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PART B – TECHNICAL DETAILS 

1 Title of the dissertation CBCT analysis of pneumatization of temporal bone in asymptomatic 

population and Temporomandibular joint dysfunction (TMJD) cases. 

2 Introduction  The temporal bones are pneumatic bone containing air cells. Air cells are 

series of communicating cavities present within the bone which are lined 

by mucous membrane 1. 

Pneumatized articular eminence is also known as zygomatic air cell 

defects (ZACDS) of temporal bones are the air cells in the zygomatic 



process and articular eminence of the temporal bone that is similar to air 

cells in the mastoid process and ethmoid bone2.  In 1934 Tremble reported 

the distribution of air cells, whose interest was the examination of the 

anatomic basis for the spread of infection within the temporal bone. The 

anatomical relationship of pneumatised articular eminence to mastoid air 

cells is interesting. Perhaps, Pneumatized articular eminence can be 

thought of as an extension of mastoid air cells similar to extensions of 

paranasal sinuses. These pneumatised articular eminences may render the 

temporal component of TMJ more fragile. Furthermore, in some cases, the 

roof of the glenoid fossa is extensively weakened by pneumatisation.4The 

presence of PAE may be a contraindication for surgical intervention and 

they represent minimal resistance and thus facilitate the spread of various 

pathologic process into TMJ such as tumors, inflammation or, fractures. 

The prevalence of these air cells suggested that most of the chief 

complaints were of TMJ problems in previous studies. Interestingly high 

prevalence is seen in symptomatic TMD Patients.5 

Therefore, this study is done to evaluate pneumatization occurring in 

asymptomatic patients and TMD cases and to find out the possible reason 

for the high prevalence of zygomatic air cell defects in TMD patients. 

A. Problem statement  The temporal bones are pneumatic bone containing air cells. Air cells are 

series of communicating cavities present within the bone which are lined 

by mucous membrane 1. 

Pneumatized articular eminence also known as zygomatic air cell defects 

(ZACDS) of temporal bones are the air cells in the zygomatic process and 

articular eminence of the temporal bone that is similar to air cells in the 

mastoid process and ethmoid bone2. There are three different types of 

radiographic  types of the pneumatized articular eminence of the temporal 



bone3  

i)Unilocular 

ii)Multilocular 

iii)Trabecular variant  

Since the prevalence of these air cells is more in TMD patients, Thus 

considering this, the study is to comparatively evaluate the presence of 

these cells in normal and TMD patients. To find out the possible reason for 

the high prevalence of ZACDs in TMD cases. 

Is the prevalence more in TMD patients compared to normal patients? 

B. Rationale Radiographic assessment of these Zygomatic air cells before maxillofacial 

surgical procedures, like TMJ surgery,  eminectomies,  Zygomatic 

Implants,  etc. 

C. Novelty To find out any relationship between TMD and ZACDs 

D. Expected outcome 

and application 

 Thorough Preoperative imaging before eminectomies and eminoplasty 

will benefits the patient undergoing surgery. Keeping in mind that these 

represent sites of minimal resistance so assessing of this pneumatisation, it 

can be helpful in case of pneumatisation along with tumors, infection or 

fractures which are complicating factors during TMJ surgery. 

3 Research question(s) Any possible Relation Between Pneumatisation and Temporomandibular 

Joint Dysfunction? 

4 Research hypothesis (es), 

if any 

WITMER HYPOTHESIS states that the idea of pneumatization provides a 

mechanism to increase the second moment of area and decrease the wall 

thickness of bone, thus providing the least mass solution for bony 

structures that are both sufficiently stiff and strong in bending. 

Biomechanical necessity may influence and limit Pneumatisation, Thereby 

Patterning Pneumatized Spaces10. 

5 Objectives of the Study: 1)The aim and objective is to assess the pneumatization in the temporal 



A. Primary 

objective(s) 

B. Secondary 

objective(s) 

bone in asymptomatic and Temporomandibular joint dysfunction cases. 

2) To assess any relation between Pneumatization and Temporomandibular 

joint disorder. 

6 1. Review of literature 1) A study was done by Tyndall et al in 1985, to determine the 

radiographic appearance of pneumatized articular eminence in 

OPG .Out of 1061 patient samples who had admitted to the clinics 

at the University of North Carolina School of dentistry were 

examined for the presence of zygomatic air cell defects. Out of 

which 28 patients were having a prevalence of 2.6%. The mean age 

of the patients was 32.5 years; there was no sex predilection and 

four patients showed this defect bilaterally. Two radiographic types 

of PAT were identified as unilocular and multilocular. Panoramic 

radiography appears to be an efficacious method to display the 

articular eminence for visualization of PAT. Due to the relatively 

common occurrence of PAT and the increasing amount of surgery 

of the Temporomandibular joint. Visualization of this defect 

becomes important for the clinician planning surgical manipulation 

of the Articular eminence. 

2) A study was done by Carter et al in 1999 to determine the 

prevalence and characteristics of zygomatic air cell defect (ZACD)   

among a general dental clinic population. The panoramic 

radiographs of 2734 dental clinic outpatients were examined   for 

the presence of ZACD. ZACD  was defined as a nonexpansile, 

nondestructive cyst-like radiolucency in the  zygomatic  process of 

the temporal bone which  appears  similar to the mastoid air cells 

and  which does  not  extend  further  anteriorly  than the 



zygomaticotemporal suture. ZACD was found in 40 patients 

(1.5%) with a mean age of 49.6 (s.d. 18.0) years. Twenty cases 

(50%)   each occurred in males and females. Meta-analysis of three 

large case series comprising 4579 patients revealed a total of 76 

cases of ZACD (1.7% prevalence) occurring over an age range of   

15-83 years. Thirty-four (44.7%) occurred in males while 42 

(55.3%) occurred in females. Bilateral ZACD was found in 17 

patients (22.4%). 

 

3) Park et al in 2002 conducted a study to determine the prevalence, 

radiographic appearance, and characteristics of patients with 

zygomatic air cell defects, and to give recommendations 

concerning radiographic evaluation and surgery. Out of 1400 

patients, ZACD was found in 31 cases with a prevalence of 2.2%. 

24 cases of ZACD was unilateral, seven cases were bilateral. 

Twenty six of the defects were unilocular, while twelve of the 

defects were multilocular.ZACD showed a strong male 

predilection, 22 of 31 subjects were male and 9 were female. The 

Patient with ZACD had a mean age of 27.5. The chief complaint of 

patients with ZACD was TMJ problems, orthodontic evaluation, 

tooth fracture, trauma, third molar extraction, routine dental 

radiographs, caries, pain, and swelling( in descending order) 

 

4) In a study conducted by Gupta et al in 2013 conducted a study for 

prevalence, radiographic appearance, and characteristics of ZACDs 

in Symptomatic Temporomandibular patients. The study comprised 

of evaluation panoramic radiographs of 70 Temporomandibular 



joint disorder patients in the age range of 18 -30 selected based on 

Research Diagnostic Criteria (RDC/TMD). The radiographs were 

evaluated regarding the presence, variations, and characteristics of 

ZACDs. Groups were compared by χ2 analysis. ZACDs were 

identified in 21 TMD subjects out of 70, giving an overall 

prevalence of 30 %. Out of 21 ZACDs, nine were in males (42.8 

%) and 12 were in females (52.38 %).ZACDs were unilateral in ten 

TMD patients (47.61 %) and were bilateral in 11 patients (52.38 

%). This study revealed a demonstrable prevalence rate of ZACD 

(30%) in diagnosed TMD patients which is comparably higher than 

all the previous studies. This was attributed to the fact that all the 

previous studies were carried out on the general population with or 

without TMDs. 

 

 

 

7 2. Methodology • The cross-sectional comparative CBCT study between 50 TMD 

(100 joints) and Asymptomatic patients (100 joints). The 

present study will comprise of two groups that are the study 

Group consisting of patients reporting to the department of oral 

medicine and radiology with signs and symptoms of TMJ pain 

and Control group consisting of asymptomatic TMJ patients but 

who are undergoing third molar Disimpaction surgical 

procedures, and sinus surgeries. 

• All the patients with the history of TMJ pain will be selected 

based on diagnostic criteria for Temporomandibular joint 

(DC/TMD) recommendations for the International (RDC/TMD) 



Consortium network and Orofacial pain 2014. 

• Patients will be scanned with CBCT machine (Carestream) 

                 The degree of air cell pneumatisation will be assessed as 

                  per study reported by Tyndall3. Pneumatised articular 

                 eminence  will be classified as Unilocular, Multilocular, 

                  and Trabacular variant and based on location in 

                  temporal bone of accessory air cells. 

                 The presence of these cells will be expressed as counts 

                 and Percentages. 

•       On one of the axial views, the long axis of the examined      

condyle will be traced, and the software generated lateral and 

frontal cross-sectional reconstructions perpendicular and parallel to 

the long axis of the condyle, respectively. The thickness of the 

image slices of 1 mm and the distance between slices of 1 mm for 

both lateral and frontal reconstructions will be taken. Then the 

images will be reviewed on a digital imaging workstation. The 

images will be examined by two investigators (one professor and 

one postgraduate dentomaxillofacial radiologist) at the same time. 

A. Study design Cross-sectional study 

B. Study participants 

(human, animals or 

both) 

Humans 

i. Inclusion criteria 

ii. Exclusion criteria 

iii. Withdrawal criteria, 

if any (trial-related 

therapy, follow-up 

• INCLUSION  

➢ Symptomatic Temporomandibular Joint Dysfunction 

patients with a history of  

❖ Jointpain 

❖ Clicking and crepitation 



and documentation 

are terminated 

prematurely as it is 

indicated to ensure 

safety of the 

participants)  

iv. Rescue criteria, if 

applicable (starting 

symptomatic therapy 

either to control 

symptoms of disease 

or to overcome lack 

of adequate efficacy 

of the study drug or 

placebo)                                                                    

v. Number of groups to 

be studied, identify 

groups with 

definition 

❖ Lockjaw 

❖ Limited mouth opening 

➢ Age group -18 to 35 

 

• EXCLUSION  

➢ History of maxillofacial fracture, TMD Surgeries 

➢ The patient who are not willing for the study.   

➢ Cases in which the zygomatic arch where it will be not 

adequately seen for technical or anatomical reasons. 

 

    

 

 

 

 

• The study will comprise two groups that are study group and 

control group where Temporomandibular joint dysfunction and 

asymptomatic TMD patients are taken respectively. 

C. Sampling  

a. Sampling 

population 

b. Sample size 

calculation  

c. Sampling 

technique 

   

a. Patients visiting the department of oral medicine and 

radiology at SDM College of Dental Sciences. 

b. The sample size was estimated based on estimation of 

prevalence of the following: 

 Group 1 : Proportion of patients with Pneumatisation 

amongst TMD patients : 25 % 

 Group 2 : Proportion of patients with Pneumatisation 



amongst general population : 5 % 

 The values assumed based on prior research papers ( Gupta 

et al and Park et al studies) 

Sample size estimation was done using G. Power sample size 

estimation software (ver 3.1.9.2) as follows: 

 

z tests - Proportions: Difference between two independent 

proportions 

Analysis: A priori: Compute required sample size 

Input: Tail(s) = Two 

Proportion p2 = 0.25 

Proportion p1 = 0.05 

α err prob = 0.05 

Power (1-β err prob) = 0.80 

Allocation ratio N2/N1 = 1 

Output: Critical z = 1.95 

Sample size group 1 = 49 

Sample size group 2 = 49 

Total sample size = 98 

Actual power = 0.80 

 

Final minimum sample size is 100 (50 TMD patients and 50 

control). 

 

Formula for sample size estimation: 

 



 

D. Randomization details 

(for interventional 

studies)- Intervention 

details with 

standardization 

techniques (drugs / 

devices / invasive 

procedures / 

noninvasive 

procedures / others) 

 

E. Ethical Clearance from 

the Institution’s Ethics 

Committee Obtained? 

(Copy to be Attached) 

     Attached 

SDMCDS IEC. No. 2021/P/OM/64 

F. Study procedure  

G. Data collection 

methods including 

settings and periodicity 

Data will be collected from patients visiting the department of Oral 

medicine and radiology at SDM College of Dental Sciences, Dharwad 

Karnataka, and fulfilling the inclusion criteria of the study, after giving 

them the patient information sheet and obtaining consent for the same. 

 The period of this study will be from 2020 to 2022. 

 

H. List of statistical tests 

to be used for data 

analysis 

. Statistical analysis: 

Descriptive statistics: Percentage of participants with and without 

pneumatistion, pattern of pneumatization and the location wise percentages 

will be calculated.   

 

 

Inferential statistics:  Comparison between control and TMD patients for 

proportion of pneumatisation will be done by Chi-square test. Comparison 

of proportion of pneumatization between, different locations, ages and 

patterns will also be done by Chi-square test. When the chi-square 

assumptions are violated, Fisher’s exact test will be employed.  



P-value of less than 0.05 will be considered as statistically significant.  

 

I. If it’s a Clinical 

Trial:Clinical Trials 

Registry of India or 

equivalent registration 

number to be 

mentioned 

 

8 3. List risks and benefits of 

the study 

Radiation exposure will be the risk. 

Benefit of the study will help us to know the prevalence of pneumatization 

in TMJD patients, and will be preoperative imaging for patients 

undergoing eminectomies, TMD surgeries and zygomatic implants. 
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