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ABSTRACT-
Introduction:

Palatal rugae have been recognized for their role in forensic identification as they remain stable throughout an individual’s
growth and even after orthodontic treatments. This study evaluated the stability of palatal rugae after palatal expansion of
cleft patientsin the transverse dimension.

Material and method:

Sample size consisted of 10 patients where 6 patients were treated by rapid maxillary expansion and 4 were treated by slow
maxillary expansion. On the pre and post expansion cast; first, second and third rugae were recorded. Digital caliper was
used to assess the changesinthe transverse position of rugae by measuring the inter medial and inter lateral rugae distances.

Results:

A statistically significant increase was seen in values between medial aspect of 2nd and 3rd rugae and lateral aspects of 1st,

2nd and 3rd rugae. Conclusion: The only stable reference mark was mesial aspect of first rugae.
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Introduction

Forensic Odontology is a specialized field within forensic
science that focuses on the study of dental records and bite
marks to aid in criminal investigations'.Various dental
records used for human body identification include dental
casts, X-rays, and any dental work to match individuals with
their unique dental profiles’.In disaster victim identification,
dental records can provide crucial information when
traditional methods are not feasible?.

Among the various dental methods used for forensic
identification, the study of palatine rugae offers a promising
alternative, especially when teeth are lost due to trauma or
in conjunction with other identification criteria3. Palatine
rugae, also known as "plicae palatinae," are anatomical folds
or wrinkles found on the anterior third of the palate, just
behind the incisive papilla. These rugae begin to form during
the third month of fetal development from the hard
connective tissue covering the bone. By the 12th to 14th
week of prenatal life, the pattern and orientation of the
rugae are established and remain relatively stable until the
oral mucosa degenerates®.

The stability and distinctiveness of palatal rugae make them

valuable for forensicidentification.

They can be utilized to monitor dental movements during
orthodontic treatment, serving as key landmarks in various
therapeutic approaches. Additionally, palatal rugae help in
identifying submucosal clefts and evaluating the extent of
anteroposterior tooth movement following treatment®.
They also play a crucial role as reference points in the
superimposition of dental casts for orthodontic purposes.
Investigating both the qualitative and quantitative stability
of palatine rugae during growth and orthodontic treatment
holds significant potential for forensic applications®.

A constricted maxillary arch is a frequent challenge
encountered by orthodontists when treating the cleft
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patients.Common methods for maxillary expansion include
slow maxillary expansion, rapid maxillary expansion, and
surgically assisted rapid palatal expansion (SARPE).

This pilot study aimed to assess whether transverse changes
in palatine rugae occur following the application of
orthodontic forces for midpalatal expansion in patients with
maxillary cleft and constriction in the maxilla. Additionally, it
sought to explore the potential use of palatine rugae in the
forensicidentification of these patients.

Material and method:

The study consisted of 10 patients who had unilateral cleftin
the maxillary region and had a transverse deficiency.The
inclusion criteria were

1. Patients with constricted maxillary arch

2. No prior history of orthodontic treatment

3. No history of any habit

Informed consent was obtained from the parents before
participation in the study. Quad helix was used for the
expansion in 6 patients and Banded HYRAX was used for 4
patients.

Impressions were taken for all the patients and casts were
poured. Separators were placed for banding between
premolar and molarin the maxilla. Bands were adapted and
another impression was taken with bands and the poured
cast was used as a working model.

Appliance was fabricated on the working model. Hyrax
expansion screw was selected depending on the amount of
expansion required. Hyrax was soldered to these bands,
maintaining a gap of 2 mm away from the palate and the
acrylic block was cemented with GIC on the occlusal surface
of posterior teeth.19 gauge wire was used to make the Quad
Helixand posterior arms were soldered to bands (Fig 1).
Appliance activation began one week after its insertion,
following a protocol of screw activation every 12 hours,
corresponding to a rate of 0.50 mm per day (2 turns/day;
0.25 mm per turn) for 3-4 weeks. Expansion was halted
when the occlusal surface of the maxillary lingual cusp of the
upper first molars made contact with the occlusal surface of
the facial cusp of the mandibular lower first molars, with an
additional 2-3 mm of overexpansion included to account for
potential relapse.

Quad helix was activated by opening the helices where
activation of anterior helices increased intermolar width
and adjusting posterior helices caused lateral arm expansion
which counteracted mesial rotation of anterior helices

&
activation. The appliance was activated extraorally at each
visit until the adequate expansion was obtained. After this,
the appliance was worn for approximately three months
before it was removed.

The expansion appliances were then removed from the
arch, and new impressions were taken to create post-
expansion casts. A removable retention appliance was
given for an additional 6 months to maintain the expansion.
Following the classification system established by Kapali et
all7. Pre and post expansion cast were traced with 0.3mm
graphite atthe sametime (Fig2 a,b).

Medial and lateral points were marked at the ends of the
first, second, and third rugae and traced along the entire
length of each primary rugae (Fig 3). The distances between
the medial and lateral rugae were measured using Vernier
calipers with 0.1 mm accuracy . Measurement points for the
inter-medial and inter-lateral distances were marked , and
thereadings were recorded.

Stastical Analysis

Pre- and post-expansion measurements of the inter-medial
and inter-lateral distances for the first, second, and third
primary rugae were analyzed using SPSS software version
25. The Wilcoxon Signed Ranks test was used to evaluate
the statistical significance of transverse changes in the
rugae region after expansion.

Results

Tracing showed a consistent increase in all pre and post-
expansion; inter-medial and inter-lateral distance values
[Table 1,2]. The smallestincrease was observed in the inter-
medial distance of the first primary rugae (0.14 mm), while
the largest increase occurred in the inter-lateral distance of

Figure 1: Quad helix in patient’s mouth
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Figure 2(b) : Showing post treatment cast with tracings of rugae

the third primary rugae (1.42 mm). A notable increase was
also recorded in the inter-medial distance of the third
primary rugae (0.93 mm). The statistical significance of
these changes was assessed using the Wilcoxon Signed
Ranks test.

The results showed a statistically significant increase (p <
0.05) for the inter medial distance of second (p = 0.003) and
third rugae (p = 0.007). There was also a significant increase
for inter lateral distance of first (p = 0.016), second (p =
0.008)and third rugae (p =0.002).

Among these, the third rugae exhibited the greatest
transverse changes, followed by the second, with the least
change observed in the first rugae for both inter-lateral and
inter-medial distances.

Discussion

The present study aimed to evaluate the stability of palatal
rugae in the transverse dimension in patients with the cleft
of maxilla who were given rapid and slow maxillary
expansion appliances. The main goal of the study was to
assess the viability of palatal rugae as a primary forensic

Istrugae (lateral point on left side)

"4 Rugae (lateral point on left side)

Figure 3: Demonstration of rugae on right and left side
Table 1: Pre Expansion

Standard
Deviation
0.756
1.162
2.198
1.208
2.338
2.012

Rugae | Distance N Mean P value

1st IM 10
2nd IM 10
3rd IM 10
1st 1L 10
2nd 1L 10
3 1L 10

2.79
6.54
15.23
5.12
12.48
18.89

P >0.05
P=0.003
P=0.007
P=0.016
P=0.008
P=0.002

Table 2: Post Expansion

Standard
Deviation
0.822
1.572
2.178
1.674
2.349
2.206

Distance N Mean P value

1st IM 10
2nd IM 10
3rd IM 10
1st 1L 10
2nd 1L 10
3 1L 10

4.23
7.62
18.23
6.21
14.08
22.89

P >0.05
P=0.003
P=0.006
P=0.15

P=0.008
P=0.001

identification criterion for these patients.

Our findings align well with existing evidence that indicates
changes in the length and position of palatal rugae due to
growth and orthodontic treatment.

Previous research has predominantly focused on transverse
and anteroposterior changes in palatal rugae related to
non-extraction orthodontic treatments®, extraction of
maxillary first premolarsl, or the use of functional and
headgear mechanics®. Notably, there has been little
emphasis on the impact of maxillary midpalatal expansion
in cleft patients, which directly affects the transverse
dimension of palatal rugae by opening the palatal suture in
a V-shaped manner'™, thereby significantly altering the
anterior palatal vault and the connective tissue covering of
palatal rugae. Consequently, further investigation is needed
to determine whether palatal rugae can be considered
stable reference landmarks for forensic identification in
individuals who have undergone midpalatal expansion.
Ourstudy found anincrease in the transverse dimensions of
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both intermedial and interlateral distances for the first,
second, and third primary rugae, with the smallest changes
observed in the intermedial distance of the first primary
rugae which is consistent with the study by Almeida etal ™,
where they examined the stability of palatal rugae during
growth in early Class Il patients and the effects of headgear
or functional appliance treatments on the position of rugae
in a sample of 94 patients. Their results indicated no
significant changes in the transverse offsets and linear
distances between the medial points of the first rugae
relative to the median palatal reference plane. This finding
aligns with our study, which also found no significant change
inthe intermedial distance of the first palatal rugae.
Furthermore, Almeida et al"reported that none of the
groups exhibited significant changes in the anteroposterior
distances between the medial points of the second and third
rugae, although the lateral offsets showed significant
changes across all groups. This led to the conclusion that
medial rugae are stable reference points. Our study
supports this conclusion, as we observed significant changes
in the lateral dimensions, with the third palatal rugae
showing the greatest change, followed by the second, and
the first showing the least. These changes were more
pronounced in the lateral points compared to the medial
points.

Almeida et alalso noted that orthopedic forces applied in
the headgear group led to an increase in the distance
between medial rugae points and the greatest magnitude of
changes in lateral rugae points. This suggests that despite
the stability of medial rugae, orthopedic forces can cause
notable changes in both medial and lateral rugae distances,
a correlation that our study also observed with changes in
intermedial and interlateral distances due to orthodontic
forces.

Kapoor et al®evaluated the stability of palatal rugae after
maxillary expansion and concluded that the only stable
reference landmark is the medial aspect of first primary
rugae and the results of our study are also aligning well with
their findings. Consistent findings were seen in the studies
by different researchers''314'> where they observed that
rugae closer to the teeth are more prone to stretch in the
direction of tooth movement. Associated buccal tipping of
posterior teeth ,in palatal expansion cases stretches the
lateral rugae points outward, causing increase in the
interlateral distances.

L 4
2y
In the case of midpalatal expansion, the associated buccal
tipping of posterior teeth'®stretches the lateral rugae points
outward, thusincreasing the interlateral distances.

The position of lateral rugae points has also been affected in
studies by van der Linden "7 and Almeida et al ™, both of
which observed that none of the medial points of the first
rugae were affected in terms of transverse values. In
contrast, our study found that while the first medial rugae
were minimally affected, the second and third rugae
showed significant changes, with the third rugae exhibiting
the greatest changes. Additionally, there was an increase in
the interlateral distance for all three primary rugae. These
findings can be attributed to the palate expanding in a fan-
shaped manner at the midpalatal suture, which is more
dental than skeletal in nature’. An increase in arch
circumference may also contribute to the observed
increasesin both interlateral and intermedial distances.
Our results are partly supported by Hausser®' who noted
that a decrease in arch circumference affecting the anterior
part of the palate resulted in no significant changes in
transverse values for the medial and lateral points of the
second and third rugae.

Bailey et al " observed greater transverse changes in medial
rugae points in the non-extraction group and in lateral
rugae points in the extraction group. This indicates that
variations in orthodontic treatment mechanics significantly
influence transverse changesin rugae.

Similarly, Shukla et al 2° found instability in lateral rugae
points in a comparison of pre- and post-treatment casts of
extraction and non-extraction orthodontic cases. Their
study reported significant differences in the lateral points of
thefirstand second rugae, corroborating our findings.
Despite our small sample size, the magnitude of changes
observed in our study was significant. Adolescent patients,
as opposed to adults, tend to exhibit greater changes, as
supported by a longitudinal study by Christou et al %, which
measured vertical changes in rugae positions relative to the
palatal plane over four years in a sample of 10 adultsand 13
adolescents.

Highlights of Study:

This pilot study highlighted transverse changes in palatal
rugae associated with midpalatal expansion using a small
sample size, raising questions about the stability of palatal
rugae as reference landmarks for forensic identification in
these patients.
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Drawbacks of Study:

The sample size was very small. To strengthen the findings, a
larger-scale study should be conducted, including the
monitoring for stability and retention till the growth phase
gets over. Future research should also consider vertical and
anteroposterior changes.

Establishing palatal rugae as a primary forensic
identification tool, rather than an adjunct, depends on
confirming their stability across all dimensions. Given the
increasing incidence of mass disasters and situations where
only minimal identifiable remnants remain, further research
into the stability, uniqueness, and post-mortem resistance
of palatal rugae is crucial for their potential forensic
application.

Conclusion

The investigation into the stability of medial and lateral
rugae points following midpalatal expansion reveals that
only the medial aspect of the first primary rugae remains a
stable reference landmark. In contrast, the medial and distal
aspects of the second and third rugae are susceptible to
changes in the transverse dimension. Therefore, the use of
palatal rugae for forensic identification in individuals who
have undergone midpalatal expansion remains
guestionable. Further research is needed to evaluate the
stability of rugae across all dimensions and under various
orthodontic treatments to establish their reliability for
forensicapplications.
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