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Case report 
Orthodontic protraction of tipped molars and space closure in patients with advanced periodontal disease
Abstract: 

This report demonstrates a clinical case of a young female adult, presenting severe periodontitis, along with multiple missing teeth and atrophic mandibular first molar extraction sites. We chose a multidisciplinary approach; starting with periodontal therapy in order to obtain a healthy periodontium, followed by orthodontic treatment to correct malocclusion and restore the dentition, ensuring in the way uprighting and protraction of the second molars and thereby closure of the large posterior edentulous spaces. As a result, clinical gingival inflammation, attachment loss and vertical bone resorption were improved and stabilized. Follow-up at 1-year post-treatment confirmed the stability of the orthodontic and periodontal results. 
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Introduction:

Orthodontic treatment aims to correct malocclusion, improving both aesthetic appearance and masticatory function. However, orthodontic treatment in periodontally compromised patients, particularly those with periodontitis, may present several challenges. These include flaring of the maxillary anterior teeth, irregular interdental spacing, tooth migration, tooth loss, or traumatic occlusion [1]. These changes are thought to occur when the periodontal ligament can no longer stabilize the teeth against external forces [2], and they often complicate the treatment which requires advanced biomechanical techniques, a thorough awareness of the patient’s biological situation and an interdisciplinary treatment plan. Advanced periodontal disease is primarily characterized by severe attachment loss and reduction of alveolar bone support [3], and the most important factor in this disease’s initiation and progression is microbial plaque [4]. Among the major consequences of advanced periodontal disease, pathologic tooth migration is particularly significant, as it frequently compromises both function and aesthetics, and may also adversely affect the long-term prognosis of the dentition [5] as well as to negatively influence the long-term prognosis of the teeth. Furthermore, it can result in the aggravation of traumatic occlusal forces, which are proved in the literature to be linked to attachment loss [6]. Therefore, patients experiencing pathological tooth migration are often advised by their dentist or periodontist to pursue orthodontic treatment. 
Recent studies have demonstrated that orthodontic treatment is no longer considered contraindicated in the management of advanced adult periodontitis [7,8]. In fact, evidence indicates that a periodontium which is reduced but stable- once active lesions have been eliminated- can tolerate orthodontic movement without additional attachment loss [9,10]. Furthermore, orthodontic therapy may serve as a valuable adjunct to the periodontal treatment arsenal, provided it is performed under strict plaque control and with the application of light continuous forces. Consequently, orthodontic correction of pathological mal-positioned teeth can relieve occlusal trauma, stabilize the occlusion and improve the periodontal status, and thereby contributing significantly to the overall rehabilitation of the deteriorated dentition. For instance, orthodontic extrusion of unrestorable teeth can aid the periodontist and restorative specialist by promoting alveolar bone utilization and enhancing soft-tissue architecture [2]. Conversely, intrusive movement is indicated for the correction of pathologic tooth migration, as it helps to optimize clinical crown length and improve marginal bone levels [2]. 
Another illustration of orthodontic movement is the closure of a large posterior edentulous space in the presence of a severely resorbed alveolar ridge, which represents one of the most complex clinical challenges in orthodontics- more so in case of periodontal disease. The loss or the agenesis of a permanent tooth often leads to tipping and rotation of the adjacent teeth, which consequently promotes the formation plaque-retentive pseudo-pockets, induces super-eruption of opposing teeth, and results in a reduction of alveolar bone height and width, ultimately contributing to significant periodontal complications [1]. Therefore, the protraction of a tipped molar requires its uprighting first, which is problematic in the mandible [2]. Nevertheless, even in the presence of a reduced but healthy periodontium, the uprighting of the tipped molar is still beneficial in terms of plaque control when carried out properly with suitable orthodontic forces, otherwise the risk of localized gingival dehiscence and poor root parallelism increases greatly. Plus, clinical studies showed that adults frequently have incomplete space closing or reopening of the edentulous space causing by that reduction of the alveolar bone height [11,12], which might eventually worsen the attachment loss. 
The aim of this article is to describe a case report in which a correct orthodontic management, adhering to the protocols dictated by the literature, provided satisfactory treatment to a female patient presenting advanced periodontal pathology, edentulous posterior space and mesially tipped second molar in the mandible. 
Case description:

A 24-year-old female patient was referred by the periodontist for orthodontic treatment, she had a chief complaint of tooth mobility and altered masticatory function due to large edentulous spaces posteriorly. Temporo-mandibular joints were clinically normal and no deleterious habits or history of mouth breathing were present. Facial photographs (Fig.1) showed a straight facial profile with satisfactory mandibular chin point. Endo-buccal examination (Fig. 2) revealed the absence of the upper left first molar due to periodontal disease, along with the lower first molars and the lower right second molar, which led to the mesially tipping of the terminal molars. The severe periodontitis had caused significant damage to the supporting bone structures and severe attachment loss in the upper and lower incisors.
Cephalometric analysis, based on lateral cephalogram of the patient (Fig. 3), showed a normal vertical skeletal pattern with normal mandibular plane angle (FMA: 25; SN-GoGN: 32), class II malocclusion (SNA:85, SNB: 82, ANB: 3, Witts: 7) with an adequate anterior lower facial height (AHF: 124mm). There was a class II division 2 occlusal relationship with reduced overjet and normal overbite. Both maxillary and mandibular incisors were in their normal position (I-NA:20, I:NA: 3 mm, I-NB: 26, I:NB: 7mm, IMPA: 90) (Table 1). 
Table 1: Cephalometric measurements

	Measurements
	Pre-treatment
	Post-treatment
	Post-retention

	SNA

	85
	85
	86

	SNB
	82
	84
	84

	ANB
	3
	1
	2

	1-NA
	20
	19
	19

	1:NA (mm)
	3
	2
	2

	1-NB 
	26
	25
	25

	1:NB (mm)
	7
	5
	5

	GoGN-SN
	31
	29
	28

	Wits appraisal
	7
	2
	2

	FMA
	25
	24
	24

	FMIA
	65
	66
	66

	IMPA
	90
	90
	90

	PFH (S:Go)
	77
	73
	74

	AFH (N:Me)124
	124
	121
	120


Periodontal charting demonstrated probing depths ranging from 4 to 10 mm, and extensive alveolar bone resorption, particularly in the lower incisors’ region, could be seen on the apical radiographs (Fig. 4). Gingival recessions were observed on the labial and palatal surfaces of the upper lateral incisors, and the lower incisors. The mandibular dental midline was displaced approximately 2 mm to the left and spacing was about 7 mm on the left side of the maxilla, and approximately 18 mm on the mandible. 
Treatment objectives: 
The treatment objectives were to:

(1) maintain effective plaque control, therefore ensuring clinically healthy periodontal tissues throughout orthodontic therapy via regular maintenance sessions; 
(2) achieve proper alignment and leveling of the teeth in both arches to establish functional occlusion; 
(3) close posterior edentulous spaces through molar mesialization and fixed prosthetic rehabilitation; 
(4) correct the class II occlusal relationship and normalize the overjet; 
(5) reduce or stabilize periodontal defects and place fixed retention between teeth with bone loss; and 
(6) improve facial aesthetics. 
Treatment alternatives: 

Analysis of patient’s occlusion and dental casts, along with their cephalometric measurements, referred us towards a pluri-disciplinary approach that combined periodontal, orthodontic and prosthodontic therapies.  
The initial periodontal conditions were satisfactory since the patient had already undergone initial periodontal therapy and only required orthodontic treatment in order to improve the results. After discussions with the periodontist and the prosthodontist, we decided to close space by setting up a dental bridge replacing the lower first right molar since the patient had lost two right molars, and thereby had a decreased posterior occlusal support. Ideally, implant-based prosthodontics would be a practical approach to replace a lost tooth especially when the two adjacent teeth aren’t presenting any cavities or crown destruction and don’t require a root canal treatment. However, the patient refused to undergo the necessary alveolar augmentation (bone grafting) and preferred to minimize eventual surgical interventions and costs. As for the right upper and lower posterior spaces, we opted for the second molars’ mesialization since the third molars were in occlusion. 
Treatment progress: 

As a first step, intensive periodontal therapy was preformed consisting of a full-mouth scaling, curettage, root planning, and oral hygiene instructions, then a 3-months observation period was necessary before starting orthodontic treatment, in order to confirm patient cooperation, her ability to maintain good oral hygiene and stability of the results. 
Orthodontic treatment was initiated using fixed Edgewise appliances with 0.022*0.028-in slot brackets on both arches. Initial alignment and leveling were carried out with a suitable arch wire sequence, which included 0.012 nickel-titanium (Niti) wire, 0.016 Niti wire, 0.016*0.22 Niti wire, 0.017*0.025 Niti wire, followed by 0.16*0.022 and 0.018*0.025 SS wires. On the mandibular arch, archwires with vertical loops were used to upright the canines, and a rocking chair archwire (0.019*0.25 SS) was used to level the Spee curve. 
Retraction and intrusion of the anterior mandibular teeth were performed with 0.019*0.025 SS archwires using a bull loop distal to the lateral incisors bilaterally. To prevent more anterior proclination, the archwire were cinched distal to the molar. Incisors’ retraction was achieved within five months. On the maxilla, correcting the overjet and dark spaces was achieved by stripping between the six anterior maxillary teeth on a 0.019*0.025 stainless steel archiwre. The spaces were then closed with elastomeric chains. 

Closure of posterior spaces on the mandible was obtained by placing a 3 elements-dental-bridge on the right quadrant and by molar protraction on the left quadrant. In order to achieve these goals, uprighting of the terminal molars was necessary. Effective tip backs and a toe-in bend were applied to correct molar tipping and to prevent their mesiolingual rotation, respectively. Some labial crown torque of the mandibular incisors was required as auxiliary mechanics to prevent the retraction of the incisors. No mini-screws or plates were used, instead, a power chain was placed to protract the second molars and was monthly activated, with a starting force of 400 mg, which declined to 0 between visits. The anchorage control was ensured by the use of a full-size SS arch wire and lingual retention from the left second premolar to the right one. 

After 30 months of treatment, satisfactory space consolidation and stable occlusion were achieved. panoramic radiograph confirmed root parallelism, allowing for the removal of the orthodontic appliances. Retention was ensured with fixed maxillary and mandible canine-to-canine and first premolar-to-first premolar retainers, respectively. In addition to an upper removable retainer. 

Treatment results: 

The post-treatment photographs of the patient and her smile confirmed the satisfying esthetic results. The teeth were aligned, class I dental relationships were attained, posterior spaces were closed and adequate overjet was achieved. Moreover, the intrusion of the upper and lower incisors was achieved and the midlines were centered (Fig. 5). 
Cephalometric analysis shows a minimal decrease of FMA and SN:GoGN values, the reduction of ANB and Wits appraisal measurements, along with correct intrusion and retraction of the maxillary anterior teeth (1:NA: 19, 1-NA: 2mm). Intrusion and retraction of mandibular incisors was also noticed (1:NB: 25, 1-NB,: 5mm, IMPA:90). A harmonious facial result was attained with an index value of 60.33%.

Post-treatment apical and panoramic radiographs (Fig. 6) revealed stabilization of the anterior vertical periodontal defects, accompanied by a slight increase in bone height. These results were confirmed by periodontal probing depth measurements, which showed a reduction in pocket depth. The post-treatment panoramic X-ray also showed the uprighting of the previously tipped right third lower molar and left second and third lower molars, and no remarkable root resorption. 
After one year of retention, proper occlusion was ensured as well as sound plaque control and clinically healthy soft tissues. 
Discussion:

Placing fixed orthodontic appliances into the oral cavity can stimulate inflammatory response and may hasten the progression of an existing attachment loss in individuals with advanced and uncontrolled periodontitis [4]. Nevertheless, when periodontists and orthodontists collaborate harmoniously and effectively, along with a properly maintained oral hygiene [1], the correction of malocclusion via uprighting excessively tipped molars, closing large edentulous spaces with severely resorbed ridges, intrusion and retraction of flared and spaced incisors, normalizing traumatic deep-bites and excessive over-jets, is particularly beneficial to the periodontium. This statement agrees with the findings of several clinical studies confirming that with sound plaque control, a reduced yet stable periodontium is still capable of tolerating orthodontic movements without exacerbation of the underlaying condition [13,14]. However, several studies [15,16] have noted a rise in probing depth values during orthodontic therapy; however, this change is generally linked to gingival hyperplasia rather than true attachment loss. Evidence from a recent systematic review suggests that orthodontic treatment does not lead to clinically relevant or irreversible periodontal tissue damage [17].
Our patient had severe periodontal disease with attachment loss. She had received an intensive periodontal treatment for almost six months until the disease was arrested, and the soft tissues became clinically healthy, followed by a 3-months observation period before placement of the orthodontic appliances. This protocol agrees with the recommendations of a systematic review conducted by Gkantidis et al. [1] in which they suggest a waiting period of approximately six months following periodontal therapy and before placing orthodontic brackets, allowing sufficient time for tissue healing, periodontal remodeling and assessment of patient’s compliance regarding oral care. Throughout the orthodontic phase, regular monitoring of periodontal tissues is essential and if the patient shows any signs of neglect for their oral hygiene, treatment should be suspended according to the aforementioned review [1]. To summarize, when managing patients presenting periodontal disease, practitioners are recommended to adhere to the Pyramid of Orthodontic-Periodontal planning [18]. The six-level pyramid includes obtaining periodontal health as a first step, anchorage planning which is critical in the movement of teeth with insertion loss, biomechanical planning to produce orthodontic forces that are suitable to the severity of bone loss, planning the orthodontic intrusion with forces carefully directed near the apically shifted center of resistance of the affected tooth or teeth, black triangles which are a common outcome of vertical alveolar bone loss and lastly, retention which is crucial since the stability of the results is somewhat critical [18]. Moreover, using the simplest possible orthodontic systems in order to avoid creating circumstances that favor retention of dental plaque is recommended [1]. Meaning self-ligating brackets are considered best, even though clinical comparisons indicate no substantial difference in plaque buildup or periodontal health between conventional and self-ligating bracket systems [19].  
Accurate three-dimensional control of tooth movement during space closure is of a paramount importance to ensure predictable and stable outcomes. In our case, the patient had large posterior edentulous areas on the maxillary left quadrant and on the mandibular right and left quadrants. Regarding the lower right posterior space, we opted for dental bridge to replace the missing first and second molars. As for the other spaces, second molar protraction presented the ideal option. Orthodontic displacement of teeth with reduced height of the alveolar ridge is generally possible with only a minimal loss of alveolar bone as a side effect [1]. Several investigations have examined the influence of space closure on the adjacent supporting structures and their findings indicate notable reductions in posterior spacing with moderate widening of the alveolar ridge [11,12]. As suggested by Zachrisson [20], orthodontic tooth movement represents an effective strategy for regeneration of new alveolar bone and soft tissue, and it is often considered as the most reliable and predictable method compared to conventional regenerative procedures. Several authors [11,12] have reported that complete space closure can be achieved, with roots of the second molars advancing almost twice as far as the crowns. Nonetheless, a slight reduction in crestal bone height mesial to the protracted molars was consistently observed. In our patient, the side effects associated with the closure of the missing mandibular space were considered acceptable. Although minor vertical bone loss and gingival recession were noted mesially, the second molar remained stable, without mobility nor pain. However, complete closure of the edentulous space was not achieved due to the the mesiodistal width of the extraction site, which exceeded the reported reported ideal dimension of 6 mm or less for successful mandibular first molar space closure [12]. Hence, the interproximal contact point was not tight, but the patient had no discomfort and after 6 months post-treatment, the space remained stable. 
Our patient demonstrated good plaque control both prior to and throughout the course of orthodontic treatment. So, the aforementioned vertical bone loss mesial to the second mandibular molar may be associated with the tipping movements that occur when a tooth is advanced along an arch-wire. In fact, tipping induces an unequal distribution of the stresses within the periodontal ligament and generates higher compressive forces in the marginal tissues, which can promote adverse remodeling and subsequent bone loss [2]. For that reason, an orthodontic uprighting of the already mesially tipped molar, followed by a bodily movement of the tooth may help reduce these unwanted side effects. In fact, the uprighting movement not only facilitates the elimination of osseous defects but also reduces pocket probing depth, thereby enhancing periodontal conditions at these sites [1]. In our case, we used an elastomeric power chain to protract the molars instead of a Niti closed spring coil. This decision was based on the fact that both techniques are efficient force delivery systems in closing extraction spaces, even though the Niti spring produces a faster rate of space closure [21]. Besides, a clinical trial comparing Niti springs to sliding mechanics, concluded that during treatment, no clinical side effects such as loss of torque and excessive gingival hyperplasia were encountered, with both space closing systems [22]. However, according to the same study [22], an elastic module provides light and continuous forces which are ideal for tooth movements and anchorage control, which is not the case for the medium and heavy Niti springs. The most challenging problem we faced on this case while protracting the molars was the anchorage control, since the patient had terminal periodontal lesions on the anterior mandibular teeth. As a solution, before carrying out the molar protraction, we placed a fixed lingual retainer from the left second premolar to the right one, as an alternative anchorage system to the skeletal one since the patient had refused the latter. Plus, we made sure that the sliding mechanics were applied on a full-size stainless steel arch wire with an anterior labial crown torque for additional control. 
Conclusions:

Chronic periodontitis leads to both horizontal and vertical bone defects, flaring of the anterior teeth, and loss of permanent teeth with advanced supporting tissue destruction, ultimately resulting in large edentulous spaces and progressive atrophy of the alveolar ridges. In this case, as suggested in the literature, the orthodontic treatment must be undertaken after periodontal therapy and sound plaque control, aiming to resolve malocclusions and restore the dentition. There are three fundamental challenges to be managed throughout the combined periodontal-orthodontic approach: the monitoring of oral hygiene, the precise application of orthodontic forces and appropriate anchorage control during closing spaces by orthodontic movement. 

In the post-orthodontic phase, permanent retention is crucial to ensure the completion of re-mineralization without risk of relapse. Our case demonstrated the efficient, safe and  adequate orthodontic management of periodontally compromised dentition, and how orthodontic movement can be beneficial to improve the periodontal conditions and re-stablish a functional and aesthetic occlusion. 
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Figure 1: Pre-treatment facial photographs: a: Profile; b: Frontal view; c: Smiling
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Figure 2: Pre-treatment endo-buccal photographs
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Figure 3: Pre-treatment radiographs, a: Lateral cephalogram, b: Panoramic radiograph
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Figure 4: pre-treatment peri-apical radiographs
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Figure 5: Post-treatment facial and endo-buccal photographs
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Figure 6: Post-treatment radiographs


