
19PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2023, VOL. 12 (04) DOI: https://doi.org/10.36283/PJMD12-4/005

DISCUSSION
Most infectious diseases that colonize the oral cavity 
and respiratory tract, including the novel coronavi-
rus, can be transmitted in a dental clinic. A High 
percentage of affected people worldwide visit 
dental clinics, which, in turn, poses a risk of exposure 
and disease-contraction by dentists and other staff 
members17. This study assessed the knowledge of 
students and their corresponding practicing behav-
ior concerning cross-infection control in government 
and private hospital settings. The overall knowledge 
of cross-infection control was satisfactory among 
dental students and similar findings were reported 
by other studies in Pakistan12,13. The contributing 
factors could be curriculum emphasis and educa-
tional seminars conducted during their graduate 
program. Also, professional guidelines are set by the 
institute and regulatory bodies. Dental students are 
typically taught to adhere to these guidelines, ensur-
ing they are well-informed about the best practices 

in infection control.

Upon comparing our findings regarding the use of 
personal protective gear with other studies, both 
similarities and differences were observed. In our 
study, the percentage of participants wearing 
gloves was 98%, which aligns with a study conduct-
ed in Saudi Arabia17. However, variations were 
noted in the utilization of masks, gowns, and 
eyewear. In our study, the respective percentages 
were 79%, 46%, and 13%, whereas in a study by Hala-
vani et al, they were 93%, 98%, and 60.7% 18. These 
discrepancies indicate a lack of sufficient under-
standing regarding the importance of eye protec-
tion, considering the potential transmission of diseas-
es through aerosols and blood. Nevertheless, other 
studies conducted in Pakistan demonstrated similar 
compliance with personal protection against infec-
tions12,13. This underscores the necessity to enforce 
rules and regulations, with educational institutions 

ensuring strict adherence to protocols by students.

Hands serve as the primary reservoir for numerous 
pathogens, highlighting the utmost significance of 
hand hygiene in preventing infections. Handwash-
ing is considered a fundamental and effective 
method for infection prevention19. In response to the 
COVID-19 pandemic, the World Health Organiza-
tion (WHO) has recommended a comprehensive 
handwashing approach, involving washing hands 
with soap and water for a minimum of 20 seconds, 
followed by the use of alcohol-based hand rub 
(ABHR) for visibly soiled hands 20.

In our present study, we found that students were 
well aware of the importance of hand hygiene, with 
an impressive awareness rate of 94%. Their adher-
ence to the standard hand hygiene protocol was 
72% in private schools and 55% in government 
schools, as observed in the study by Waheed Tahir et 
al. conducted in a government setup, which report-
ed a compliance rate of 74%13. In contrast, Marium 
et al. reported a higher compliance rate of 94% with 
hand hygiene in a private institute19. Similarly, a study 
conducted in India by Bommireddy et al. demon-
strated a compliance rate of 59% in handwashing 
practices among dental practitioners21. While the 
majority of students in our study changed gloves 
between patients, it was noted that not all consis-
tently followed proper handwashing protocols, as 
also reported by Noura A. et al17. This indicates a lack 
of institutional emphasis and guidelines regarding 
hand hygiene. To address this concern, we recom-
mend reinforcing proper handwashing techniques 
among students and considering placing educa-
tional posters in handwashing areas, which would 
serve as useful reminders.

Although the participants in our study believed that 
environmental barriers such as plastic wrapping for 
dental units were important the practice was not 
very consistent, with only 33% in government and 
39% in private. Similar results were seen for the 
disinfection of the working surface. This finding also 
concurs with past studies12,13, 19, 22. However, studies 
by Halawani et al. and Chang HC et al. show signifi-
cantly improved compliance with the environment 
disinfection protocol post-COVID-1918,23. This 
suggests that the basics of infection control should 
be overemphasized by continuous lectures and 
training sessions.

Our study revealed excellent knowledge and 
attitudes of students towards handling and dispos-
ing of needles. Also, a thorough medical history and 
patients with communicable diseases were treated 
according to OSHA guidelines. This finding is similar 
to  previous studies13,15,24. However, the immunization 
status of students was found to be 72% and 88% in 
government and private institutes respectively. 

Similar results were seen in previous studies in the 
subcontinent12,13,25. A study conducted by Elagib 
MFA et al. in Sudan and Saudi also reported a low 
percentage of post-HBV serology26. This finding 
suggests that the institute should make hep B vacci-
nation proof mandatory for all students and a boost-
er dose before starting clinical practice/rotations. A 
study by Alharbi et al. found that 93.1% of their 
undergraduate students were vaccinated due to 
this regulation followed by the college 27.

Nonetheless, this study involved both government 
and private colleges therefore it displays more 
variability. The dissimilarity in the attitude of partici-
pants may be due to a person’s own beliefs, 
thoughts, and behavioral aspects. The lack of 
resources and adherence to strict institutional 
policy, particularly in the government sector could 
also play a role.

One of the limitations of this study was the method 
used to assess the practice of infection control 
guidelines which is based on students’ subjective 
self-assessment. Also, the generalizability of the 
findings is constrained by the convenience sample 
of dental students and the limited sample size. 
Another limitation was the absence of qualitative 
data due to the limited time available during data 
gathering. This was a multi-center study (being 
carried out in private and public sector dental 
colleges of Karachi), which will help us elucidate the 
level of knowledge and practice regarding cross-in-
fection control procedures among undergraduate 
dental students. It will help the institutes identify the 
awareness and practice of cross-infection protocols 
being practiced at their institutes and will also help 
to learn and share information with other institutes 
for the best interest of their students and patients' 
safety. It will also allow the conduct of regular work-
shops to enhance and improve awareness among 
future dentists.

CONCLUSION
The students from both public and private institutes 
reported good knowledge indicating that cross-in-
fection control guidelines are outlined by OSHA.  
Lack of adherence to the guidelines at certain levels 
spotlights the need for an evaluation program as a 
means of assuring compliance with recognized 
policy in clinical practice. This will help create a safe 
environment for both the practitioners and the 
patients and help build patients' trust in doctors and 
healthcare facilities. 
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ABSTRACT

Background: Variance in anatomical morphology is influenced by the axial inclination of the tooth. 
When looking at the axial tilt of the crown, it's common to assume that it follows the same axis as the 
root. This study aims to use Cone Beam Computed Tomography (CBCT) to determine the root angu-
lation correlation in maxillary central incisors.

Methods: This cross-sectional observational research was performed at Dow University of Health 
Sciences (DUHS). The CBCT scans of patients who matched the inclusion criteria were done by skilled 
radiography technicians and primary investigators on ROTOGRAPH EVO 3D. For statistical analysis, 
one-way ANOVA was utilized to examine the Root Angulation (RA) with different root positions. 
p-value <0.05 was considered significant.

Results: This study examined n=152 CBCT images. Mean age was 27.2 + 5.9 years, with 32(42.1%) men 
and 44(44.1%) females. Buccal subtype I was most prevalent (59, 38.8%) in maxillary central incisors, 
while buccal subtype III was least common (5, 3.3%). The root angulations varied significantly 
between root location classifications (p=0.007). These were intermediate root location (14.9 2.6 
degrees) and buccal subtype III (14.28 2.25 degrees). The palatal root type had the least angle (3.73 
1.5 degrees).

Conclusion: The buccal root position was shown to be the most common root location. Buccal 
subtype I was by far the most common. Buccal subtype III and middle root location had the maxi-
mum root angle. The palatal root position had the smallest angle.
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DISCUSSION
Most infectious diseases that colonize the oral cavity 
and respiratory tract, including the novel coronavi-
rus, can be transmitted in a dental clinic. A High 
percentage of affected people worldwide visit 
dental clinics, which, in turn, poses a risk of exposure 
and disease-contraction by dentists and other staff 
members17. This study assessed the knowledge of 
students and their corresponding practicing behav-
ior concerning cross-infection control in government 
and private hospital settings. The overall knowledge 
of cross-infection control was satisfactory among 
dental students and similar findings were reported 
by other studies in Pakistan12,13. The contributing 
factors could be curriculum emphasis and educa-
tional seminars conducted during their graduate 
program. Also, professional guidelines are set by the 
institute and regulatory bodies. Dental students are 
typically taught to adhere to these guidelines, ensur-
ing they are well-informed about the best practices 

in infection control.

Upon comparing our findings regarding the use of 
personal protective gear with other studies, both 
similarities and differences were observed. In our 
study, the percentage of participants wearing 
gloves was 98%, which aligns with a study conduct-
ed in Saudi Arabia17. However, variations were 
noted in the utilization of masks, gowns, and 
eyewear. In our study, the respective percentages 
were 79%, 46%, and 13%, whereas in a study by Hala-
vani et al, they were 93%, 98%, and 60.7% 18. These 
discrepancies indicate a lack of sufficient under-
standing regarding the importance of eye protec-
tion, considering the potential transmission of diseas-
es through aerosols and blood. Nevertheless, other 
studies conducted in Pakistan demonstrated similar 
compliance with personal protection against infec-
tions12,13. This underscores the necessity to enforce 
rules and regulations, with educational institutions 

ensuring strict adherence to protocols by students.

Hands serve as the primary reservoir for numerous 
pathogens, highlighting the utmost significance of 
hand hygiene in preventing infections. Handwash-
ing is considered a fundamental and effective 
method for infection prevention19. In response to the 
COVID-19 pandemic, the World Health Organiza-
tion (WHO) has recommended a comprehensive 
handwashing approach, involving washing hands 
with soap and water for a minimum of 20 seconds, 
followed by the use of alcohol-based hand rub 
(ABHR) for visibly soiled hands 20.

In our present study, we found that students were 
well aware of the importance of hand hygiene, with 
an impressive awareness rate of 94%. Their adher-
ence to the standard hand hygiene protocol was 
72% in private schools and 55% in government 
schools, as observed in the study by Waheed Tahir et 
al. conducted in a government setup, which report-
ed a compliance rate of 74%13. In contrast, Marium 
et al. reported a higher compliance rate of 94% with 
hand hygiene in a private institute19. Similarly, a study 
conducted in India by Bommireddy et al. demon-
strated a compliance rate of 59% in handwashing 
practices among dental practitioners21. While the 
majority of students in our study changed gloves 
between patients, it was noted that not all consis-
tently followed proper handwashing protocols, as 
also reported by Noura A. et al17. This indicates a lack 
of institutional emphasis and guidelines regarding 
hand hygiene. To address this concern, we recom-
mend reinforcing proper handwashing techniques 
among students and considering placing educa-
tional posters in handwashing areas, which would 
serve as useful reminders.

Although the participants in our study believed that 
environmental barriers such as plastic wrapping for 
dental units were important the practice was not 
very consistent, with only 33% in government and 
39% in private. Similar results were seen for the 
disinfection of the working surface. This finding also 
concurs with past studies12,13, 19, 22. However, studies 
by Halawani et al. and Chang HC et al. show signifi-
cantly improved compliance with the environment 
disinfection protocol post-COVID-1918,23. This 
suggests that the basics of infection control should 
be overemphasized by continuous lectures and 
training sessions.

Our study revealed excellent knowledge and 
attitudes of students towards handling and dispos-
ing of needles. Also, a thorough medical history and 
patients with communicable diseases were treated 
according to OSHA guidelines. This finding is similar 
to  previous studies13,15,24. However, the immunization 
status of students was found to be 72% and 88% in 
government and private institutes respectively. 

Similar results were seen in previous studies in the 
subcontinent12,13,25. A study conducted by Elagib 
MFA et al. in Sudan and Saudi also reported a low 
percentage of post-HBV serology26. This finding 
suggests that the institute should make hep B vacci-
nation proof mandatory for all students and a boost-
er dose before starting clinical practice/rotations. A 
study by Alharbi et al. found that 93.1% of their 
undergraduate students were vaccinated due to 
this regulation followed by the college 27.

Nonetheless, this study involved both government 
and private colleges therefore it displays more 
variability. The dissimilarity in the attitude of partici-
pants may be due to a person’s own beliefs, 
thoughts, and behavioral aspects. The lack of 
resources and adherence to strict institutional 
policy, particularly in the government sector could 
also play a role.

One of the limitations of this study was the method 
used to assess the practice of infection control 
guidelines which is based on students’ subjective 
self-assessment. Also, the generalizability of the 
findings is constrained by the convenience sample 
of dental students and the limited sample size. 
Another limitation was the absence of qualitative 
data due to the limited time available during data 
gathering. This was a multi-center study (being 
carried out in private and public sector dental 
colleges of Karachi), which will help us elucidate the 
level of knowledge and practice regarding cross-in-
fection control procedures among undergraduate 
dental students. It will help the institutes identify the 
awareness and practice of cross-infection protocols 
being practiced at their institutes and will also help 
to learn and share information with other institutes 
for the best interest of their students and patients' 
safety. It will also allow the conduct of regular work-
shops to enhance and improve awareness among 
future dentists.

CONCLUSION
The students from both public and private institutes 
reported good knowledge indicating that cross-in-
fection control guidelines are outlined by OSHA.  
Lack of adherence to the guidelines at certain levels 
spotlights the need for an evaluation program as a 
means of assuring compliance with recognized 
policy in clinical practice. This will help create a safe 
environment for both the practitioners and the 
patients and help build patients' trust in doctors and 
healthcare facilities. 
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INTRODUCTION
The first thing a person notices about someone is 
their smile and a proportionate smile line requires 
balance and symmetry¹. The anterior teeth play a 
major role in aesthetics, particularly the central 
incisors². The maxillary central incisors are the most 
noticeable teeth and hence the most obvious denti-
tion in the dental arches. Earlier research showed 
that the Collum angle varies amongst individuals 
with altered kinds of malocclusion. Differences in the 
anatomic structures of the maxillary central incisors 
can disturb both the management and the reten-
tion stage of orthodontic treatment. Thus, it is signifi-
cant to identify the collum angle and its difference 
in such circumstances for effective planning and 
application of treatment management.
 
The location and position of the maxillary central 
incisor have a dominant role in aesthetics, phonet-
ics, and mastication3. The variations in maxillary 
anterior teeth have been observed between 
genders and races4�6. Many studies have been 
done to elucidate the different methods to get the 
good dimension for the perfect smile, specifically 
considering factors such as the maximum amount of 
gingival display amount of buccal corridors7�9 and 
the long axis of deviation and impact of the 
midline¹0-¹².

The standardized changes in the proportion of the 
incisors have a powerful impact on a person's 
attractiveness using computer-manipulated photo-
graphs¹³. Modification in width-to-length ratios was 
most recognized within the range of 75 to 85%, and 
variation in tooth to tooth proportion has 50 to 74% 
of pleasant appearance ¹4.  Hence, the three-di-
mensional (3D) position and placement of the maxil-
lary incisor are key factors in achieving the desired 
result during dental treatment ¹5. 

The axial inclination of a tooth plays an important 
role in the variation of anatomical morphology. 
While observing the axial inclination of the crown, it 
is typically presumed that the crown follows the 
same axis as that of a root. However, studies have 
shown that the axial inclination of the crown can 
significantly vary from the longitudinal axis of the 
root. CBCT has signified its accuracy regarding root 
angulation, implant placement, and crown root 
angulation measurement worldwide, whereas 
panoramic investigation in such conditions can 
result in overestimation of implant length, magnifica-
tion of bone size, and wrong measurement of angu-
lation. The Collum angle which is the angle of the 
crown root of the maxillary central incisors is  very 
essential for patients who are going to have ortho-
dontic treatment and who are undergoing a dental 
implant placement procedure ¹5.

Maxillary central incisors have the widest mesiodistal 

diameter out of all the anterior teeth present in the 
maxillary arch, but the smallest convex labial 
surface is present. However, the crown surface of 
the labial aspect is quite smooth. The distal and 
mesial curvature crest on this aspect provides the 
contact points between adjacent incisors. The 
current study aimed to determine the correlation of 
root angulation in maxillary central incisors using 
Cone Beam Computed Tomography (CBCT).

METHODS
This cross-sectional observational research was 
performed at Dow University of Health Sciences 
(DUHS), Karachi from August 2020 to February 2021. 
Participants were chosen from Dow University of 
Health Sciences affiliated institutes and hospitals 
(DUHS). The Institutional Review Board gave ethical 
approval for the study (REF: IRB1378/DUHS/Approv-
al/2019). The convenience sampling strategy was 
utilized to identify study participants who reported to 
the dental outpatient department and were 
prescribed CBCT scans. This study examined n=152 
CBCT images. Healthy individuals between 18 and 
30 years old with a CBCT image of good quality 
were included. Participants with tooth decay, 
pathology of the anterior soft tissues, more than 
4mm of alveolar bone loss at the cementoenamel 
junction, teeth that have been restored or broken, 
treated with orthodontics, image artifacts, and 
patients with a systemic illness. 

The CBCT scans of patients who matched the inclu-
sion criteria were done by the radiography section 
of DUHS. The CBCT data was collected by a skilled 
radiography technician and the primary investiga-
tor on the ROTOGRAPH EVO 3D. 3D planner version 
2.0 2018 villa SM 2018 was used to analyze the CBC.

The root position was visually assessed. The root apex 
was thought to be the most crucial criterion when 
placing a tooth in a class or subtype according to 
categorization. Root angulation is determined by 
the tooth's long axis and the alveolar bone angle. In 
a cross-sectional view, the long axis of a tooth is the 
line connecting the incisal edge and the root apex. 
The long axis of an alveolar bone is a line that runs 
parallel to the corresponding alveolar bone from 
top to bottom. In terms of bone, the angle created 
by these two axes (the long axis of the tooth and the 
long axis of the bone) is known as root angulation. 
Figure 1 shows the classification of the root position 
that has been used in our study for reference.

SPSS v21 was used for statistical analysis. The Shap-
iro-Wilk test was used to determine the normality of 
the data. Parametric tests were utilized since the 
data was regularly distributed. To compare the RA 
data with different root locations, a one-way 
ANOVA was used. 
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DISCUSSION
Most infectious diseases that colonize the oral cavity 
and respiratory tract, including the novel coronavi-
rus, can be transmitted in a dental clinic. A High 
percentage of affected people worldwide visit 
dental clinics, which, in turn, poses a risk of exposure 
and disease-contraction by dentists and other staff 
members17. This study assessed the knowledge of 
students and their corresponding practicing behav-
ior concerning cross-infection control in government 
and private hospital settings. The overall knowledge 
of cross-infection control was satisfactory among 
dental students and similar findings were reported 
by other studies in Pakistan12,13. The contributing 
factors could be curriculum emphasis and educa-
tional seminars conducted during their graduate 
program. Also, professional guidelines are set by the 
institute and regulatory bodies. Dental students are 
typically taught to adhere to these guidelines, ensur-
ing they are well-informed about the best practices 

in infection control.

Upon comparing our findings regarding the use of 
personal protective gear with other studies, both 
similarities and differences were observed. In our 
study, the percentage of participants wearing 
gloves was 98%, which aligns with a study conduct-
ed in Saudi Arabia17. However, variations were 
noted in the utilization of masks, gowns, and 
eyewear. In our study, the respective percentages 
were 79%, 46%, and 13%, whereas in a study by Hala-
vani et al, they were 93%, 98%, and 60.7% 18. These 
discrepancies indicate a lack of sufficient under-
standing regarding the importance of eye protec-
tion, considering the potential transmission of diseas-
es through aerosols and blood. Nevertheless, other 
studies conducted in Pakistan demonstrated similar 
compliance with personal protection against infec-
tions12,13. This underscores the necessity to enforce 
rules and regulations, with educational institutions 

ensuring strict adherence to protocols by students.

Hands serve as the primary reservoir for numerous 
pathogens, highlighting the utmost significance of 
hand hygiene in preventing infections. Handwash-
ing is considered a fundamental and effective 
method for infection prevention19. In response to the 
COVID-19 pandemic, the World Health Organiza-
tion (WHO) has recommended a comprehensive 
handwashing approach, involving washing hands 
with soap and water for a minimum of 20 seconds, 
followed by the use of alcohol-based hand rub 
(ABHR) for visibly soiled hands 20.

In our present study, we found that students were 
well aware of the importance of hand hygiene, with 
an impressive awareness rate of 94%. Their adher-
ence to the standard hand hygiene protocol was 
72% in private schools and 55% in government 
schools, as observed in the study by Waheed Tahir et 
al. conducted in a government setup, which report-
ed a compliance rate of 74%13. In contrast, Marium 
et al. reported a higher compliance rate of 94% with 
hand hygiene in a private institute19. Similarly, a study 
conducted in India by Bommireddy et al. demon-
strated a compliance rate of 59% in handwashing 
practices among dental practitioners21. While the 
majority of students in our study changed gloves 
between patients, it was noted that not all consis-
tently followed proper handwashing protocols, as 
also reported by Noura A. et al17. This indicates a lack 
of institutional emphasis and guidelines regarding 
hand hygiene. To address this concern, we recom-
mend reinforcing proper handwashing techniques 
among students and considering placing educa-
tional posters in handwashing areas, which would 
serve as useful reminders.

Although the participants in our study believed that 
environmental barriers such as plastic wrapping for 
dental units were important the practice was not 
very consistent, with only 33% in government and 
39% in private. Similar results were seen for the 
disinfection of the working surface. This finding also 
concurs with past studies12,13, 19, 22. However, studies 
by Halawani et al. and Chang HC et al. show signifi-
cantly improved compliance with the environment 
disinfection protocol post-COVID-1918,23. This 
suggests that the basics of infection control should 
be overemphasized by continuous lectures and 
training sessions.

Our study revealed excellent knowledge and 
attitudes of students towards handling and dispos-
ing of needles. Also, a thorough medical history and 
patients with communicable diseases were treated 
according to OSHA guidelines. This finding is similar 
to  previous studies13,15,24. However, the immunization 
status of students was found to be 72% and 88% in 
government and private institutes respectively. 

Similar results were seen in previous studies in the 
subcontinent12,13,25. A study conducted by Elagib 
MFA et al. in Sudan and Saudi also reported a low 
percentage of post-HBV serology26. This finding 
suggests that the institute should make hep B vacci-
nation proof mandatory for all students and a boost-
er dose before starting clinical practice/rotations. A 
study by Alharbi et al. found that 93.1% of their 
undergraduate students were vaccinated due to 
this regulation followed by the college 27.

Nonetheless, this study involved both government 
and private colleges therefore it displays more 
variability. The dissimilarity in the attitude of partici-
pants may be due to a person’s own beliefs, 
thoughts, and behavioral aspects. The lack of 
resources and adherence to strict institutional 
policy, particularly in the government sector could 
also play a role.

One of the limitations of this study was the method 
used to assess the practice of infection control 
guidelines which is based on students’ subjective 
self-assessment. Also, the generalizability of the 
findings is constrained by the convenience sample 
of dental students and the limited sample size. 
Another limitation was the absence of qualitative 
data due to the limited time available during data 
gathering. This was a multi-center study (being 
carried out in private and public sector dental 
colleges of Karachi), which will help us elucidate the 
level of knowledge and practice regarding cross-in-
fection control procedures among undergraduate 
dental students. It will help the institutes identify the 
awareness and practice of cross-infection protocols 
being practiced at their institutes and will also help 
to learn and share information with other institutes 
for the best interest of their students and patients' 
safety. It will also allow the conduct of regular work-
shops to enhance and improve awareness among 
future dentists.

CONCLUSION
The students from both public and private institutes 
reported good knowledge indicating that cross-in-
fection control guidelines are outlined by OSHA.  
Lack of adherence to the guidelines at certain levels 
spotlights the need for an evaluation program as a 
means of assuring compliance with recognized 
policy in clinical practice. This will help create a safe 
environment for both the practitioners and the 
patients and help build patients' trust in doctors and 
healthcare facilities. 
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Figure 1(A-F): This figure shows the classification for root position, (A) Buccal type (B, C, D) Buccal subtypes
(E) Middle type (F) Palatal type.

Table 1: Characteristics of the study variables

RESULTS
In this study, a total of 152 CBCT images were 
observed. The mean age of the study participants 
was 27.2 ± 5.9 years, with CBCT images of 32 (42.1%) 
males and 44(57.9%) females. The total number of 

teeth observed was 152. Buccal subtype I was the 
most frequent type (N=59, 38.8%) observed in the 
maxillary central incisors, while buccal subtype III 
was the least observed type (N=5, 3.3%) among 
patients (Table 1).

A one-way ANOVA compared the root angulation 
values to the root position. There was a significant 
variation in root angulations in different root location 
classifications (p-value=0.007). The intermediate 
type of root location (14.9 ± 2.6 degrees) and 

buccal subtype III (14.28 ± 2.25 degrees) had the 
largest mean angle. The palatal type of root loca-
tion had the least angle (3.73 ± 1.5 degrees). (Table 
2)

Variables n (%)

Gender

Males 32 (42.1)

Females 44 (57.9)

No. of Teeth 152

Root Position Classification

Buccal Subtype I 59 (38.8)

Buccal Subtype II 32 (21.1)

Buccal Subtype III 5 (3.3)

Palatal 16 (10.5)

Middle 40 (26.3)

Analysis of Root Angulation of Maxillary Central Incisor Using Cone Beam Computed Tomography (CBCT)
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DISCUSSION
Most infectious diseases that colonize the oral cavity 
and respiratory tract, including the novel coronavi-
rus, can be transmitted in a dental clinic. A High 
percentage of affected people worldwide visit 
dental clinics, which, in turn, poses a risk of exposure 
and disease-contraction by dentists and other staff 
members17. This study assessed the knowledge of 
students and their corresponding practicing behav-
ior concerning cross-infection control in government 
and private hospital settings. The overall knowledge 
of cross-infection control was satisfactory among 
dental students and similar findings were reported 
by other studies in Pakistan12,13. The contributing 
factors could be curriculum emphasis and educa-
tional seminars conducted during their graduate 
program. Also, professional guidelines are set by the 
institute and regulatory bodies. Dental students are 
typically taught to adhere to these guidelines, ensur-
ing they are well-informed about the best practices 

in infection control.

Upon comparing our findings regarding the use of 
personal protective gear with other studies, both 
similarities and differences were observed. In our 
study, the percentage of participants wearing 
gloves was 98%, which aligns with a study conduct-
ed in Saudi Arabia17. However, variations were 
noted in the utilization of masks, gowns, and 
eyewear. In our study, the respective percentages 
were 79%, 46%, and 13%, whereas in a study by Hala-
vani et al, they were 93%, 98%, and 60.7% 18. These 
discrepancies indicate a lack of sufficient under-
standing regarding the importance of eye protec-
tion, considering the potential transmission of diseas-
es through aerosols and blood. Nevertheless, other 
studies conducted in Pakistan demonstrated similar 
compliance with personal protection against infec-
tions12,13. This underscores the necessity to enforce 
rules and regulations, with educational institutions 

ensuring strict adherence to protocols by students.

Hands serve as the primary reservoir for numerous 
pathogens, highlighting the utmost significance of 
hand hygiene in preventing infections. Handwash-
ing is considered a fundamental and effective 
method for infection prevention19. In response to the 
COVID-19 pandemic, the World Health Organiza-
tion (WHO) has recommended a comprehensive 
handwashing approach, involving washing hands 
with soap and water for a minimum of 20 seconds, 
followed by the use of alcohol-based hand rub 
(ABHR) for visibly soiled hands 20.

In our present study, we found that students were 
well aware of the importance of hand hygiene, with 
an impressive awareness rate of 94%. Their adher-
ence to the standard hand hygiene protocol was 
72% in private schools and 55% in government 
schools, as observed in the study by Waheed Tahir et 
al. conducted in a government setup, which report-
ed a compliance rate of 74%13. In contrast, Marium 
et al. reported a higher compliance rate of 94% with 
hand hygiene in a private institute19. Similarly, a study 
conducted in India by Bommireddy et al. demon-
strated a compliance rate of 59% in handwashing 
practices among dental practitioners21. While the 
majority of students in our study changed gloves 
between patients, it was noted that not all consis-
tently followed proper handwashing protocols, as 
also reported by Noura A. et al17. This indicates a lack 
of institutional emphasis and guidelines regarding 
hand hygiene. To address this concern, we recom-
mend reinforcing proper handwashing techniques 
among students and considering placing educa-
tional posters in handwashing areas, which would 
serve as useful reminders.

Although the participants in our study believed that 
environmental barriers such as plastic wrapping for 
dental units were important the practice was not 
very consistent, with only 33% in government and 
39% in private. Similar results were seen for the 
disinfection of the working surface. This finding also 
concurs with past studies12,13, 19, 22. However, studies 
by Halawani et al. and Chang HC et al. show signifi-
cantly improved compliance with the environment 
disinfection protocol post-COVID-1918,23. This 
suggests that the basics of infection control should 
be overemphasized by continuous lectures and 
training sessions.

Our study revealed excellent knowledge and 
attitudes of students towards handling and dispos-
ing of needles. Also, a thorough medical history and 
patients with communicable diseases were treated 
according to OSHA guidelines. This finding is similar 
to  previous studies13,15,24. However, the immunization 
status of students was found to be 72% and 88% in 
government and private institutes respectively. 

Similar results were seen in previous studies in the 
subcontinent12,13,25. A study conducted by Elagib 
MFA et al. in Sudan and Saudi also reported a low 
percentage of post-HBV serology26. This finding 
suggests that the institute should make hep B vacci-
nation proof mandatory for all students and a boost-
er dose before starting clinical practice/rotations. A 
study by Alharbi et al. found that 93.1% of their 
undergraduate students were vaccinated due to 
this regulation followed by the college 27.

Nonetheless, this study involved both government 
and private colleges therefore it displays more 
variability. The dissimilarity in the attitude of partici-
pants may be due to a person’s own beliefs, 
thoughts, and behavioral aspects. The lack of 
resources and adherence to strict institutional 
policy, particularly in the government sector could 
also play a role.

One of the limitations of this study was the method 
used to assess the practice of infection control 
guidelines which is based on students’ subjective 
self-assessment. Also, the generalizability of the 
findings is constrained by the convenience sample 
of dental students and the limited sample size. 
Another limitation was the absence of qualitative 
data due to the limited time available during data 
gathering. This was a multi-center study (being 
carried out in private and public sector dental 
colleges of Karachi), which will help us elucidate the 
level of knowledge and practice regarding cross-in-
fection control procedures among undergraduate 
dental students. It will help the institutes identify the 
awareness and practice of cross-infection protocols 
being practiced at their institutes and will also help 
to learn and share information with other institutes 
for the best interest of their students and patients' 
safety. It will also allow the conduct of regular work-
shops to enhance and improve awareness among 
future dentists.

CONCLUSION
The students from both public and private institutes 
reported good knowledge indicating that cross-in-
fection control guidelines are outlined by OSHA.  
Lack of adherence to the guidelines at certain levels 
spotlights the need for an evaluation program as a 
means of assuring compliance with recognized 
policy in clinical practice. This will help create a safe 
environment for both the practitioners and the 
patients and help build patients' trust in doctors and 
healthcare facilities. 
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In Figure 2, the measurement of root angulation was 
done by measuring the angle between the axis of 
the tooth and the alveolar bone. The line passing 
through the lowest point of the incisal edge to the 
highest point of the root apex in the cross-sectional 

image is considered as the long axis of the tooth. 
The point where these two axes (the long axis of the 
tooth and the long axis of the bone) bisect each 
other, forms an angle that is defined as root angula-
tion with respect to the bone.

Table 2: Comparison of mean root angles in the different root position types

Figure 2: Root angulation measurement of incisors.

Root Position Root Angulation in degrees
Mean (±SD)

Min-Max p-value p-value

Buccal Subtype I 5.7 ± 2.4ab, ac, ae 1.5-10.0 0.037

0.051*

Buccal Subtype II 11.54 ± 2.9bd, be 5.1-17.8 0.056

Buccal Subtype III 14.28 ± 2.25cd 11.5-16.8 0.061

Palatal 3.73 ± 1.5ad 1.25-6.25 0.004

Middle 14.9 ± 2.6de 9.3-19.5 0.102

*A significant difference between the mean root angles of different root positions after applying the Post hoc test.    ab: 
buccal subtype I vs II; ac: buccal subtype I vs III; ad: buccal subtype I vs palatal; ae: buccal subtype I vs middle; bc: buccal 
subtype II vs III; bd: buccal subtype II vs palatal, be: buccal subtype II vs middle; cd: buccal subtype III vs palatal; ce: 
buccal subtype III vs middle; de: palatal vs middle.

DISCUSSION
The axial inclination of a tooth plays a significant role 
in the discrepancy of anatomical morphology¹6-¹7. 
While noticing the axial inclination of the crown, it is 
classically acknowledged that the crown follows the 
same axis as that of a root¹8. However, researchers 
have shown that the axial inclination of the crown 
can considerably vary from the longitudinal axis of 
the root¹9. CBCT has shown its accuracy regarding 
root angulation, implant placement, and crown 
root angulation measurement worldwide, whereas 
panoramic investigation in such circumstances can 
result in overestimation of implant length, magnifica-
tion of bone size, and wrong measurement of angu-
lation²0-²¹.

The current study was undertaken to assess the root 
angulation of the maxillary central incisor using 
CBCT. The classification of Jung et al. was used to 
determine the root position within the alveolar 
bone²². Furthermore, root angulation was also mea-
sured in the central incisor in the said classification. 
This study observed that the buccal type was the 
most prevalent, followed by the middle-type root 
position. These findings are by several other studies 
that determined that the maxillary central incisor 
has good buccal bone coverage. Lou et al. 
observed 170 images and observed that 78.8% of 
the incisors were buccally placed. Their study did 
not further classify the buccal type into subtypes²³.

In this study, we identified teeth as buccal subtypes 
I, II, and III. The root of the buccal subtype I is com-
pletely covered by the buccal bone, making it 
appropriate for both IIP and orthodontic therapy. 
The buccal subtype I prevents root resorption and 
bone loss by providing excellent bone covering to 
the root of the maxillary central incisor. Buccal 
subtype I accounted for 38.8% of maxillary central 
incisors, the highest percentage in this study. These 
results are consistent with Jung et al., who found that 
buccal subtype I is the most common type in maxil-
lary central incisors²².

Xu et al. studied the sagittal root position and its 
clinical significance by using CBCT. They observed 
934 maxillary central incisors and observed that 
95.4% (N=891), 4.4% (N=41), and 0.2% (N=2) were 
classified as buccal, middle, and palatal, respec-
tively ²4. Among the 891 buccal-type incisors, the 
subtypes I, II, and III accounted for 47.5% (N=423), 
44.2% (N=394), and 8.3% (N=87). In this study, we 
observed a greater number of teeth falling in the 
palatal and middle type classification than the 
study conducted by Kan et al., who observed that 
13% of the teeth account for the middle type of root 
position ²5. Another study conducted on CBCT 
images of maxillary central incisors also concluded 
that 58.8% of maxillary central incisors are inclined 
buccally. Kong et al. observed 120 scans for evalu-
ating the maxillary aesthetic zone and concluded 
that the buccal type of root positioning was the 
most prevalent (81.1%)²6 which is similar to this study. 
Another study done by Yang et al. shows maximum 
numbers of buccally placed incisal roots (97.1%) 
with thin facial bone coverage. In this study, such 
morphological features are matched with buccal 
subtype II, which was 21.1% of the total sample size²7. 

Suweera et al. studied root axis angulation and 
alveolar bone axis with SRP and anterior arch forms. 
Roots closer to the buccal bone (class I) were most 
prevalent in the maxillary central incisor and first 
premolar. Roots engaging palatal plates were not 
observed in their study. They further elaborate that 
the anterior arch form can give an idea about the 
root angulation of teeth because they observed 
that root angulation and alveolar bone axis 
decrease as the inter canine depth of the arch 
becomes smaller. Our results show similarity with their 
results in terms of root positions and angulations²8. 

Mengru Shi et al. studied root angulation of maxillary 
central and lateral incisors for evaluation of implant 
placement as per hard and soft tissue indices via 
CBCT and stereolithography (STL). The average 
angle for the maxillary central incisor was 15 
degrees. They explored that root angulation of later-
al incisor in males was on average 4 degrees greater 
than central incisor. Root angulation showed a 
tendency with an increase in age which can be due 
to bone resorption²9. 

Patients are not aware of the significance of CBCT, 

proper knowledge should be delivered by the 
health professionals. This investigation is tech-
nique-sensitive, and technical persons and skills are 
lacking to interpret CBCT images, therefore, proper 
training should be provided to operators. A greater 
sample size can give a better idea of position and 
angulation among the population.

CONCLUSION
The study found that the buccal root position was 
the most prevalent. In the buccal position, subtype I 
was the most prevalent. The highest root angle was 
observed in the buccal subtype III and middle root 
position. The least angle was observed in the palatal 
root position.
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DISCUSSION
Most infectious diseases that colonize the oral cavity 
and respiratory tract, including the novel coronavi-
rus, can be transmitted in a dental clinic. A High 
percentage of affected people worldwide visit 
dental clinics, which, in turn, poses a risk of exposure 
and disease-contraction by dentists and other staff 
members17. This study assessed the knowledge of 
students and their corresponding practicing behav-
ior concerning cross-infection control in government 
and private hospital settings. The overall knowledge 
of cross-infection control was satisfactory among 
dental students and similar findings were reported 
by other studies in Pakistan12,13. The contributing 
factors could be curriculum emphasis and educa-
tional seminars conducted during their graduate 
program. Also, professional guidelines are set by the 
institute and regulatory bodies. Dental students are 
typically taught to adhere to these guidelines, ensur-
ing they are well-informed about the best practices 

in infection control.

Upon comparing our findings regarding the use of 
personal protective gear with other studies, both 
similarities and differences were observed. In our 
study, the percentage of participants wearing 
gloves was 98%, which aligns with a study conduct-
ed in Saudi Arabia17. However, variations were 
noted in the utilization of masks, gowns, and 
eyewear. In our study, the respective percentages 
were 79%, 46%, and 13%, whereas in a study by Hala-
vani et al, they were 93%, 98%, and 60.7% 18. These 
discrepancies indicate a lack of sufficient under-
standing regarding the importance of eye protec-
tion, considering the potential transmission of diseas-
es through aerosols and blood. Nevertheless, other 
studies conducted in Pakistan demonstrated similar 
compliance with personal protection against infec-
tions12,13. This underscores the necessity to enforce 
rules and regulations, with educational institutions 

ensuring strict adherence to protocols by students.

Hands serve as the primary reservoir for numerous 
pathogens, highlighting the utmost significance of 
hand hygiene in preventing infections. Handwash-
ing is considered a fundamental and effective 
method for infection prevention19. In response to the 
COVID-19 pandemic, the World Health Organiza-
tion (WHO) has recommended a comprehensive 
handwashing approach, involving washing hands 
with soap and water for a minimum of 20 seconds, 
followed by the use of alcohol-based hand rub 
(ABHR) for visibly soiled hands 20.

In our present study, we found that students were 
well aware of the importance of hand hygiene, with 
an impressive awareness rate of 94%. Their adher-
ence to the standard hand hygiene protocol was 
72% in private schools and 55% in government 
schools, as observed in the study by Waheed Tahir et 
al. conducted in a government setup, which report-
ed a compliance rate of 74%13. In contrast, Marium 
et al. reported a higher compliance rate of 94% with 
hand hygiene in a private institute19. Similarly, a study 
conducted in India by Bommireddy et al. demon-
strated a compliance rate of 59% in handwashing 
practices among dental practitioners21. While the 
majority of students in our study changed gloves 
between patients, it was noted that not all consis-
tently followed proper handwashing protocols, as 
also reported by Noura A. et al17. This indicates a lack 
of institutional emphasis and guidelines regarding 
hand hygiene. To address this concern, we recom-
mend reinforcing proper handwashing techniques 
among students and considering placing educa-
tional posters in handwashing areas, which would 
serve as useful reminders.

Although the participants in our study believed that 
environmental barriers such as plastic wrapping for 
dental units were important the practice was not 
very consistent, with only 33% in government and 
39% in private. Similar results were seen for the 
disinfection of the working surface. This finding also 
concurs with past studies12,13, 19, 22. However, studies 
by Halawani et al. and Chang HC et al. show signifi-
cantly improved compliance with the environment 
disinfection protocol post-COVID-1918,23. This 
suggests that the basics of infection control should 
be overemphasized by continuous lectures and 
training sessions.

Our study revealed excellent knowledge and 
attitudes of students towards handling and dispos-
ing of needles. Also, a thorough medical history and 
patients with communicable diseases were treated 
according to OSHA guidelines. This finding is similar 
to  previous studies13,15,24. However, the immunization 
status of students was found to be 72% and 88% in 
government and private institutes respectively. 

Similar results were seen in previous studies in the 
subcontinent12,13,25. A study conducted by Elagib 
MFA et al. in Sudan and Saudi also reported a low 
percentage of post-HBV serology26. This finding 
suggests that the institute should make hep B vacci-
nation proof mandatory for all students and a boost-
er dose before starting clinical practice/rotations. A 
study by Alharbi et al. found that 93.1% of their 
undergraduate students were vaccinated due to 
this regulation followed by the college 27.

Nonetheless, this study involved both government 
and private colleges therefore it displays more 
variability. The dissimilarity in the attitude of partici-
pants may be due to a person’s own beliefs, 
thoughts, and behavioral aspects. The lack of 
resources and adherence to strict institutional 
policy, particularly in the government sector could 
also play a role.

One of the limitations of this study was the method 
used to assess the practice of infection control 
guidelines which is based on students’ subjective 
self-assessment. Also, the generalizability of the 
findings is constrained by the convenience sample 
of dental students and the limited sample size. 
Another limitation was the absence of qualitative 
data due to the limited time available during data 
gathering. This was a multi-center study (being 
carried out in private and public sector dental 
colleges of Karachi), which will help us elucidate the 
level of knowledge and practice regarding cross-in-
fection control procedures among undergraduate 
dental students. It will help the institutes identify the 
awareness and practice of cross-infection protocols 
being practiced at their institutes and will also help 
to learn and share information with other institutes 
for the best interest of their students and patients' 
safety. It will also allow the conduct of regular work-
shops to enhance and improve awareness among 
future dentists.

CONCLUSION
The students from both public and private institutes 
reported good knowledge indicating that cross-in-
fection control guidelines are outlined by OSHA.  
Lack of adherence to the guidelines at certain levels 
spotlights the need for an evaluation program as a 
means of assuring compliance with recognized 
policy in clinical practice. This will help create a safe 
environment for both the practitioners and the 
patients and help build patients' trust in doctors and 
healthcare facilities. 
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DISCUSSION
The axial inclination of a tooth plays a significant role 
in the discrepancy of anatomical morphology¹6-¹7. 
While noticing the axial inclination of the crown, it is 
classically acknowledged that the crown follows the 
same axis as that of a root¹8. However, researchers 
have shown that the axial inclination of the crown 
can considerably vary from the longitudinal axis of 
the root¹9. CBCT has shown its accuracy regarding 
root angulation, implant placement, and crown 
root angulation measurement worldwide, whereas 
panoramic investigation in such circumstances can 
result in overestimation of implant length, magnifica-
tion of bone size, and wrong measurement of angu-
lation²0-²¹.

The current study was undertaken to assess the root 
angulation of the maxillary central incisor using 
CBCT. The classification of Jung et al. was used to 
determine the root position within the alveolar 
bone²². Furthermore, root angulation was also mea-
sured in the central incisor in the said classification. 
This study observed that the buccal type was the 
most prevalent, followed by the middle-type root 
position. These findings are by several other studies 
that determined that the maxillary central incisor 
has good buccal bone coverage. Lou et al. 
observed 170 images and observed that 78.8% of 
the incisors were buccally placed. Their study did 
not further classify the buccal type into subtypes²³.

In this study, we identified teeth as buccal subtypes 
I, II, and III. The root of the buccal subtype I is com-
pletely covered by the buccal bone, making it 
appropriate for both IIP and orthodontic therapy. 
The buccal subtype I prevents root resorption and 
bone loss by providing excellent bone covering to 
the root of the maxillary central incisor. Buccal 
subtype I accounted for 38.8% of maxillary central 
incisors, the highest percentage in this study. These 
results are consistent with Jung et al., who found that 
buccal subtype I is the most common type in maxil-
lary central incisors²².

Xu et al. studied the sagittal root position and its 
clinical significance by using CBCT. They observed 
934 maxillary central incisors and observed that 
95.4% (N=891), 4.4% (N=41), and 0.2% (N=2) were 
classified as buccal, middle, and palatal, respec-
tively ²4. Among the 891 buccal-type incisors, the 
subtypes I, II, and III accounted for 47.5% (N=423), 
44.2% (N=394), and 8.3% (N=87). In this study, we 
observed a greater number of teeth falling in the 
palatal and middle type classification than the 
study conducted by Kan et al., who observed that 
13% of the teeth account for the middle type of root 
position ²5. Another study conducted on CBCT 
images of maxillary central incisors also concluded 
that 58.8% of maxillary central incisors are inclined 
buccally. Kong et al. observed 120 scans for evalu-
ating the maxillary aesthetic zone and concluded 
that the buccal type of root positioning was the 
most prevalent (81.1%)²6 which is similar to this study. 
Another study done by Yang et al. shows maximum 
numbers of buccally placed incisal roots (97.1%) 
with thin facial bone coverage. In this study, such 
morphological features are matched with buccal 
subtype II, which was 21.1% of the total sample size²7. 

Suweera et al. studied root axis angulation and 
alveolar bone axis with SRP and anterior arch forms. 
Roots closer to the buccal bone (class I) were most 
prevalent in the maxillary central incisor and first 
premolar. Roots engaging palatal plates were not 
observed in their study. They further elaborate that 
the anterior arch form can give an idea about the 
root angulation of teeth because they observed 
that root angulation and alveolar bone axis 
decrease as the inter canine depth of the arch 
becomes smaller. Our results show similarity with their 
results in terms of root positions and angulations²8. 

Mengru Shi et al. studied root angulation of maxillary 
central and lateral incisors for evaluation of implant 
placement as per hard and soft tissue indices via 
CBCT and stereolithography (STL). The average 
angle for the maxillary central incisor was 15 
degrees. They explored that root angulation of later-
al incisor in males was on average 4 degrees greater 
than central incisor. Root angulation showed a 
tendency with an increase in age which can be due 
to bone resorption²9. 

Patients are not aware of the significance of CBCT, 

proper knowledge should be delivered by the 
health professionals. This investigation is tech-
nique-sensitive, and technical persons and skills are 
lacking to interpret CBCT images, therefore, proper 
training should be provided to operators. A greater 
sample size can give a better idea of position and 
angulation among the population.

CONCLUSION
The study found that the buccal root position was 
the most prevalent. In the buccal position, subtype I 
was the most prevalent. The highest root angle was 
observed in the buccal subtype III and middle root 
position. The least angle was observed in the palatal 
root position.
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DISCUSSION
Most infectious diseases that colonize the oral cavity 
and respiratory tract, including the novel coronavi-
rus, can be transmitted in a dental clinic. A High 
percentage of affected people worldwide visit 
dental clinics, which, in turn, poses a risk of exposure 
and disease-contraction by dentists and other staff 
members17. This study assessed the knowledge of 
students and their corresponding practicing behav-
ior concerning cross-infection control in government 
and private hospital settings. The overall knowledge 
of cross-infection control was satisfactory among 
dental students and similar findings were reported 
by other studies in Pakistan12,13. The contributing 
factors could be curriculum emphasis and educa-
tional seminars conducted during their graduate 
program. Also, professional guidelines are set by the 
institute and regulatory bodies. Dental students are 
typically taught to adhere to these guidelines, ensur-
ing they are well-informed about the best practices 

in infection control.

Upon comparing our findings regarding the use of 
personal protective gear with other studies, both 
similarities and differences were observed. In our 
study, the percentage of participants wearing 
gloves was 98%, which aligns with a study conduct-
ed in Saudi Arabia17. However, variations were 
noted in the utilization of masks, gowns, and 
eyewear. In our study, the respective percentages 
were 79%, 46%, and 13%, whereas in a study by Hala-
vani et al, they were 93%, 98%, and 60.7% 18. These 
discrepancies indicate a lack of sufficient under-
standing regarding the importance of eye protec-
tion, considering the potential transmission of diseas-
es through aerosols and blood. Nevertheless, other 
studies conducted in Pakistan demonstrated similar 
compliance with personal protection against infec-
tions12,13. This underscores the necessity to enforce 
rules and regulations, with educational institutions 

ensuring strict adherence to protocols by students.

Hands serve as the primary reservoir for numerous 
pathogens, highlighting the utmost significance of 
hand hygiene in preventing infections. Handwash-
ing is considered a fundamental and effective 
method for infection prevention19. In response to the 
COVID-19 pandemic, the World Health Organiza-
tion (WHO) has recommended a comprehensive 
handwashing approach, involving washing hands 
with soap and water for a minimum of 20 seconds, 
followed by the use of alcohol-based hand rub 
(ABHR) for visibly soiled hands 20.

In our present study, we found that students were 
well aware of the importance of hand hygiene, with 
an impressive awareness rate of 94%. Their adher-
ence to the standard hand hygiene protocol was 
72% in private schools and 55% in government 
schools, as observed in the study by Waheed Tahir et 
al. conducted in a government setup, which report-
ed a compliance rate of 74%13. In contrast, Marium 
et al. reported a higher compliance rate of 94% with 
hand hygiene in a private institute19. Similarly, a study 
conducted in India by Bommireddy et al. demon-
strated a compliance rate of 59% in handwashing 
practices among dental practitioners21. While the 
majority of students in our study changed gloves 
between patients, it was noted that not all consis-
tently followed proper handwashing protocols, as 
also reported by Noura A. et al17. This indicates a lack 
of institutional emphasis and guidelines regarding 
hand hygiene. To address this concern, we recom-
mend reinforcing proper handwashing techniques 
among students and considering placing educa-
tional posters in handwashing areas, which would 
serve as useful reminders.

Although the participants in our study believed that 
environmental barriers such as plastic wrapping for 
dental units were important the practice was not 
very consistent, with only 33% in government and 
39% in private. Similar results were seen for the 
disinfection of the working surface. This finding also 
concurs with past studies12,13, 19, 22. However, studies 
by Halawani et al. and Chang HC et al. show signifi-
cantly improved compliance with the environment 
disinfection protocol post-COVID-1918,23. This 
suggests that the basics of infection control should 
be overemphasized by continuous lectures and 
training sessions.

Our study revealed excellent knowledge and 
attitudes of students towards handling and dispos-
ing of needles. Also, a thorough medical history and 
patients with communicable diseases were treated 
according to OSHA guidelines. This finding is similar 
to  previous studies13,15,24. However, the immunization 
status of students was found to be 72% and 88% in 
government and private institutes respectively. 

Similar results were seen in previous studies in the 
subcontinent12,13,25. A study conducted by Elagib 
MFA et al. in Sudan and Saudi also reported a low 
percentage of post-HBV serology26. This finding 
suggests that the institute should make hep B vacci-
nation proof mandatory for all students and a boost-
er dose before starting clinical practice/rotations. A 
study by Alharbi et al. found that 93.1% of their 
undergraduate students were vaccinated due to 
this regulation followed by the college 27.

Nonetheless, this study involved both government 
and private colleges therefore it displays more 
variability. The dissimilarity in the attitude of partici-
pants may be due to a person’s own beliefs, 
thoughts, and behavioral aspects. The lack of 
resources and adherence to strict institutional 
policy, particularly in the government sector could 
also play a role.

One of the limitations of this study was the method 
used to assess the practice of infection control 
guidelines which is based on students’ subjective 
self-assessment. Also, the generalizability of the 
findings is constrained by the convenience sample 
of dental students and the limited sample size. 
Another limitation was the absence of qualitative 
data due to the limited time available during data 
gathering. This was a multi-center study (being 
carried out in private and public sector dental 
colleges of Karachi), which will help us elucidate the 
level of knowledge and practice regarding cross-in-
fection control procedures among undergraduate 
dental students. It will help the institutes identify the 
awareness and practice of cross-infection protocols 
being practiced at their institutes and will also help 
to learn and share information with other institutes 
for the best interest of their students and patients' 
safety. It will also allow the conduct of regular work-
shops to enhance and improve awareness among 
future dentists.

CONCLUSION
The students from both public and private institutes 
reported good knowledge indicating that cross-in-
fection control guidelines are outlined by OSHA.  
Lack of adherence to the guidelines at certain levels 
spotlights the need for an evaluation program as a 
means of assuring compliance with recognized 
policy in clinical practice. This will help create a safe 
environment for both the practitioners and the 
patients and help build patients' trust in doctors and 
healthcare facilities. 
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DISCUSSION
The axial inclination of a tooth plays a significant role 
in the discrepancy of anatomical morphology¹6-¹7. 
While noticing the axial inclination of the crown, it is 
classically acknowledged that the crown follows the 
same axis as that of a root¹8. However, researchers 
have shown that the axial inclination of the crown 
can considerably vary from the longitudinal axis of 
the root¹9. CBCT has shown its accuracy regarding 
root angulation, implant placement, and crown 
root angulation measurement worldwide, whereas 
panoramic investigation in such circumstances can 
result in overestimation of implant length, magnifica-
tion of bone size, and wrong measurement of angu-
lation²0-²¹.

The current study was undertaken to assess the root 
angulation of the maxillary central incisor using 
CBCT. The classification of Jung et al. was used to 
determine the root position within the alveolar 
bone²². Furthermore, root angulation was also mea-
sured in the central incisor in the said classification. 
This study observed that the buccal type was the 
most prevalent, followed by the middle-type root 
position. These findings are by several other studies 
that determined that the maxillary central incisor 
has good buccal bone coverage. Lou et al. 
observed 170 images and observed that 78.8% of 
the incisors were buccally placed. Their study did 
not further classify the buccal type into subtypes²³.

In this study, we identified teeth as buccal subtypes 
I, II, and III. The root of the buccal subtype I is com-
pletely covered by the buccal bone, making it 
appropriate for both IIP and orthodontic therapy. 
The buccal subtype I prevents root resorption and 
bone loss by providing excellent bone covering to 
the root of the maxillary central incisor. Buccal 
subtype I accounted for 38.8% of maxillary central 
incisors, the highest percentage in this study. These 
results are consistent with Jung et al., who found that 
buccal subtype I is the most common type in maxil-
lary central incisors²².

Xu et al. studied the sagittal root position and its 
clinical significance by using CBCT. They observed 
934 maxillary central incisors and observed that 
95.4% (N=891), 4.4% (N=41), and 0.2% (N=2) were 
classified as buccal, middle, and palatal, respec-
tively ²4. Among the 891 buccal-type incisors, the 
subtypes I, II, and III accounted for 47.5% (N=423), 
44.2% (N=394), and 8.3% (N=87). In this study, we 
observed a greater number of teeth falling in the 
palatal and middle type classification than the 
study conducted by Kan et al., who observed that 
13% of the teeth account for the middle type of root 
position ²5. Another study conducted on CBCT 
images of maxillary central incisors also concluded 
that 58.8% of maxillary central incisors are inclined 
buccally. Kong et al. observed 120 scans for evalu-
ating the maxillary aesthetic zone and concluded 
that the buccal type of root positioning was the 
most prevalent (81.1%)²6 which is similar to this study. 
Another study done by Yang et al. shows maximum 
numbers of buccally placed incisal roots (97.1%) 
with thin facial bone coverage. In this study, such 
morphological features are matched with buccal 
subtype II, which was 21.1% of the total sample size²7. 

Suweera et al. studied root axis angulation and 
alveolar bone axis with SRP and anterior arch forms. 
Roots closer to the buccal bone (class I) were most 
prevalent in the maxillary central incisor and first 
premolar. Roots engaging palatal plates were not 
observed in their study. They further elaborate that 
the anterior arch form can give an idea about the 
root angulation of teeth because they observed 
that root angulation and alveolar bone axis 
decrease as the inter canine depth of the arch 
becomes smaller. Our results show similarity with their 
results in terms of root positions and angulations²8. 

Mengru Shi et al. studied root angulation of maxillary 
central and lateral incisors for evaluation of implant 
placement as per hard and soft tissue indices via 
CBCT and stereolithography (STL). The average 
angle for the maxillary central incisor was 15 
degrees. They explored that root angulation of later-
al incisor in males was on average 4 degrees greater 
than central incisor. Root angulation showed a 
tendency with an increase in age which can be due 
to bone resorption²9. 

Patients are not aware of the significance of CBCT, 

proper knowledge should be delivered by the 
health professionals. This investigation is tech-
nique-sensitive, and technical persons and skills are 
lacking to interpret CBCT images, therefore, proper 
training should be provided to operators. A greater 
sample size can give a better idea of position and 
angulation among the population.

CONCLUSION
The study found that the buccal root position was 
the most prevalent. In the buccal position, subtype I 
was the most prevalent. The highest root angle was 
observed in the buccal subtype III and middle root 
position. The least angle was observed in the palatal 
root position.
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