unneeded, because
these techniques have high cost and significant
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radiation doses.”® Therefore, panoramic panoramic
radiographs can be useful in the evaluation of trabecular
pattern and used in orthodontic treatment follow-up.
Therefore, this retrospective study was carried out by
performing FD analysis on panoramic radiographs.

In some previous studies evaluating the effects of
orthodontic treatment on alveolar bone, it has been
reported that orthodontic tooth movement can reduce
bone density around the teeth®%2728 whereas in some
studies the opposite was stated.2®%®® Campos et al®
showed that the bone density around the teeth after
orthodontic treatment was similar with pretreatment values.
The results of previous studies about the effect of
orthodontic treatment on bone density around teeth are
variable. In a study by Yu et al** using CBCT, before the
orthodontic treatment, after 7 months of active orthodontic
treatment and 20-22 months after the end of the treatment,
the bone density around the teeth was evaluated by
measuring the grey scale values in CBCT. They reported
that the alveolar bone density around the teeth have
decreased during orthodontic tooth movement. However,
they noted that after a period of bone healing (about 20-22
months after orthodontic treatment), the decreased bone
density returned to its baseline state prior to orthodontic
treatment. Hsu et al® evaluated HU values of the maxillary
anterior teeth using the CBCT images of 8 patients at
immediately before the end of the 7-months orthodontic
treatment and immediately after the end of the treatment
and reported a significant decrease in bone density. In the
present study, FD values of trabecular bone were found
similar with the results of Yu et al** and Hsu et al®, FD
values measured at the end of active orthodontic treatment
(T1) were lower than the initial values (T0), and the
measured FD value after a 6-months waiting period (T2)
approached to the pre-treatment state (T0). Usage of an
orthodontic retainer for a period of time following active
orthodontic treatment may lead the increase of bone
density. This can be attributed to the increase in FD values.

When we evaluated the previous studies evaluating bone
by FD analysis; we saw that different results are presented.
Wilding et al®® performed FD analysis using panoramic
radiographs to evaluate alveolar bone changes in 18
patients after implant treatment. The results of the study
showed that bone changes in the implant neck were
remarkable and this change was considered an FD
increase in relation to an increase in trabecular complexity.
Araljo et al®® used FD analysis to evaluate osteoclastic
activity induced by the orthodontic load on rabbit
mandibles and found a strong correlation between the
number of osteoclasts and fractal dimension. The authors
concluded that osteoclastic activity induced to an increase
in bone surface irregularity, which was quantified by its
fractal dimension. Lee et al** evaluated the relationship
between the implant stability coefficient (ISQ) and the FD
measurement in 52 implant regions on panoramic
radiography and found a significant positive correlation
between them. These fractal findings show similarity to the
current study results, but we evaluated bone quality by
only fractal analysis not by histological or other methods
because of human ethics.

In contrast with the present study result, Rothe et
al® used FD to analyze the trabecular bone
structure on the periapical radiographs as a risk
factor in orthodontic relapse of mandibular incisors
and found no statistically significant differences in
the trabecular structure of bone, as measured with
fractal analyses, between the relapse and stable
groups. Similarly, Jung et al*®* retrospectively
evaluated the structural changes in the alveolar
bone of 12 patients with 35 implants from one week
to six months after implantation using panoramic
radiographs. They have reported no significant
change in FD values until six months after implant
placement. It is thought that the differences
between the results of these studies are due to
different sample size, radiographic methods, and
different ROIls. Several studies have evaluated the
reliability of FD calculations from radiographs,
finding that they are not sensitive to small alignment
variations or over- or sub-exposure. Furthermore,
ROI placement has more critical importance than
ROI size.®” In our study, we used standardized
panoramic radiographs and attentively placed ROI
not involving lamina dura, periodontal ligament, and
related regions, and root apices to prevent the
potential unknown effects of these factors. The most
commonly used method in the literature to calculate
FD is box counting, which was also used in the
present study to evaluate the trabecular structure of
mandible.®®

To our knowledge, no published papers have
focused on trabecular bone structure change of
orthodontically treated patients over time before
implant application. The results of this study
confirmed that FD scores (or values) significantly
increased after 6 months of treatment, suggesting
an increase in the amount of bony microstructure in
the trabecular bone structure. Also, FD
measurements were conducted only at three time
points (before, immediately after and 6 months after
the treatment) with no long-term follow-up because
of the closure risk of the tooth space.

CONCLUSION

Clinicians should be cautious when planning
implant surgery to patients whose orthodontic
treatment just completed and had decreased bone
quality. Because negative bone changes as
decreased bone quality can affect primary stability,
osseointegration and success of dental implants. A
delay should be advisable after completion of fixed
orthodontic therapy for the placement of
endosseous implants. We cannot claim whether
trabecular structures alone can predict primary
stability and successful osseointegration because
many factors can affect. The findings of this study
provide only preliminary evidence and further
researches are required utilizing larger samples with
long term follow-up and histological examination.
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