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Aim: This study aimed to evaluate changes in horizontal condylar path angles with age, recorded using two different
radiographic techniques over a six-year period, and investigate potential differences between male and female participants.
Materials and methods: Initially, 50 participants aged 30-40 years were recruited for the study. However, 13 participants
dropped out, resulting in 37 participants (20 males and 17 females) who completed the study. Horizontal condylar path angle
(HCPA) measurements were recorded using orthopantomography and cone beam computed tomography (CBCT) methods at
the start, after three years, and after six years for both the right and left condyles. Statistical analyses included repeated
measures ANOVA to assess changes over time, independent samples t-tests to compare the male and female participants, and
paired samples t-tests to compare the two methods at different intervals.

Results: This study revealed no significant differences between the orthopantomography and CBCT methods at different
intervals (p > 0.05). The results show significant changes in HCPA over time for all methods, with a marked decrease in
HCPA values consistent with aging. The gender comparison revealed that males generally had higher HCPA values than
females at all time points, although the difference was not statistically significant.

Conclusion: The findings highlight the importance of considering age-related changes in condylar path angles in dental
practice. Orthopantomography and cone beam CT methods are comparable in the short and long terms, suggesting that using
an orthopantomogram to record HCPA is a simpler assessment tool.
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Introduction

The importance of accurately
determining the horizontal condylar path
angle (HCPA) lies in its critical role in the
success of prosthodontic treatments, as it
influences the morphology of occlusal
surfaces and mandibular movements,
thereby affecting occlusal harmony and
reducing chairside adjustment time.!
HCPA, which represents the angle formed
by the path of the condyle during
mandibular movements, plays a vital role in
the diagnosis and treatment planning of
these conditions. Despite advancements in
measurement techniques, reliable and
accurate methods to record HCPA remain in
demand.?

Various methods have been
explored to record this angle, including
clinical, radiographic, and pantographic
techniques, each with its own set of
advantages and limitations.>*

Clinical methods, such as the use of
protrusive interocclusal records and semi-
adjustable articulators, have been widely
used due to their practicality and direct
application in simulating mandibular
movements.>”’

However, studies have shown that
radiographic techniques, including cone
beam computed tomography (CBCT) and
panoramic radiographs, tend to yield higher
HCGA values compared to clinical
methods.>®

Panoramic radiography offers a
comprehensive view of the maxillofacial
structures, encompassing the dental arches,
temporomandibular joints, and facial bones,
all captured in one image.” In recent years,
efforts have been made to develop three-
dimensional imaging tools that can replace
conventional CT scanners while reducing
radiation exposure and decreasing costs.
This endeavor has led to the introduction of
Cone Beam CT (CBCT), which has
revolutionized tomographic imaging and
enabled volumetric image
reconstruction.!®!!

This discrepancy suggests that
radiographic methods may offer a more
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detailed view of the condylar path,
potentially leading to more precise
prosthodontic outcomes. Many studies have
considered panoramic radiography and
CBCT to be valuable tools for the
assessment of HCPA, with CBCT offering
enhanced accuracy and detail. Both
methods have strengths and limitations, and
their accuracy over long-term periods has
been debated.!?13

Moreover, the use of electronic
devices, such as the Arcus Digma, for
recording HCPA has been explored,
showing promising reliability as an
alternative to traditional methods.'6"?

The reviewed literature underscores
the importance of considering age-related
changes in HCPA in prosthodontic practice.
Studies have consistently indicated that
HCPA decreases with age. Sreelal et al.
found significant differences in HCPA
values among various age groups, with a
noticeable decrease from younger to older
groups. This trend was observed using both
articulator and cephalometric methods,
which showed no significant differences in
the values recorded. The flattening of the
condyle and a decrease in the posterior slope
of the articular eminence with advancing
age contribute to the reduced HCPA 2°

Similarly, other studies have
reported a correlation between age and
changes in the condylar guidance using
panoramic radiography. They found that as
age advances, there is a tendency for the
condylar angle to decrease.?!?

Although previous studies have
documented the effects of aging on the TMJ
and its impact on HCPA, there is a lack of
longitudinal ~ studies  that  compare
orthopantomography and CBCT over
extended periods. Understanding how these
methods perform over time is essential for
improving  diagnostic and treatment
outcomes in dental practice.

This study seeks to answer the
following questions: how do
orthopantomography and cone beam CT
methods compare in measuring HCPA over
six years? What are the changes in HCPA
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over time, and how do these changes
correlate with the aging process? Are there
significant  differences in  HCPA
measurements between males and females?

By comparing these methods over
six years, the study contributes to the
existing body of knowledge and can help
practitioners make informed decisions when
choosing measurement techniques. The
findings also highlight the importance of
considering age-related changes in condylar
path  angles, ultimately improving
diagnostic accuracy and treatment planning
for TMJ disorders and other related
conditions.

Materials and Methods
Data collection

This  longitudinal study was
designed to evaluate changes in horizontal
condylar path angles with age, recorded
using two different radiographic techniques
over a six-year period. HCPA was recorded
at the start of the study, after three years, and
after six years. Ethical approval was
obtained from the institutional review board
(IRB) of the Faculty of Dental Medicine,
Al-Azhar University (Ethical Application
Ref: AUAREC20180017-12), and informed
consent was obtained from all participants
before the commencement of the study.

Previous studies have established
that a sample size of 36 cases is sufficient to
achieve a statistical power of 0.80, a
confidence interval of 0.95, and an alpha
level of 0.05. Therefore, a higher sample
size of 50 participants was chosen to
account for potential withdrawals of
edentulous participants due to illness, death,
or difficulties with the research protocol.>!
Participants selection

Fifty participants aged between 30
and 40 years were recruited for this study.
However, 13 participants dropped out
during the course of the study, resulting in a
final sample size of 37 participants (20
males and 17 females).

The inclusion criteria were patients
with complete natural dentition or fully
functional prosthetic restoration with
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normal overjet and overbite and Angle's
Class I relationship, no history of
orthodontic treatment in the past five years,
and no craniofacial abnormalities. Patients
who had no history of temporomandibular
joint (TMJ) disorders or significant dental
anomalies were selected for the study.
Individuals  with  any  signs  of
temporomandibular dysfunction or
neurological or muscular diseases were
excluded. Only those individuals without a
history of bone diseases or fractures of the
mandible or maxilla were selected.

Intra-examiner and inter-examiner
reliability were assessed for both methods.
For intra-examiner reliability, the same
examiner repeated the measurements on ten
randomly selected participants after a one-
week interval. For  inter-examiner
reliability, a second examiner
independently measured HCPA for the
same 10 participants. Intraclass correlation
coefficients (ICCs) were calculated to
evaluate the reliability.

A digital panoramic radiograph (Fig
1.a) of each patient was taken using a Sirona
digital panoramic machine (Sirona Dental
System GmbH, USA) with the parameters
of 76 KV, 11 MA, and 12-sec exposure. To
determine HCPA, the Frankfort plane was
determined, and then a second line between
the highest point of the glenoid fossa and the
lowest point of articular eminence was
drawn. The horizontal condylar guidance
was formed between the two lines, and then
HCPA was measured using Triana Software
(Genoray Co. Ltd., Korea).!>?

Figre 1. HCPA measureents on (a) Digital
panoramic radiography and (b) CBCT.

CBCT scans were taken of each
patient (Fig 1.b). The CBCT scans were

Unraveling Changes in Horizontal Condylar Path Angles with Aging:
A Six-Year Longitudinal Radiographic Comparison | Mostafa I Fayad et al. JUNE 2025.



taken using a Carestream CBCT machine
(Carestream Health, Inc., Verona Street
Rochester, NY, USA). The used exposure
parameters were 180 VOXAL, 4 ma, 80
KV, and 8.01 sec. To record HCPA in a 3D
view, two lines were determined. The
Frankfort plane was established by
determining the orbitale (the lowest point of
the infraorbital margin) and the porion (the
highest point of the bone margin of the
auditory meatus) and then drawing a line
between these two points. A second line was
drawn along the posterior slope of the
articular eminence. The two lines intersect,
and the horizontal condylar angle is formed
between them.? HCPA was measured using
SIDEXIS 4 from Dentsply Sirona Imaging
Software, Hong Kong.

The orthopantomogram and CBCT
images were used to determine HCPA at the
start of the study and at different time
intervals to record the horizontal condylar
path angle (HCPA) over six years,
examining the changes in HCPA over time
and investigating potential differences
between the male and female participants.

Statistical analysis

The data obtained from both
methods were analyzed using statistical
software (SPSS version 25, IBM Corp.,
Armonk, NY). Descriptive statistics,
including the mean and standard deviation,
were calculated for the HCPAs recorded
using both methods. The independent
samples t-test was used to compare the
mean HCPA values between males and
females at each time point (start, three years,
and six years) for each method. The paired
samples t-test was used to compare the
mean HCPA values obtained using the
orthopantomogram and CBCT images at
each time interval (start, three years, and six
years). Repeated measures ANOVA was
used to compare the means of HCPA
recorded at different time intervals (start,
three years, and six years) for each method.
The level of significance was set at p <0.05.
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Results

Initially, 50 participants (26 males
and 24 females) were enrolled in this study
with a age range 31-40 years (mean 35.62) .
However, 13 participants (26%) dropped
out, resulting in a final sample size of 37
participants (20 males and 17 females) who
completed the study. The reasons for
dropout were not specified but may include
personal reasons, relocation, or loss of
follow-up.

The descriptive statistics for the
HCPA measurements using the
orthopantomography and cone beam CT
methods at different time intervals (start,

three years, and six years) are summarized
in Table (1) .

Table 1: HCPA measurements using the
orthopantomography and CBCT at different time
intervals.

Orthopantomography CBCT

Ainimum [Maximum [Mean SD Ainimum [Maximum Mean SD

ORt 30.19 36.78 | 34.19 1.36 [32.12 36.7 33.82 876

OL 31.35 36.96 | 34.57 1.37 32.78 36.1 34.25 761

3Rt 20.76 3497 | 31.36 | 2.14 [0.12 32.7 31.38 529

3L 29.98 32,99 | 31.74 780 30.59 329 31.83 653

6Rt 28.67 34.89 | 30.23 1.22 [29.78 31.2 30.54 418

6L 29.12 32.89 | 31.18 870  29.89 324 31.44 534

ORt—HCPA measurements for RT condyle at the start.
0L—HCPA measurements for left condyle at the start.
3Rt—HCPA measurements for RT condyle after three
years.

3L—HCPA measurements for left condyle after three
years.

6Rt—HCPA measurements for RT condyle after six years.
6L—HCPA measurements for left condyle after six years.

The independent t-tests (Table 2)
showed mnon-significant differences in
HCPA values between males and females at
all time points for both methods. The
gender-specific analysis shows that males
generally had higher mean HCPA values
compared to females at all time intervals.
The independent t-tests (Table 3) revealed
no significant differences between the
orthopantomography and cone beam CT
methods at different intervals (p > 0.05).,
indicating that both methods can be used
for HCPA measurements.
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Table 2: Mean difference comparison of HCPAs
between male and female patients at different

intervals.
Variable OPG Sig (p-value) | CBCT (Cone Sig

(Orthopantomogram) Beam CT) (p-value)

Male Female Male Female

Mean Mean Mean Mean
ORt 34.42 33.92 0.276 33.86 33.78 799
OL 34.77 34.34 0.360 34.16 34.35 453
3Rt 31.99 30.62 0.053 31.37 31.41 .823
3L 31.94 31.50 0.090 31.75 31.91 461
6Rt 30.33 30.10 0.584 30.54 | 30.54 | 967
6L 31.42 30.90 0.071 31.37 | 31.53 | .364

ORt—HCPA measurements for RT condyle at the
start.
0L—HCPA measurements for left condyle at the start.
3Rt—HCPA measurements for RT condyle after three
years.
3L—HCPA measurements for left condyle after three
years.
6Rt—HCPA measurements for RT condyle after six
years.
6L—HCPA measurements for left condyle after six
years.

Table 3: Mean difference comparison of HCPAs
between the two methods at different intervals.

Mean Std. Deviation | Sig (2-tailed)

ORt OPG 34.19 1.36 .230
CBCT 33.82 .87

oL OPG 34.57 1.37 .080
CBCT 34.25 .76

3Rt OPG 31.36 2.14 .949
CBCT 31.38 .52

3L OPG 31.74 .78 .600
CBCT 31.83 .65

6Rt OPG 30.23 1.22 147
CBCT 30.54 41

6L OPG 31.18 .87 149
CBCT 31.44 .53

ORt—HCPA measurements for RT condyle at the
start.
0L—HCPA measurements for left condyle at the start.
3Rt—HCPA measurements for RT condyle after three
years.
3L—HCPA measurements for left condyle after three
years
6Rt—HCPA measurements for RT condyle after six
years.
6L—HCPA measurements for left condyle after six
years.

The repeated measures ANOVA for
the HCPAs, as recorded wusing the
orthopantomography (OPG) (Table 4) and
CBCT (Table 5), indicated significant
changes in the HCPAs over time (P < 0.05).
The HCPA values decreased significantly
from the start to three years and from three
to six years. The mean HCPA values
decreased over time, indicating the
expected reduction in the condylar
guidance angle with aging.
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Table 4: HCPA repeated measures mean
comparison using OPG at different intervals.

Time Mean Std. Sig.
Deviation
OPGOR OPGOR 34.19 136 | -
OPG3R 31.36 2.14 .000
OPG6R 30.23 1.22 .000
OPG3R OPGOR 34.19 1.36 .000
OPG3R 31.36 214 ] e
OPG6R 30.23 1.22 .036
OPGOL OPGOL 34.57 137 | e
OPG3L 31.74 784 .000
OPG6L 31.18 .870 .000
OPG3L OPGOL 34.57 1.37 .000
OPG3L 31.74 784 | e
OPG6L 31.18 .870 .001

Based on estimated marginal mean, the mean
difference is significant at 0.05 level.*Adjustment for
multiple comparisons: Bonferroni.

OPGOR—HCPA using OPG for RT condyle at the
start.

OPGOL—HCPA using OPG for left condyle at the
start.

OPG3R—HCPA using OPG for RT condyle after
three years.

OPG3L—HCPA using OPG for left condyle after
three years.

OPG6R—HCPA using OPG for RT condyle after six
years.

OPG6L—HCPA using OPG for left condyle after six
years.

Table 2: HCPA repeated measures mean
comparison using cone beam CT at different
intervals.

Time Mean Std. Sig.’
Deviation
CBCTOR CBCTOR 33.82 876 | -
CBCT3R 31.38 .529 .000
CBCT6R 30.54 418 .000
OPG6R CBCTOR 33.82 .876 .000
CBCT3R 31.38 529 | e
CBCT6R 30.54 418 .000
CBCTOL CBCTOL 34.25 Jel | -
CBCT3L 31.83 .653 .000
CBCT6L 31.44 534 .000
CBCT6L CBCTOL 34.25 761 .000
CBCT3L 31.83 653 | -
CBCTo6L 31.44 534 0.03
6

Based on estimated marginal mean, the mean
difference is significant at 0.05 level.*Adjustment for
multiple comparisons: Bonferroni.
CBCTOR—HCPA using CBCT for RT condyle at the
start.

CBCTOL—HCPA using CBCT for left condyle at the
start.

CBCT3R—HCPA using CBCT for RT condyle after
three years.

CBCT3L—HCPA using CBCT for left condyle after
three years.

CBCT6R—HCPA using CBCT for RT condyle after
six years.

CBCT6L—HCPA using CBCT for left condyle
after six years.
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Discussion

The accurate recording of the
horizontal condylar path angle (HCPA) is
essential for various dental procedures,
including prosthodontics, orthodontics, and
TMJ management.?*

This study aimed to compare the
horizontal condylar path angle (HCPA),
recorded using orthopantomography and
cone beam computed tomography (CBCT)
methods over six years, focusing on
changes in HCPA over time and potential
differences between male and female
participants.

This study found that males
generally had higher HCPA values than
females, although the difference was not
statistically significant, reflecting a trend
observed in some previous studies. Gender
differences in condylar morphology and
TMJ function have been noted in the
literature, with males often exhibiting more
pronounced condylar angles due to larger
joint structures and greater muscle
mass.?>?% Additionally, male individuals
tend to have larger mandibular dimensions,
including the condylar head, than female
individuals.?’

However, the lack of statistically
significant differences in the HCPA values
between genders at all time points suggests
that while there are inherent anatomical
differences, the rate of change in HCPA due
to aging may be similar across genders.
This is supported by studies showing that
males and females exhibit similar condylar
positional  changes = and  adaptation
following mandibular reconstruction.”®

Additionally, the lack of significant
gender differences in this study may be
attributed to the sample size and the natural
variability in condylar morphology among
individuals. This suggests that, while
gender can influence HCPA values,
individual anatomical and functional
factors play a more critical role.

The study findings show that there
were no significant differences between the
orthopantomography and CBCT methods at
different intervals. This aligns with the

ASDJ June 2025 vol 38 Prosthodontics' section

results of previous studies, such as those by
Shreshta et al2®, which reported
comparable HCPA values across clinical
and radiographic methods, although CT
scans tended to show slightly higher values.
This consistency suggests that both
methods are reliable for longitudinal
studies on HCPA, providing flexibility in
clinical and research settings, depending on
the availability of technology and specific
patient needs.

The lack of significant differences
between the orthopantomography and
CBCT methods at different intervals (p >
0.05) is consistent with earlier studies that
have shown both methods to be reliable for
measuring HCPA, albeit with some
variations in precision. For instance,
panoramic radiographs have been noted for
their efficacy in measuring condylar
guidance values (CGVs) compared to
articulators, with arcon types recording
slightly higher CGVs than non-arcon types
due to better jaw movement simulation.?’
Although no significant difference was
found, the literature highlights CBCT's
superior  resolution, three-dimensional
imaging capabilities, and accuracy in
providing multiplanar views of the
temporomandibular joint (TMJ) without
superposition, magnification, or distortion,
which offer more detailed assessments of
the condylar path and surrounding
anatomical structures. Pamukcu et al.*
emphasized the utility of CBCT in
detecting osseous changes related to
temporomandibular, = joint osteoarthritis
(TMJ OA), which can impact HCPA
measurements.

The results revealed significant
changes in HCPA over time, with a marked
decrease in HCPA values consistent with
aging.

The observed decrease in HCPA
values over time aligns with findings that
suggest degenerative changes in the
condylar surface, which are more prevalent
with increasing age and can affect TMJ
space dimensions.”!
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The significant changes in HCPA
over time align with previous research into
the effects of aging on TMJ. Pullinger and
Seligman®** and Pamukcu et al.*° reported
that degenerative changes in the TMJ, such
as osteoarthritis and cartilage wear, can
lead to alterations in condylar movements
and, consequently, HCPA. Our findings
support these observations, showing a
significant decrease in HCPA over time.
The observed decrease in HCPA values
over six years is consistent with the
findings of Sreelal et al?* , who
documented a significant reduction in
HCPA with advancing age. This age-
related flattening of the condyle and
decrease in the posterior slope of the
articular eminence likely result from
physiological remodeling and wear,
highlighting the importance of considering
age in prosthodontic planning.

The significant decrease in HCPA
over time underscores the importance of
considering  age-related changes in
condylar path angles when planning and
executing  dental  treatments. For
practitioners, understanding that HCPA
reduces with age can aid in more accurate
diagnosis and treatment planning for TMJ
disorders, prosthodontic restorations, and
orthodontic interventions. Our study also
highlights the need for consistent
measurement techniques.

This research adds to the existing
body of knowledge by providing a
longitudinal comparison of two prevalent
methods for recording HCPA. It confirms
the trends observed in previous studies
regarding age-related changes in condylar
path angles and introduces new insights
into the long-term reliability of these
methods.

One of the strengths of this study is
its longitudinal design, which allowed us to
observe changes over an extended period.
The sample size of 37 participants is
another strength, providing a robust data set
for analysis.

However, there are limitations to
consider. The study's sample was limited to
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individuals aged 31 to 40, which may not
represent all age groups. Future studies
should aim to include a broader age range
and explore automated or digital
enhancements to reduce potential biases.

Future Directions

Future research should focus on the
development of simple methods that
combine the precision and con-venience of
digital imaging, which could offer a
promising direction for future studies.
Future research should focus on expanding
the age range of participants to include
older and younger populations, providing a
more comprehensive understanding of
HCPA changes throughout life.

Additionally,  studies  should
investigate the integration of digital tools
with traditional methods to enhance
accuracy and consistency. Exploring the
potential of three-dimensional imaging
techniques and their application in routine
clinical practice could also provide
valuable insights. Lastly, longitudinal
studies with larger sample sizes and diverse
demographics will help validate the
findings and support the development of
standardized protocols for recording
HCPA.

Conclusions

In conclusion, orthopantograms and
CBCT are comparable for recording the
horizontal condylar path angle. The choice
between these methods should be guided by
the specific clinical context, balancing the
need for accuracy with practical
considerations of ease of use and patient
comfort. Our study confirms that the
horizontal condylar path angle decreases
significantly with age, a finding consistent
with previous research. This research
contributes valuable insights into the long-
term reliability of these methods,
suggesting areas for improvement and
future investigation.
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