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Abstract
BACKGROUND
Temporomandibular joint (TMJ) disorders are closely related to high-angle and skeletal Class II malocclusion. Sometimes pathological changes in the mandibular condyle can cause open bite to occur after growth is complete. 

CASE SUMMARY
This article is about the treatment of an adult male patient with a severe hyperdivergent skeletal Class II base, an unusual and gradually occurring open bite and an abnormal mandibular condyle anterior displacement. Because the patient refused surgery, four second molars with cavities and root canal therapy were extracted, and four mini-screws were used for intrusion of the posterior teeth. The treatment duration was 22 mo, and after the treatment, the open bite was corrected and the displaced mandibular condyles were seated back to the articular fossa as shown by cone-beam computed tomography (CBCT). Based on the patient’s open bite history, the result of clinical examinations and CBCT comparisons, we believe it is possible that the occlusion interference was eliminated after the four second molars were extracted and the posterior teeth were intruded, and the patient's condyle spontaneously returned to its physiologic position. Finally, a normal overbite was established, and stable occlusion was achieved. 

CONCLUSION
This case report suggested that identifying the cause of open bite is essential, and the TMJ factors for hyperdivergent skeletal Class II cases should be particularly examined. For these cases, intruding posterior teeth may place the condyle in a more appropriate position and provide an environment suitable for TMJ recovery.
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Core Tip: This article is about the treatment of an adult male patient with a severe hyperdivergent skeletal Class II base, an unusual and gradually occurring open bite and an abnormal mandibular condyle anterior displacement. This case report suggested that identifying the cause of open bite is essential, and the temporomandibular joint (TMJ) factors for hyperdivergent skeletal Class II cases should be particularly examined. For these cases, intruding posterior teeth may place the condyle in a more appropriate position and provide an environment suitable for TMJ recovery.

INTRODUCTION
Anterior open bite has various causes, including genetic backgrounds, oral dysfunction, bad oral habits and abnormal skeletal or alveolar bone development[1-5]. Finding the aetiology is important because it affects the stability after the treatment[3,6]. The relationship between anterior open bite and the temporomandibular joint (TMJ) has received increasing attention.
Although we cannot determine the causal relation, we found that TMJ disorders (TMDs) are closely related to open bite. Pathological changes in the condyle can cause anterior open bite. There were 2 case reports about idiopathic condylar resorption-caused anterior open bite published in the American Journal of Orthodontics and Dentofacial Orthopedics in 2019[7,8]. Condylar resorption caused mandibular clockwise rotation, and all patients presented a gradually increased anterior open bite. On the other hand, high-angle patients were reported to have an increased risk of TMJ disc displacement and TMJ degenerative bony changes[9-11].
Here, we report an unusual anterior open bite case with TMD treated by 4-second molar extractions and posterior teeth intrusion with mini-screws. The total treatment time is 22 mo.

CASE PRESENTATION
Chief complaints
A 26-year-old man complained of a progressively aggravated open bite for the duration of 1 year.

History of present illness
The patient had a long history of TMJ clicking but no pain. He also had a tongue-thrusting habit.

History of past illness
The patient denied any history of previous disease.

Personal and family history
The patient denied any family history of present illness.

Physical examination
The facial analysis indicated that the patient’s lip sealing was inadequate and he had an increased lower facial third. A convex profile with a retrognathic mandible and mentum was also noted. Abrasion was apparent on the bimaxillary anterior teeth, indicating that the open bite had been a recent occurrence. The dental midline was coincident with the facial midline (Figure 1). The patient had a Class III molar relationship and posterior crossbite. Occlusal contact was only observed for the second molars (Figure 2), and dual bite was not observed.

Laboratory examinations
None.

Imaging examinations
The cephalometric results revealed skeletal Class II malocclusion (SNA, 84.2°; SNB, 77.8°; ANB, 6.4°) and a high mandibular plane (SN-MP, 39.6°; FMA, 33.5°; Figure 3), and the mandibular incisors were proclined (Table 1). The panoramic radiograph showed caries in 15, 14, 11, 21, 24, and 37, 47 and 17 received root canal therapy. All four third molars were impacted (Figure 3).
Cone-beam computed tomography (CBCT) revealed crescent-shaped changes on the posterior surface and flattening of the anterior surface of the bilateral TMJ condyles. The large superior and posterior joint space indicated condylar anterior displacement (Figure 4). The patient was diagnosed with anterior disc displacement with reduction on the right side and inside disc displacement on the left side based on magnetic resonance imaging from Shanghai Ninth People’s Hospital.

FINAL DIAGNOSIS
This patient was diagnosed with a skeletal Class II profile, a high mandibular plane angle, Angle Class III malocclusion and a severe open bite with TMD.

TREATMENT
Treatment objectives
The treatment objectives were (1) to correct the anterior open bite; (2) to achieve a Class I canine and molar relationship; (3) to relieve crowding; and (4) to improve facial aesthetics.

Treatment alternatives
We proposed three treatment alternatives. The first was a combined orthodontic and orthognathic treatment, which included a Le Fort I osteotomy, a bilateral sagittal split ramus osteotomy and genioplasty. In consideration of the TMJ abnormality, we also referred the patient to the department of TMJ, who recommended TMJ disc repositioning[12,13]. However, he refused orthognathic and TMJ surgery due to safety risks.
The second alternative was camouflage treatment that would involve extracting the four first premolars and intruding the posterior teeth with mini-screws. Based on the pendulum effect and wedge effect, his open bite could be reduced.
The third alternative was also camouflage treatment. Because the second molars provided the only occlusal contact and three second molars were defective, we planned to extract four second molars and use 4 mini-screws to intrude the posterior teeth. We hope that the mandibular counterclockwise rotation could reduce the skeletal discrepancies. However, there were still some unpredictable problems, such as the periodontal risks due to posterior teeth intrusion, the TMD progression, the normal eruption of 4 third molars and the inferior alveolar nerve injury risks due to second molars extraction[14]. In addition, compared to the orthognathic surgery plan and premolar extraction plan, the ability to improve his profile and occlusion with this method was potentially more limited.
After discussion, the patient accepted the risk and selected the third treatment plan.

Treatment progress
We taught the patient a tongue muscle training procedure to correct his tongue-thrusting habit. One week after the extraction of four second molars, a preadjusted appliance with 0.022-in slots was bonded. A sequence of continuous 0.012-in, 0.014-in, 0.016-in, 0.016-in × 0.022-in, 0.018-in × 0.025-in nickel-titanium and 0.019-in × 0.025-in stainless-steel archwires was used to align and level both arches for 8 mo. In the second month, four 8 mm mini-screws were implanted bilaterally between the second premolar and first molar. Power chains were used to load intrusive force on the posterior teeth in the third month (Figure 5A).
Surprisingly, the open bite was corrected after only 5 mo, which was very quick, and it was accompanied by an improvement in the sagittal molar relationship (Figure 5B). However, bilateral posterior open bite occurred because we only performed the intrusive force buccally on the nickel-titanium archwires, which caused buccal tipping of the posterior teeth. With the use of vertical elastics and stainless-steel wires, posterior occlusion was rebuilt (Figure 5C). The eruption of the third molars will need further observation during the retention phase, which may need extra treatment. The treatment duration was 22 mo. After removing all appliances, we used removable soft retainers for retention.

OUTCOME AND FOLLOW-UP
The ideal anterior overjet and overbite, Class I molar relationship and improved facial and dental aesthetics were achieved (Figures 5D and 6).
The root paralleling was good, and four third molars had erupted compared to the former panoramic radiograph (Figure 7). The ANB increased from 6.4° to 8° (Table 1). However, the facial aesthetics still improved, especially the frontal and smile aesthetics, because the significantly reduced ANS-Me (72.9 mm to 67.4 mm) and S-Go (89.7 mm to 85.7 mm) contributed to the reduction in facial muscular tension and created a harmonious and natural facial appearance. FMA was maintained after orthodontic treatment (FMA, 33.5° to 33.2°). The maxillary incisors were upright, and the mandibular incisors were slightly proclined (U1-SN, 106.9° to 101.8°; L1-MP, 102.6° to 103.7°; U1-L1, 111° to 114.8°). The superimpositions showed that the amount of molar intrusion was small (U6 – PP, 24.4 mm to 23.8 mm; L6 – MP, 39.8 mm to 38.3 mm), and there was a significant posterior and superior shift of the mandible, which was also confirmed by CBCT (Figures 8-10). CBCT showed a significant decrease in the posterior and superior joint space, and the bilateral condyles moved back to the articular fossa. The continuity of the condylar cortical bone and the morphology of the anterior surface of the left condyle also appeared to be improved after orthodontic treatment (Figure 4). The patient experienced no TMJ pain during the orthodontic treatment. 
After 2 years, we called the patient to remind him of a return visit. However, he refused the return visit as he moved to another city. He was satisfied with the treatment results and reported no recurrence of open bite and TMJ pain. 

DISCUSSION
Here, we presented a severe open bite case with apparent superior and posterior condylar position changes before and after treatment. This result suggested that in addition to the morphology of condyles, we need to consider the position of condyles and changes in joint spaces, which can be related to open bite malocclusion.
The etiology of the patient’s open bite caught our interest. We speculated that unstable condylar anterior displacement and the subsequent tooth extrusion contributed to the patient’s open bite, and the reasons are described as follows. The patient was an adult and had obvious abrasion on the anterior teeth, meaning that he had anterior occlusal contact in the past. With no change in the jaw position, it was difficult for the patient to have such a severe open bite, as only the second molars had occlusal contact after just one year. The characteristics of his malocclusion also gave us some clues. In contrast to most skeletal Class II open bite cases, he had a Class III molar relationship and posterior crossbite. It seemed as though the teeth had not adapted to the anterior repositioning of the jaw in the short term. Considering that he was a TMD patient with a long history of joint clicking, the lax capsule and weak ligaments may have also caused instability of the condylar position. By extracting 4 second molars and intruding the posterior teeth, we eliminated occlusal interference which may create an easily adapted environment for the TMJ to recover. Therefore, the bilateral condyles moved back to the articular fossa with improved morphological changes and bone remodeling accompanied by an increased ANB (ANB, 6.4° to 8°).
Many open bite studies have focused on how effective mini-screws are in intruding posterior teeth and inducing mandibular counterclockwise rotation, but few studies have discussed the accompanying changes in the condylar position. One study showed that the centre of mandibular autorotation was located 7.4 mm behind and 16.9 mm below the condylion after molar intrusion[15]. This demonstrates that using mini-screws to intrude posterior teeth can place the condyle in a more superior and posterior position. As our patient’s condyles were seated in an inferior and anterior position, we used mini-screws to intrude his bimaxillary posterior teeth, helping the condyles move back to the fossa.
The adaptive capacity of the TMJ condyle is truly a gift to orthodontists, regardless if we intentionally change the condylar position or not[16-21] However, we need to be cautious, as some patients fail to adapt to the new condylar position, and dual bite, muscular disorders or TMJ pain can be created. Usually, if possible, the patient’s original jaw position should be maintained or at least not fully changed, especially for adults without TMJ symptoms, because the relationship between the occlusal and TMJ results from a lifetime of homeostatic adaptations of muscle, occlusion and TMJ[22,23].

CONCLUSION
We treated a severe anterior open bite case that occurred in one year with TMJ condylar displacement. After treatment, we achieved ideal anterior overbite, and the occlusion was stable and functional. By extracting 4 second molars and intruding posterior teeth, we eliminated occlusal interference and the TMJ condyle moved back to an appropriate position, which provided an environment suitable for TMJ recovery. Therefore, we suggest that identifying the cause of open bite is essential, and the TMJ factors for hyperdivergent skeletal Class II cases should be particularly examined. The success of the homeostatic adaptation of muscle, occlusion and TMJ is vital for the stability of orthodontic treatment.
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Figure Legends
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Figure 1 Pretreatment facial and intraoral photographs. A: Facial photographs; B: Intraoral photographs.
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Figure 2 Pretreatment dental models. A: Right lateral view; B: Frontal view; C: Left lateral view; D: Upper occlusal view; E: Lower occlusal view.
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Figure 3 Pretreatment lateral cephalometric and panoramic radiographs. A: Lateral cephalometric radiographs and tracing; B: Panoramic radiograph.
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Figure 4 Cone-beam computed tomography images of the temporomandibular joint. A: Pretreatment; B: Posttreatment.
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Figure 5 Treatment progress. A: 2 mo. The four second molars were extracted and 4 mini-implants were implanted to intrude the second premolars and the first molars;B: 8 mo. The anterior open bite was corrected but bilateral posterior open bite occurred; C: 17 mo. After fine adjustment, Class I molar relationship and normal overjet and overbite were obtained; D: Posttreatment facial and intraoral photographs.

[image: ]
Figure 6 Posttreatment dental models. A: Right lateral view; B: Frontal view; C: Left lateral view; D: Upper occlusal view; E: Lower occlusal view.
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Figure 7 Posttreatment lateral cephalometric and cone-beam computed tomography reconstructed panoramic radiographs. A: Lateral cephalometric radiographs and tracing; B: Cone-beam computed tomography reconstructed panoramic radiographs.
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Figure 8 Cephalometric superimpositions. A: Overall superimposition; B: Maxillary superimposition; C: Mandibular superimposition. Black: Pretreatment; Red: Posttreatment.
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Figure 9 Lateral cephalometric radiographs superimposition.
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Figure 10 Cone-beam computed tomography 3D superimposition. A: Right side; B: Left side. Red: Pretreatment; Green: Posttreatment. 

Table 1 Cephalometric summary
	Variables
	Norm
	SD
	Pretreatment
	Posttreatment

	SNA (°)
	83.8
	2.8
	84.2
	83.4

	SNB (°)
	80
	3
	77.8
	75.5

	ANB (°)
	3.8
	1.9
	6.4
	8

	Wits
	-1
	1
	-3
	0.3

	SN-MP (°)
	34.8
	4.1
	39.6
	39.7

	Y-axis (°)
	65
	3.9
	76.3
	77.4

	N-ANS (mm)
	55.9
	3.1
	54.4
	55

	ANS-Me (mm)
	63.2
	4.5
	72.9
	67.4

	S-Go (mm)
	79.8
	6.2
	89.7
	85.7

	S-Go/N-Me (%)
	67
	4
	67.7
	66.4

	ANS-Me/N-Me (%)
	53
	1.8
	57.1
	55

	U1-L1 (°)
	120.6
	9.1
	111
	114.8

	U1-SN (°)
	107.5
	5.9
	106.9
	101.8

	U1-NA (mm)
	4.4
	2.4
	3.4
	2.4

	U1-NA (°)
	23.7
	5.7
	22.7
	18.3

	L1-NB (mm)
	6.8
	2.7
	12
	11.6

	L1-NB (°)
	31.1
	6.1
	40
	38.9

	FMIA (°)
	51.8
	7.3
	43.9
	43.1

	IMPA (°)
	93.9
	6.2
	102.6
	103.7

	FMA (°)
	31.3
	5
	33.5
	33.2

	UL-EP (mm)
	2.2
	2
	0.5
	2.8

	LL-EP (mm)
	3.2
	2.7
	3.5
	6

	Z-Angle (°)
	69.5
	4.8
	57.3
	50.7

	U6 - PP (UPDH) (mm)
	24.6
	2
	24.4
	23.8

	L6 - MP (LPDH) (mm)
	32.9
	2.5
	39.8
	38.3


ANB: Subspinale-nasion-supramental; ANS: Anterior nasal spine; EP: E plane; LL: Lower lip; L6: Lower first molar; Me: menton; MP: Mandibular plane; Go: Gonion; S: Sella; FMIA: The angle between lower central incisor long axis and frankfort horizontal plane; IMPA: The angle between lower central incisor long axis and mandibular plane; PP: Palatal plane; N: Nasion; A: Subspinale; B: Supramental; SNA: Sella-nasion-subspinale; SNB: Sella-nasion-supramental; SN-MP: The angle between sella-nasion and mandibular plane; U1: Upper central incisor long axis; L1: Lower central incisor long axis; FMA: The angle between frankfort horizontal plane and mandibular plane; U6: Upper first molar; UL: Upper lip.
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