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Abstract

Background: Facial soft-tissue morphology is an
important determinant of facial aesthetics and plays
a crucial role in orthodontic diagnosis and treatment
planning.  Although numerous studies have
evaluated parent—offspring facial resemblance,
limited information exists regarding
multigenerational inheritance of soft-tissue facial
characteristics.

Aim: To compare profile photogrammetric
measurements among orthodontic patients, their
paternal parents, and paternal grandparents in a
Chhattisgarh population.

Materials and Methods: A  prospective
comparative photogrammetric study was conducted
on 180 subjects comprising 60 orthodontic patients,
60 paternal parents, and 60 paternal grandparents.
Standardized right lateral profile photographs were
obtained using a Nikon D3200 DSLR camera under
controlled conditions. Seven linear and three
angular soft-tissue facial parameters were measured.
Data were analyzed using SPSS version 24. One-
way ANOVA was used to compare differences
among groups, with p < 0.05 considered statistically
significant.

Results: Significant differences were observed in
facial height (p<0.001), lower facial height
(p<0.001), upper lip vermilion height (p<0.001),
lower lip vermilion height (p<0.001), nasolabial

angle (p<0.001), nasofrontal angle (p=0.010),
labiomental angle (p<0.001), and nasion-to-base-of-
nose distance (p=0.017). Hairline-to-nasion distance
showed no statistically significant difference among
generations (p=0.113).

Conclusion: Several soft-tissue facial profile
characteristics demonstrated significant
intergenerational  variation. However, certain
parameters such as hairline-to-nasion distance
remained relatively stable across generations,
suggesting a stronger hereditary component.
Photogrammetric evaluation may serve as a useful
adjunct in understanding facial inheritance patterns
and predicting facial growth trends relevant to
orthodontic treatment planning.

Keywords: Photogrammetry, Facial profile, Soft
tissue analysis, Orthodontics, Heredity, Facial
inheritance, Paternal lineage.

I.  Introduction

Facial aesthetics is a key consideration in
contemporary orthodontic diagnosis and treatment
planning. As facial appearance significantly
influences self-esteem, social interactions, and
patient satisfaction, achieving optimal facial
harmony is often considered as important as
correcting functional problems. Modern orthodontic
philosophy recognizes that the soft-tissue facial
profile, rather than skeletal or dental relationships
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alone, is the primary determinant of facial
attractiveness.

The soft-tissue profile does not always
accurately reflect the underlying skeletal structure,
and individuals may exhibit different facial
appearances despite similar skeletal patterns.
Variations in soft-tissue thickness, tonicity, and
growth can influence treatment outcomes,
highlighting the limitations of relying solely on
hard-tissue cephalometric norms.

Consequently, soft-tissue evaluation has
become an essential component of orthodontic
diagnosis and treatment planning.

Photogrammetry has gained widespread
acceptance as a reliable, non-invasive, and
radiation-free method for assessing facial soft
tissues. Standardized profile photographs allow
objective evaluation of facial morphology through
linear and angular measurements, while advances in
digital imaging have improved measurement
accuracy and reproducibility. Furthermore, angular
photogrammetric parameters provide valuable
information regarding facial convexity, lip posture,
and chin prominence and are relatively unaffected
by photographic magnification.

Numerous  studies have established
population-specific photogrammetric norms and
demonstrated significant ethnic variations in facial
soft-tissue characteristics. Genetic factors are also
known to play an important role in craniofacial
growth and facial morphology, with previous
investigations  reporting  significant  facial
resemblance between parents and offspring.
However, studies evaluating the inheritance of soft-
tissue facial characteristics across multiple
generations, particularly involving grandparents,
remain limited.

Therefore, the present study was
undertaken to compare selected linear and angular
photogrammetric profile measurements among
orthodontic patients, their paternal parents, and
paternal grandparents in a Chhattisgarh population.
This investigation aims to enhance understanding of
multigenerational facial inheritance and its
relevance to orthodontic diagnosis, growth
prediction, and treatment planning.

II.  Materials and Methods
Study Design

A prospective comparative
photogrammetric study was conducted in the
Department of Orthodontics and Dentofacial
Orthopaedics, Triveni Institute of Dental Sciences,
Bilaspur, Chhattisgarh.

Sample Size

A total of 180 participants were included:

Orthodontic patients (n = 60)
Paternal parents (n = 60)
Paternal grandparents (n = 60)

Each patient was matched with one biological
paternal parent and one biological paternal
grandparent, forming 60 three-generation family

groups.

Inclusion Criteria

Patients seeking orthodontic treatment.
Age between 15-30 years.

Presence of permanent dentition.
Availability of good-quality profile
photographs.

Availability of paternal parent and paternal
grandparent photographs.

Exclusion Criteria

Missing teeth.
Grossly decayed teeth.
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Craniofacial anomalies.

Facial asymmetry.

History of facial trauma.

Previous orthognathic or facial surgery.
Denture wearers.

Unwilling participants.

Materials

Photographs were obtained using a Nikon D3200
digital single-lens reflex (DSLR) camera mounted
on a tripod. All images were captured at a fixed 1:1
magnification ratio using a fixed focal length under

standardized lighting conditions to ensure
uniformity and reproducibility.

Photographic Procedure

Standardized right lateral profile photographs were
obtained using a Nikon D3200 DSLR camera
mounted on a tripod. Subjects were positioned in
natural head position with relaxed lips and eyes
open. A fixed camera-to-subject distance of 2
meters was maintained. A vertical scale was
included for calibration purposes.

Patient

1st generation

Profile photographs

Paternal Parent

2nd generation

Paternal grandparent

3rd generation

Photogrammetric Variables
Linear Measurements

1. Total facial height (Trichion—Menton)
Lower facial height (Subnasale—Menton)
Upper lip vermilion height
Lower lip vermilion height
Hairline—Nasion distance
Nasion—Subnasale distance
Subnasale—Menton distance

A al

Angular Measurements
1. Nasofrontal angle
2. Nasolabial angle
3. Labiomental angle
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Statistical Analysis SPSS version 24. Mean and standard deviation were
Data were entered into Microsoft Excel and calculated.
analyzed using IBM SPSS Statistics for Windows,
Version 24.0 (IBM Corp., Armonk, NY, USA). III.  Results
Descriptive statistics were expressed as mean + A total of 180 subjects comprising 60 orthodontic
standard deviation (SD). Intergroup comparisons patients, 60 paternal parents, and 60 paternal
were performed using one-way analysis of variance grandparents were evaluated using photogrammetric
(ANOVA). A P-value < 0.05 was considered analysis.
statistically significantData were analyzed using

oo Facial height (mm) - Lower facial height (mm)

Significant differences were observed among the three groups for most linear and angular soft-tissue profile
parameters (Table 1-10). Facial height and lower facial height were significantly greater in paternal parents
(171.58 + 14.45 mm and 95.33 £ 7.69 mm, respectively) compared with patients (154.92 + 15.47 mm and 82.67
+ 10.67 mm) and paternal grandparents (163.25 + 12.24 mm and 88.25 + 9.06 mm) (p < 0.001).

DOI: 10.35629/6018-0804202209 | Impact Factor value 6.18 | ISO 9001: 2008 Certified Journal Page 205



“%9| International Journal Dental and Medical Sciences Research
Volume 8, Issue 4, Jul-Aug 2026 pp: 202-209 www.ijdmsrjournal.com ISSN: 2582-6018

Upper lip to vermillion border
1250 (mm)

Patient Paternal parent Paternal grandparent

Lower lip to vermillion
16.25 border(mm)

Patient Paternal parent Paternal grandparent

Upper and lower lip vermilion heights also demonstrated significant intergroup differences (p
< 0.001). The highest values were observed in paternal parents, whereas paternal grandparents showed the

lowest measurements.

os  Nasolabial angle (in degree) i

137.00

10275

Patient Paternal parent Paternal grandparent Patient

Nasofrontal angle (degree)

Paternal parent Paternal grandparent Patient Paternal parent Paternal grandparent

Labiomental angle(degree)

175.00

140.00

105.00
70.00
35.00

0.00

Among the angular measurements, nasolabial angle, nasofrontal angle, and labiomental angle differed
significantly across the groups. Orthodontic patients exhibited greater mean nasolabial (102.35 + 7.74°),
nasofrontal (136.15 + 7.13°), and labiomental angles (133.55 + 12.16°) compared with paternal parents and

grandparents (p < 0.05).
s Hair line to nasion (mm) Base of nose to chin (mm) Nasion to base of nose (mm)
125.00
8500 100.00 77.00
66.75 75.00 57.75
4450 50.00 80,

2225 25.00

0.00 0.00
Patient Paternal parent Paternal grandparent Patient

Paternal parent Paternal grandparent Patient Paternal parent Paternal grandparent

1925

The hairline-to-nasion distance did not show a
statistically significant difference among the groups
(p = 0.113), indicating relative stability of the upper
facial third. In contrast, the nasion-to-subnasale and
subnasale-to-menton distances showed significant
differences, with greater values observed in paternal
parents and grandparents than in orthodontic
patients (p < 0.05).

Overall, eight of the ten evaluated photogrammetric
parameters demonstrated statistically significant
intergroup differences, while only the hairline-to-
nasion measurement remained comparable among
the three generations.

This format is much more suitable for publication
because it summarizes the findings instead of
repeating every table individually.

IV.  Discussion
The present study was undertaken to
evaluate and compare soft-tissue facial profile
characteristics among orthodontic patients, their
paternal parents, and paternal grandparents using
standardized profile photogrammetry. Unlike
previous studies that primarily compared facial
characteristics between parents and offspring, the
present study included three successive paternal
generations, providing a broader understanding of
the inheritance of facial soft-tissue morphology. The
findings demonstrated statistically significant
differences in most linear and angular
photogrammetric parameters, indicating that facial
morphology is influenced by both hereditary factors

and age-related soft-tissue changes.
Among the linear measurements, total
facial height and lower facial height were
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significantly greater in paternal parents and paternal
grandparents than in orthodontic patients. These
findings support the observations of Burstone, who
emphasized that the soft-tissue profile contributes
significantly to facial esthetics and continues to
undergo changes independent of skeletal growth.
Similarly, Subtelny reported that soft tissues
continue to remodel throughout growth, particularly
in the vertical dimension. Bishara et al. also
demonstrated progressive age-related increases in
facial dimensions from childhood to adulthood. The
increased facial height observed in the older
generations in the present study may therefore be
attributed to the combined effects of normal growth,
aging, and hereditary influences.

Upper and lower lip vermilion heights also
showed statistically significant differences among
the study groups. Paternal parents exhibited
comparatively greater vermilion heights, whereas
paternal  grandparents demonstrated relatively
reduced values. These findings are in agreement
with Garner, who reported that orthodontic tooth
movement and dentofacial morphology influence lip
posture and soft-tissue dimensions. Likewise,
Ferrario et al. demonstrated considerable variability
in lip morphology among healthy adults using three-
dimensional facial analysis. Changes in lip thickness
and vermilion display have also been associated
with aging, muscle tonicity, and dentoalveolar
support, explaining the variations observed across
the three generations.

The angular measurements evaluated in the
present study also revealed significant intergroup
differences. The nasolabial, nasofrontal, and
labiomental angles were significantly greater in
orthodontic patients than in paternal parents and
grandparents. These findings are consistent with the
observations of Park and Burstone, who highlighted
the influence of nasal growth and upper lip
inclination on the nasolabial angle during facial
maturation. Arnett and Bergman further emphasized
that soft-tissue analysis should be based on facial
harmony rather than skeletal norms alone, as facial
esthetics are greatly affected by changes in the nose,
lips, and chin. Previous photogrammetric studies by
Fernandez-Riveiro et al. also established angular
norms and demonstrated that these measurements
vary with age, sex, and ethnicity. The comparatively
smaller angular values observed in the older
generations in the present study may therefore be
explained by continued nasal growth, increased chin
prominence, and alterations in lip posture associated
with aging.

Among the remaining linear parameters,
the nasion-to-subnasale and subnasale-to-menton
distances showed statistically significant differences

among the three groups, indicating greater age-
related changes in the middle and lower facial thirds.
These findings correspond with those reported by
Farkas et al., who demonstrated that facial
proportions vary considerably throughout life,
particularly in the lower facial region. In contrast,
the hairline-to-nasion distance did not show a
statistically significant difference among the study
groups.

This observation suggests that the upper
facial third remains relatively stable compared with
the middle and lower facial thirds. Similar findings
have been reported in anthropometric studies, which
indicate that the forehead region undergoes
comparatively minimal dimensional changes after
adolescence.

One of the principal objectives of the
present study was to evaluate the hereditary
transmission of facial soft-tissue characteristics. The
significant similarities observed among orthodontic
patients, paternal parents, and paternal grandparents
support the concept that facial morphology has a
substantial genetic basis. Lahoti et al. demonstrated
significant heritability of facial characteristics
between parents and offspring using photographic
analysis, while Chang et al. reported marked
similarities in soft-tissue facial features between
parents and their children. Likewise, Chougule and
Prasad observed significant facial resemblance
between children and parents and suggested that
hereditary factors play an important role in
determining facial profile characteristics. The
present study extends these observations by
including paternal grandparents, thereby providing
additional evidence of multigenerational inheritance
of facial soft-tissue traits.

The present findings also emphasize the
importance of considering ethnic and population-
specific variations during facial analysis. Several
investigators, including Moshkelgosha et al., Leung
et al., Ani¢-MiloSevi¢ et al., and Reddy et al., have
reported that facial soft-tissue norms differ
significantly among various ethnic populations.
Consequently, the use of universal standards may
not accurately reflect the facial characteristics of
every population. The present study provides
normative photogrammetric data for individuals
from the Chhattisgarh region and may therefore
serve as a valuable reference for orthodontic
diagnosis, treatment planning, and future research in
this population.

The inclusion of three generations
represents a unique strength of the present study, as
most previous investigations have been limited to
parent—offspring comparisons. Evaluating paternal
grandparents enabled assessment of facial
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characteristics across successive generations and
provided a broader understanding of hereditary
trends. Nevertheless, the study has certain
limitations. The sample was obtained from a single
institution and represented a specific regional
population, which may limit the generalizability of
the findings. Furthermore, the cross-sectional design
does not permit evaluation of longitudinal soft-
tissue changes over time. Future studies involving
larger multicentric samples, different ethnic
populations, and longitudinal follow-up are
recommended to validate and expand upon these
findings.

Overall, the present study demonstrates that
both hereditary factors and age-related changes
contribute  significantly to facial soft-tissue
morphology. The observed intergenerational
variations reinforce the importance of incorporating
familial facial characteristics into orthodontic
diagnosis and treatment planning. Consideration of
inherited soft-tissue patterns may improve
prediction of facial growth, enhance facial esthetics,
and facilitate individualized treatment planning,
ultimately contributing to more stable and
satisfactory orthodontic outcomes

V. Conclusion
Within the limitations of this study, the following
conclusions were drawn:

1. Significant differences were observed in
most linear and angular photogrammetric
parameters among orthodontic patients,
paternal parents, and paternal grandparents.

2. Facial height, lower facial height, lip
dimensions, nasolabial angle, nasofrontal
angle, and labiomental angle demonstrated
significant intergenerational variation.

3. Hairline-to-nasion  distance  remained
relatively constant across generations.

4. Facial soft-tissue characteristics exhibit
both hereditary influence and age-related
variation.

5. Photogrammetric analysis is a reliable and
practical method for evaluating familial
facial resemblance and may aid
orthodontic ~ diagnosis and treatment
planning.

Clinical Significance

Assessment of facial characteristics across
generations may provide valuable information
regarding hereditary growth patterns. Such
information can help orthodontists anticipate future
facial development and formulate treatment

strategies that optimize long-term facial aesthetics.
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