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 ABSTRACT 

Statement of the Problem: The common causes of obstructive sleep apnea (OSA) are 

identified as anatomic and/or functional abnormality in the oral cavity, oropharynx, 

velopharynx, and hypopharynx leading to compromised airway space and increased col-

lapsibility. 

Purpose: This study was conducted to evaluate the effect of implant-supported mandibu-

lar complete denture in improving the airway space among completely edentulous patients 

with OSA and compare it with conventional complete denture. 

Materials and Method: In this observational study, completely edentulous individuals 

were screened with snoring, tiredness, observed apnea, high blood pressure, body mass 

index, age, neck circumference, and gender (STOP-Bang) questionnaire to evaluate the 

incidence of OSA. Ten mild-moderate patients were included as study participants. Lateral 

cephalograms (L1) made at the edentulous state was considered baseline. They were reha-

bilitated with complete denture prosthesis. One week after denture insertion, two implants 

were placed in the edentulous mandibular arch. Delayed loading protocol was followed. 

Lateral cephalogram (L2) was made 6 months after complete denture insertion and 6 

months after implant-supported prosthesis (L3). Cephalometric tracings were used to eval-

uate change in upper airway space (UAS), middle airway space (MAS), and lower airway 

space (LAS). Repeated measures ANOVA was used to evaluate statistical significance in 

the airway measurements made at the three intervals. Post hoc Tukey HSD and Bonferroni 

test were used to assess if the differences obtained were truly significant. 

Results: Statistical analysis revealed significant differences in UAS, MAS and LAS be-

tween L1, L2 and L3 (p< 0.05). Post hoc Tukey HSD indicated that UAS increased signif-

icantly at all three intervals followed by LAS and MAS respectively (α=.05). Post hoc 

Bonferroni test indicated that implant-supported mandibular complete dentures had a sig-

nificant improvement in airway space when compared to conventional complete dentures 

(α=.05). 

Conclusion: Implant-supported mandibular complete denture could be effective in edentu-

lous patients with mild-moderate OSA. 
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Introduction 

The common causes of obstructive sleep apnea (OSA) 

are identified as anatomic and/or functional abnormali-

ty in the oral cavity, oropharynx, velopharynx, and 

hypopharynx leading to compromised airway space 

and increased collapsibility [1]. Several studies have 

proved that edentulism can be considered as one of the 

exacerbating factors that could worsen OSA [1-2]. 
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Complete edentulism causes changes in the postural 

position of mandible, muscle tone, tongue posture and 

vertical dimension, thereby affecting airway dimen-

sions. These morphological changes cause challenges 

in treating such edentulous sleep apneic patients [2-4]; 

however, it is underdiagnosed and not characterized in 

elderly edentulous. Diagnosing and treating OSA is 

important to improve quality of life, reduce morbidity, 

and mortality [5]. Alternatives to the standard method 

of using polysomnography to diagnose OSA are be-

coming increasingly popular due to its expense and/or 

limited availability [6]. Questionnaires are appropriate 

tools for quick chair side prediction [7]. Though com-

puted tomography and magnetic resonance imaging 

have been regarded as the best method of anatomic 

evaluation, they require more technical expertise, and 

expenses. In this regard, cephalometric analysis can 

play a significant role in identifying patients at risk for 

OSA [8]. Numerous cephalometric parameters have 

been associated with its occurrence and it is a simple, 

safe, and economic method to depict the relevant anat-

omy of the airway spaces [8]. Oral appliances like 

mandibular repositioning device and tongue retainers 

gained recognition in treating dentulous sleep apneic 

patients. However, in edentulous patients the retention 

is not enough to accommodate the appliances in-

traorally [9].
 
Complete dentures have been used in 

edentulous sleep apneic patients to increase the airway 

space and reduce apneic episodes [6]. Owing to short 

follow up, the effects of wearing dentures is inconclu-

sive [10]. Moreover, a lack of stability and retention 

together with residual bone resorption would decrease 

the chewing ability in patients wearing conventional 

complete dentures. Implant-supported dentures provid-

e greater retention, stability, and quality of life to ede-

ntulous patients [11]. Considering the benefits conferr-

ed by implant-supported complete dentures, the prese-

nt study aimed to evaluate the impact of implant-sup-

ported mandibular complete denture in improving air-

way spaces in completely edentulous individuals with 

mild-moderate OSA and compared it with convention-

al complete denture prosthesis. The null hypothesis 

stated that there was no difference in airway space 

dimensions among mild-moderate sleep apneic edentu-

lous patients rehabilitated with complete dentures and 

implant-supported mandibular complete denture.  

Materials and Method 

Formal Ethical approval was obtained from the Institu-

tional Ethics Committee of Sri Ramachandra Institute of 

Higher Education and Research (SRIHER, DU) (REF-

ERENCE NO: CSP/19/NOV/81/420). Patients with co-

mpletely edentulous arches who visited the Department 

of Prosthodontics were explained about the study and an 

informed consent was obtained. They were screened 

using the snoring, tiredness, observed apnea, high blood 

pressure, body mass index, age, neck circumference, 

and gender (STOP-Bang) questionnaire, which is spe-

cifically developed to meet the need for a reliable, con-

cise, and easy-to-use screening tool [9,12]. It consists of 

eight dichotomous (yes/no) questions related to the clin-

ical features of OSA. The patients were able to respond 

to most of the questions. When they were not aware of 

their behaviour during sleep, spouse or children an-

swered those questions. For each question, answering 

“yes” scores 1, a “no” response scores 0, and the total 

score ranges from 0 to 8. Patients with a STOP-Bang 

score of 0 to 2 can be classified as low risk for moderate 

to severe OSA, scores in the midrange (3 or 4) as mode-

rate risk for moderate to severe OSA, whereas those 

with a score of 5 to 8 can be classified as high risk for 

moderate to severe OSA (Table 1) [12]. Adopting 95% 

power in calculating sample size (G*Power 3.1.9.2) and 

regarding the study of Milosevic et al. [13], ten patients 

aged between 50-65 years, who were first time denture 

wearers with well-formed residual ridges in Class 1 rel- 

 
Table 1: STOP-BANG Sleep Apnea Questionnaire 
 

Stop   

Do you SNORE loudly( louder than talking or 

loud enough to be heard through closed doors)? 
Yes No 

Do you often feel TIRED, fatigued, or sleepy 

during daytime? 
Yes No 

Has anyone OBSERVED you stop breathing 

during your sleep? 
Yes No 

Do you have or are you being treated for high 

blood PRESSURE? 
Yes No 

Bang   

BMI more than 35kg/m? Yes No 

AGE over 50 years old? Yes No 

NECK circumference > 16 inches (40 cm)? Yes No 

GENDER: Male? Yes No 

Total Score   
 

High Risk of OSA: Yes 5-8 
Intermediate risk of OSA: Yes 3-4 

Low risk of OSA: Yes 0-2  

*Chung, F., Abdullah, H., & Liao, P. (2016). STOP-Bang Ques-
tionnaire. Chest, 149(3), 631-638. 

https://doi.org/10.1378/chest.15-0903 
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ation and characterized into low-mode-rate risk category 

were included as study participants. Patients with histo-

ry of any metabolic syndrome, surge-ry of tongue, pal-

ate or upper airways, skeletal l class III relationship, 

grossly resorbed residual alveolar ridges, and musculo-

skeletal disorders were excluded from the study. Stand-

ardised lateral cephalograms (X-ray device-CARESTR-

EAM) were made for all the study participants at eden-

tulous state and was considered baseline (L1). The parti-

cipants were further screened using lateral cephalogram-

s to eliminate nasal obstruction or pharyngeal tumours.  

Cephalometric variables depicting the upper airway 

space (UAS), middle airway space (MAS), and lower 

airway space (LAS) were traced by the principal inves-

tigator following the standard procedure. UAS was de-

fined as the distance between the pterygomaxillary and 

upper pharyngeal wall (pm‑UPW), MAS was the dis-

tance between the tip of the uvula and middle pharynge-

al wall (U‑MPW), and LAS was the distance between 

the vallecula and the lower pharyngeal wall (V‑LPW) 

(Figure 1). The dimensions were measured in millime-

tres (mm) by both the investigators and tabulated. Sub-

sequently, conventional complete dentures with bilateral 

balanced occlusion were fabricated by a single operator 

and inserted. Twenty-four-hour review was scheduled 

for post-operative adjustment. One week following the 

denture insertion, implant placement was planned in the 

canine region (B and D position) on the mandibular 

arch. The mandibular complete denture was duplicated 

using acrylic resin (Dental Products of India - clear heat 

cure) to function as a guide. A full thickness mucoperio-  
 

 
 

Fig 1: Cephalometric variables depicting Airway space 

steal flap was elevated after administration of local an-

aesthesia. Sequential osteotomy was performed and 

dental implants of size 3.3*11.5mm (BIOLINE, India) 

were torque wrenched into the osteotomy sites, after 

which cover screws were placed. The flap was approx-

imated using simple interrupted sutures. Study popula-

tion was reviewed after twenty-four hours and denture 

bases were relieved to prevent discomfort. 

Six months after complete denture insertion, study 

participants were recalled and lateral cephalogram (L2) 

was made to evaluate the change in airway dimensions 

brought about by complete dentures. Mandibular com-

plete dentures were then converted to implant-supported 

denture using ball attachments (BIO-T1201, BIO-

T1202) and corresponding metal caps (BIO-T3001). 

Occlusal prematurities were eliminated and the study 

participants were reviewed after 24 hours. Six months 

after implant-supported prosthesis, the airway spaces 

were re-evaluated with lateral cephalogram (L3). Alt-

hough the effects of oral appliances on the airway are 

discernible within six to eight weeks, we evaluated after 

six months to enhance patient compliance with den-

tures. The collected data was analysed using SPSS 

software version 21. Repeated measures ANOVA was 

used to assess the mean difference between the values 

obtained at three different time intervals. In the above 

statistical tool, p< 0.05 was considered statistically sig-

nificant. Intraclass correlation coefficient test was used 

to assess the inter-observer variability. 

 

Results 

The Repeated measures ANOVA measured the mean 

difference between the airway dimensions (in mm) on 

lateral cephalograms made at three time intervals. On 

evaluating the UAS, MAS and LAS, the mean differ-

ence between L1- L2, L2 - L3 and L1- L3 was statisti-

cally significant with a p<0.05 as indicated in Tables 2, 

3 and 4. Intraclass correlation coefficient test assessing 

the inter-observer variability revealed an average value 

of 0.828 indicating high similarity as seen in Table 5. 

Intragroup Post hoc analysis using Tukey HSD indicat-

ed that the difference between UAS and MAS, MAS 

and LAS, LAS and UAS was statistically significant at 

all three intervals as seen in Table 6. However, the diff-

erence in UAS was statistically more significant follow-

ed by LAS and MAS (α=.05). Intergroup Post hoc- ana- 
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Table 2: Assessment of upper airway space dimensions 

(UAS) in mm 
 

Time intervals Mean Std. Deviation N p value 

L1 2.60 .36 10 

0.00 L2 2.80 .31 10 

L3 2.88 .30 10 
 

*p< .050 statistically significant 
aL1 indicates edentulous state-baseline 
bL2 indicates 6 months after complete denture rehabilitation.  
cL3 indicates 6 months after implant-supported mandibular complete 

rehabilitation. 
dN refers to number of samples 

 

Table 3: Assessment of middle airway space dimensions 

(MAS) in mm 
 

Time intervals Mean Std. Deviation N p value 

L1 1.03 .20 10 

0.00 L2 1.21 .12 10 

L3 1.40 .11 10 
 

* p<.050 statistically significant 
a L1 indicates edentulous state-baseline 
b L2 indicates 6 months after complete denture rehabilitation.  
c L3 indicates 6 months after implant-supported mandibular com-

plete rehabilitation. 
d N refers to number of samples 

 

Table 4: Assessment of lower airway space dimensions 

(LAS) in mm 
 

Time Intervals Mean Std. Deviation N p value 

L1 1.56 .35 10 

0.00 L2 1.63 .21 10 

L3 1.78 .13 10 
 

* p<.050 statistically significant 
a L1 indicates edentulous state-baseline  
b L2 indicates 6 months after complete denture rehabilitation.  
c L3 indicates 6 months after implant-supported mandibular com-
plete rehabilitation. 
d N refers to number of samples 

 

Table 5: Intraclass correlation coefficient 
 

 
Intraclass 

Correlation 

95% Confidence 

Interval 

F Test with 

True Value 0 

Lower 

Bound 

Upper 

Bound 
Value Sig 

Single 

Measures 
.16 .06 .30 5.22 .00 

Average 

Measures 
.83 .63 .92 5.22 .00 

 

lysis using Bonferroni test indicated that the difference 

in the UAS and MAS obtained at L2 and L3 was truly 

significant (α=.05) when compared with L1 as seen in 

Table 7. However, the differences in LAS were truly 

significant only at L3.  

 

Discussion 

Complete edentulism results in reduction of lower facial 

height, mandibular rotation, and impaired neuromuscu-

lar reflexes favouring upper airway collapse [2-4,11,14-  

Table 6: Post hoc Tukey HSD (Intragroup comparison) 
 

Dependent 

Variable 

Airway space 

comparison 

Mean Difference 

(I-J) in mm 
Sig. 

L1 

Upper 
Middle 1.57* .00 

Lower 1.04* .00 

Middle 
Upper -1.57* .00 

Lower -.59* .01 

Lower 
Upper -1.046* .00 

Middle .53* .01 

L2 

Upper 
Middle 1.58* .00 

Lower 1.17* .00 

Middle 
Upper -1.58* .00 

Lower -.41* .00 

Lower 
Upper -1.17* .00 

Middle .41* .00 

L3 

Upper 
Middle 1.48* .00 

Lower 1.10* .00 

Middle 
Upper -1.48* .00 

Lower -.38* .00 

Lower 
Upper -1.10* .00 

Middle .38* .00 
 

*p<. 050 statistically significant 
aL1 indicates edentulous state-baseline 
bL2 indicates 6 months after complete denture rehabilitation.  
cL3 indicates 6 months after implant-supported mandibular 

complete rehabilitation. 
 

Table 7: Post hoc Bonferroni test (Intergroup compari-

son) 
 

Comparison between air-

way spaces at the three time 

intervals (L1, L2 and L3) 

Mean Differ-

ence in mm 
Sig. 

UAS 

L1 
L2 -.20* .00 

L3 -.29* .00 

L2 
L1 .20* .00 

L3 -.09* .00 

L3 
L1 .29* .00 

L2 .09* .00 

MAS 

L1 
L2 -.19* .04 

L3 -.37* .00 

L2 
L1 .19* .04 

L3 -.19* .00 

L3 
L1 .37* .00 

L2 .19* .00 

LAS 

L1 
L2 -.07 1.00 

L3 -.23 .25 

L2 
L1 .07 1.00 

L3 -.16* .03 

L3 
L1 .23 .25 

L2 .16* .03 
 

*p<.050 statistically significant 
a L1 indicates edentulous state-baseline 
b L2 indicates 6 months after complete denture rehabilitation.  
c L3 indicates 6 months after implant-supported mandibular 
complete rehabilitation. 
d UAS indicates upper airway space 
e MAS indicates middle airway space 
f LAS indicates lower airway space 

 

15]. These changes along with abnormal tongue position 

predispose edentulous patients to OSA. Although an 
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overnight polysomnography is the gold standard diag-

nostic test, it is time consuming, labour-intensive, ex-

pensive and requires the expertise of sleep medicine 

specialists [5,16-17]. Thus, a simple chairside screening 

tool is required to assist in identification. The STOP-

Bang questionnaire has demonstrated high sensitivity in 

detection across various populations [9]. In this study, it 

has assisted in identifying patients with risk for OSA.  

Oral appliances were found to be more satisfactory 

for mild to moderate OSA patients and contraindicated 

in patients categorised with severe OSA [17].
 
Complete 

dentures have been used as an oral appliance for pa-

tients with mild-moderate OSA [18-19]. They improved 

airway space through positional changes in mandible, 

tongue, and soft tissue. However, the results of studies 

assessing the effectiveness of complete dentures on air-

way space done in the past were inconclusive [18,20].
 

This study aimed to evaluate the effect of complete den-

tures on the airway space for a period of six months and 

the improvement in airway space with implant-

supported complete dentures was assessed in the same 

study population. Both male and female study partici-

pants had worn complete dentures fabricated using con-

ventional method and routine materials thus providing a 

homogenous and representative sample [18].
 
Airway 

space dimensions were measured on lateral cephalo-

grams by two investigators. The cephalometric method, 

despite being a static two-dimensional method to evalu-

ate anatomical structures of the head and neck, has been 

useful in assessing airway space. Repeated measures 

ANOVA revealed a statistically significant increase in 

the UAS, MAS, and LAS dimensions in L2 made six 

months after insertion of complete denture when com-

pared with dimensions in L1 made at completely eden-

tulous state with a p< 0.05 (Tables 2,3,4). We speculate 

that the increase in airway dimensions could have oc-

curred due to the positional changes of the mandible. 

Complete dentures help re-establish maxilla-mandibular 

relationship. This in turn helps in restoring the tongue to 

its normal position and prevents blocking of airways. 

Additionally, the tonicity and function of the surround-

ing soft tissues are restored, which helps reduce pharyn-

geal collapsibility [18].
 
The results of the present study 

were in correlation with the findings of Gao et al. [21], 

who confirmed the positive effect of complete dentures 

on enlarging upper airway. Erovigni et al. [22] also stat-

ed that complete dentures increased the diameters of the 

velopharynx, oropharynx in the sagittal plane as well as  

at the uvula level.   

Although complete dentures are the first option for 

rehabilitating edentulous patients, the mandibular com-

plete denture lacks sufficient retention and stability. 

This affects patient compliance in wearing complete 

dentures, deteriorating its positive influence on airway 

space. Implant-supported mandibular denture had 

evolved as a viable option for edentulous patients with 

improved retention and quality of life [11]. In this study, 

mandibular complete dentures of the participants were 

converted into an implant-supported denture. Lateral 

cephalograms (L3) obtained six months after implant-

supported prosthesis assessed the effect of implant-

supported mandibular complete denture on the airway 

space. The values obtained with L3 were compared with 

the values obtained at L1 and L2. Post Hoc Bonferroni 

test indicated that the differences in UAS, MAS and 

LAS were found to be statistically significant after 

wearing implant-supported mandibular complete den-

tures (L3) when compared with conventional complete 

dentures (L2) and at edentulous state (L1) at p< 0.05 

(Tables 7). This increase, when compared to conven-

tional complete dentures, could have been due to better 

retention, stability, patient comfort, and compliance, 

which in turn contributes to improved muscle tone and 

function [23]. Post Hoc Tukey HSD assessed the differ-

ence in the airway dimensions at the three-time intervals 

between both complete denture and implant-supported 

mandibular denture. It indicated a significant increase in 

UAS followed by LAS and MAS with implant-

supported mandibular complete denture (L3) (Table 6). 

Upper airway collapse has been found to be more com-

mon in patients with OSA [2]. Thus, the results of this 

study indicate that implant-supported dentures itself can 

act as an oral appliance to increase airway space in 

edentulous sleep apneic patients.
 
Hoekema et al. [24] 

identified mandibular advancement device, which was 

retained with a single implant, to be effective in edentu-

lous sleep apneic patients. Moreover, the quality of life 

and sleep characteristics substantially improved with 

prosthetic rehabilitation in completely edentulous pa-

tients who had mild-moderate OSA.   

In this study, the edentulous population benefitted 

from both complete dentures and implant-supported 
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mandibular complete dentures. Hence, the follow-up 

period evaluated the impact of both the modes of pros-

thetic rehabilitation on the airway space. No other study 

has assessed the effect of implant-supported mandibular 

complete dentures on the airway space dimension 

among edentulous patients. While this observational 

study included ten participants for evaluation, a random-

ized controlled trial with a larger sample size can help in 

validating the results. The cephalometric tool used in 

this study evaluated the antero-posterior diameter of the 

airway. Subsequently, a three-dimensional evaluation 

with a longer follow-up in edentulous individuals might 

assist in drawing conclusions that are more definitive. 

 

Conclusion 

Within the limitations of this study, the following con-

clusions were drawn. Implant-supported mandibular 

complete dentures improved airway space dimensions 

when compared with conventional complete dentures in 

edentulous patients with mild-moderate OSA at the end 

of twelve months. Among the three airway dimensions, 

the increase in UAS was statistically significant when 

compared to MAS and LAS for both modes of rehabili-

tation indicating a positive influence of complete den-

tures on airway space.  
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