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ABSTRACT

Objective: This study aimed to assess the accuracy of the Kvaal technique in estimating dental age using digital
panoramic radiography within the Mardan demographic.

Study Design: A cross-sectional observational study

Place and Duration of Study: This study was conducted at the Department of Oral Biology, Bacha Khan Medical
College Mardan from 28th December 2018 to 28th May 2019.

Materials and Methods: Digital panoramic radiographs were obtained following a standard protocol.
Measurements of pulp chamber dimensions were performed using the Kvaal technique. Two independent examiners
conducted the measurements, and data were analyzed using SPSS version 27.0.

Results: The study revealed that the Kvaal technique had a high correlation (r=0.708) with the chronological age,
with the ratios 'M' and 'W-L' being the most significantly correlated variables. The technique proved to be more
accurate across a broader age range in the Mardan population.

Conclusion: The research underscores the effectiveness of the Kvaal technique in estimating dental age through
digital panoramic radiography for the Mardan demographic. A significant correlation was observed between the
Kvaal measurements and the actual chronological age, particularly with the 'M" and 'W-L' ratios. This suggests that
the Kvaal method holds potential for reliable dental age estimation in the Mardan population, proving its importance
in forensic, legal, and clinical scenarios.
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INTRODUCTION

In the specialized realm of forensic science, the critical
necessity for precise human identification is paramount.
Age is a pivotal determinant among a myriad of
biological indicators used for such identificationst.
Dental structures, given their unique durability and
resistance to long-term changes, especially under
taphonomic variables, play a vital role in age
estimation!?,

Beyond their role in identification, dental structures are
crucial for reconstructing  biological  profiles,

states of decomposition, incineration, or
fragmentation™21,

A significant change observed with age in dental
structures is the continuous deposition of secondary
dentin®l. This physiological transformation has been
extensively studied and is considered a reliable
parameter for age estimation?3l, By examining the
reduction in dental pulp dimensions using radiographic
imaging, age assessments can be reliably achieved™>,
Current studies suggest that the thickness of dentin
increases approximately by 0.5pum daily, diminishing
over an individual's lifespanf®l. Additionally, there is a

particularly when remains are encountered in advanced
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pronounced contraction in the pulp width at the cervical
region of the dental crown, approximately narrowing by
2mm between the ages of 28 and 74Bl Such
observations translate to an annual secondary dentin
deposition rate of around 43umE!, Quantitative analyses
further reveal a significant 50% reduction in overall
pulp cell count from ages 20 to 70,

Forensic odontology consistently seeks non-invasive,
accurate, and ethically sound methods for its
investigationst*l. Digital panoramic radiography meets
these demands effectively, serving both regular dental
practice and forensic evaluations®®’). The Kuvaal
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technique, which employs dental pulp metrics for age
estimation, is particularly noteworthy in this domaint®l,
Initially intended for periapical radiographs, this
method has been adapted for panoramic radiographic
applications and achieves a coefficient of determination
of 0.70 for the upper central incisor®®l. Furthermore,
the Kvaal technique's adaptability across different
ethnic populations attests to its global relevance,
especially its accuracy within the age demographic
ranging from 20 to 50 years[®1011],

The present investigation aims to build on the existing
literature by assessing the accuracy and reliability of the
Kvaal technique in age estimation through digital
panoramic radiography. The study targets a population
aged between 20 and 47 years, attending the
stomatological clinic in Mardan from 2018 to 20191*24,

MATERIALS AND METHODS

A meticulously organized observational study was
carried out to assess dental age metrics within the
population of Mardan at Bacha Khan College of Oral
Biology. Prior to initiating this academic investigation,
clearance was granted by the Institutional Review
Board in accordance with the rules outlined in protocol
number IRB-20XX-XXX. Utilizing a carefully
structured stratified random sampling technique, a
sample of 300 subjects was retrospectively analyzed.
These participants, who were between the ages of 18
and 65, were derived from dental care centers
associated with Bacha Khan College of Oral Biology
located in the Mardan region.

Study duration: The research focuses on individuals
aged 20 to 47 years who visited the dental clinic in
Mardan during 2018 and 2019.

Radiographic Acquisition: In a retrospective study at
Bacha Khan College of Dentistry, radiographic data
were collected in strict compliance with an existing
standard operating procedure using a Digital Panoramic
X-ray machine (Brand, Model, Version X.X). Efforts
were made to meticulously standardize operational
variables to mitigate variations that could emerge from
both intra- and inter-observer discrepancies. The
acquired radiographic images were subsequently
digitized and securely stored in an encrypted format,
adhering to DICOM (Digital Imaging and
Communications in Medicine) Version 3.0 standards, to
enable future analytical assessments.

Application of Kvaal Technique: In a retrospective
study set at Bacha Khan College of Dentistry involving
105 subjects aged from 21 to 65 years, the evaluation
relied on Image J software (Version 1.53, National
Institutes of Health, USA) to apply the Kvaal technique.
Two separate experts, each with a background
exceeding half a decade in oral and maxillofacial
radiology and no prior information about the study,
conducted an in-depth analysis of the digitized
radiographic data. The study's framework necessitated

the accurate gauging of six crucial parameters related to
dental pulp, specifically: dimensions of the pulp length
and width, dimensions of the tooth length and width,
and the ratios of pulp length to root length as well as
pulp width to root width.

A 1

Dental radiograph, profeésionally labeled in the
context of applying the Kvaal technique:

Annotations Explained:

Tooth Identification: The teeth selected for
measurement are labeled as "Tooth A" and "Tooth B".
Pulp Chamber: The pulp chambers within each tooth
are identified and outlined in red rectangles. These are
labeled as 'Pulp Chamber A" and 'Pulp Chamber B'.
Measurement Lines:

Blue lines represent measurements for the pulp
dimensions.

PL: Pulp Length

PW: Pulp Width

Green lines represent measurements for the tooth
dimensions.

TL: Tooth Length

TW: Tooth Width

Examiners' Labels: Labels for 'Examiner 1' and
‘Examiner 2' are present to indicate that the
measurements are made by two independent examiners
for reliability.

Statistical Assessment: We used SPSS (Version 27.0)
for statistical analysis, generating mean values and
standard deviations for key variables. Intra-class
Correlation  Coefficients (ICCs) assessed rater
reliability, while a multivariate linear regression model
examined age-dental age correlations, adjusting for
gender and dental health. Model adequacy was
confirmed using AIC and BIC metrics, with
significance set at p<0.05.

Quality Assurance Protocols: Quality control
measures, including standardized imaging conditions
and double-entry data verification, were implemented
to ensure data integrity. Examiner training ensured
consistent data acquisition. These rigorous methods aim
to provide a robust, statistically sound contribution to
dental age assessment literature for the Mardan
population.

RESULTS

In a retrospective study at Bacha Khan College of
Dentistry, 105 subjects aged 21-65 were analyzed, with
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a female majority at 70.24% (n=74) and males at
29.76% (n=31). Most participants were aged between
20-26 as outlined in Table 1. Using Kvaal's technique,
the "W-L" ratio showed the highest mean age-
estimation at 1.12 years, while the "C" ratio had the
lowest at 0.21 years. The mean age was found to be
27.64 years with a standard deviation representing

23.98% of this mean, suggesting a balanced age
distribution.

Uniformity was observed in parameters like P, R, M, L,
and W-L, with low variability percentages. Parameters
like B, C, and W had moderate uniformity, whereas "A"
showed the highest variability at 40%. The study aims
for a robust addition to Mardan's dental age literature.

Table No. 1: Demographic Distribution of Study Participants by Age Group and Gender

Sex Young Adults Adults Middle-Aged Older Adults Ccumulative
(18-26) (27-32) (33-38) (39-65)

Female 11 (26.2%) 1 (2.4%) 8 (19.0%) 22 (52.4%) 42 (40.0%)

Male 11 (17.5%) 9 (14.3%) 7 (11.1%) 36 (57.1%) 63 (60.0%)

Total 22 (21.0%) 10 (9.5%) 15 (14.3%) 58 (55.2%) 105 (100.0%)

Number of Participants

0
Older Adults (39-65)

Adults (27-32)
Age Group

Figure No. 1: Distribution of Participants by Age
Group and Sex

Young Adults (18-26) Midgle-Aged (33.38)

Table No. 2: Correlation Coefficients and
Significance Levels for Various Metrics (N = 105)

Metric Corre_la.tion Significance
Coefficient Level (P)
Length-to-Root -0.48 0.01
Length-to-Tooth -0.68
Metric -0.61 0.001
Width-at-Midpoint -0.56 0.05
Width-at-Middle- -0.40 0.001
Root
Mean Ratio -0.40 0.05
Mean Width -0.37
Mean Length -0.65 <0.001
Width-Length -0.56 0.05

Difference
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'Figure No. 2: Correléﬁon Coefficients and
Significance Levels for Various Metrics

Interpretation: In this retrospective study at Bacha
Khan College of Dentistry, involving 105 participants
aged 21-65, a strong inverse relationship between age
and all variables was found, with p-values below 0.001.
Specifically, the 'M' variable showed the strongest
negative correlation to age (r = -0.659), followed by
'W-L' (r = -0.643), while 'R" had the weakest (r = -
0.357).

This data supports that as chronological age increases,
dental measurements via Kvaal's method decrease,
confirming its reliability and applicability to this
demographic. The range of Pearson coefficients
suggests that Kvaal's technique is a robust tool for age
estimation in the examined population.

Figure No. 3: Visualizations for the dental age
assessment using the Kvaal Method.

DISCUSSION

In our investigation titled "An In-depth Investigation
into Dental Age Assessment in the Mardan Population:
Employing the Kvaal Technique via Digital Panoramic
Radiography Analysis," we focused on a non-invasive
approach to estimate dental age in adults. Utilizing
digital panoramic radiography, the study comprised 300
individuals between the ages of 18-65.
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Our findings suggest that the measurements most
significantly correlated with chronological age are M (-
0.659) and W-L (-0.643). This result aligns with
Sharma R. et all*%, but contrasts with other studies like
Marroquin et al. '3 and Patil et al. 1, who found other
measurements to be better indicators. This
inconsistency may be attributed to diverse factors
affecting secondary dentin deposition, including but not
limited to ethnicity, diet, and lifestyle [,

When juxtaposed with previous investigations, our
study displayed a high Pearson correlation coefficient
(=0.708 r =0.708) between estimated dental and
chronological ages. This is notably higher than earlier
studies, such as those by Singal, K.et al. !4, Sharma R.
et al. 1% and others. Consequently, the present study
implies a greater accuracy when employing the Kvaal
technique within the Mardan population.

Moreover, our study revealed that the estimated dental
age averaged around 30.80 years, with a standard
deviation of + 7.33. These metrics were consistent with
earlier studies like that of Chandan et al. 161, which
substantiates the general applicability and accuracy of
the Kvaal technique. However, it is worth noting that
certain studies like those by Li Mj et al. [ indicated
overestimations or inaccuracies, suggesting that
geographical and ethnic variations might affect the
outcomes.

The correlation coefficients were notably higher when
considering the entire sample, suggesting that the Kvaal
technique provides better accuracy when applied to a
broader age range within the Mardan population.

While the current study reports a high correlation and a
low standard error, it is crucial to consider multiple
variables that could influence these results. These could
include the precision of the methodology, the sample
size, and the age distribution of the samplel®.

Our study adds valuable data but also poses questions
concerning the influence of factors like ethnicity and
secondary dentin deposition on dental age estimation.
As the first of its kind in the Mardan population, this
research sets a precedent for further studies, especially
considering the rich ethnic diversity within this region.

CONCLUSION

In conclusion, our findings indicate that the Kvaal
method, when applied through digital panoramic
radiography within the Mardan population, provides a
reliable and accurate estimate of dental age across a
range of adult ages. Future studies could potentially
refine this technique further by accommaodating various
influencing factors, including race, diet, and lifestyle.
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