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ABSTRACT 

This study aimed to compare changes in mandibular condylar trabecular bone structure in growing patients treated 
with a maxillary expansion appliance or a Twin Block–Monoblock appliance, using fractal analysis of panoramic 
radiographs. This retrospective study was designed to include 20 patients, allocated to two groups according to the 
appliance used: Group A, maxillary expansion appliance (n = 10), and Group B, Twin Block–Monoblock appliance (n = 
10). Panoramic radiographs obtained before treatment (T0) and after treatment (T1) were evaluated. Mandibular 
condylar trabecular bone structure was assessed using fractal dimension analysis. The decrease in mean fractal 
dimension in Group A from 1.3261 ± 0.0599 at T0 to 1.2144 ± 0.054 at T1, and in Group B from 1.2567 ± 0.1314 at T0 
to 1.218 ± 0.1972 at T1. The statistically significant pre- to post-treatment differences (p < 0.05). The mandibular 
condylar trabecular patterns change during treatment with both maxillary expansion and Twin Block–Monoblock 
appliances.  

Keywords:  Fractal Analysis; Mandibular Condyle; Maxillary Expansion; Twin Block Appliance; Monoblock Appliance; 
Orthodontic Treatment. 

1 INTRODUCTION 

Functional orthodontic appliances may be classified as removable or fixed according to whether they can be inserted 
and removed by the patient [1,2]. Removable appliances are widely used in orthodontic practice because they are 
relatively easy to use, facilitate oral hygiene, and are generally less costly than some fixed alternatives [3,4]. However, 
their bulk may interfere with speech and swallowing by reducing available tongue space, and their use may limit the 
simultaneous application of certain fixed orthodontic mechanics [4]. 

Functional jaw orthopedics seeks to promote adaptive responses in the craniofacial complex through changes in the 
functional environment. The relevant stimuli are generated by the orofacial musculature, including the masticatory, 
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facial, and tongue muscles, and may be transmitted to skeletal structures through muscle attachments and the 
periodontal ligament [5,6]. According to Wolff’s law, bone adapts its internal architecture in response to changes in its 
mechanical environment [7]. Accordingly, alterations in loading associated with orthodontic and orthopedic treatment 
may be accompanied by remodeling of trabecular bone. 

Maxillary expansion is used to correct transverse maxillary deficiency and may influence the spatial and functional 
relationship between the maxilla and mandible. Maxillary transverse constriction has been discussed as a factor that 
may affect mandibular positioning, while expansion may contribute to changes in the interarch relationship in selected 
patients [9–11]. Twin Block appliances, and related Monoblock designs, are used to modify mandibular posture in 
patients with sagittal discrepancies. The two-piece Twin Block design permits functional mandibular advancement and 
may also be combined with maxillary expansion when clinically indicated [12,13]. 

Previous studies have described dentoskeletal changes associated with functional appliance therapy, including changes 
in mandibular rotation, facial height, maxillary growth, and condylar adaptation [14–19]. However, the response of 
mandibular condylar trabecular architecture to different removable appliance protocols remains an area of interest. 
Fractal analysis provides a quantitative approach to describing the complexity of trabecular patterns on radiographic 
images. 

The aim of the present study was to compare mandibular condylar trabecular bone changes following treatment with a 
maxillary expansion appliance and a Twin Block–Monoblock appliance by evaluating pre-treatment and post-treatment 
panoramic radiographs using fractal analysis. 

2 MATERIALS AND METHODS 

2.1 Study design and sample 

This retrospective study evaluated panoramic radiographs obtained before (T0) and after (T1) orthodontic treatment 
in patients treated with removable orthodontic appliances. The sample was specified as 20 patients, with 10 patients in 
each group: 

• Group A: Maxillary expansion appliance (n = 10). 
• Group B: Twin Block–Monoblock appliance (n = 10). 

2.2 Eligibility criteria 

2.2.1 The inclusion criteria were: 

Availability of diagnostically acceptable panoramic radiographs obtained at the beginning (T0) and at the completion 
(T1) of treatment. 

• No radiographic evidence of a pathological condition affecting the mandibular condylar region. 
• No congenital or acquired craniofacial anomaly, including cleft lip or palate, or a history of maxillofacial trauma. 
• No history of previous orthodontic treatment. 

Radiographs were required to have adequate image quality, including appropriate contrast, no substantial motion 
artifacts or magnification-related distortion, and sufficiently standardized head positioning. 

2.3 Radiographic assessment and fractal analysis 

Fractal analysis was used to quantify trabecular pattern complexity by calculating the fractal dimension. Panoramic 
radiographs were converted to TIFF format for digital image processing. The same anatomical region of interest should 
be selected in the mandibular condyle on each radiograph, using a standardized region-of-interest size and positioning 
protocol.  

Malocclusion classification 

• Class I malocclusion: ANB angle between 0° and 4°. 
• Class II malocclusion: Class II molar and canine relationships, a convex facial profile, ANB angle greater than 4°, 

and a hyperdivergent growth pattern. 
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2.4 Statistical analysis 

Continuous variables are presented as mean ± standard deviation (SD). Normality of data distribution was assessed 
before statistical testing. Comparisons of pre- and post-treatment mandibular condylar trabecular bone changes within 
each group were performed using the paired-samples t-test. Analyses should be performed using IBM SPSS Statistics 
(IBM Corp., Armonk, NY, USA), with the significance level set at p < 0.05. 

3 RESULTS 

• Group A (Maxillary expansion appliance): 1.3261 ± 0.0599 at T0 to 1.2144 ± 0.054 at T1. 
• Group B (Twin Block–Monoblock appliance): 1.2567 ± 0.1314 at T0 to 1.218 ± 0.1972 at T1. 

Statistically significant decreases in fractal dimension of mandibular condylar trabecular bone changes after treatment 
in both groups (p < 0.05). 

4 DISCUSSION 

Functional appliances are used to modify the dentoskeletal environment through changes in muscle activity, 
mandibular posture, and the distribution of mechanical forces [5,8]. Maxillary transverse deficiency may influence 
mandibular positioning and the interarch relationship. McNamara and Brudon [9] discussed the importance of 
maxillary transverse dimensions in the assessment of mandibular position, while other reports have described 
improvements in selected Class II relationships following maxillary expansion [10,11]. Such changes should not, 
however, be attributed exclusively to mandibular advancement or to a single mechanism. 

Twin Block appliances are designed to posture the mandible forward through inclined bite blocks. Their two-piece 
construction distinguishes them from conventional Monoblock appliances and may facilitate functional mandibular 
advancement; treatment effects nevertheless depend on appliance design, patient growth, adherence, and the initial 
skeletal and dental characteristics [12,13]. Previous cephalometric studies have reported a range of dentoskeletal 
responses to Twin Block and other functional appliances, including changes in mandibular rotation, facial height, and 
maxillary growth [14–19]. 

Orthodontic loading may be associated with adaptive remodeling in the mandibular condyle. The magnitude and 
direction of such responses may vary according to the type, duration, and intensity of loading, as well as the patient's 
growth status. Fractal analysis may help characterize changes in trabecular architecture, but it does not directly 
measure bone mineral density and should not be interpreted as a direct densitometric assessment. 

Several limitations should be considered. First, the retrospective design limits control over treatment protocols and 
radiographic acquisition. Second, panoramic radiographs are two-dimensional representations of three-dimensional 
structures and may be affected by positioning and projection-related variation. Third, the revised sample size is small.  

5 CONCLUSION  

Future prospective studies with larger samples, standardized radiographic protocols, clearly defined regions of interest, 
and blinded reliability assessments are warranted to clarify the relationship between different functional appliance 
protocols and mandibular condylar trabecular adaptation. The decrease in mandibular condylar fractal dimension after 
treatment with both maxillary expansion and Twin Block–Monoblock appliances.  

STATEMENTS ON COMPLIANCE WITH ETHICAL STANDARDS 

Availability of supporting data 

The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable 
request. 

Disclosure of conflict of interest 

The authors declare that they have no competing interests. 



International Journal of Science and Research Archive, 2026, 21(02), 327–330 

330 

REFERENCES 

[1] Pancherz H. Dentofacial orthopedics or orthognathic surgery: is it a matter of age? Am J Orthod Dentofac Orthop. 
2000;117:571–574. 

[2] Anna-Paulina W. Fixed or removable appliance for early orthodontic treatment of functional anterior crossbite. 
Swed Dent J Suppl. 2015;(238):10–72. 

[3] Franchi L, Alvetro L, Giuntini V, Masucci C, Defraia E, Baccetti T. Effectiveness of comprehensive fixed appliance 
treatment used with the Forsus Fatigue Resistant Device in Class II patients. Angle Orthod. 2011;81:678–683. 

[4] Upadhyay M. Dentoskeletal and soft tissue treatment effects of two different methods for treating Class II 
malocclusions. Master's Thesis. 2010:32. 

[5] Ülgen M. Ortodontik Tedavi Prensipleri. 7th ed. Ankara: Ankara Üniversitesi Diş Hekimliği Fakültesi Yayınları; 
2005:161–188. 

[6] Baumrind S, Korn EL, Isaacson RJ, West EE, Molthen R. Quantitative analysis of the orthodontic and orthopedic 
effects of maxillary traction. Am J Orthod. 1983;84:384–398. 

[7] Frost HM. Wolff's Law and bone's structural adaptations to mechanical usage: an overview for clinicians. Angle 
Orthod. 1994;64:175–188. 

[8] Wahl N. Orthodontics in 3 millennia. Chapter 9: functional appliances to midcentury. Am J Orthod Dentofac 
Orthop. 2006;129:829–833. 

[9] McNamara JA Jr, Brudon WL. Orthodontic and Orthopedic Treatment in the Mixed Dentition. Needham Press; 
1996:243–258. 

[10] Gianelly AA. Rapid palatal expansion in the absence of crossbites: added value? Am J Orthod Dentofac Orthop. 
2003;124:362–365. 

[11] Volk T, Sadowsky C, Begole EA, Boice P. Rapid palatal expansion for spontaneous Class II correction. Am J Orthod 
Dentofac Orthop. 2010;137:310–315. 

[12] Clark WJ. The twin block traction technique. Eur J Orthod. 1982;4:129–138. 

[13] Clark WJ. Twin-Block Functional Therapy. London: Mosby-Wolfe; 1995. 

[14] Tümer N, Gültan AS. Comparison of the effects of monoblock and twin-block appliances on the skeletal and 
dentoalveolar structures. Am J Orthod Dentofac Orthop. 1999;116:460–468. 

[15] Ruf S, Baltromejus S, Pancherz H. Effective condylar growth and chin position changes in activator treatment: a 
cephalometric roentgenographic study. Angle Orthod. 2001;71:4–11. 

[16] Mills CM, McCulloch KJ. Treatment effects of the twin block appliance: a cephalometric study. Am J Orthod 
Dentofac Orthop. 1998;114:15–24. 

[17] Lund DI, Sandler PJ. The effects of Twin Blocks: a prospective controlled study. Am J Orthod Dentofac Orthop. 
1998;113:104–110. 

[18] Vargervik K, Harvold EP. Response to activator treatment in Class II malocclusions. Am J Orthod. 1985;88:242–
251. 

[19] Pancherz H. A cephalometric analysis of skeletal and dental changes contributing to Class II correction in 
activator treatment. Am J Orthod. 1984;85:125–134. 

[20] Cozza P, De Toffol L, Colagrossi S. Dentoskeletal effects and facial profile changes during activator therapy. Eur J 
Orthod. 2004;26:293–302. 

[21] Uzuner DF, Darendeliler N, Yucel E. Combined fixed-functional treatment of skeletal Class II malocclusions with 
the EVAA appliance: a preliminary study. J Orofac Orthop. 2014;75:275–286. 

[22] Arnett GW, Bergman RT. Facial keys to orthodontic diagnosis and treatment planning. Part I. Am J Orthod 
Dentofacial Orthop. 1993;103:299–312. 

[23] Vlaskalic V, Boyd R. Orthodontic treatment of a mildly crowded malocclusion using the Invisalign System. Aust 
Orthod J. 2001;17:41. 


