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Abstract

:

Temporary anchorage devices (TADs) allow molar intrusion as an additional treatment option to conventional treatment for open bite cases. We investigated the treatment option criteria for open bite treatment. A total of 33 patients with skeletal Class I to Class II open bite who had stable occlusion one year after treatment were enrolled in the study, including 15 patients who had undergone surgical orthodontic treatment, 8 patients who had undergone treatment with molar intrusion, and 10 patients who had undergone treatment with anterior teeth extrusion. Pre-treatment cephalometric analysis of these patients was used for comparison. Furthermore, receiver operating characteristic (ROC) curve analysis was employed to examine the measurement parameters that would be valid as treatment criteria. In the results, FMA showed that patients treated with molar intrusion had a moderately high angle, while those treated with surgical orthodontic treatment had a severe high angle. The area under the curve (AUC) of the ROC curve indicated that FMA is the most appropriate parameter for treatment option criteria. In addition, the cutoff value indicated that the borderline between molar intrusion and surgical orthodontic treatment was 37.5° for FMA. In this study, we suggested criteria for the treatment of open bite with molar intrusion.
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1. Introduction


Open bite is considered to be one of the most difficult malocclusions in orthodontic treatment; therefore, in open bite cases, decision of treatment method, mechanics, and maintenance have been the topic of focus [1,2,3,4,5]. This is due to the fact that open bite can be associated with many complex problems such as TMD and tongue habits, which make treatment and maintenance difficult. In addition, the approach to open bite varies depending on skeletal type and dental type [6].



Conventionally, skeletal open bite has been corrected by surgically repositioning the maxilla or mandible [7] (Figure 1), and dental open bite by extruding the anterior teeth [8,9] (Figure 2). In recent years, however, the use of temporary anchorage devices (TADs) in orthodontics has changed the treatment of open bite cases—specifically, intruding the molars using TADs to rotate the mandible counterclockwise and improving open bite [10,11,12] (Figure 3). This treatment method has been reported in many cases and has shown good results and long-term stability [1,13,14]. Therefore, molar intrusion has been established as one of the treatment methods for open bite cases.



In orthognathic surgery for skeletal open bite, only the mandible is positioned anteriorly and upward to the occlusal plane of the maxillary dentition, or the mandible is positioned anteriorly and upward with counterclockwise rotation by impacting the posterior region of the maxilla [15]. In other words, surgical orthodontic treatment reduces the lower facial height and surgically improves the vertical skeletal discrepancy. Therefore, this new treatment approach involving molar intrusion has been reported as a treatment method for skeletal open bite cases, mainly because it improves open bite by the same mechanism as surgical orthodontic treatment [16].



However, not all cases of skeletal open bite have been treated with molar intrusion, and there have been no reports on the criteria for the use of TADs in molar intrusion. Kamiyama et al. classified the structure of open bite into low position of anterior teeth, high position of molars, and vertical skeletal disharmony [17]. However, the main cephalometric assess points that determine the treatment strategy are unclear, and a comprehensive assessment is required to diagnose and make a decision on the treatment plan. In this study, we will report the treatment strategy for open bite cases by mainly examining the criteria for the indication of molar intrusion treatment as a retrospective study.




2. Materials and Methods


The subjects were 33 patients with open bite who visited the Tokyo Dental College Chiba Dental Center between 2012 and 2018. Criteria were defined to include cases that ended active treatment 1 year before, at which point the patients had overbite change within 1 mm and a positive overbite. The patients used a circumferential-type retainer after treatment. In addition, prior to treatment, ANB was more than 3.0°, overbite was less than −2 mm, and deviation of menton from the mid-facial line was less than 2 mm as measured by the frontal cephalogram. Exclusion criteria were patients with severe tongue thrust, TMJ symptoms, especially progressive condylar resorption, and congenital abnormality such as craniofacial syndrome, cleft lip palate, and so on. Surgical orthodontic treatment was applied to 15 patients (Group S), and orthodontic treatment was applied to 18 patients, of which 8 cases underwent extrusion of anterior teeth (Group E) and 10 cases underwent intrusion of molars (Group I; Table 1). All cases were diagnosed, treated, and selected by six orthodontic specialists with more than 10 years of experience.



Measurements were made using a cephalometric radiograph and dental models of these subjects. Vertical and anterior–posterior measurements of skeletal and denture pattern in the cephalometric analysis were conducted, and overjet and overbite in the dental model analysis were measured. ANB and Wits appraisal were used for cephalometric anterior–posterior evaluation, while FMA, lower facial height, and palatal plane were used for vertical evaluation, which indicates the skeletal type (Figure 4 and Figure 5).



All measurements were taken manually by the same single researcher. Any measurement errors were re-measured by the researcher after a one-week interval. These measurements were compared between the three groups by one-way ANOVA and Tukey’s analysis.



The measured items that showed significant difference (p < 0.05) among the three groups were selected to perform receiver operating characteristic (ROC) analysis, and the area under the curve (AUC) of the ROC curve was used to determine appropriate cephalometric parameters for the decision of treatment—specifically, deciding between extruding anterior teeth or intruding molars, or between intruding molars or adopting surgical orthodontic treatment. The treatment option criteria were also examined based on the cutoff point, which is the best combination of specificity and sensitivity.



The sample size was calculated using the mean and standard deviation of the pre-treatment mandibular plane angle for each group from our preliminary study, which consisted of 20 subjects, with an alpha error of 80% and a beta error of 20%, requiring 7 patients in each group.



All statistical analysis was performed using the statistical software SPSS (ver. 25.0; IBM, Armonk, NY, USA).




3. Results and Discussion


3.1. Comparison of the Mean Value of Pre-Treatment Measurements in the Three Groups


There was a significant difference in FMA between Group S and Group I and between Group S and Group E. Lower facial height also showed a significant difference between Group S and Group E (Table 2). Since the Japanese standard value for FMA is approximately 25° and that for lower facial height is roughly 49° [18], all of these items show extremely large values in Group E and Group I and values slightly larger than the standard in Group E. The larger the values, the longer the skeletal vertical length is, indicating a high-angle case. Furthermore, there were significant differences in upper molar height (UM height) and upper incisor height (UI height) between the groups.



It has been reported that skeletal open bites are characterized by a downward growth of the mandible with a steep mandibular plane angle and a dentoalveolar development of the maxilla [19,20]. The results of this study agree with this finding and show that those with skeletal vertical problems have a particularly high upper molar height [21]. The results suggest that in cases with severe vertical skeletal problems, surgery is used to reduce posterior elongation, as is molar intrusion. However, it has been reported that the amount of molar intrusion in cases with stable post-treatment is limited to about 2–3 mm [22,23]. Therefore, the treatment of molar intrusion would be applied to moderate skeletal problems.



ANB tended to be larger in Group S and Group I. This suggests that these cases displayed not only anterior–posterior problems but also vertical problems involving mandibular retrusion, i.e., clockwise rotation of the mandible with a steep mandibular plane [24,25]. In such cases, orthognathic surgery can be used to impact the posterior dentition, and molar intrusion can achieve counterclockwise rotation of the mandible [2]. This advances the mandible and improves the aesthetics of the lateral profile.



The overbite, which measures the vertical relationship of the anterior teeth, did not show significant difference among the three groups. This showed that it was not an indicator of whether the case was skeletal or dental and is not very relevant in treatment planning.




3.2. Discrimination of the Optimal Cephalometric Analysis Items to Be Used as Selection Criteria for the Three Treatment Plans


ROC analysis is known to be a useful analysis for comparing diagnostic capabilities. The diagnostic ability is mainly evaluated by the area under the ROC curve, and the further upward and left value on this curve is taken as the cutoff point and used as the diagnostic reference value. It has been widely used in the medical and dental fields and also in orthodontics [26,27].



Based on the results of Table 2, FMA, UM height, and UI height, which have p-values less than 0.05 and are appropriate as vertical indicators, were selected using ROC analysis. Table 3 shows that the AUC values of the ROC curves for Group S and Group I are the highest in FMA (Figure 6a). This indicates that FMA has better diagnostic accuracy in determining whether orthognathic surgery or molar intrusion is required. On the other hand, UM height and UI height have low AUC and are less reliable as criteria for open bite treatment (Figure 6b,c). The measurement of tooth height was considered to be biased because of the measurement errors that may occur on the cephalometric film where the left and right sides overlap and also because of individual differences in tooth size and length. In other words, these measurements are not suitable enough as a criterion for the diagnosis of open bite.



Table 4 also showed the highest AUC value for FMA (Figure 7a), but the value was lower than that of the results in Table 3. The AUC values for UM height and UI height were low (Figure 7b,c), as shown in Table 3. These results suggest that the borderline between orthognathic surgery and molar intrusion is clearer than the borderline between molar intrusion and anterior tooth extrusion.



The cutoff point was determined as the value with the highest sensitivity and specificity. Table 3 shows that the borderline between the indications of orthognathic surgery and molar intrusion in FMA is 37.5°. This value seems to be extremely high, but this is due to the data consisting only of Japanese data. It is reported that the cephalometric norms of Japanese are characterized by mandibular retrusion, labial inclination of mandibular anterior teeth, steep mandibular plane, etc., compared to those of Caucasians, and generally tend to be high-angle facial type [28], explaining why the FMA in this study showed high values. This FMA value is regarded as reliable because it shows high sensitivity and specificity. On the other hand, the FMA showed a cutoff point of 30.0° as the borderline between molar intrusion and anterior tooth extrusion. This value has low sensitivity and specificity and is considered to be less reliable. This is due to molar intrusion being used for skeletal open bite cases as a method to avoid surgery [29], and the borderline between orthognathic surgery and molar intrusion becomes clearer, while the borderline between molar intrusion and anterior teeth extrusion remains unclear.




3.3. Study Limitations


The case selection for this study was from patients with ANB of more than 3°. In other words, we restricted the study to skeletal Class I or II and excluded Class III patients, on the grounds that molar intrusion is unsuitable for skeletal Class III treatment [30]. Patients with normal mandibular body length would present skeletal Class I and II malocclusions, while those with anterior–posterior disharmony display skeletal Class III malocclusion. Thus, the results of this study do not apply to skeletal Class III patients.



In addition, the sample size in this study satisfied the calculation, although it was less than that of similar studies. This may be due to the small sample size of the preliminary study used in the power analysis.



In our treatment, the method of molar intrusion using skeletal anchorage is not standardized—cases vary in having TADs implanted in the buccal alveolar region or palate. In addition, even with molar intrusion, some percentage of the amount of improvement in overbite may also result in anterior tooth extrusion, which is considered a limitation of this study.



This study consisted of cases with stability one year after active treatment. Baek et al. reported a three-year follow-up in open bite molar intrusion cases. According to their study, 80% of the amount of molar relapse occurred in the first year [1]. Therefore, we set the follow-up period to one year, but a longer follow-up period is desirable as a future research prospect.





4. Conclusions


In this study, we suggested criteria for the treatment of open bite with molar intrusion. However, the diagnosis of open bite requires further careful consideration of treatment selection as there are many factors such as TMD and oral habits, and the diagnostic criteria need to be discussed with regard to long-term stability.
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Figure 1. A schema of surgical orthodontic treatment. (A) Orthognathic surgery; Le Fort 1 osteotomy and sagittal split ramus osteotomy. (B) Superimposition of cephalometric trace changes pre- and post-treatment. 
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Figure 2. (A) A schema of orthodontic treatment of open bite with extruding anterior teeth using a multi-bracket appliance system and vertical elastics. (B) Superimposition of cephalometric trace pre- and post-treatment. 
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Figure 3. (A) A schema of orthodontic treatment of open bite with intruding molars using a multi-bracket appliance system and TADs. (B) Superimposition of cephalometric trace changes pre- and post-treatment. 






Figure 3. (A) A schema of orthodontic treatment of open bite with intruding molars using a multi-bracket appliance system and TADs. (B) Superimposition of cephalometric trace changes pre- and post-treatment.
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Figure 4. Cephalometric measurements (skeletal pattern). 1: nasion; 2: orbitale; 3: anterior nasal spine (ANS); 4: posterior nasal spine (PNS); 5: point A; 6: point B; 7: PM; 8: menton; 9: xi; 10: porion; 11: ANB angle; 12: Wits appraisal; 13: lower facial height; 14: mandibular plane angle (FMA). Palatal plane angle: the angle between the palatal plane connecting ANS and PNS and the Frankfort plane. 
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Figure 5. Cephalometric measurements (denture pattern). 15: U1 to FH plane angle (U1 to FH); 16: Frankfort mandibular incisor angle (FMIA); 17: incisor mandibular plane angle (IMPA); 18: overjet; 19: overbite; 20: upper incisor height; 21: upper molar height. 
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Figure 6. (a) The ROC curve of FMA measurement (between molar intrusion treatment and surgical orthodontic treatment); (b) the ROC curve of upper molar height measurement (between molar intrusion treatment and surgical orthodontic treatment); (c) the ROC curve of upper incisor height measurement (between molar intrusion treatment and surgical orthodontic treatment). 
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Figure 7. (a) The ROC curve of FMA measurement (between anterior teeth extrusion and molar intrusion); (b) the ROC curve of upper molar height measurement (between anterior teeth extrusion and molar intrusion); (c) the ROC curve of upper incisor height measurement (between anterior teeth extrusion and molar intrusion). 
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Table 1. Patients’ characteristics.
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Surgical Orthodontic Treatment (Group S)

n = 15

	
Intrusion of Molars

(Group I)

n = 10

	
Extrusion of Anterior Teeth

(Group E)

n = 8






	
sex

	
Male: 1

	
Male: 3

	
Male: 2




	
Female:14

	
Female: 7

	
Female: 6




	
Age (average)

	
29.3 ± 13.8

	
20.6 ± 7.8

	
17.4 ± 10.4




	
Treatment plan

	

	

	




	
Extraction case

	
4

	
7

	
5




	
Non-extraction case

	
11

	
3

	
3




	
Type of surgery

	

	

	




	
SSRO

	
4

	

	




	
SSRO + Le Fort 1

	
11

	

	








SSRO: Sagittal split ramus osteotomy.
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Table 2. Comparison of pre-treatment mean values among the three groups.
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	Group S
	p-Value

(S–I)
	Group I
	p-Value

(I–E)
	Group E
	p-Value

(E–S)





	Overjet (mm)
	4.5 ± 4.2
	NS
	3.9 ± 2.5
	NS
	3.8 ± 2.0
	NS



	Overbite (mm)
	−4.2 ± 1.7
	NS
	−3.0 ± 1.0
	NS
	−3.5 ± 0.8
	NS



	ANB (°)
	6.0 ± 1.8
	NS
	4.8 ± 2.1
	NS
	3.6 ± 1.4
	NS



	Wits appraisal (mm)
	−1.4 ± 4.1
	NS
	−2.0 ± 4.7
	NS
	−4.0 ± 1.3
	NS



	FMA (°)
	42.0 ± 5.0
	0.002 **
	33.6 ± 4.3
	NS
	28.5 ± 3.3
	0.000 **



	Lower facial height (°)
	57.4 ± 4.4
	NS
	53.3 ± 6.7
	NS
	50.1 ± 2.2
	0.023 *



	Palatal plane (°)
	4.9 ± 3.5
	NS
	2.9 ± 3.1
	NS
	3.2 ± 3.8
	NS



	U1 to FH (°)
	114.8 ± 8.0
	NS
	117.7 ± 6.8
	NS
	120.2 ± 5.7
	NS



	FMIA (°)
	45.0 ± 8.2
	NS
	50.1 ± 6.5
	NS
	46.8 ± 6.8
	NS



	IMPA (°)
	92.7 ± 11.4
	NS
	92.0 ± 13.4
	NS
	102.0 ± 8.1
	NS



	UM height (mm)
	28.8 ± 2.4
	NS
	26.8 ± 2.3
	0.009 **
	24.5 ± 3.4
	0.009 **



	UI height (mm)
	34.0 ± 4.1
	NS
	30.8 ± 2.7
	NS
	29.5 ± 2.8
	0.046 *







NS: not significantly different; * p < 0.05, ** p < 0.01: statistically significant difference.
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Table 3. Results of the ROC curve analysis for Group S and Group I.
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Variable

	
AUC

	
Cutoff Point

	
p-Value

	
95% Cl

	
Sensitivity

	
Specificity






	
FMA

	
0.91

	
37.5

	
0.00 **

	
0.78

	
0.88

	
0.80




	
1.00




	
UM height

	
0.73

	
26.5

	
0.04 *

	
0.47

	
0.50

	
0.9




	
0.98




	
UI height

	
0.72

	
31.0

	
0.05

	
0.48

	
0.50

	
0.80




	
0.96








NS: not significantly different; * p < 0.05, ** p < 0.01: statistically significant difference.
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Table 4. Results of the ROC curve analysis for Group I and Group E.






Table 4. Results of the ROC curve analysis for Group I and Group E.





	
Variable

	
AUC

	
Cutoff Point

	
p-Value

	
95% Cl

	
Sensitivity

	
Specificity






	
FMA

	
0.87

	
30.0

	
0.03 *

	
0.52

	
0.67

	
0.70




	
0.92




	
UM height

	
0.75

	
25.3

	
0.04 *

	
0.47

	
0.67

	
0.75




	
0.88




	
UI height

	
0.60

	
32.0

	
0.46

	
0.45

	
0.67

	
0.50




	
0.90








NS: Not significantly different; * p < 0.05: statistically significant difference.
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