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Abstract
BACKGROUND
Patients with severe periodontitis often require multidisciplinary treatment to achieve healthy periodontal tissue, normal occlusion, and optimal aesthetics. In the present study, we aimed to evaluate the efficacy of multidisciplinary non-surgical treatment in a patient with stage IV/ grade C periodontitis, malocclusion, and dentition defects. 

CASE SUMMARY
A 47‑year‑old woman visited our periodontology department due to teeth mobility problems and difficulties chewing food. The patient had no history of drug allergies or systemic disease. Initial therapy involved scaling and root planning with a Gracey scaler and periodontal ultrasonic therapeutic apparatus using a periodontal endoscope (Perioscopy, Zest Dental Solutions, United States) to control the periodontal inflammation prior to treatment. Five months later, orthodontic treatment was then performed to treat occlusion and overall aesthetics. After completion, a Maryland bridge was used to restore Nos. 22, 31, and 41 teeth. Florida probing (Florida probe, United States) was performed every 2-3 mo to evaluate the periodontal condition throughout treatment. Overall, multidisciplinary non-surgical treatment resulted in satisfactory aesthetic results with healthy periodontal tissue and stable occlusion. 

CONCLUSION
In some patients with stage IV/grade C periodontitis, systematic and sequential non-surgical treatment can provide excellent therapeutic results.
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Core Tip: We present a case of severe periodontitis treated with standardized multidisciplinary therapy, with excellent therapeutic effects. This case report offers new insight into the treatment of patients with stage IV/ grade C periodontitis, highlighting the potential of a systematic and sequential non-surgical approach.

INTRODUCTION
Periodontitis is a chronic inflammatory disease caused by plaque microorganisms that can lead to periodontal tissue inflammation and alveolar bone loss. If untreated, periodontitis increases the risk of loose teeth and subsequent tooth loss[1]. Global epidemiological studies have shown a high prevalence of periodontitis in various countries including China, America, and Britain[2,3]. In addition to initial treatment, periodontal surgery is often required to completely remove local inflammatory stimulation and restore the normal appearance of periodontal soft and hard tissue[4]. However, in patients with severe periodontitis, sequential periodontal treatment usually requires a range of periodontal surgery and high expenditure, which many patients cannot afford. Meanwhile, studies have also shown that subgingival scaling and root debridement with periodontal endoscopy can have a similarly positive therapeutic effect[5].
Occlusion disorder problems often occur in patients with severe periodontitis, while secondary occlusal trauma can aggravate the destruction of periodontal tissue; however, both can be treated orthodontically[6]. Sim et al[6] and Angelina et al[7] have both reported that orthodontic treatment will not exacerbate periodontal destruction if the periodontal inflammation and plaque are initially controlled. Moreover, postoperative stable occlusion was found to promote periodontal tissue recovery.
However, in patients with advanced periodontitis, choosing an appropriate prosthetic treatment plan can be difficult when considering restoration of the denture deficiency, minimization of damage to the abutment teeth, and increasing the stability of the periodontal tissue. A recent study showed that fixed prosthodontic treatment in compliant patients is highly successful after 20 years of supportive periodontal care[8]. Moreover, several studies have also demonstrated that prosthodontics need to be designed according to the periodontal conditions of the patient, with different fixed dental prostheses having an effect on the periodontium[9-12]. The Maryland bridge has also been suggested in such cases, providing restoration of missing teeth with long-term stability[13].
In this case report, we present a patient with stage IV/ grade C periodontitis who achieved a good treatment outcome following nonsurgical periodontal treatment, orthodontic treatment, and prosthodontic treatment with a Maryland bridge, bringing new insight into the treatment of advanced periodontal disease.

CASE PRESENTATION
Chief complaints
A 47‑year‑old woman with no medical history presented to our hospital for teeth mobility problems.

History of present illness
While collecting detailed medical history, the patient complained of long-term problems with tooth loss and difficulties chewing. The patient had undergone no previous oral therapy, and sought treatment due to recent worsening of her chewing difficulties. The patient had mild halitosis and occasional bleeding during tooth brushing.

History of past illness
The patient had no significant medical history.

Personal and family history
The patient had no significant personal or family history.

Physical examination
In the clinical examination, we identified poor oral hygiene with a large amount of dental calculus and obvious plaque retention. The gingiva tissues appeared tender and edematous (Figure 1). No. 21 tooth was distinctly labially inclined, while Nos. 31 and 41 were extremely loose. Overall, 83% of her teeth (25 teeth) showed mobility ≥ I°, and more than 50% presented a probing depth (PD) of > 4 mm with positive bleeding on probing (BOP). According to the “Classification of Periodontal and Peri-Implant Diseases and Conditions” in 2017[14] and the Angle classification[15], the patient was diagnosed with: (1) Periodontitis stage IV/ grade C; (2) angle class III skeletal malocclusion, with maxillary and mandibular prognathism; and (3) moderate crowded malocclusion. A therapeutic plan was subsequently proposed by a team of periodontists, orthodontists, and a prosthodontist. In view of her periodontal condition and dental calculus, supragingival ultrasonic scaling was carried out ahead of detailed examination in order to provide a baseline level 1 wk later.

Imaging examinations
Preoperative panoramic radiographs (Figure 1 baseline) revealed that the full mouth alveolar bone was absorbed to varying degrees into the middle 1/2 and apical 1/3 of the root, with Nos. 22 and 31 teeth absorbed into the apical region.

Patient consent and ethical approval
The patient approved the treatment plan and provided signed informed consent for inclusion in this case report. The report was reviewed and approved by the Ethics Committee of Nanjing Stomatological Hospital, Medical School of Nanjing University (Nanjing, China).

Methodology
Oral hygiene (plaque assessment): Oral hygiene and the amount of plaque near the gingival margin were examined by visual inspection and probing.

Florida probe: The Florida probe, a computerized system that transfers periodontal pressure-sensitive probing and charting systems into a graphical representation, was used throughout periodontal treatment. The system stores digital records of each periodontal treatment session, allowing the effectiveness of a course of treatment to be monitored.

Periodontal pocket depth: A periodontal probe was inserted into the periodontal pocket parallel to the long axis of the tooth. The periodontal pocket was then probed to determine the depth of central, mesial, and distal sites on the labial/buccal and lingual/palatal sides of the tooth, respectively.

Tooth mobility assessment: Forceps were placed around the incisal margins of the anterior teeth and then closed around the posterior teeth. The teeth were then moved in a buccal-lingual or mesial-distal direction with the forceps tip against the occlusal fossa and graded as follows: Ⅰ°, mobility within 1 mm or only in a buccal-lingual direction; Ⅱ°, mobility within a range of 1-2 mm or in buccal-lingual and mesial-distal directions; Ⅲ°, mobility greater than 2 mm in buccal-lingual, mesial-distal, and vertical directions.

Bleeding on probing: A probe was inserted into the base of the periodontal pocket or the sulcus then removed, and the gingival margin was observed for bleeding.

X-ray evaluation: Periodontal hard tissues, notably the alveolar bone, was visualized using panoramic and apical radiographs.

FINAL DIAGNOSIS
Based on the clinical and imaging examinations, a final periodontal diagnosis of periodontitis (stage Ⅳ, grade C)/extensively severe chronic periodontitis and a final orthodontic diagnosis of Angle class Ⅰ neutroclusion were made.

TREATMENT
Intraoral images obtained at the first visit showed a poor level of oral hygiene, a large amount of dental calculus, and obvious plaque retention (Figure 1). No. 21 tooth was distinctly labially inclined and Nos. 31 and 41 were extremely loose.

Therapeutic goal
The overall aim was to improve the periodontal condition and encourage efficient oral hygiene habits and plaque control. The aesthetic needs of the patient and problems with occlusion were also considered. 

Therapeutic plan
At the beginning of treatment, the patient showed a desire to maintain her teeth and refused periodontal surgery. The therapeutic plan therefore consisted of: (1) Non-surgical initial periodontal therapy, with supra- and subgingival scaling, and root debridement using a periodontal endoscope; (2) orthodontic treatment aimed at improving occlusion and aesthetics; and (3) suitable prosthodontic treatment (i.e., Maryland fixed bridge restoration). The patient’s clinical index was continuously monitored and risk assessment was carried out throughout treatment, which lasted 38 mo. The treatment plan is shown in Figure 2. 

Initial periodontal therapy
Initial periodontal therapy was based on mechanical removal of bacterial plaque via non‑surgical treatment, with standardized supra‑ and subgingival scaling plus root planning (SRP). During the second visit, Nos. 22, 31, and 41 teeth were subsequently extracted. To achieve total calculus removal, SRP was carried out using a periodontal endoscope in sites with pockets ≥ 5 mm. Two weeks later, the patient underwent a session of professional plaque control, including reinforcement of oral hygiene processes via monthly checks and the use of plaque disclosing agents to facilitate daily examinations. Twelve weeks after completion of active therapy, the periodontal inflammation was deemed under control. Positive BOP sites were reduced by 86%-39%, and the plaque index showed that the plaque accumulation markedly decreased by 100%-17%, with a reduction in deep pockets ≥ 5 mm of 63%-2%. Orthodontic treatment was therefore initiated, with thorough examination and risk assessment using a Florida probe (Figure 3). A marked reduction in periodontal pockets was observed while probing; however, her risk assessment level remained high before orthodontic treatment, decreasing to moderate after 13-mo treatment (Figure 3A and B). The patient was recalled for periodontal maintenance every 3 mo throughout orthodontic therapy, at which point her periodontal parameters were examined and any changes in her condition were recorded. Positive therapeutic effects with a low risk assessment level and overall improvements in PD were ultimately achieved (Figure 4).

Orthodontic treatment 
After systematic periodontal therapy, a stable periodontal condition was achieved despite some teeth remaining mobile. We therefore consulted orthodontics for a critical evaluation, which highlighted that no tooth movement to the labial-buccal side was required during orthodontics, and therefore, there was no increased risk of loosening. Instead, the plan was considered beneficial in terms of stabilization following improvements to the occlusal relationship.
In order to correct the malocclusion and achieve a satisfactory occlusal relationship, orthodontic treatment was performed to initially align the teeth and then straighten the maxillary anterior teeth. Nickel titanium wires were used for alignment of the arches and interactive traction elastics were used for correction of the incisor position. The final duration of orthodontic treatment was 19 mo. The aesthetic profile was enhanced and the radiographic bone density increased in the molar region following periodontal and orthodontic treatment (Figure 5). Figure 6 shows intraoral and extraoral images obtained during treatment.

Prosthodontic treatment
After the completion of non-surgical periodontal and orthodontics treatment, the patient was referred to the department of prosthodontics for establishment of a prosthodontic treatment plan. Considering the compromised periodontal situation and tooth mobility problems, a Maryland bridge was selected on one side to provide full dentition, while on the other side, dental splints were used to fix the loose teeth (Figure 7). Eight months after treatment, the periodontal condition remained satisfactory and stable (Figure 8). 

Supportive periodontal therapy
After completing prosthodontic treatment, the patient was called for follow-up visits every 3 mo, with intraoral images obtained after 8 mo. Periodontal examination with risk assessment was also performed using a Florida probe (Figure 8), revealing a stable periodontal condition and good plaque control. Another 6 mo later, radiographic data and additional intraoral images were obtained (Figure 9), revealing a continuous stable periodontal condition with no additional alveolar bone loss.

OUTCOME AND FOLLOW-UP
Supra- and subgingival scaling with root planning was initially performed using a periodontal endoscope, which took 5 mo. An obvious improvement in the patient’s periodontal condition was revealed in terms of BOP and PD, and the high-risk assessment result decreased remarkably to low risk after 2-year treatment. Subsequently, based on the patient’s desire for straightening teeth, consultation with the orthodontic doctor, and evaluation of the risk of orthodontic treatment, 19 mo of orthodontic treatment was commenced, providing excellent treatment effects. Obvious root absorption in the upper anterior teeth was observed in addition to an unusual root morphology. 

DISCUSSION
Traditional periodontal treatment usually consists of four stages: Initial therapy, periodontal surgery, restorative therapy, and supportive periodontal therapy[16]. The aim of the second stage, periodontal surgery, is thorough debridement and restoration of the physiological morphology and function of the periodontal tissue. In this case study, we initially carried out supra- and subgingival scaling with root planing using a periodontal endoscope for 5 mo. Compared with general treatment, subgingival scaling and debridement with the aid of a periodontal endoscope are more thorough, offering a more efficient and minimally invasive approach for controlling periondontal inflammation. The main advantage of periodontal endoscopy is subgingival treatment with real-time image support[5], which directly displays the subgingival scaling process and therapeutic effect. This support is impractical with traditional treatment of, for example, deep periodontal pocket bottoms and multiple root bifurcations[17]. Periodontal endoscopic techniques can also reduce the risk of periodontal surgery and associated complications[18]. 
After completing initial treatment, re-evaluation is important, especially with severe periodontitis. In this case study, obvious improvement in the patient’s periodontal condition was revealed, both in terms of BOP and PD, and the high-risk assessment result decreased remarkably to low risk after 2-year treatment. Moreover, the patient adopted a greatly improved oral hygiene routine. These re-assessment results are pivotal in determining the subsequent treatment plan. At present, the commonly accepted indicators representing the so-called "treatment endpoint" include: (1) No BOP; and (2) a PPD ≤ 4 mm[8]. A large number of long-term clinical studies have shown that patients with severe periodontitis who show good plaque control and receive only normative non-surgical periodontal treatment can achieve notable improvements in their periodontal condition[19]. For example, Barros et al showed that non-surgical periodontal treatment alone could result in improvements in alveolar bone density[20].
In our case, 19 mo of orthodontic treatment provided excellent treatment effects. Orthodontic treatment can re-arrange the dentition, eliminate occlusal trauma, restore stability, and disperse the occlusal force, all of which are crucial in gaining healthy periodontal soft and hard tissue[6]. The precondition of orthodontic treatment is control of periodontal inflammation, which, if not achieved, can result in treatment failure or even accelerate periodontal destruction[21]. In patients with moderate to severe periodontal disease, periodontal-orthodontic treatment can not only correct malocclusion, but also significantly improve periodontal health[22]. Findings suggest that the performance of PD, plaque index, clinical attachment level, and the sulcus bleeding index of patients treated with combined orthodontic-periodontic treatment were much better than those treated with basic periodontics[23]. Notably, patients with periodontal disease must follow the principle of light force correction. Orthodontic forces are transmitted through periodontal fibers, which are the basis of tooth movement. The amount of orthodontic force depends on the periodontal ligament area of the teeth. If the alveolar bone height is reduced by 50%, the periodontal ligament area is reduced by 75%, leaving only 25%, and the orthodontic force should therefore be reduced to 25 rather than 50%. The orthodontic forces should therefore be determined according to the amount of residual alveolar bone[24]. In this case study, obvious root absorption in the upper anterior teeth was observed in addition to an unusual root morphology. It was previously reported that pointed and tapered apical morphologies are more likely to result in increased root absorption during orthodontic treatment[25, 26]. 
It is often challenging to decide an appropriate prosthodontic treatment plan for patients with periodontitis resulting from a poor periodontal condition. However, with the development of oral prosthetics and manufacturing processes, even patients with severe periodontitis can undergo fixed denture restoration if the periodontal condition of the abutment teeth remains stable and meets the standard of clinical fixed denture abutment[8]. Fixed denture repair is more comfortable than removable dentures, and can improve periodontal tissue repair and the prognosis of loose teeth. Adhesive fixed dentures result in less teeth grinding and cutting, and do less harm to the abutment teeth. Corrente et al[27] carried out a 10-year observational study of patients with periodontitis treated with bonded dentures, and revealed a cumulative denture survival rate of 76.2%. The Maryland bridge is widely used due to the minimal tooth preparation and subsequent reduction in pain. It is important to consider abutment teeth as much as possible during design since they act as periodontal splints, avoiding occlusal trauma and working as an entirety to restore the function and appearance of the missing teeth[28].
Overall, through multidisciplinary therapy lasting 38 mo and consisting of periodontal, orthodontic, and prosthodontic treatment, excellent therapeutic results were obtained in terms of aesthetics and occlusion. This case report highlights, therefore, that even in patients with severe periodontitis, by following serialized treatment and strict plaque control, non-surgical periodontal treatment can dramatically improve the overall periodontal condition and provide satisfactory therapeutic results.

CONCLUSION
In practice, to improve the treatment success of advanced periodontitis, a multidisciplinary approach involving orthodontics, prosthodontics, and endodontics is required. This case report offers new insight into the treatment of patients with advanced periodontitis, highlighting the potential of systematic and sequential non-surgical therapy. 
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Figure 1 Intraoral images and radiographic image obtained at the first visit. Intraoral images show the poor level of oral hygiene, a large amount of dental calculus, and obvious plaque retention. No. 21 tooth was distinctly labially inclined and Nos. 31 and 41 were extremely loose. The radiographic image reveals that the full mouth alveolar bone was absorbed to varying degrees into the middle 1/2 and apical 1/3 of the root, with Nos. 22 and 31 absorbed to the apical region.
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Figure 2 Timeline flow chart of the treatment plan. 
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Figure 3 Periodontal charts and risk assessment. A and C: Periodontal charts obtained after supragingival scaling and 5 mo of initial non‑surgical periodontal treatment, respectively; B and D: Respective risk assessment levels obtained using a Florida probe at the same time points. Periodontal parameters remarkably improved, although the risk assessment level remained high before orthodontic therapy. GM: Gingival margin.
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Figure 4 Periodontal charts and risk assessment. A and C: Periodontal charts obtained 1 mo after orthodontic treatment and at completion, respectively; B and D: Respective risk assessments levels obtained using a Florida probe at the same time points. Periodontal parameters continued to improve and the risk assessment level decreased from moderate to low after completion of orthodontic treatment. GM: Gingival margin.
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Figure 5 Intraoral and radiographic images obtained at baseline, and 5, 18, and 24 mo after treatment. The aesthetic profile was enhanced and the radiographic bone density increased in the molar region following periodontal and orthodontic treatment. Images show the excellent therapeutic outcome following multidisciplinary treatment.
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Figure 6 Intraoral and extraoral images obtained prior to, and 6 mo and 2 years following multidisciplinary treatment. Comparative views show the significant improvement in dentition, occlusion, and the aesthetic facial profile. Note the maintenance of a healthy periodontal condition.
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Figure 7 Intraoral images obtained after prosthodontic treatment. A Maryland bridge was used for Nos. 13-24 and 33-43 teeth to restore teeth 22, 31, and 41. Overall, stable occlusion and a satisfactory aesthetic appearance were obtained via the comprehensive multidisciplinary approach.
[image: ]
Figure 8 Periodontal condition analysis 8 mo after prosthodontic treatment (32 mo after starting treatment). The images show the stable periodontal condition obtained as a result of the comprehensive multidisciplinary approach. A: Periodontal charts obtained 8 mo after prosthodontic treatment; B: Intraoral images taken 8 mo after prosthodontic treatment; C: Risk assessment obtained 8 mo after prosthodontic treatment.

[image: ]
Figure 9 Periodontal condition analysis 14 mo after prosthodontic treatment (38 mo after starting treatment). The images show the stable periodontal condition obtained as a result of the comprehensive multidisciplinary approach. A: Intraoral images taken 14 mo after prosthodontic treatment; B: Panoramic radiograph taken 14 mo after prosthodontic treatment; C: Periapical films of the upper and lower anterior teeth 14 mo after prosthodontic treatment.
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