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Abstract: Background: The aim of this cross-sectional study was to (i) determine the prevalence
and distribution of developmental grooves in a young population and (ii) to evaluate the local
periodontal conditions. Methods: Two hundred and fifty-one students with a mean age of 22.9 ± 4.7,
attending the School of Dentistry and Dental Hygiene of Vita-Salute San Raffaele University (Milan,
Italy) were included. The subjects underwent a clinical evaluation by two calibrated examiners.
The following clinical parameters were recorded for each site presenting a radicular groove and for
each corresponding site on an adjacent tooth used as control: probing pocket depth, plaque index,
bleeding on probing, recession depth. Results: The prevalence of radicular grooves at patient and
tooth level was 15.9% and 5%, respectively. When compared to control sites, the number of teeth with
a radicular groove that presented plaque and bleeding on probing was higher. The logistic regression
analysis showed that the presence of radicular grooves was significantly associated with the presence
of plaque (OR, 6.14, p < 0.001) and of bleeding on probing (OR, 2.91, p = 0.01). Conclusions: The
presence of radicular grooves increases the possibility of developing gingival inflammation by acting
as a plaque retentive factor.

Keywords: radicular grooves; prevalence; risk indicators

1. Introduction

The oral microbiota is the only accepted etiological factor associated with periodontal
diseases. Loe and co-workers demonstrated, in an experimental gingivitis study, a direct
relationship between bacterial plaque accumulation and the onset of gingivitis [1]. If
left untreated, gingivitis may, in susceptible subjects and under unfavorable periodontal
conditions, progress into periodontitis [2,3].

Gingival health can be impaired by local risk factors, known as predisposing factors,
such as dental plaque retention factors, which facilitate plaque accumulation at the gin-
gival margin, enabling biofilm adherence and maturation and increasing the difficulty of
mechanical plaque removal [4].

Among these factors, physiological variation and anomalies of morphology/anatomy
of teeth have been described as local conditions that promote the onset of periodontal
diseases. The first ones include the variations in the anatomical characteristics of radicular
surfaces, such as the length, the width, the degree of root taper, the presence of root con-
cavity, the root proximity, whereas the second ones, include marginal ridge discrepancies,
cervical enamel projections, pits and grooves on tooth surfaces [5–9].

The radicular groove (RG) is a developmental anomaly in which an infolding of the
inner enamel epithelium and Hertwig’s epithelial root sheath create a groove that passes
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from the cingulum of maxillary incisors apically onto the root. These grooves can be found
on the buccal or lingual/palatal side [10].

The prevalence of radicular grooves described in previous studies ranges from approx-
imately 2 to 10% for palatal and from 4 to 5% for buccal grooves. Differences in prevalence
among studies could be attributed to disparate study methodologies and/or found in,
genetic diversities between the examined populations [10–16].

Radicular grooves make dental plaque removal difficult for the patient and favor
bacterial accumulation. Moreover, they have been associated with an increased plaque
index (PI), bleeding index (BI), and probing pocket depth (PPD) [10–16].

Recent studies show that the treatment of palatal or vestibular/gingival grooves often
requires a multidisciplinary approach in order to restore optimal periodontal, mucogingival
and aesthetic conditions [17–22]. However, these treatments may sometimes result in being
unpredictable and therefore require particular technical skills [23,24].

In any case, an early diagnosis of palatal or buccal/gingival grooves can reduce the
amount of treatment need for the resolution of periodontal and dental lesions. Therefore, it
is important to identify and correct, at an early stage, periodontal and dental alterations
resulting from the presence of developmental grooves, especially in young subjects.

The present study attempts to evaluate the prevalence and distribution of develop-
mental grooves in a sample of students of Dentistry and Dental Hygiene of the Vita-Salute
San Raffaele University (Milan, Italy) and to observe their impact on periodontal health.

2. Materials and Methods

The present study was a mono-centric cross-sectional investigation, performed in
accordance with the Helsinki Declaration of Human Studies. All procedures were submitted
and approved by the Ethics Committee of Vita-Salute San Raffaele University (on 18 May
2017 with protocol number “REC 1 Protocol V2”).

For sample size calculation, the mean prevalence of radicular grooves (5%) reported
by previous studies was used as reference. The sample size was calculated to estimate
the population prevalence of radicular grooves with 5% precision and 95% confidence
level. A minimum sample size of 234 subjects was required to achieve the necessary
confidence level.

All students, who had attended Dentistry and Dental Hygiene courses in the Vita-
Salute San Raffaele University (Milan, Italy) in the period between September and Decem-
ber 2017, were considered for the inclusion. Each subject was invited to participate in the
investigation and was informed about all its pertinent aspects.

The clinical examination was performed by two calibrated investigators (S.F. and
P.C.) using a periodontal probe, in order to assess the presence of radicular grooves. For
each subject, full mouth plaque score (FMPS) and full mouth bleeding score (FMBS) were
reported. The following clinical parameters were recorded for each site presenting a
radicular groove and for each corresponding site on an adjacent tooth used as control:

• Probing pocket depth (PPD), value 0 was assigned when the probe revealed a sulcus
≤2 mm, value 1 when the probe reported a sulcus > 2 mm;

• Bleeding on probing (BoP), measured as presence/absence;
• Presence of plaque (PI), measured as presence/absence;
• Recession depth (REC), reported in mm.

Descriptive statistics are presented as frequencies, means and standard deviations.
Prevalence of radicular grooves was calculated at patient and tooth level. Extent of the
defects was assessed as the proportion of affected tooth in patients with the condition.

Fisher’s exact test was used to examine the differences of categorical variables between
teeth with or without grooves, while Student t-test was used for continuous variables in
order to compare the means of the two groups. A linear regression analysis was conducted
to determine if the presence of radicular grooves represented a risk indicator for the
examined periodontal parameters and if sociodemographic data of the patients were
associated with the presence of this tooth anomaly. The statistical analyses were performed
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using the software package (SPSS, Statistical Package for the Social Sciences; SPSS Inc.,
Chicago, IL, USA).

3. Results

A total of 251 students participated in the examination. Ten students of the dental
school and three students of the school of dental hygiene refused to participate in the
study. The sample included 96 males (38%) and 155 females (62%). The main part of
69.7% (n = 175) of our sample consisted of students of the dental school, whereas 30.3%
(n = 76) attended the school of dental hygiene. The mean age of the sample of patients
was 22.9 ± 4.7 years (range, 19–50; median, 22). The mean % of FMPS and FMBS was
31.1 ± 19.1 and 21.8 ± 19.6, respectively.

3.1. Prevalence and Distribution

Forty out of 251 subjects (15.9%) showed at least one radicular groove on the surface
of a maxillary incisor.

Fifty radicular grooves were identified on 1008 maxillary incisors (5%), of these, 46%
(n = 23) were found on the buccal surface and 54% (n = 27) on the palatal surface (Table 1),
with a distribution of 4.4% (n = 22) in central incisors and of 5.5% (n = 28) in lateral incisors.

Table 1. Distribution of radicular grooves.

Buccal Side Palatal Side Total

Central incisor 18 4 22
Lateral incisor 5 23 28

Total 23 27 50

3.2. Periodontal Conditions

Overall, a total of 100 teeth were examined. Out of the 32 teeth with the presence of
plaque and 47 with BoP, 25 (78%) and 30 (64%) presented a radicular groove, respectively
(Table 2).

Table 2. Plaque Index, Bleeding on Probing (BoP) and Probing Pocket Depth (PPD) in teeth with and
without radicular grooves.

With Grooves
(n = 50)

Without Grooves
(n = 50) Total

Presence of plaque 25 7 32
Absence of plaque 25 43 68

Presence of BoP 30 17 47
Absence of BoP 20 33 53

PPD ≤ 2 mm 45 50 95
PPD > 2 mm 5 0 5
Mean (mm) 1.88 ± 0.82 1.26 ± 0.49 /

Presence of gingival recession 0 0 0
Absence of gingival recession 50 50 100

Fisher’s exact test was used to compare the presence of plaque and of bleeding on
probing between teeth presenting radicular grooves and adjacent teeth without grooves
used as controls. Both the variables were significantly different between the two groups
(p < 0.001 and p = 0.016, respectively).

The mean PPD was significantly different (p < 0.001) between teeth with (1.88 ± 0.82 mm)
and without (1.26 ± 0.49 mm) radicular grooves. Furthermore, an increased PPD (>2 mm)
was found in 10% of teeth with radicular grooves (Table 2). No teeth presented gingival
recessions.
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The logistic regression analysis showed that the presence of radicular grooves was
significantly associated with the presence of plaque and of bleeding on probing (Table 3).
In detail, teeth with at least one radicular groove presented a significantly higher OR for
the presence of plaque (OR, 6.14, p < 0.001) and for the presence of bleeding on probing
(OR, 2.91, p = 0.01), but not for PPD > 2 mm (OR, 0.08, p = 0.786).

Table 3. Logistic regression with presence of radicular groove as dependent variable.

Outcome variable: Presence of plaque OR 95% CI p-value
Presence of radicular groove 6.14 2.32–16.24 <0.001 *

Outcome variable: Presence of BoP OR 95% CI p-value
Presence of radicular groove 2.91 1.29–6.57 0.01 *

Outcome variable: Presence of PPD > 2 mm OR 95% CI p-value
Presence of radicular groove 0.08 0.004–1.52 0.786

OR: Odds ratio; BoP: Bleeding on Probing; * = statistically significant.

At patient level, neither age nor sex was associated with the presence of radicular
grooves (p = 0.854 and p = 567).

4. Discussion

The present study investigated the prevalence of radicular grooves in a sample of
Dentistry and Dental Hygiene students and the impact of these developmental anomalies
on periodontal health.

At patient level, the prevalence of radicular grooves was 15.9%. This finding was
greater than that described by some previous reports. For example, Withers et al. (1981)
reported an 8.5% prevalence of palato-gingival grooves in a sample of 531 examined
subjects in Texas, while Pecora and da Cruz Filho (1992) found radicular grooves in 3.9%
of the 642 Brazilian patients analyzed in their study, especially on the lingual surface of
the maxillary lateral incisors (3%). Moreover, Al-Rasheed (2011) reported a prevalence of
10.3% in a sample of 273 Saudi adult male patient. This variability could be attributed to
difference in race and genetics. [12,25,26].

Regarding the prevalence at tooth level, the results of the present study are in agree-
ment with those of Kogon et al. (1986), who examined 3168 extracted maxillary incisors,
reporting that 4.6% of these teeth presented a palato-radicular groove. On the contrary, our
result was greater than that found by Everett and Kramer (1972), who reported a prevalence
of radicular grooves of 1.9% [10,11]. The difference may be due to the fact that the authors
in their study examined only extracted maxillary lateral incisors and recorded only those
grooves involving the palatal radicular surface. Moreover, another reason for the difference
may be due to the fact that the present study evaluated grooves present both on buccal and
palatal surfaces.

Nevertheless, other researchers have reported higher occurrence rates. Storrer et al.
(2006) reported a prevalence rate of 9.58% in a survey of 73 extracted maxillary lateral
incisors. In a clinical examination of 200 patients, Iqbal et al. (2011) reported a prevalence
rate of 10%. Hou et al. (1993) reported a prevalence rate of 18.1% in clinical examinations of
404 maxillary incisors in 101 individuals. This variance in prevalence rates could be due to
different diagnostic criteria or examination methodologies (e.g., survey of extracted teeth
vs. clinical examination) or to ethnic/racial differences, which would suggest a genetic
relationship [13,27,28].

The results of the present study revealed a greater prevalence of RG in the palatal
region of affected teeth (n = 27, 54%) than in the vestibular region (n = 23, 46%), and
more radicular grooves were found in the palatal area of lateral incisors (n = 23) than of
central incisors (n = 4). These findings are in agreement with Kogon (1986), who reported
100 radicular grooves (5.6%) on lateral incisors and 47 (3.4%) on central ones, but are in
disagreement with the results of Lee et al. (1968) [11,29].

The question of whether the presence of radicular grooves influenced local periodontal
conditions was addressed in the current study.
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The data showed that teeth with a radicular groove were six times more likely to
accumulate plaque (OR, 6.14, p < 0.001) and three times more likely to develop inflammation
(BoP) (OR, 2.91, p = 0.01). These findings agree with Withers et al. (1981) and Hou et al.
(1993). Grooves may facilitate plaque growth by providing surface areas sheltered from the
efforts of maintenance of oral hygiene. This may explain the negative effects of grooves and
their tendency to cause clinical attachment loss, as reported in the 2017 World Workshop
on the Classification of Periodontal and Peri-Implant Diseases and Conditions [12,28–31].

The findings obtained from the present study indicate that gingival sulcus at the sites
with grooves demonstrated significantly higher probing depth compared to teeth without
grooves. This result is in accordance with the findings of Withers et al. (1981), Hou et al.
(1993), and Al-Rasheed (2011), that reported a statistical difference in the mean probing
depth between teeth with radicular grooves and those with no grooves [12,26,28].

In any case, the respective mean depth of the two groups was still in the physiological
range: in fact, an increased PPD (>2 mm) was found in only 10% of teeth with anomalies.
However, it must be taken into account that the examined population was of students with
a mean age of 22.9 ± 4.7 years and that a periodontal lesion had had time to develop.

The limits of the present study are inherent to the cross-sectional design. Indeed, no
data on the incidence and the progression of these anomalies may be anticipated since no
longitudinal evaluation was performed. Monitoring the periodontal condition of teeth
affected by radicular grooves would greatly help in the planning of an appropriate clinical
treatment approach.

Another limitation of the current investigation is inherent to the study population.
Indeed, this specific population has an age that varies between 19 and 50 (median: 22) and
presents specific concerns on oral health, as compared to a normal sample of patients.

Nevertheless, the present study showed that radicular grooves are important factors
that have an impact on periodontal conditions, since they favor plaque accumulation
and inflammation. This is an important observation in terms on clinical relevance and it
may indicate that, independently of the young age of patients, this tooth anomaly is an
important factor that may have an impact on the occurrence of gingival inflammation and
hence the need to be controlled.

5. Conclusions

In summary, data obtained from the present study show a prevalence of 15.9% of
radicular grooves in a young population of dentistry and oral hygiene Italian students.
Moreover, a clear association between the presence of radicular grooves and the presence
of plaque and bleeding on probing was found, demonstrating that radicular grooves
can increase the possibility of developing gingival inflammation by acting as a plaque
retentive factor.
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