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Abstract: Background: Mandibular third molar surgeries garnered recognition as one of the common treatment procedures 

provided by Oral & Maxillofacial practices across the globe. Mandibular third molars are not only impacted, often giving rise to 

bothering issues to patients ranging from pain to difficulty in opening mouth but create challenges in their surgical removal. 

Postoperative complications of those surgeries such as pain, swelling, trismus and alveolar osteitis (dry socket) could be prevented and 

controlled by meticulous preoperative assessment of tooth-related and patient-related factors. Pattern of root morphology could be one 

important tooth- related factor connected to difficulties and subsequent postoperative complications of mandibular third molar 

surgeries. Aim: Against this backdrop, the aim of this study was to explore the patterns of root morphology of mandibular third molars 

and to elucidate their associations with selected attributes of the surgeries, self-reported preoperative pain and selected postoperative 

complications among a cohort of Sri Lankan patients. Materials & Methods: A hospital based, descriptive cross-sectional study was 

conducted among 715 patients (represented wider age range from adolescents to older adults) who underwent surgical removal of 

mandibular third molars at the Department of Oral & Maxillofacial Surgery, Faculty of Dental Sciences, University of Peradeniya, 

Sri Lanka. Of extensive socio-demographic, clinical and radiological investigation data collected, those data on root morphology and 

numbers of roots, inferior dental canal relationship, self-reported preoperative pain, duration of the surgery, flap design, tooth 

sectioning and postoperative pain and swelling complications were used for the present analysis. Data entry and analysis was done 

using SPSS-21 Statistical Software Package. Results: Based on our findings on patterns of root morphology, straight two roots were 

the most common (34.4%) across all age groups, followed by convergent two- roots (19.3%) fused straight- roots (16.3%) and 

distally curved two- roots (13.8) among Sri Lankan patients. Almost half (46.8%), of patients had inferior dental nerve canal placed 

away from mandibular third molar roots. Moreover, root morphology was significantly associated with presence of preoperative pain, 

duration of the surgery as well as occurrence of postoperative swelling (p<0.05). Conclusions: Patterns of root morphology of 

mandibular third molars may implicate on certain processes of their surgical removal and its outcomes. Therefore, careful 

preoperative assessment of root morphology and related factors of those teeth becomes useful in tailored patient care for minimal 

postoperative complications, better patient experience and quality-of-life. 

Keywords: Mandibular Third Molars, Impaction, Surgical Removal, Root Morphology, Interdental Canals,  

Postoperative Complications, Quality-of-Life 
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1. Introduction 

Mandibular third molars (wisdom teeth) are often impacted 

demonstrating a frequency of occurrence ranging from 18% 

to 32% with geographical variations [1, 2]. Nevertheless, the 

global prevalence of impacted mandibular third molars 

considered to be 24.40% (95% confidence interval [95% CI]: 

18.97% to 30.80% based on a systematic review and 

meta-analysis [3]. Despite usual eruption of mandibular third 

molars at ages ranging from 16 to 24-years, could be partially 

or completely impacted according to literature [5]. 

Consequently, pathological changes comprising infection, 

pain, caries and root resorption could occur indicating 

surgical removal of mandibular third molars [4]. Therefore, 

majority of patients accessing Oral & Maxillofacial Surgery 

practices for wisdom tooth surgeries across the globe 

comprise of late adolescents and young adults [5]. However, 

symptomatic impacted mandibular third molars could bother 

middle aged adults as well [6]. 

Despite the need, surgical removal of mandibular third 

molars is fraught with an array of postoperative 

complications such as pain, swelling, trismus and infection 

[7]. Moreover, those surgeries often pose the challenges of 

potential risk of causing transient or even permanent 

disturbance to the inferior alveolar nerve with the reported 

incidence ranging from 1.3% to 5.3% [8]. Therefore, the 

probability of this complication is determined by the 

proximity of the impacted third molar tooth to the inferior 

alveolar canal thus elevating the incidence of possible 

disturbance up to 19% [9]. Coronectomy has become the 

preferable surgical modality in this regard [10]. Therefore, 

careful preoperative radiological assessment of tooth-related 

factors such as type of impaction (soft tissue vs bony 

impaction), impaction depth, angulation, relationship to 

interdental canals, ramus relationship and root morphology 

has become fundamental to planning mandibular third molar 

surgeries. Accordingly, Mesioangular impactions were 

identified as the type of angulation that was more closely 

placed to the inferior alveolar canal whilst interruption of 

the white line was recognized as the most reliable risk 

predictor sign [11]. Hence, forecasting difficulties and 

possible complications preoperatively provide many 

opportunities for customizing the surgical techniques in 

impacted mandibular third molar removal. Root 

morphology patterns demonstrating geographic variations 

[12] seem salient tooth-related factor that could impact on 

those surgeries. For example, tooth sectioning procedures in 

the surgery could be influenced by the pattern of root 

morphology [13]. Divergent root patterns need tooth 

sectioning more often compared to other root patterns. 

Against this backdrop, we aim to explore and expound the 

patterns of root morphology of mandibular third molars and 

their associations with selected attributes of surgical 

procedures, preoperative pain and selected postoperative 

complications. 

2. Materials & Methods 

2.1. Study Design 

A hospital based, descriptive cross-sectional study was 

conducted. 

2.2. Study Setting 

The Department of Oral & Maxillofacial Surgery, Faculty of 

Dental Sciences, University of Peradeniya, Sri Lanka was the 

study setting. 

2.2.1. Study Participants 

Patients who underwent mandibular third molar surgeries 

during the study period, willing to participate comprised the 

study participants, The sample size was calculated by the 

formula estimating a single proportion with a requirement for 

95% CI and 5% Standard Error [14] with estimated prevalence 

of any postoperative complication as 50% as there were no 

previous studies in this regard in Sri Lankan context. The 

calculated minimum sample size was 384, subsequently 

adjusted for 10% non-response as 438. However, final sample 

included 715 participants. Informed consent was obtained 

from the participants before inclusion into the study. 

2.2.2. Data Collection 

The data collection period including patient follow up, was 

from 20/05/2016 to 01/05/2018. Data were collected by a 

pre-tested, validated questionnaire and data extraction from 

clinical and radiological investigation records. Trained data 

collectors performed the data collection. Socio-demographic 

information, self-reported symptoms were collected by a 

self-administered component of the questionnaire. Data were 

collected during pre, peri and postoperative follow-up phases 

of surgical removal of mandibular third molars. 

Present analysis involved data on preoperative 

self-reported pain, patterns of root morphology of mandibular 

third molar, relationship to interdental canal, duration of 

surgery, flap design, tooth sectioning, pain and swelling 

experienced by patients one week postoperatively. 

2.2.3. Data Entry and Analysis 

As there were 10 patterns of root morphology, they were 

aggregated into 2 broad categories as “straight two-rooted” 

and “all other types” that included divergent, convergent, 

curved, fused and 3-rooted root types. Duration of the 

surgical procedure was dichotomized as “≤45 minutes” and “> 

45 minutes’ Flap design was categorized as “No flap”, 

“Envelope flap” and “two or three sided flap”. Further, tooth 

sectioning was categorized as “No”, “Once” and “Twice or 

more. 

Ethics approval for the present study was obtained from 

the Ethics Review Committee of Faculty of Dental Sciences, 

University of Peradeniya, Sri Lanka. Data were entered and 

analyzed using SPSS-21 Statistical Software Package. 

Frequency distributions were used as descriptive statistics 
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and group comparisons were made using Chi-Square tests and statistical significance was set at P<0.05. 

3. Results & Discussion 

 

Figure 1. Distribution of Categories of Relationship to Inferior Dental Canals. 

3.1. Relationship to Inferior Dental Canal and Clinical 

Implications 

“Figure 1” illustrates the distribution of categories of 

relationship to inferior dental canals among 711 patients with 

relevant data who underwent mandibular third molar surgeries. 

Accordingly, radiological findings of the majority (46.8%) of 

patients demonstrated positioning of inferior dental nerve 

(IDN) canal away from roots, whilst another 40.2% 

demonstrated upper boarder of the IDN canal superimposed on 

roots of mandibular third molars. Furthermore, 5.3% showed 

radiological findings of both upper and lower boarders of IDN 

canal superimposed on roots. In addition, darkening of roots, 

deflection of roots and interruption of white line of the canal 

were evident among 1.8%, 1.7% and 1.5% of patients 

respectively. 

3.2. Pattern of Root Morphology and Its Association with 

Surgical Processes 

Table 1 illustrates the distribution of patients by patterns of 

root morphology pertaining to 710 patients with relevant data. 

Accordingly, straight two-roots was the most common root 

morphological pattern detected among 34.4% of patients 

followed by convergent two-roots (19.3%), fused straight 

roots (16.3%) and distally curved two roots (13.8%). Further, 

divergent two roots were evident among 4.2% of patients. Of 

fused variants, distally curved fused type dominated (3.7%) 

followed by mesially curved fused roots (1.4%). However, 

three-rooted non fused teeth occurred only among 0.8% of 

patients. Therefore, as emerged from the findings, 

heterogenous patterns of root morphology of mandibular 

third molar teeth were evident in the present cohort of Sri 

Lankan patients. 

Table 1. Pattern of root morphology of mandibular third molars among Sri 

Lankan patients. 

Root Morphology N (%) 

Straight two-rooted 244 (34.4) 

Divergent two-rooted 30 (4.2) 

Convergent two-rooted 137 (19.3) 

Distally curved two-rooted 98 (13.8) 

Mesially curved two-rooted 29 (4.1) 

Fused Straight 116 (16.3) 

Fused curved distally 26 (3.7) 

Fused curved mesially 16 (1.4) 

Three-rooted non fused 6 (0.8) 

One root curved other straight 14 (2.0) 

Total 710 (100.0) 

Table 2 describes the association of root morphology with 

selected attributes of respective mandibular third molar 

surgeries. They included self- reported preoperative pain, 

duration of surgery, flap design, tooth sectioning, pain and 

swelling one week postoperatively. 
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As shown in Table 2, higher proportion of patients with 

other root morphologies of their mandibular third molars, 

reported preoperative pain, underwent >45 minutes duration of 

surgeries and reported swelling one-week postoperatively 

compared to those who had straight two- rooted mandibular 

third molars. Those differences were statistically significant (p 

< 0.05). Therefore, patterns of root morphology of mandibular 

third molars of current cohort of patients who underwent their 

surgical removal was significantly associated with presence of 

preoperative pain, duration of the surgery and swelling 

reported one week postoperatively, However, flap design and 

tooth sectioning of surgical procedure and pain reported 

one-week postoperatively were not significantly associated 

with the patterns of root morphology (p>0.05). 

There is limited research published in literature exploring 

the patterns of root morphology of mandibular third molars 

and their implications on processes and outcomes of their 

surgical removal. As revealed by the findings of our study, 

99.1% of mandibular third molars of Sri Lankan patients were 

two-rooted. These findings differed from that of a study on 

anatomy of third molars [15]. Accordingly, 77% of mandibular 

third molars were two-rooted, 5% were three-rooted and 

another 1% had four roots. In our study, only 0.8% was 

three-rooted and four roots were not reported. In contrast, our 

findings corroborated a study conducted among Brazilian 

population on anatomy of mandibular third molars [16]. 

Findings of that study revealed the most common pattern was 

two roots (98.3%), Further, the same study reported conical 

simple type (88.9%), with absence of laceration (89.2%), 

divergence (84%), and fusion (80%) [16]. However, in our 

study, occurrence of fusion was only 22.3% and divergence 

was as low as 4.2%. Moreover, similar study conducted among 

Korean population revealed 56% of mandibular third molars 

with two roots and 37.9% with a single root [12]. Therefore, 

substantiated by such evidence, it is rational to suggest 

presence of geographic and population specific heterogeneity 

in patterns of root anatomy and morphology of mandibular 

third molars. Further studies warranted in this regard in light of 

epidemiological and clinical significance of patterns of root 

morphology of mandibular third molars. 

Table 2. Association of root morphology with preoperative pain and selected surgical processes and postoperative complications. 

Attribute Straight two-roots Other root types Chi-Square value p-value 

Preoperative pain N (%) N (%)   

No 140 (57.4) 217 (46.6)   

Yes 104 (42.6) 249 (53.4)   

Total 244 (100.0) 466 (100.0) 7.487 0.006** 

Duration N (%) N (%)   

≤45 minutes 228 (93.4) 395 (84.8)   

>45 minutes 16 (6.6) 71 (15.2)   

Total 244 (100.0) 466 (100.0) 11.218 0.001** 

Flap design N (%) N (%)   

No flap 66 (28.6) 144 (33.7)   

Envelope flap 133 (57.6) 233 (54.6)   

Other 32 (13.8) 50 (11.7)   

Total 231 (100.0) 427 (100.0) 2.043 0.360 

Tooth sectioning N (%) N (%)   

None 132 (54.1) 289 (62.0)   

Once 66 (27.0) 98 (21.0)   

Twice or more 46 (18.9) 79 (17.0)   

Total 244 (100.0) 466 (100.0) 4.534 0.104 

Postop pain* N (%) N (%)   

No 93 (48.7) 184 (54.3)   

Yes 98 (51.3) 155 (45.7)   

Total 191 (100.0) 339 (100.0) 0.219 0.216 

Postop swelling* N (%) N (%)   

No 130 (68.4) 264 (77.9)   

Yes 60 (31.6) 75 (22.1)   

Total 190 (100.0) 339 (100.0) 5.727 0.017** 

* one week postoperatively **p<0.05. 

Duration of third molar surgery could be considered as an 

indicator of its relative complexity. Supporting this notion, our 

findings revealed significantly longer duration of surgeries 

involving mandibular third molars having complex root 

morphologies compared to straight roots. Interestingly, it has 

been attempted to develop and validate a statistical model to 

predict third molar surgery operative time [17]. In this study, 

the sample comprised of 150 participants who had 450 third 

molars removed. The index sample had 100 patients having 

313 third molars extracted with a mean age of 25.4±10.0 years. 

The mean extraction time was 6.4±7.0 minutes. The multiple 

linear regression models included third molar location, 

Winter's classification, tooth morphology, number of teeth 

extracted, procedure type, and surgical experience. Moreover, 

statistically significant differences were not observed between 

the index sample and the validation sample (n=50, teeth=137) 

for any of the study variables. As this study included both 

maxillary and mandibular third molar extractions among 

young adults and due to other salient methodological 

differences, it is not possible to directly compare the findings 
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with our study. Nevertheless, many studies corroborated those 

key findings and one study classified the predictors of third 

molar surgical difficulties as demographic, anatomic and 

operative [18] However, tooth morphology which includes 

root morphology emerged as a predictor of surgery time with 

an array of other predictors [18] supporting the core premise of 

our study. 

Furthermore, flap design has garnered recognition as a 

significant factor in surgical removal of impacted mandibular 

third molars that allows optimal visibility and access [19]. 

Moreover, flap designs influences the severity of 

postoperative complications [19] and subsequent healing of 

surgically created defect [20]. Many studies therefore, have 

reported novel methods of flap designs other than commonly 

used envelope, two-sided and three sided flaps [19-21]. 

However, there are remaining information gaps on impact of 

root morphology of mandibular third molars on flap designs. 

Tooth sectioning is commonly employed as a surgical 

technique in impacted third molar surgeries, Therefore, novel 

methods of tooth sectioning has been introduced by Oral & 

Maxillofacial Surgeons. Accordingly, a modified method of 

tooth sectioning between distal root and the remainder of the 

tooth for horizontally impacted teeth found to be efficiently 

eliminating the resistance from the bone and adjacent second 

molar tooth thus enabling single sectioning most frequently for 

a relatively safe and straight forward surgery [22]. The 

anatomy of roots therefore, could play a discernible role in 

tooth sectioning. However, our findings did not demonstrate 

significant associations of root morphology with flap design or 

tooth sectioning. This could be attributed to dichotomous 

categorization of tooth morphology patterns as straight two 

roots vs other types. Perhaps a more detailed breakdown of ten 

patterns of root morphology among our study participants 

could have provided different findings. Therefore, further 

studies warranted in this regard having even larger cohorts of 

patients, 

Our findings demonstrated a significant association of root 

morphology of mandibular third molars with preoperative 

self-reported pain and swelling reported one week 

postoperatively. Accordingly, significantly higher proportion 

of patients who had root morphologies other than straight 

two-root type reported pain and swelling preoperatively and 

postoperatively respectively. Those findings could plausibly 

be attributed to possible complicated patterns of root 

morphology of impacted mandibular molars becoming more 

symptomatic. Furthermore, their surgical removal lasted for 

longer durations could have contributed for postoperative 

swelling. However, as there is an array of other factors related 

to the surgery such as bone removal, density of bone, 

techniques of local anaesthesia, age and of the patient, oral 

hygiene status, life-style related risk habits of patients, existing 

medical conditions, type of impaction, angulation assessed by 

Winter’s Classification, operator factors, use of 

anti-inflammatory medication such as steroids that could 

influence the incidence of postoperative swelling, further 

explorations needed in this regard [22-25] for more conclusive 

findings. 

Postoperative swelling denotes a common complication of 

third molar surgeries having biological and social impact [5, 

22]. Therefore, prediction of postoperative facial swelling 

subsequent to mandibular third molar extractions received 

attention of researchers. Accordingly, artificial neural network 

model has been developed incorporating predictors of 

patient-personal factors, anatomical factors of mandibular 

third molars and factors of surgical procedure [23]. This model 

demonstrated 98% accuracy in predicting postoperative 

swelling following mandibular third molar surgeries. Number 

of roots of mandibular third molar was included into this 

model among an array of other predictors [23]. Moreover, 

there is research evidence to suggest age as a primary risk 

factor not only for difficulties in third molar surgeries but for 

occurrence of postoperative complications [25]. 

Accordingly, >25 years appeared to be significantly associated 

with higher incidence of third molar extraction complications 

[25]. In addition, pre-existing infection such as periodontitis 

around third molar was a significant predictor of inflammatory 

third molar surgery complications [26]. Hence, the predictors 

of those complications were classified as demographic, health 

status, pathologic and anatomic by researchers [23-28]. 

Therefore, it is prudent to argue that the significant association 

of root morphology pattern of mandibular third molar with 

preoperative pain and postoperative swelling in our study 

plausibly may indicate existed pathology and inflammation 

that could be related to complicated root morphologies. 

Further, longer surgical procedures have implicated for 

increased frequency of postoperative complications of 

mandibular third molar surgeries [27, 28]. Hence, our findings 

could have corroborated this finding possibly mediated via 

root morphology. However, further research warranted in this 

regard. 

Patient-centered outcome measures in oral surgery were 

explored way back in 2003 [29]. Clinical outcomes often 

assessed by clinicians may not exactly reflect the impact of a 

given oral surgical procedure for the quality-of-life as 

perceived by the patients in physical, psychological and social 

dimensions [29]. Interestingly, the prospective cohort study 

conducted in this regard included patients who underwent 

third molar surgeries [30]. Significant deterioration of 

perceived quality- of- life among patients who underwent third 

molar surgeries was evident at immediate postoperative period 

compared to preoperative status which improved significantly 

in 1, 3 and 6-months postoperatively [30]. However, 

preoperative pericoronitis was significantly associated with 

patient perceived quality-of-life [30]. Moreover, a subsequent 

systematic review and meta-analysis revealed the first day 

postoperative as the time for highest negative impact for 

quality-of-life of patients who underwent third molar surgeries 

[31]. Minimal negative impact to quality-of-life immediately 

and across postoperative trajectory therefore, would enhance 

patient experience and satisfaction. Moreover, a recent study 

suggested the effectiveness of modified triangular flap over 

conventional envelope flap in terms pain, wound dehiscence 

and trismus 3-days postoperatively contributing to better 

quality-of-life for patients [32]. Against this backdrop, root 
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morphology patterns and related factors of mandibular third 

molars teeth needing surgical removal seem demonstrating 

many important implications for Oral & Maxillofacial clinical 

practice. Those implications range from customized patient 

awareness in obtaining their consent for the surgery to 

customized patient care, optimal outcomes and better quality- 

of- life for patients. 

4. Conclusions 

Patterns of mandibular third molar root morphology were 

significantly associated with preoperative pain, duration of the 

surgery and reporting of swelling one week postoperatively 

among present cohort of Sri Lankan patients. Our findings 

provided new insights into the unequivocal importance of 

careful preoperative assessment of patterns of root morphology 

and related factors of mandibular third molars awaiting surgical 

removal. However, there are many confounding factors that 

could influence preoperative pain, duration of the surgery and 

consequent postoperative swelling connected to or independent 

of root morphology. Notably, soft tissue vs bony impactions, 

impaction depth, existing pericoronitis, medical conditions, oral 

hygiene status, age of the patient and complexity of surgical 

techniques are important in this regard as aforementioned. 

Hence, further follow up studies are recommended with 

mulvariate analyses accounting for those confounders. 

Furthermore, in depth classification of root morphology 

patterns such as divergent, convergent, curved, fused and 

three-rooted are recommended in future studies. Complimented 

by patient-related and operator-related factors, pre-operative 

assessment of root morphology patterns becomes fundamental 

to providing tailored patient care for minimal postoperative 

complications and better patient experience of quality-of-life. In 

order to fill the remaining information gaps on associations of 

root morphology patterns with surgical processes and outcomes 

among different population groups, future research 

recommended in this regard preferably with age and gender 

stratified samples. 
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