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Main Points
The correction of skeletal Class Il malocclusion has been successfully achieved with both removable and fixed functional appliances.
The effects of Twin Block and Herbst appliances are not limited to dentoalveolar changes; they also contribute to the remodelling of the
mandibular trabecular structure.
The fractal dimension analysis analysis revealed that notable alterations in the trabecular configuration of the condylar region of the mandible
occurred following functional treatment.

ABSTRACT

Objective: The aim of this retrospective study was to compare the effects of the Twin block and Herbst appliances on the mandibular
trabecular pattern using fractal dimension analysis (FDA) of panoramic radiographs (PRs).

Methods: The PRs of 50 subjects with skeletal Class Il malocclusion who underwent the Twin block (T-group, average age: 11.63+0.87;
25 girls, 25 boys), 50 subjects with skeletal Class Il malocclusion who underwent the Herbst (H-group, average age: 11.72+0.91; 27 girls,
23 boys), and 50 controls (C-group average age: 11.67+0.83; 24 girls, 26 boys) were selected. The condyle, corpus, and angulus regions
of all groups in the mandible were examined using FDA.

Results: The condylar region (p<0.001) and corpus mandible in the treatment groups (T-group: right, p<0.05, left, p<0.01; H-group:
p<0.05), as well as the left and right condylar region (p<0.001) and left corpus mandible (p<0.05) in the C-group, all indicated
substantial increases in FDA between TO and T1. Inter-group comparisons indicated that the T-group had greater variances in the
condyle (p<0.001) compared to the H group.

Conclusion: As the findings revealed both Twin block and Herbst appliances not only contributed to the dentoalveolar structure but
also provided remodeling of the mandibular trabecular structure. Consequently, the null hypothesis was rejected.
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INTRODUCTION

Functional therapy aims to induce mandibular elongation
by stimulating cellular condylar growth and to correct Class
Il malocclusion associated with mandibular retrognathia by
altering the position of the mandible in both the sagittal and
vertical planes.”? While some authors have reported increased
mandibular length® and improvements in condylar cellular
activity,>* others have argued that this treatment method is
ineffective for mandibular growth.>¢ In addition, it has been
reported that more dentoalveolar changes are observed in the
treatment of Class Il malocclusion with functional appliances.’

Although several studies have examined the Twin block and
Herbst effects with different imaging methods, especially
cephalometric analysis, they yielded uncertain results, as
predicted, because they do not show structural alterations
of the mandibular trabecular*¢® In some of the studies
evaluating the effects of Twin block and Herbst appliances on
the mandible, some researchers pointed out the superiority
of Twin block in terms of skeletal efficiency,’" conversely,
Song et al.’? reported that the Herbst appliance exerted a
more prominent effect on the mandible compared with the
Twin block and activator groups. On the other hand, some
researchers reported no significant dentoalveolar or skeletal
differences between the two treatment groups.

Fractal dimension analysis (FDA), which measures the
trabecular bone pattern, bone marrow, and trabecular bone
interface, is an effective mathematical method that provides
reliable results for the analysis of bone structure and trabecular
pattern.” This study was designed considering that despite
studies investigating the effects of functional therapy on the
mandibular trabecular structure with the use of FDA-based
PR therapy, it supports the consensus and contributes to the
literature by comparing the effects of different functional
appliances on the mandibular structure. Therefore, the aim
of this study was to compare changes with two different
functional orthodontic appliance treatments on the
mandibular trabeculae via the FDA of panoramic radiographs
(PRs) and to evaluate the effect of sex differences. Untreated
control samples were also collected for comparison with the
treatment groups.

The null hypothesis was that no difference would be found
among the effects of the Twin block, Herbst, and control groups
on the mandibular trabecular structures.

METHODS

Study samples were obtained from the archives of Karadeniz
Technical University and Yeditepe University, Faculty of
Dentistry. The study was approved by the Scientific Research
Ethics Committee of Karadeniz Technical University, Faculty of
Dentistry (approval number: 2022-7, date: 29.07.2022).

Sample size was determined via power analysis (G*Power, Ver.
3.1.9.2, Franz Faul; Universitat Kiel, Germany), concluding that
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46 subjects per group was sufficient. Calculation of the sample
size based on the study of Akan and Unlii Kursun' displayed
that 46 patients would be sufficient for each group with a
power >80%, an alpha error of 0.05, a beta error of 0.20, and an
effect size of 0.55. To safely maintain the power of the study, 50
subjects were added to each group. Therefore, the radiographs
of a total of 150 subjects were chosen in accordance with
inclusion criteria, consisting of 50 Class Il individuals who
underwent Twin block treatment (T-group, mean age:
11.63+0.87; 25 females, 25 males), 50 individuals who received
the Herbst appliance (H-group, mean age: 11.72+0.91; 27
females, 23 males), and 50 control subjects (C-group, mean
age: 11.67+0.83; 24 females, 26 males).

Selection of patients for the twin block and Herbst groups
was performed by assessing pre- (T0) and post-treatment (T1)
radiographs. Those meeting the following inclusion criteria
were chosen: pre-treatment Class Il malocclusion (SNB <80Aa),
the use of Twin block and Herbst appliances alone to enhance
mandibular improvement, the initiation of treatment in the
MP3 cap period according to the hand-wrist recording, and
good compliance with functional treatment. To determine
the skeletal maturation stages, pre-treatment hand-wrist
radiographs of the patients were obtained by an orthodontist
according to the method described by Bjork.'® The control
group comprised 50 growing subjects who were matched with
the treatment group for sex and maturation stage. All control
subjects had Angle Class | occlusion with normal overjet and
overbite and all teeth present. Moreover, this group consisted
of patients who applied for routine dental treatment, had not
previously undergone orthodontic treatment, and did not have
any systemic diseases or craniofacial deformities.

Cephalometric radiographs and digital PRs were obtained for
patients in the treatment groups at T0O and T1. In the H group,
the T1 period occurs immediately after removal of the Herbst
appliance. The mean treatment duration in the T group was
1.00£0.47 years. In the H group, the mean treatment duration
was 0.97+0.46 years.

Twin block appliances consisting of upper and lower acrylic
blocks interlocked at approximately 70° to the occlusal
plane, which are routinely used in clinics, were applied to the
patients."” The functional bite for the Twin block appliance was
performed with the patient biting forward in the maximum
protrusion that was comfortable. This approach allowed for the
increased overjet to be corrected with a single advancement.
The Herbst appliance was cast cobalt chromium, as described
by Pancherz and Ruf.’® In this design, the Herbst framework
was extended posteriorly from the canines to include all teeth.
Whenever possible, the occlusion was advanced to an edge-to-
edge relationship.

For comparison of treatment outcomes with growth-related
alterations in the mandibular trabeculae, the C group included
individuals who had two digital PRs obtained for standard
dental examination at two different periods. The mean interval
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between these radiographswas 0.99+0.45 years. Cephalometric
radiographs of control subjects who underwent routine dental
procedures, not orthodontic treatment, were not included due
to ethical concerns.

All patients underwent lateral cephalometric radiographs using
Kodak 9000 (Extraoral Imaging System, Carestream Health, Inc.,
USA), and measurements were performed using Nemoceph
Version 6.0 software (NemoStudio 2020, Software Nemotec
S.L, Madrid, Spain). Cephalometric evaluation included skeletal
and dentoalveolar measurements (Figure 1).

Fractal Dimension of PRs

Radiographic images for all patients were acquired using the
Kodak 9000 Extraoral Imaging System (Carestream Health, Inc.,
USA) with an exposure time of 14.3 s (70 kVp, 10 mA). and the
Sirona Orthophos XG3 device (Sirona, New York, USA) with an
exposure time of 14.1 s (64 kVp, 8 mA). To ensure consistency
and standardization of the images acquired from the two
panoramic X-ray devices, the matrix dimensions and image
sizes were meticulously assessed and validated.

PRs were measured using Imagel) software version 1.53
(National Institutes of Health, Bethesda, MD). The FDA was
performed using software developed by White and Rudolph',
employing the box-counting method. Regions of interest
(ROIs) were in 50x50-pixel size range and were chosen from
three different areas of the mandible (both right and left sides),
as follows:

Region 1: The condylar process, including the subcortical
condylar region.

Region 2: The mandibular angle, encompassing the mid-
trabecular zone between the mandibular angle and the inferior
cortical border of the mandibular canal.

Figure 1. Cephalometric measurements. Skeletal measurements: (1)
SNA; (2) SNB; (3) ANB; (4) GoGn/SN; (5) Co-A; (6) Co-Gn; (7) Co-Go;

(8) Go-Gn; (9) ANS-Me; (10) S-Go. Dentoalveolar measurements: (11)
1-NA (°); (12) 1-NA (mm); (13) 1-NB (°); (14) 1-NB (mm); (15) overjet;
(16) overbite
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Region 3: The mandibular body, located above the mandibular
canal between the first and second molars (Figure 2).

The PRs of the patients in the groups were converted into
Tagged Image File Format (TIFF) images. Selected ROls
were duplicated, and a Gaussian filter with a sigma value of
35 was applied to the duplicated images. These processed
images were subsequently subtracted from the originals. To
differentiate between bone marrow cavities and trabeculae, a
pixel gray value of 128 was applied to all pixel locations, with
a threshold also set at 128-gray. The fractal dimension (FD)
values were calculated after the image preprocessing steps
were performed, which included binary conversion, erosion,
dilation, inversion, and skeletonization (Figure 3).

Statistical Analysis

Data analysis was performed using the SPSS 22 package
program. Normal distributed paired groups were compared
using the t-test, whereas ANOVA was used for comparisons
of three or more groups. The Mann-Whitney U test was used
for comparisons between paired groups without normal
distribution, and the Kruskal-Wallis-H test was used for
comparisons between three or more groups. The paired
t-test was used for paired groups with normal distribution.
The Wilcoxon signed test was used for paired groups without
normal distribution. Descriptive statistics (mean, median,
standard deviation, minimum-maximum) were used to evaluate
the study data. The level of significance was accepted as 0.05,
where a value of p<0.05 indicated a significant difference and a
value of p>0.05 indicated no significant difference.

RESULTS

Cephalometric measurements of 25 randomly selected
patients were repeated by the same orthodontist who was
blinded to the groups 1 month after the initial measurements
to determine intra-observer reliability. Fractal measurements of
75 randomly selected patients were also repeated by the same
maxillofacial radiologist blinded to the groups approximately
1 month after the initial measurements to permit calculations
of the intraclass correlation coefficient, with a confidence
interval of 95%. The intraexaminer error was assessed at
p<0.05 and was considered statistically negligible. With a mean
intraclass correlation value of 0.826 (confidence interval =0.749
-0.898), the interclass correlation coefficient measurement
demonstrated high reliability.

Cephalometric Measurements

Table 1 presents a comparison of pretreatment cephalometric
measurements between the Twin block and Herbst groups.
The comparison of differences in cephalometric measurement
changes between treatment groups were given in Tables 2 and
3. It was revealed that the difference values of SNA, SNB, Co-Gn,
Co-Go, Go-Gn, ANS-Me, and S-Go (p=0.001) in the T group were
significantly higher than those in the H group, whereas the
difference values of ANB (p=0.001), 1-NB (mm) (p<0.05), 1-NB
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Figure 2. Locations of the ROIs from three different areas of the mandible (condyler, angulus mandible, corpus mandible)

RO, regions of interest

Figure 3. Stages of fractal dimension analysis: a) cropped region of interest, b) blurred image of duplicated region of interest, c) the blurred image
was subtracted from the original image, d) addition of a gray value of 128 to each pixel location, e) threshold, f) binary, g) erode, h) dilate, i) invert, j)
skeletonize

(°) (p<0.01), and overjet (p=0.001) were lower. Although it was
not statistically significant, the GoGn/SN difference values were
higher in the T group than in the H group (Table 4, p>0.05).

Fractal Dimension Analysis

The initial comparison (T0) of chronological age and FDA
measurements between all groups were given in Table 5. There
was no difference among the groups regarding initial patient
age (p>0.05). FDA showed that at the start of the treatment,
the control group had higher FDA values in both the left and
right mandibular corpus (p<0.01) and condylar region (right,
p<0.001; left, p<0.01) compared with the treatment groups.
The FDA values of the H group were lower in the right angulus
mandible than those of the T and C groups (p<0.05) (Table 5).

A comparison of chronological ages and FDA changes
between the TO and T1 periods within and among the groups
are presented in Table 6. Right and left condyle FDA values
(p=0.001) and mandibular corpus (right, p<0.05; left p<0.01,
p<0.05) increased significantly in the treatment groups,
whereas only the left condyle region (p<0.001) and left corpus
mandible FD values (p<0.05) increased significantly in the
control group. Inter-group comparisons revealed that both
the right and left condylar processes of the T group indicated
greater variations in FDA values (p<0.001) (Table 6).

Intra-group pre- and post-treatment changes in chronological
age and FD parameters between genders are presented in Table
7.The right mandibular corpus value was significantly higher in
the T group for girls (p<0.001) whereas right condylar process
value was significantly higher in the T group boys (p<0.05) at
TO.There were no significant differences in FDA values between
girls and boys in the T1 period (p>0.05) (Table 7).
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Table 1. Comparison of the mean values of the cephalometric parameters during pre-observation (T0) period among the Twin block and Herbst
groups

Twin block (n=50) Herbst (n=50) .II\-/-lgnn-Whitney U test

Mean+SD Min.-Max. Mean+SD Min.-Max. Mean DifferencexSD  p-value
Skeletal Measurements
SNA 80.3 1.5 78.0 83.00 81.3 1.8 78.0 85.0 -0.97+0.34 0.008**
SNB 743 1.2 72.0 77.00 75.9 1.6 72.0 79.0 -1.68+0.29 0.000%**
Anb 6.0 1.2 5.0 10.00 5.4 1.1 4.0 9.0 0.67+0.24 0.006**
GoGn/Sn 323 33 24.0 39.00 325 4.1 23.0 41.0 -0.17+0.75 0.589
Co-A 83.54 3.55 774 92.00 81.80 473 70.00 93.60 | 1.74+0.84 0.031*
Co-Gn 104.31 7.56 92.90 131.20 102.55 6.97 91.00 120.70 | 1.76£1.45 0.307
Co-Go 46.55 4.15 39.30 60.70 47.79 5.32 37.70 61.10 | -1.24+0.95 0.303
Go-Gn 65.04 3.29 57.00 71.00 65.68 5.71 54.20 77.60 | -0.64+0.93 0.443
ANS-Me 59.40 4.97 50.40 78.00 59.88 4.35 51.20 68.90 | -0.48+0.93 0.484
S-Go 72.19 4.85 62.60 81.20 72.71 6.21 59.80 8890 | -0.51£1.11 0.739
Dentoalveolar Measurements
1-NA, mm 5.46 2.05 3.00 11.80 443 2.16 -6.20 7.90 1.04+0.42 0.092 269
1-NA, ° 28.9 52 16.0 40.0 244 57 10.0 40.0 4.50+1.10 0.000%** I
1-NB, mm 3.47 1.62 1.00 7.70 3.06 1.26 0.20 5.50 0.42+0.29 0.448
1-NB, ° 244 53 13.0 39.0 24.8 4.8 14.0 34.0 -0.35+1.01 0.631
Overjet 6.89 1.30 4.20 9.80 5.81 1.09 3.40 8.20 1.08+0.24 0.000%**
Overbite 4.39 1.00 1.50 6.00 441 1.31 1.40 8.00 -0.01+0.23 0.908
Independent samples Mann-Whitney U test; *p<0.05; **p<0.01; ***p<0.001
T, Twin block; H, Herbst; SD, standard deviation; Min., minimum value; Max., maximum value

Table 2. Comparison of the cephalometric changes occured during post- (T1) and

TO

Mean+SD

Skeletal Measurements

Min.-Max.

T1

MeanxSD

Min.-Max.

pre-treatment (TO) for Twin block group

T1-TO

Wilcoxon test
MeanxSD

p-value

SNA 80.3 15 78.0 83.00 80.42 1.51 78.0 84.0 0.04+0.67 0.670
SNB 743 1.2 72.0 77.00 77.92 0.92 76.0 81.0 3.62+0.90 0.000%**
ANB 6.0 1.2 5.0 10.00 2.52 1.29 1.0 5.0 -3.56+0.81 0.000***
GoGn/Sn 323 33 24.0 39.00 33.00 3.49 25.0 39.0 0.64+1.26 0.001***
Co-A 83.54 3.55 77.4 92.00 84.05 4.13 76.1 92.20 0.52+1.87 0.082
Co-Gn 104.31 7.56 92.90 131.20 110.87 9.07 94.20 140.00 6.56+4.02 0.000%**
Co-Go 46.55 4.15 39.30 60.70 51.41 4.77 45.00 65.00 4.86+3.63 0.000%**
Go-Gn 65.04 3.29 57.00 71.00 69.93 3.75 60.00 77.20 4.89+2.25 0.000%**
ANS-Me 59.40 4.97 50.40 78.00 63.79 6.06 53.00 79.00 4.39+2.61 0.000***
S-Go 72.19 4.85 62.60 81.20 76.48 4.95 65.00 84.50 4.29+3.00 0.000%**
Dentoalveolar Measurements

1-NA, mm 5.46 2.05 3.00 11.80 291 1.55 0.20 5.60 -2.55+1.38 0.000***
1-NA, ° 289 5.2 16.0 40.0 22.6 5.2 13.0 33.0 -6.32+3.36 0.000***
1-NB, mm 3.47 1.62 1.00 7.70 6.23 235 2.60 11.70 2.76x1.14 0.000***
1-NB, ° 244 53 13.0 39.0 31.1 6.8 19.0 45.0 6.69+4.41 0.000%**
Overjet 6.89 1.30 4.20 9.80 339 1.20 2.00 7.00 -3.50+1.00 0.000%**
Overbite 4.39 1.00 1.50 6.00 2.07 0.82 0.50 4.10 -2.33+£1.01 0.000%**

Wilcoxon test: ; ***p<0.001
TO, pre-treatment; T1, post-treatment; SD, standard deviation; Min., minimum value; Max., maximum value
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Table 3. Comparison of the cephalometric changes occured during post- (T1) and pre-treatment (T0) for Herbst group

TO

Mean£SD

Skeletal Measurements

Min.-Max.

T1

Mean£SD

Min.-Max.

T1-TO

Wilcoxon test

MeanxSD

p-value

SNA 81.3 1.8 78.0 85.0 80.9 1.8 77.0 84.0 -0.41+0.57 0.000%**
SNB 75.9 1.6 72.0 79.0 77.2 1.5 74.0 80.0 1.25+0.77 0.000%**
ANB 54 1.1 4.0 9.0 3.7 13 1.0 7.0 -1.69+0.71 0.000%**
GoGn/SN 325 4.1 23.0 41.0 32.7 4.47 25.0 42.0 0.22+1.24 0.249
Co-A 81.80 4.73 70.00 93.60 82.08 4.33 72.30 93.90 0.27+2.58 0.305
Co-Gn 102.55 6.97 91.00 120.70 105.19 7.04 93.00 124.00 2.64+4.35 0.000%**
Co-Go 47.79 532 37.70 61.10 49.41 4.56 41.40 62.10 1.62+2.94 0.0071%***
Go-Gn 65.68 5.71 54.20 77.60 66.06 7.09 47.00 77.60 0.38+7.79 0.000%***
ANS-Me 59.88 4.35 51.20 68.90 60.78 4.06 50.40 69.70 0.90+3.38 0.022*
S-Go 72.71 6.21 59.80 88.90 74.72 5.88 61.70 89.40 2.01£3.11 0.000%**
Dentoalveolar Measurements

1-NA, mm 4.43 2.16 -6.20 7.90 2.39 1.1 0.20 4.20 -2.03+2.34 0.000%**
1-NA, ° 244 5.7 10.0 40.0 19.7 4.9 10.0 34.0 -4.78+4.12 0.000%**
1-NB, mm 3.06 1.26 0.20 5.50 6.23 1.45 2.20 8.90 3.17x1.11 0.000%***
1-NB, ° 24.8 4.8 14.0 34.0 334 4.7 19.0 41.0 8.59+3.61 0.000%**
Overjet 5.81 1.09 3.40 8.20 3.02 0.92 1.00 5.40 -2.79+1.02 0.000%***
Overbite 441 1.31 1.40 8.00 2.18 0.91 0.40 4.00 -2.22+1.41 0.000%***

Wilcoxon test; ***p<0.001

TO, pre-treatment; T1, just after the removal of Herbst appliance; SD, standard deviation; Min., minimum value; Max., maximum value

Table 4. Comparison of differences in time-dependent cephalometric changes between the treatment groups

Twin block (T)
T1-TO

Mean£SD

Herbst (H) T-H
T1-TO Wilcoxon test

Min.-Max. MeanxSD Min.-Max. MeanxSD

p-value

Skeletal Measurements

SNA 0.04 0.67 -1.0 1.0 -0.41 0.57 -1.0 1.0 -0.19+0.66 0.007%***
SNB 3.6 0.90 2.0 5.0 1.25 1.52 =140 3.0 243+1.45 0.0071***
ANB -3.5 0.81 -5.0 -2.0 -1.7 0.71 -3.0 0.0 -2.61£1.21 0.0071***
GoGn/SN 0.64 1.2 -2.0 4.0 0.22 1.24 -3.0 3.0 0.43+1.26 0.086
Co-A 0.52 1.87 -2.50 5.60 0.27 2.58 -7.90 8.70 0.40+2.24 0.521
Co-Gn 6.56 4.02 0.10 16.40 2.64 4.35 -7.10 17.30 4.58+4.61 0.0071***
Co-Go 4.86 3.63 0.80 19.20 1.62 2.94 -5.00 10.20 3.23+3.66 0.007***
Go-Gn 4.89 2.25 0.70 10.80 0.38 7.79 -8.00 11.70 2.61+6.16 0.0071%***
ANS-Me 4.39 261 0.40 10.70 0.90 3.38 -7.90 10.20 2.63+3.48 0.0071%**
S-Go 4.29 3.00 -1.50 9.70 2.01 3.11 -4.00 10.70 3.14+3.25 0.007***
Dentoalveolar Measurements

1-NA, mm -2.55 1.38 -6.20 -0.60 -2.03 2.34 -5.00 9.50 -2.29+1.93 0.688
1-NA, ° -6.3 33 -13.0 -2.0 -4.7 4.12 -15.0 15.0 -5.54+3.82 0.193
1-NB, mm 2.76 1.14 1.00 5.10 3.17 1.11 0.80 7.70 2.97+1.14 0.041*
1-NB, © 6.6 4.4 -2.0 19.0 8.5 3.61 4.0 18.0 7.65+4.12 0.002%**
Overjet -3.50 1.00 -5.20 -2.00 -2.79 1.02 -5.00 0.50 -3.14+1.07 0.007***
Overbite -2.33 1.01 -4.90 -0.30 -2.22 1.41 -5.00 1.10 -2.27+1.22 0.981

Wilcoxon test; *p<0.05; **p<0.01; ***p<0.001
SD, standard deviation; Min., minimum value; Max., maximum value
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A gender-based comparison of chronological ages and FDA
parameters between T1 and TO were given in Table 8. In the
T group, a significant increase in FDA values was observed in
the right and left condylar regions in girls (p<0.001). In boys, in
addition to similar findings in the condylar regions, significant
increases were noted in the mandibular corpus (right, p<0.05;
left, p<0.01) and the left angulus mandible (p<0.05). In the H
group, significant increases were observed in the right and
left condylar regions in girls (p<0.001). In boys, in addition to
similar findings in the condylar region, a significant increase

was observed in the right angulus mandible (p<0.05). In the
control group, while there was no significant change in girls,
only a significant increase was observed in the left corpus
mandible in boys (p<0.01) (Table 8).

DISCUSSION

Due to the effectiveness of CBCT in revealing three-dimensional
images, the morphology of maxillofacial bone structure has
led to an increase in investigations in many areas of dentistry,
including orthodontics.??' However, CBCT should not be

Table 5. Comparison of the mean values of the chronological ages and fractal dimension parameters during pre-observation (T0) period among

the groups

Twinblock o bst (n=s0) ~ CoNtrol ANOVA test

(n=50) (n=50)

To TO To Among the groups

Mean%SD Mean+SD Mean%SD p-value T-H
Age,y 11.63+0.87 11.72+£0 .91 11.67+0.83 0.668
Proc. condylaris (right) 1.12+0.74 1.25+0.10 1.35+0.10 0.000%** FrE FrE
Angulus mandibula (right) 1.32+0.13 1.27+£0.12 1.34+0.10 0.013* * *
Corpus mandibula (right) 1.22+0.10 1.19+£0.12 1.26+0.11 0.004** ** **
Proc. condylaris (left) 1.21£0.13 1.22+0.12 1.28+0.13 0.010%* ** **
Angulus mandibula (left) 1.31+0.10 1.31+0.11 1.35+0.11 0.065
Corpus mandibula (left) 1.20+0.13 1.22+0.12 1.28+0.13 0.010%** ** **
ANOVA test; *p<0.05; **p<0.01; ***p<0.001
T, Twin block; H, Herbst; C, Control; SD, standard deviation; Min., minimum value; Max., maximum value

Table 6. Comparison of fractal dimension changes obtained during post- (T1) and pre-observation (T0) periods among the groups
Twin block (n=50)

Herbst (n=50)

TO T1 T1-TO TO T1 T1-TO
Mean+SD  Mean+SD M.ean Mean+SD  Mean+SD Mean p-value
Difference+SD difference+SD

Age,y 11.63+0.87 | 12.63+0.79 | 1.00+0.477 0.000*** | 11.72+0.91 | 12.69+0.96 | 0.97+0.462 0.000%**
Proc. condylaris (right) 1.12+0.07 | 1.38+£0.09 | 0.264+0.105 0.000*** | 1.25+0.10 | 1.39£0.112 | 0.142+0.089 0.000%**
Angulus mandibula (right) 1.32+0.10 | 1.32+0.08 | 0.005+0.104 0.717 1.27 £0.12 | 1.30+0.123 | 0.026+0.132 0.152
Corpus mandibula (right) 1.22+0.10 | 1.25+0.12 | 0.035+0.118 0.041* 1.19+£0.12 | 1.23+£0.125 | 0.041+0.123 0.020*
Proc. condylaris (left) 1.21+£0.13 | 1.36+0.11 | 0.151£0.130 0.000*** | 1.22+0.12 | 1.41£0.086 | 0.187+0.061 0.000***
Angulus mandibula (left) 1.31+0.10 | 1.33+0.11 | 0.023+0.146 0.271 1.31+0.11 | 1.30+0.116 | -0.003+£0.133 | 0.862
Corpus mandibula (left) 1.20+0.13 | 1.26+0.11 | 0.059+0.134 0.003** 1.22+0.12 | 1.26+0.114 | 0.043+0.116 0.011*

Control (n=50) ANOVA test

To T T1-TO Among the groups

Mean+SD | Mean+SD m:fae:ence +SD p-value | p-value T-H H-C T-C
Age,y 11.67+0.83 | 12.66+0.86 | 0.99+0.455 0.000*** | 0.620
Proc. condylaris (right) 1.35+0.10 | 1.36+0.11 | 0.009+0.137 0.616 0.000%** Frx *rE Frx
Angulus mandibula(right) 1.34+0.10 | 1.36+0.11 | 0.016+0.146 0.426 0.703
Corpus mandibula (right) 1.26+0.11 | 1.31+£0.11 | 0.042+0.152 0.055 0.953
Proc. condylaris (left) 1.28+0.13 | 1.38+0.10 | 0.011+0.130 0.000*** | 0.000*** Frx Hxx Frx
Angulus mandibula (left) 1.35+0.11 | 1.36+0.10 | 0.004+0.131 0.836 0.613
Corpus mandibula (left) 1.28+0.13 | 1.33+0.11 | 0.054+0.149 0.014* 0.811
T, Twin block; H, Herbst; C, Control; SD, standard deviation; *p<0.05; **p<0.01; ***p<0.001
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performed for research purposes only and/or as a routine
record of orthodontic treatment because of ethical concerns
when diagnostic information can be easily obtained using low-
dose conventional radiographs. Therefore, FDA on panoramic
radiographs may be an effective method for examining bone
trabecular patterns at different time points during treatment.

by patients due to its design, which contributes positively
to patient cooperation."” Many studies have acknowledged
that skeletal effects can be effectively achieved using the
Herbst appliance.®*'>'® Therefore, we used these appliances to
maximize skeletal effects and aimed to examine their holistic
effects by comparing them with each other and the control

group. In addition, we aimed to assess only the effects of
functional appliances in all measurements and to eliminate
the effect of fixed orthodontic treatment in comparisons by
performing measurements immediately after removing the
Herbst appliance in the T1 period in the H group.

In growing patients, removable and fixed functional appliances
can be preferred for the correction of Class Il malocclusion due
to mandibular retrognathia.’? The main aim here is to achieve
a skeletal effect rather than a dentoalveolar effect.® There are
several reasons for including pubertal patients and using Twin
block and Herbst appliances in the study groups.'®? It is known
that the Twin block appliance is more commonly preferred

The study of the structural properties of trabecular bone is
considered advantageous due to its high metabolic activity.®

Table 7. Comparison of the pre- (TO) and post-treatment (T1) fractal dimension parameters for treatment groups and observation period
changes of control group between genders

Twin block (n=50)

TO T1
272 Girls (n=25)  Boys (n=25) Girls Boys

Mean+SD Mean+SD Mean+SD Mean+SD
Age,y 11.59+0.83 11.67+0.81 0.602 12.58+0.61 12.68+0.56 0.552
Proc. condylaris (right) 1.12+0.07 1.12+0.07 0.880 1.36+0.09 1.41+0.07 0.072
Angulus mandibula (right) 1.32+0.10 1.31+0.09 0.919 1.31+0.09 1.33+0.07 0.325
Corpus mandibula (right) 1.26+0.09 1.17+0.08 0.000 | *** 1.27+0.12 1.23+0.13 0.306
Proc. condylaris (left) 1.10+0.06 1.10+0.06 0.981 1.34+0.12 1.38+0.10 0.198
Angulus mandibula (left) 1.33+0.10 1.29+0.11 0.200 1.30+0.09 1.37+0.12 0.039 | *
Corpus mandibula (left) 1.23+0.14 1.17%0.11 0.146 1.26+0.11 1.26+0.12 0.870

Herbst (n=50)

To T1

Girls (n=27) | Boys(n=23) | G-B Girls (n=27) | Boys(n=23) | G-B

Mean+SD MeanxSD P Test Mean+SD Mean+SD P Test
Age,y 11.74+0.43 11.70+0.51 0.444 12.63+0.36 12.55+0.46 0.392
Proc. condylaris (right) 1.25+0.10 1.25+0.10 0.959 1.40+0.09 1.37+0.13 0.476
Angulus mandibula (right) 1.28+0.11 1.27+0.14 0.738 1.30+0.10 1.31+0.14 0.660
Corpus mandibula (right) 1.20+0.12 1.17£0.11 0.467 1.24£0.12 1.21£0.11 0.467
Proc. condylaris (left) 1.23+0.08 1.21+0.09 0.326 1.42+0.08 1.39+0.08 0.305
Angulus mandibula (left) 1.32+0.08 1.28+0.13 0.200 1.31+0.09 1.29+0.14 0.500
Corpus mandibula (left) 1.23+0.12 1.19£0.11 0.235 1.27+0.11 1.25+0.10 0.477

Control (n=50)

TO T

Girls (n=24) | Boys (n=26) | G-B Girls (n=24) | Boys (n=26) | G-B

MeanzSD MeanxSD P Test Mean+SD MeanzSD P Test
Age,y 11.68+0.61 11.67+0.49 0.711 12.65+0.74 12.68+0.24 0.762
Proc. condylaris (right) 1.34+0.11 1.36+0.10 0.412 1.36+0.10 1.36+0.12 0.895
Angulus mandibula(right) 1.35+0.10 1.33+0.10 0.417 1.35+0.12 1.36+0.11 0.624
Corpus mandibula (right) 1.24+0.10 1.28+0.11 0.236 1.28+0.11 1.33+£0.10 0.144
Proc. condylaris (left) 1.33+0.10 1.41£0.10 0.011 * 1.37+0.09 1.40+0.11 0.322
Angulus mandibula (left) 1.35+0.11 1.36+0.10 0.735 1.38+0.09 1.34+0.11 0.152
Corpus mandibula (left) 1.31+£0.13 1.25+£0.12 0.140 1.33+£0.12 1.34+0.11 0.844
G; girls, B; boys; SD, standard deviation; *p<0.05; ***p<0.001
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Table 8. Comparison of the fractal dimension parameters between post- (T1) and pre-observation (T0) periods for different genders in the
groups

Twin block (n=50)

TO T1 T1-T0
Girls (n=25) Mean+SD Mean+SD Mean difference£SD p-value
Age,y 11.59+0.83 12.58+0.61 0.99+0.42 0.000***
Proc. condylaris (right) 1.12+0.07 1.36+0.09 0.242+0.114 0.000***
Angulus mandibula (right) 1.32+0.10 1.31+0.09 -0.008+0.109 0.702
Girls (n=25) Corpus mandibula (right) 1.26+0.09 1.27+0.12 0.006+0.078 0.702
Proc. condylaris (left) 1.10+0.06 1.34+0.12 0.239+0.134 0.000***
Angulus mandibula (left) 1.33%£0.10 1.30+0.09 -0.029+0.102 0.158
Corpus mandibula (left) 1.23+0.14 1.26+0.11 0.029+0.125 0.252
Age,y 11.67+0.81 12.68+0.56 1.01+0.35 0.000%**
Proc. condylaris (right) 1.12+0.07 1.41+0.07 0.286+0.091 0.000***
Angulus mandibula (right) 1.31£0.09 1.33+£0.07 0.019+0.100 0.345
Boys (n=25) Corpus mandibula (right) 1.17£0.08 1.23+£0.13 0.064+0.144 0.035*
Proc. condylaris (left) 1.10+0.06 1.38+0.10 0.283+0.124 0.000***
Angulus mandibula (left) 1.29+0.11 1.37£0.12 0.076+0.165 0.030*
Corpus mandibula (left) 1.17£0.11 1.26%0.12 0.090+0.138 0.003**
SD, standard deviation; *p<0.05; **p<0.01; ***p<0.001

Previous studies have utilized fractal analysis to predict the effect
of orthodontic appliances, orthodontic treatment duration,
midpalatal suture maturation, pubertal growth, and skeletal
development.?*2¢ Recently, researchers have investigated the
changes in functional appliances on the mandibular bone
using the FDA of PRs.”>?7? It is our contention that this study
will contribute to the extant literature by comparing the effects
of both functional appliances on the mandibular bone using
the FDA.

One of the primary goals of functional therapies is stimulating
condylar growth and remodeling of the glenoid fossa to provide
anterior positioning of the mandible and, consequently, to
improve the facial profile."** Therefore, the primary focus of
functional therapy is the mandibular condyle region. This study
was specifically designed to evaluate the effects of functional
appliances on the mandibular trabecular structure objectively
using the FDA. There is consensus that the FDA reflects changes
in trabecular bone density and mineral loss, as assessed by
radiographs.'*

No major differences in mandibular length and vertical skeletal
relationships existed before treatment (Table 1). However, the
fact that the T group had more severe mandibular retrognathia
before treatment can be explained by the notion that
mandibular advancement (MA) can be more effective with the
Twin block appliance.’®" These results suggest that the T group
exhibited a greater overjet and a higher degree of upper incisor
proclination prior to treatment, consistent with the findings of
Schaefer et al."

Separate FDA results from each group were included in this
study, among which both treatment groups displayed greater

changes in the FDA values in the left and right condyle regions.
At the same time, FDA values significantly increased in the
right and left mandibular corpus. In this study, cephalometric
measurements showed that mandibular advancement and
elongation were achieved with the use of both functional
appliances in pubertal Class Il patients (Co-Gn, Co-Go, Go-Gn).
Previous studies have reported that alterations in mandible
length induced by functional treatment are closely correlated
with increased condylar growth."** These data suggest that
removable and fixed functional appliances may alter the
bone structures of the condyle, which may be associated with
mandibular growth.

In this study, FDA revealed significant increases in the right
and left condylar regions among all groups. For the T group,
a comparison of FDA values in the condylar processes by sex
pointed out a substantial increase in both females and males
on the right and left sides, whereas FDA values in the mandible
corpus increased significantly on both the right and left sides
in males alone. The results of this group are similar to those of
Cesur et al.”7 with respect to gender. These changes may be
attributed to the overall increase in length of the mandible
with functional treatment. Mandibular retrognathia therapy
does not only incorporate stimulation of condylar activity
but also includes posterior repositioning through functional
treatment during the growth period through remodeling of
the mandible.*'* Another point that needs to be emphasized
is that the Twin block appliance is selectively trimmed, as the
acrylic part extending to the occlusal surface of the mandibular
posterior teeth aims to enhance the occlusal relationship. This
can be explained by the fact that the posterior mandibular
teeth may display higher eruption in the T group than in the H
group, similar to the study of Schaefer et al." Therefore, it can
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be concluded that the changes occurring in the T group, especially
in the corpus region, display significantly higher skeletal effects
while contributing to dental effects, which is also supported by
the significant increase in both anterior and posterior height. In
the H group, a comparison of FDA values in the condyle region
by sex revealed significant increases in the right and left condyle
processes in both females and males, which was consistent with the
findings of Amuk et al.* In addition, Schafer et al.'' compared the
Twin block and Herbst appliances. Both groups reported a similar
increase in mandibular length, with a significant increase in vertical
ramus height noted in the T group. However, in our study, similar
to previous studies,'®'" greater significant increases in mandibular
length parameters were observed in the T group compared with
the H group. A high fractal value reflects increased trabecular bone
density, suggesting bone apposition in the region, whereas a low
fractal value indicates reduced trabecular bone density.'**°

In the present study, overjet improvement not only resulted
from the changes in mandibular skeletal parameters, and
similar to the study finding of Song et al.,’? significant protrusion
was observed in the lower incisors, prominently in the H group.
According to the researchers,” '3 this movement is considered
acceptable as long as the positions of the incisors are within an
appropriate range after functional orthopedic treatment.

Study Limitations

Although many scientific studies have noticed the high
credibility of FDA on PRs, future research using three-
dimensional imaging may provide further insights. As this was
a retrospective study, differences in activation strengths were
not evaluated. Considering that differences in the effectiveness
of force may cause changes in the mandibular structures, future
studies should include clinically standardize patients and
require long-term examination. In addition, clinical findings
related to TMJ were not evaluated in this study and were not
associated with radiographic findings.

CONCLUSION

Treatment with both Twin block and Herbst appliances led to
significant improvements in skeletal and dental cephalometric
parameters.

Both treatment groups exhibited notable increases in FDA
values in the left and right corpus of the mandible, particularly
in the condylar regions. Comparative analysis of FDA values
revealed significant changes in the trabecular patterns of the
right and left condyles of the mandible. The Twin Block and
Herbst appliances not only induced dentoalveolar changes
but also contributed to the remodeling of the mandibular
trabecular structure and skeletal correction.
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