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Abstract: Today’s orthodontic appliance has a move toward more aesthetic designs and materials. Thus, the 

purpose of this study was to investigate the adverse effects of two orthodontic treatment modalities - manual 

invisalign and fixed labial orthodontic appliances on the oral mucosa and periodontal health status. 
Patients and Methods: The study sample comprised 60 healthy patients (48 female and 12 male) attended an 

orthodontic private clinic in Sulaimani city- Iraq. This study was implemented to analyze and compare the 
adverse effects of two treatment modalities; manual invisalign (MIA) and fixed labial orthodontic appliances 

(FLOA) on oral health status using T-tests. Plaque index (PI), gingival index (GI) and probing pocket depth 

(PPD) were used for a periodontal evaluation, whereas oral mucosal lesions were evaluated via a thorough 

oral examination and a questioner based assessment. 
Results: Patients with manual invisalign appliances (MIA) presented significantly lower GI, PI and PPD 

compared to those with fixed labial orthodontic appliances (FLOA) (0.63, 0.83 and 1.66 mm) against (0.97, 

1.21 and 1.98 mm) respectively. Furthermore, FLOA recorded total of (21) traumatic ulcers (70%) in 

opposition to 6 (20%) for MIA; these ulcers were mainly recorded from check and lips. Check and lip traumatic 

ulcers caused by FLOA were (15, 5) respectively against (2, 1) for MIA. Number of aphthous ulcers also found 
to be higher with FLOA than MIA (10 to 4) respectively. Additionally, the study recorded (3) cases of 

hyperkeratotic lesions beside (4) cases of mucosal overgrowth of the check for patients wearing FLOA. 

Conclusions: Patient treated with manual invisalign orthodontic appliances presented significantly fewer 

periodontal and oral mucosa lesions than patients with fixed labial orthodontic appliances. 
Keywords: fixed labial orthodontic appliance, Manual invisalign, oral mucosal changes, and periodontal 

status. 
 

I. Introduction 
The numbers of patients demanding orthodontic appliances increased in the last few decades due to 

improving patient’s standard of living and quality of life or perhaps as a result of modern innovation that has 
distinguished the field of orthodontics.This change attracted orthodontists to improve the quality of their 

orthodontic appliances from aesthetic and functional point of view[1]. Hence, today’s orthodontic appliance has a 

move toward more aesthetic designs and today’s orthodontic patients not only concerning about improvement of 

their dental appearance, they also concerning about the aesthetic of the appliances that they are going to use for 

several months or years. Furthermore, the numbers of adult patients under 40 years seeking periodontal 

treatment are considerably increased, and the majority is preferring lingual or invisalign treatment as an 

aesthetic choice [2,3]. 

It is acknowledged that orthodontic therapy has many adverse effects/negative influences on the oral 

health status including the hard and soft apparatus of the oral cavity.Oral mucosa and periodontal soft and hard 

tissues are the two most frequent oral tissues affected by the orthodontic appliances.Complications might occur, 

and some are considered to be serious complications. However, they could happen for many reasons, some 
related to the patient attitude and behavioral factors, whereas others related to the orthodontic 

treatment/orthodontist’s skill and experience in designing the right appliance and performing the appropriate 

treatment plan for each individual case. Adverse effects and complication can be avoided or reduced by 

intelligent treatment plan and employing the most appropriate treatment modality for each case. Patient’s 

compliance can contribute to a high standard outcome of the treatment with minimum side effects[4]. 

The potential hazards of orthodontic therapy on the oral health status can be divided into soft tissue and 

hard tissue risk. The soft tissue lesions including reactive lesions, periodontal lesion, loss of pulp vitality and 

nickel allergy, whereas hard tissue lesions include dental caries, root resorption, dentin hypersensitivity, tooth 

fracture and alveolar bone loss. Moreover, pain is one of the frequent symptoms during the orthodontic 
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therapy[5]. Furthermore, other problems has been reported such as ill-fitting, rough or broken appliances, 

brackets and band tubes which might cause physical irritation to contacting oral tissues which might end up with 

proliferative, ulcerative and keratotic lesions. Traumatic ulcers are a frequent clinical finding in the oral mucosa 
caused by acute trauma from orthodontic appliances[6]. It is also acknowledged that the injury may lead to 

ulceration in individuals susceptible to aphthous stomatitis[5]. Persistent low-grade injury causes proliferative or 

keratotic changes in the oral mucosa[7]. 

Periodontal lesion is such a major concern during orthodontic treatment. Periodontal disease is not a 

single pathologic entity but comprises a number of inflammatory and degenerative lesions of the periodontal 

supporting structures including gingivitis, gingival recession, gingival bleeding and gingival hyperplasia as well 

as alveolar process damage, these  have a very high prevalence among children and young adults[8]. 

The majority of the complications mentioned above reported with fixed orthodontic appliance as a 

result of its complicated design and mechanics that might cause a direct trauma to the regional mucosa. 

Moreover, the design of fixed appliance helps plaque accumulation and hampers plaque control using 

conventional oral hygiene methods. It is well accepted that oral hygiene is the key element of maintaining 
periodontal tissues health during the entire period of orthodontic therapy[9].   

Today many orthodontists started to use invisalign appliances to overcome problems of plaque control, 

irritation to the oral mucosa, as well as the aesthetic concern of the patients. Invisalign is an invisible modern 

orthodontic appliance used for orthodontic tooth movement without adopting the old metallic braces and wires 

and the complicated mechanics. The appliance accomplishes gradual and sequential teeth movement using clear 

customized aligners that are fabricated either using a computer assisted technology (ALIGN TECHNOLOGY 

INC)[10] or a manual type which requires a high technical skill at fabrication and has been adopted in the present 

study (Fig 1).  

Invisalign aligners are removable appliance permitting unimpeded oral hygiene. Furthermore, 

periodontal health and malodorous can improve during orthodontic treatment using the Invisalign system 

because patients can remove the aligners to brush and floss normally as well as cleaning the inner surface of the 

appliance. In contrast, fixed appliances create numerous plaque-retention sites that increase a patient’s risk to 
develop demineralization (white spot), carious lesions and/or periodontitis[11]. 

  

 
Figure (1): a: photographic pictures for manual invisalign appliances MIA. 

Figure (1): b: photographic pictures for patient with manual invisalign appliances MIA 

 
Aligner perhaps has a similar performance to that of fixed orthodontic appliances in certain cases with 

minimum adverse effects on the oral health status and better aesthetics. Patients treated with invisalign aligners 

recorded significantly lower scores of plaque index, gingival index, furthermore significantly less mucosal 

irritation, teeth tenderness and few other potential discomforts were accounted for invisalign when compared to 

fixed appliances  [12,16]. Online search showed limited data on gingival inflammation and other oral symptoms 

for using Invisalign® aligners. Therefore, the present study aimed at investigating and comparing the adverse 

effect of two orthodontic treatment modalities – the manual invisalign (MIA) and fixed labial orthodontic 

appliances (FLOA) on the oral mucosa and periodontal health status. 

 

II. Patients and Methods 
2.1 The sample 

This prospective study conducted between October 2014 to January 2015 and the study sample was 

recruited from a private orthodontic center in Sulaimani city – Iraq. The study recruited sixty (60) systemically 

healthy participants - 12 male and 48 female, their age ranged between 13 and 44 year with a mean of 20.6 

years. Females comprised 80% of the total sample as shown in Table (1). Patients were under orthodontic 

treatment at least for five months  [17] when they had been assigned to participate  in this prospective clinical 

assessment. The study conducted to investigate the adverse effects of both manual invisalign (MIA) and fixed 
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labial orthodontic appliances (FLOA) on the oral health status. The study sample comprised 30 patients with 

MIA (27 female and 3 male) and an identical number of FLOA (21 female and 9 male) (Table 1). 

 

Table (1): Gender and age distribution with percentage of the sample according to types of appliances. 

 

 

 
 
FLOA: is fixed labial orthodontic appliances; MIA: is manual invisalign 

 

2.2 Periodontal examination 

The periodontal condition was evaluated using the following indices: 

1- Plaque Index(PI) – This parameter was estimated on a scale of 0-3 according to Silness and Loe (1964) [18]. 

2- Gingival Index(GI) – This parameter was estimated on a scale of 0-3 according to Loe and Silness (1963) [19]. 

3- Probing pocket depth (PPD) , determined by measuring the distance from the free gingival margin to the 

bottom of the sulcus or pocket in millimeters (mm) [20]. 

All measurements were undertaken from mesial, distal, buccal and lingual sides for each tooth by a 

single well-trained examiner. The periodontal condition of all permanent, fully erupted teeth was examined 

using a manual periodontal probe – William’s probe. Third molars and teeth covered by crowns were excluded. 

Moreover, the orthodontic treatment also performed by one expert orthodontist. 
 

 

2.3 Mucosal Examination 

Patients were examined for evaluation and detection of any oral mucosal lesions - traumatic ulcers 

(TA), aphthous ulcers (AU), mucosal overgrowth (MO) and hyperkeratotic lesions (HK). Besides, a 

questionnaire-based study was used, questioning the participants about the history of TA, AU, MO and HK. 

They have also been questioned if those lesions appeared at the time of using the appliances and their 

emergence had any relation to the appliances or not. Moreover, all subjects were informed about the nature of 
their participation in this study and a consent form was signed by the participants after reading the content 

carefully. Ethical approval has been obtained from the University Research Ethics Committee, School of 

Dentistry –University of Sulaimani for conducting this clinical study.  

 

 
      Figure(2):a:photographic picture from current study shows  mucosal overgrowth. 

Figure(2):b: photographic picture from current study shows  hyperkeratotic lesion HK associated with FLOA. 

 
 
 

2.4 Statistical Analysis 

Descriptive statistics – tables, figures, percentages and inferential statistics using T- test was applied to 

present the results of the current study. The data was input and analyzed by using statistical packages SPSS-18 

(Statistical Packages for Social Sciences version 18) in order to determine relevancy and significance.  

 

III. Results 
Results showed a significant difference in the female – male ratio (80% - 20%) respectively.  

Furthermore, statistically a significant reduction (p≤0.05) in mean PI, GI and PPD were recorded for MIA group 

against FLOA group (0.63, 0.83 and 1.66 mm) against (0.97, 1.21 and 1.98 mm) respectively (Table 2). 

 
 

 

Type of App  Male Female Total   Age range 

FLOA  9 21 30  15-26 y 
MIA  3  27 30  13-44 y 

Total  12 48 60   

% of the sample  20% 80%    

a 
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Table (2): Comparison of mean values of (PI), (GI) and (PPD) with both treatment modalities MI and 

FLOA. 

 
 

 

*P-value is significant at P≤0.05; PI: is Plaque Index; GI: is Gingival Index; 

  PPDI: is Probing pocket depth Index; FLOA: is fixed labial orthodontic appliances;  

  MIA: is manual invisalign 

 

 

Results of oral mucosal examination and the questioner based analysis about the history of traumatic 

ulcers (TA), aphthous ulcers (AU), mucosal overgrowth (MO) and hyperkeratotic lesions (HK) are presented in 
Table (3). A total of (21) TA was recorded for FLOA, whereas MIA group had recorded only (6 ). Patients with 

FLOA listed significantly (p<0.05) a history of higher number of TA than MIA especially at two designated 

sites in the current study - check and lips. The maximum number of TA was reported on check for FLOA 

compared to MIA (15 against 2) followed by TA of the lips (5 against 1) as seen in Table (3). Also Table (3) 

demonstrates (10) AU that associated with FLOA while there are (4) AU in MIA group. However, the patients 

have not related these ulcers to presence of appliances. Additionally, the study recorded (3) cases of HK lesions 

beside (4) cases of MO lesions for patients wearing FLOA (Table 3) and Fig (2).  

 

Table (3): Frequency and distribution of oral mucosal lesions with MIA and FLOA. 

 

 

FLOA: is fixed labial orthodontic appliances; MIA: is manual invisalign; TA: is traumatic ulcers; AU: is 

aphthous ulcers; MO: is mucosal overgrowth; HK: is hyperkeratotic lesions; M: is male;F: is female.  

type of 

App 

Type of mucosal 

lesion 

 
Check Palate Tongue Lips 

Floor of the 

mouth 
Total 

Sex M F M F M F M F M F M F 

 TA              

FLOA 21  6 9 - - - 1 1 4 - - 7 14 

MIA 6  - 2 - 1 - 1 - 1 1 - 1 5 

 AU              

FLOA 10  2 3 - - - - 1 4 - - 3 7 

MIA 4  - 4 - - - - - - - - - 4 

 MO              

FLOA 4  2 - - - - - - 2 - - 2 2 

MIA -  - - - - - - - - - - - - 

 HK              

FLOA 3  1 2 - - - - - - - - 1 2 

MIA -  - - - - - - - - - - - - 
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Figure (3): frequency distribution and percentage of oral mucosal lesions associated with MIA (manual 

invisalign) and FLOA(fixed labial orthodontic appliances) 

 

IV. Discussion 
This prospective, clinical study designed to determine and compare the adverse effect of two different 

models of orthodontic appliances on oral mucosa and periodontal apparatus. The study involved patients using 

fixed labial orthodontic appliances and manual invisalign treatment options for at least  five  months at a private 

orthodontic center in Sulaimani city.We believe that five month period is enough for both treatment modalities 

to manifest their adverse effects on oral mucosa/periodontal tissues  [17].  

The present study designed to investigate the oral and periodontal status in a single visit and a 
questioner based records for verification of periodontal and mucosal lesions rather than looking at the patients in 

a regular follow up schedule and indexing multiple records throughout the entire therapy time. This can provide 

an inclusive and précised vision on the adverse effects of both treatment modalities employed in the current 

study. 

It is acknowledged that bacterial aggregation in dental plaque is the primary etiologic agent of 

periodontal disease[19]. Orthodontic treatment with fixed appliances is known to enhance plaque accumulation 

and render an increased plaque volume on the teeth surfaces and the appliance components. However, fixed 

orthodontic appliances alter the microbial flora toward more virulent species[20]. An increase in anaerobic 

organisms and a reduction in facultative anaerobes around the bands was reported by Travess et al (2004).This 

indicates an alteration in the composition of plaque toward more pathogenic species  [21]. Therefore, fixed 

orthodontic treatment may result in localized gingivitis in the majority of the cases[22], however, this can be 

determined by the level of oral hygiene during the entire period of the orthodontic therapy. Therefore, before 
starting the treatment, orthodontic patients should be properly guided to meticulous plaque control and plaque 

control method should be modified and reinforced at each visit after wearing the appliances. 

This study recorded significantly lower mean periodontal indices: PI, GI and PPD in MIA than FLOA, 

which points to as a lower risk of developing periodontal lesions all through the treatment course, our result is 

consistent with Miethke and Brauner (2007)  [11]. This is because MIA is a removable appliance thus better 

plaque control and cleaning the inner surface of the appliance can be achieved by the patients, unlike FLOA 

which has a complicated mechanics makes oral hygiene difficult even for the most motivated patients and 

consequently the majority of patient with fixed appliances reveal different grades of gingival inflammation. 

Also, the small size with smooth edges of the MIA reduces the mucosal lesions and adds substantially to the 

patient’s quality of life compared with fixed appliances [11]. Hu Longa et al. (2013) reported a similar prevalence 

of gingival bleeding and bad taste between the two treatment modalities that is conflicting the result of the 
current study [25].  

Based on the results of the current study, oral mucosal lesions were significantly less with MIA than 

FLOA. The result of the present study was consistent with numerous recent reports, Shalish (2011) recorded 

significantly lower levels of oral symptoms in the Invisalign™ appliances compared to the fixed buccal and the 

lingual appliances  [26]. Another study evaluated the levels of discomfort among aligner group and fixed 

appliance group, the study found that aligner causes much less patient discomfort compared to fixed appliances 

regarding mucosal irritation, soreness of the teeth, and several other areas of potential discomfort usually 

experienced by patients during orthodontic treatment with fixed appliances. 

Mainali reported; the oral problems encountered during fixed orthodontic treatment were oral 

ulcerations 40.8%, problems to dental hard tissues 29.2%, periodontal problems 25.8% and TMJ pain 9.2%. 
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Amongst oral ulcerations, the most frequent ulceration was traumatic ulcerations (60.80%) followed by 

aphthous ulcerations (8.30%)  [27]. This result agrees with the outcome of the current study that reported 

percentages of traumatic and aphthous ulcerations with FLOA group (70% and  33.33%) respectively as seen in 
Fig (3). 

Online databases showed no reports on manual invisible appliances; however the current study reported 

(3) cases of HK lesions in addition to (4)  cases of MO lesions related to FLOA that is a result of low-grade 

irritants of the fixed appliance components.   

Based on data collected in this study one can predict that invisalign is less traumatic to the oral mucosa 

and causing less harm to the periodontal apparatus than fixed appliance, this is because manual invisalign 

aligner is a removable appliance with fewer complicated mechanics, renders less plaque and irritation to the oral 

mucosa. Furthermore, it is considered aesthetically as an acceptable treatment options for most patients 

attending orthodontic clinics. 

 

V. Conclusions 
Patient treated with manual invisalign presented significantly fewer periodontal lesions and oral 

mucosal lesions than patients with fixed labial orthodontic appliances. 
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