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ABSTRACT 
 
Gingival recession (GR) is a common finding seen in the periodontics clinic. It has a significant functional and esthetic 
impact on the patient's dentition and quality of life. The current study aimed to develop the descriptive mathematical 
models for different domains of GR based on the data obtained from the North Indian population. Settings and 
Design: Cross-sectional observational study. Consecutive 130 participants were enrolled between June and August 2019. 
Complete case history and thorough oral examination were carried out including assessment of periodontal variables, for 
example, pocket depth (PD), gingival marginal level, clinical attachment level (CAL), simplified oral hygiene index, and 
gingival index. Prediction models for different domains of GR, namely Miller's class, severity, extent, and distribution of 
recession were made, and further, the best-fitted model on the basis of “coefficient of determination (R2)” was analyzed. 
Statistical Analysis Used: Multiple linear regression. Nine factors, i.e., mean CAL, mean PD, tooth mobility, abrasion, 
width of attached gingiva, number of teeth present, age, type of brush, and socioeconomic status showed a significant 
association with different domains of the GR. In addition, a high degree of overlap was observed among factors associated 
with different domains of the GR. Diverse clinical (mean CAL, mean PD, tooth mobility, and abrasion), biological (width 
of attached gingiva, number of teeth present, and age), and environmental factors (type of brush and socioeconomic status) 
were found to have a significant association with the occurrence of GR in the North Indian population. Owing to the 
multifactorial etiology of GR, the identification of susceptible patients based on the presence of risk factors is an essential 
step in developing action plans for the prevention of the disease. 
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Introduction 

Due to the increasing demand of patients for an esthetically 
pleasing smile, gingival recession (GR) has come to the 
forefront in clinical periodontal practice [1, 2]. It is a 
common clinical condition in which the gingival margin is 
located apical to the cementoenamel junction with 
concomitant exposure of the root surface. GR may lead to 
sensitivity and root caries. However, even without the 
disease and discomfort, it is a very significant esthetic 
concern for many patients [3-5]. 

GR is a clinical situation that is highly prevalent in adult 
populations [3, 6]. Richmond et al. showed that GR was 
recognized as an important factor in oral health perception 
[7-9]. The etiology of GR is multifactorial including various 
anatomic, physiological, pathological, and traumatic factors 
that enhance the likelihood of the appearance of GR [3, 10-
12]. In addition, a few deleterious oral habits such as 
smoking and lip piercing also been implicated in the 
initiation of GR [13-15]. Gingival biotype, oral hygiene 
habits, and periodontal disease have been most widely 
known, studied, and documented as significant factors that 
cause GR. However, each individual may have a different 

set of combinations of etiological factors. A careful look at 
different cross-sectional and longitudinal studies revealed 
that while a specific factor may be related to the prevalence 
of GR, whereas others could be more close to the prognosis 
of existing GR or the prevention of GR in predisposing sites 
[16]. 

Further, frequent observations to identify the role of various 
risk factors revealed considerable differences exist between 
study populations [1, 17-19]. For example, the study done 
in the Yemeni adult population showed a high prevalence of 
GR (60.5%) and identified sex, age, poor oral hygiene, 
destructive periodontitis, malposition, aberrant frenum, and 
khat chewing as significant [3]. In the French population, 
age, gender, plaque index, and tobacco consumption were 
found to be independent risk factors for the extent and 
severity of GR with the number of missing teeth [13, 20]. 

Risk assessment models or algorithms take the form of a 
series of patient-specific data entries representing the 
constellation of accepted risk factors for periodontal 
disease, which are then subjected to some form of data 
analysis. Based on such models, a more sophisticated 
assessment of the clinical condition including quantification 
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of disease severity commonly associated with a specific 
diagnosis, a general prognosis, and treatment interventions 
typically associated with a periodontal condition as 
modified by risk have been reported [21-23]. The 
information collected by such tools would probably help in 
evolving long-term strategies to prevent the occurrence of 
GR by identifying the individualized set of risk factors for 
GR and shall enable us to predict the rate of success of the 
therapeutic measures. However, not much work has been 
carried out in the context of developing mathematical 
models for GR to understand the susceptibility profile of the 
Indian population. GR is a complex entity that can be 
studied systematically under diverse domains such as class, 
severity, extent, and distribution, for more objective, better 
assessment and clearer understanding. Hence, the objective 
of this study is to develop descriptive mathematical models 
for different domains of GR as seen in the North Indian 
population. 

Materials and Methods 

A cross sectional observational study has been conducted at 
Dr. HSJ Institute of dental sciences, Panjab University, 
Chandigarh from June to August 2019. One hundred and 
thirty consecutive patients reporting to the outpatient 
department of the dental institute for dental checkups and 
treatment were enrolled in the study. The study has been 
approved by the Institutional Ethical Committee 
(PUIEC/2018/105/A/09/01) and has been conducted in 
accordance with the Helsinki Declaration. The written 
informed consent was obtained from each subject. A 
complete history was taken and clinical examination was 
done by a single trained and calibrated dentist with the help 
of a sterilized mouth mirror, periodontal probe, and 
disposable gloves under artificial light for each participant. 
GR has been studied under four different domains in the 
present study defined as follows: 

1. Class of recession (MR): Miller's Classification of 
Recession [24] 

2. Severity of recession (SR): Recorded with the help of 
UNC-15 probe in mm unit 

3. Extent of recession (ER) 
• ER-Qualitative: Location of recession (None, 

localized, and generalized) 
• ER-Quantitative: Number of teeth involved taken into 

consideration. 

4. Distribution of recession 
• Jaw involved in recession (JR): Maxilla and Mandible 
• Surface involvement of recession (SuR): Labial, 

lingual, and proximal surfaces 
• Position of recession (PR): Anterior and posterior 

teeth 
• Site of recession (SiR): Left and right side of teeth. 

For questionnaire data, information was obtained by 
structured questionnaire with interview method that 
included the recording of data pertaining to age, sex, 
education, medical and dental history, history of dental 
trauma, history of smoking and tobacco chewing, type of 
brush, brushing method, frequency and duration, proximal 
cleaning, previous history of dental and orthodontic therapy, 
dental and gingival trauma and medical history. The 
socioeconomic status of participants was determined by 
using Modified Kuppuswamy's Scale [25-27]. 

For clinical examination, a width of the attached gingiva 
was examined by stretching the lip and recorded as adequate 
or inadequate width of the attached gingiva based on visual 
observation. To determine the gingival biotype, a 
periodontal probe was placed in the gingival sulcus, and the 
presence of transparency was observed [28]. The presence 
of trauma from occlusion (TFO) and tooth mobility was 
recorded dichotomously with the help of the Fremitus test 
and standard method of tooth mobility measurement, 
respectively [29]. To classify the level of frenum 
attachment, a tension test was used [30, 31]. The number of 
teeth present in the oral cavity was noted by the examiner. 
The presence or absence of malocclusion and abrasion were 
recorded dichotomously in the study. Simplified Oral 
Hygiene (OHI-S) Index and Gingival Index were recorded 
as a standard method [32, 33]. Pocket depth (PD), gingival 
marginal level, and clinical attachment level (CAL) were 
recorded for all the teeth present in the oral cavity at six sites 
per tooth with the help of a UNC-15 probe. 

Statistical analysis 
Descriptive data were reported as frequencies, percentages, 
and ranges. A multiple linear regression method was used 
to identify the relationship between different variables 
affecting GR. Based on the “coefficient of determination 
(R2)” value, the most closely fit model was chosen for 
further analysis. Analysis of variance was utilized to 
identify the variance in the association of dependent 
variables with independent variables. Best models (B) of 
different domains of GR based on “R2” were computed for 
Class of recession (B-MR), B-SR, (B-ER-Qualitative and 
B-ER-Quantitative), and distribution of recession (B-JR, B-
SuR, B-PR, and B-SiR). All statistical analyses were carried 
out in the IBM SPSS Statistics for Windows, Version 25.0. 
Armonk, NY: IBM Corp. 

Results and Discussion 

Demographic data regarding 130 study participants are 
shown in Table 1 with the coding assigned in the study. 
Based on “R2”, only the best-fitted models are described in 
Tables 2-5. In the tables, a positive coefficient B value 
indicated that as the value of the independent variable 
increase, the mean of the dependent variables also tends to 
increase and vice-versa. 
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Table 1. Summary of demographic data of the study population 

Factor Code Prevalence 
Age Range 14-70 years 
Sex Male (0) 72 

 Female (1) 58 
Education Illiterate (1) 5 

 Primary (2) 16 
 Secondary (3) 37 
 College (4) 42 
 Postgraduate (5) 30 

Socioeconomic status (according to Modified Kuppuswamy’s scale) Lower (0-4) 0 
 Upper lower (5-10) 1 
 Lower middle (11-15) 5 
 Upper middle (16-25) 98 
 Upper (26-29) 26 

Previous dental therapy Yes (1) 80 
 No (0) 50 

Previous orthodontic therapy Yes (1) 6 
 No (0) 124 

Previous history of dental and gingival trauma Yes (1) 25 
 No (0) 105 

Medical history Systemically healthy (0) 35 
 Systemic disease present (1) 95 

Smoking Nonsmoker (0) 120 
 Moderate smoker (1) 6 
 Heavy smoker (2) 4 

Tobacco chewing None (0) 125 
 Light (1) 2 
 Heavy (2) 3 

Type of brush Manual (0) 128 
 Powered (1) 2 

Texture of bristles Hard (1) 5 
 Medium (2) 50 
 Soft (3) 75 
 Ultra soft (4) 0 

Type of brushing method Horizontal (1) 59 
 Vertical (2) 4 
 Circular (3) 17 
 Combined (4) 45 
 Directed (bass or modified) (5) 5 

Frequency of brushing <1/day (1) 3 
 Once a day (2) 84 
 2/day (3) 40 
 >2/day (4) 3 

Duration of brushing <1 min (1) 3 
 1 min (2) 21 
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 >1 min (3) 106 
Proximal cleaning Never (1) 125 

 ≤1/day (1) 5 
 ≥2/day (3) 0 

Number of teeth present Range 17-32 teeth 
MR None (0) 57 

 Class I (1) 49 
 Class II (2) 13 
 Class III (3) 10 
 Class IV (4) 1 

SR None (0) 57 
 1-2 mm (1) 35 
 2-3 mm (2) 14 
 3-4 mm (3) 10 
 >4 mm (4) 14 

ER Range 0-32 teeth involved 
LR None (0) 57 

 Localized (1) 32 
 Generalized (2) 41 

JR None (0) 57 
 Only 1 jaw (1) 20 
 Both jaw (2) 53 

SuR None (0) 57 
 1 surface (1) 3 
 2 surface (2) 11 
 3 surface (3) 59 

PR None (0) 57 
 Anterior (1) 18 
 Posterior (2) 2 
 Both (3) 53 

SiR None (0) 57 
 Right (1) 1 
 Left (2) 5 
 Both (3) 67 

Malocclusion Present (1) 49 
 Absent (0) 81 

Width of attached gingiva Adequate (1) 120 
 Inadequate (2) 10 

Gingival biotype Thin (1) 116 
 Thick (2) 14 

Abrasion Present (1) 23 
 Absent (0) 107 

Tooth mobility Present (1) 70 
 Absent (0) 60 

TFO Present (1) 55 
 Absent (0) 75 

Frenum attachment   
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Maxillary labial Mucosal (1) 51 
 Gingival (2) 60 
 Papillary (3) 17 
 Papillary penetrating (4) 2 

Mandibular labial Mucosal (1) 86 
 Gingival (2) 41 
 Papillary (3) 2 
 Papillary penetrating (4) 1 

Maxillary buccal Mucosal (1) 130 
 Gingival (2) 0 
 Papillary (3) 0 
 Papillary penetrating (4) 0 

Mandibular buccal Mucosal (1) 130 
 Gingival (2) 0 
 Papillary (3) 0 
 Papillary penetrating (4) 0 

CI-S Range 0-2.2 
OHI-S Range 0.3-4.2 

GI Range 0-2 
Mean PD Range (mm) 2.35-11.41 

Mean CAL Range (mm) 2.43-12.88 
MR – Miller’s class of recession; SR – Severity of recession; ER – Extent of recession; LR – Location of recession; JR – Jaw involved in recession; SuR – 
Surface of tooth involved in recession; PR – Position of recession; SiR – Site of recession; TFO – Trauma of occlusion; CI-S – Simplified-calculus index; 
OHI-S – Simplified oral hygiene index; GI – Gingival index; PD – Probing depth; CAL – Clinical attachment loss 
 

Table 2. Model of miller’s class of recession (dependent variable) - (miller’s class of recession) 

Coefficient values of predictor variables of (B-MR) 

Model predictor variables 5 
Unstandardized coefficients 

Standardized coefficients β t (t-test statistic) P 
Unstandardized beta (B) SE 

Constant −0.541 0.331  −1.636 0.104 

Mean CAL 0.443 0.056 0.975 7.925 0.000 

Mean PD −0.390 0.089 −0.534 −4.400 0.000 

Abrasion 0.486 0.153 0.197 3.176 0.002 

Tooth mobility 0.341 0.121 0.180 2.816 0.006 

Width of attached gingiva 0.548 0.216 0.155 2.533 0.013 
*ANOVA significance P value for (B MR)=0.000; **Excluded variables: Age, sex, education, socioeconomic status, previous dental therapy, previous 
orthodontic therapy, previous history of dental and gingival trauma, medical history, smoking, tobacco chewing, type of brush, texture of bristles, type of 
brushing method, frequency of brushing, duration of brushing, proximal brushing , number of teeth present, malocclusion, gingival biotype, TFO, maxillary 
labial frenum attachment, mandibular labial frenum attachment, CI S, OHI S, GI. ***B MR – Best model of miller’s class of recession; PD – Probing depth; 
CAL – Clinical attachment loss; SE – Standard error; TFO – Trauma from occlusion; CI S – Simplified calculus index; OHI S – Simplified oral hygiene 
index; GI – Gingival index; ANOVA – Analysis of variance; P – significant P value; t – t test statistic; P value ≤ 0.05 is considered significant; B-MR – 
Best model for Miller’s Class of recession 
 

Table 3. Model of severity of recession (dependent variable) - (severity of recession) 

Coefficient values of predictor variables of (B-SR) 

Model predictor variables 5 
Unstandardized coefficients 

Standardized coefficients β t (t-test statistic) P 
Unstandardized beta (B) SE 

Constant −1.400 0.655  −2.138 0.034 
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Mean CAL 0.711 0.076 1.100 9.403 0.000 

Mean PD −0.662 0.118 −0.637 −5.605 0.000 

Abrasion 0.750 0.205 0.213 3.654 0.000 

Tooth mobility 0.486 0.161 0.181 3.014 0.003 

Number of teeth present 0.053 0.021 0.147 2.544 0.012 
*ANOVA significance P value for (B MR)=0.000; **Excluded variables: Age, sex, education, socioeconomic status, previous dental therapy, previous 
orthodontic therapy, previous history of dental and gingival trauma, medical history, smoking, tobacco chewing, type of brush, texture of bristles, type of 
brushing method, frequency of brushing, duration of brushing, proximal brushing , number of teeth present, malocclusion, gingival biotype, TFO, maxillary 
labial frenum attachment, mandibular labial frenum attachment, CI S, OHI S, GI. ***B MR – Best model of miller’s class of recession; PD – Probing depth; 
CAL – Clinical attachment loss; SE – Standard error; TFO – Trauma from occlusion; CI S – Simplified calculus index; OHI S – Simplified oral hygiene 
index; GI – Gingival index; ANOVA – Analysis of variance; P – significant P value; t – t test statistic; P value ≤ 0.05 is considered significant; B-SR – Best 
model for Severity of recession 

Table 4. Model of location of recession (dependent variable) - qualitatively (extent of recession - qualitatively) and – 
Quantitatively (extent of recession - quantitatively) 

Coefficient values of predictor variables of (B-ER-qualitatively) 
Model predictor variables 

6 
Unstandardized coefficients Standardized coefficients 

β t (t-test statistic) P 
Unstandardized beta (B) SE 

Constant −1.554 0.473  −3.289 0.001 
Mean CAL 0.375 0.053 0.877 7.092 0.000 

Age 0.014 0.005 0.202 3.011 0.003 
Abrasion 0.352 0.142 0.151 2.479 0.015 
Mean PD −0.239 0.080 −0.347 −2.999 0.003 

Number of teeth present 0.037 0.014 0.158 2.699 0.008 
Type of brush 1.081 0.413 0.150 2.616 0.010 

*ANOVA significance P value for (B MR)=0.000; **Excluded variables: Age, sex, education, socioeconomic status, previous dental therapy, previous 
orthodontic therapy, previous history of dental and gingival trauma, medical history, smoking, tobacco chewing, type of brush, texture of bristles, type 
of brushing method, frequency of brushing, duration of brushing, proximal brushing , number of teeth present, malocclusion, gingival biotype, TFO, 
maxillary labial frenum attachment, mandibular labial frenum attachment, CI S, OHI S, GI. ***B MR – Best model of miller’s class of recession; PD – 
Probing depth; CAL – Clinical attachment loss; SE – Standard error; TFO – Trauma from occlusion; CI S – Simplified calculus index; OHI S – Simplified 
oral hygiene index; GI – Gingival index; ANOVA – Analysis of variance; P – significant P value; t – t test statistic 

Coefficients values of predictor variables of (B-ER-quantitatively) 
Model predictor variables 

5 
Unstandardized coefficients Standardized coefficients 

β 
t (t-test statistic) P 

Unstandardized beta (B) SE 
Constant −4.561 4.218  −1.081 0.282 

Mean CAL 5.580 0.412 1.281 13.541 0.000 
Mean PD −4.870 0.646 −0.695 −7.543 0.000 
Abrasion 4.280 1.127 0.180 3.799 0.000 

Number of teeth present 0.421 0.114 0.174 3.710 0.000 
Socioeconomic status −0.351 0.102 −0.166 −3.437 0.001 

*ANOVA significance P value for (B MR)=0.000; **Excluded variables: Age, sex, education, socioeconomic status, previous dental therapy, previous 
orthodontic therapy, previous history of dental and gingival trauma, medical history, smoking, tobacco chewing, type of brush, texture of bristles, type of 
brushing method, frequency of brushing, duration of brushing, proximal brushing , number of teeth present, malocclusion, gingival biotype, TFO, maxillary 
labial frenum attachment, mandibular labial frenum attachment, CI S, OHI S, GI. ***B MR – Best model of miller’s class of recession; PD – Probing depth; 
CAL – Clinical attachment loss; SE – Standard error; TFO – Trauma from occlusion; CI S – Simplified calculus index; OHI S – Simplified oral hygiene 
index; GI – Gingival index; ANOVA – Analysis of variance; P – significant P value; t – t test statistic; P value ≤ 0.05 is considered significant; B-ER – Best 
model for Extent of recession 
 
Table 5. Model of Distribution of Recession (dependent variable) - jaw involved in recession, surface of tooth involved in 

recession, position of recession, and site of recession 

Coefficient values of predictor variables of (B-JR) 

Model predictor variables 5 
Unstandardized coefficients 

Standardized coefficients β t (t-test statistic) P 
Unstandardized beta (B) SE 
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Constant −1.652 0.526  −3.142 0.002 
Mean CAL 0.363 0.059 0.808 6.169 0.000 

Age 0.020 0.005 0.283 4.102 0.000 
Mean PD −0.217 0.089 −0.300 −2.441 0.016 

Number of teeth present 0.037 0.015 0.148 2.376 0.019 
Type of brush 1.069 0.461 0.141 2.321 0.022 

*ANOVA significance P value for (B MR)=0.000; **Excluded variables: Age, sex, education, socioeconomic status, previous dental therapy, previous orthodontic therapy, 
previous history of dental and gingival trauma, medical history, smoking, tobacco chewing, type of brush, texture of bristles, type of brushing method, frequency of brushing, 
duration of brushing, proximal brushing , number of teeth present, malocclusion, gingival biotype, TFO, maxillary labial frenum attachment, mandibular labial frenum 
attachment, CI S, OHI S, GI. ***B MR – Best model of miller’s class of recession; PD – Probing depth; CAL – Clinical attachment loss; SE – Standard error; TFO – Trauma 
from occlusion; CI S – Simplified calculus index; OHI S – Simplified oral hygiene index; GI – Gingival index; ANOVA – Analysis of variance; P – significant P value; t – t 
test statistic 

Coefficient values of predictor variables of (B-SuR) 

Model predictor variables 2 
Unstandardized coefficients 

Standardized coefficients β t (t-test statistic) P 
Unstandardized beta (B) SE 

 

Constant −1.111 0.316  −3.517 0.001 

Mean CAL 0.325 0.052 0.471 6.221 0.000 

Age 0.029 0.008 0.270 3.565 0.001 
*ANOVA significance P value for (B MR)=0.000; **Excluded variables: Age, sex, education, socioeconomic status, previous dental therapy, previous 
orthodontic therapy, previous history of dental and gingival trauma, medical history, smoking, tobacco chewing, type of brush, texture of bristles, type of 
brushing method, frequency of brushing, duration of brushing, proximal brushing , number of teeth present, malocclusion, gingival biotype, TFO, 
maxillary labial frenum attachment, mandibular labial frenum attachment, CI S, OHI S, GI. ***B MR – Best model of miller’s class of recession; PD – 
Probing depth; CAL – Clinical attachment loss; SE – Standard error; TFO – Trauma from occlusion; CI S – Simplified calculus index; OHI S – Simplified 
oral hygiene index; GI – Gingival index; ANOVA – Analysis of variance; P – significant P value; t – t test statistic 

Coefficient values of predictor variables of (B-PR) 

Model predictor variables 4 
Unstandardized coefficients 

Standardized coefficients β t (t-test statistic) P 
Unstandardized beta (B) SE 

Constant −1.369 0.272  −5.041 0.000 

Mean CAL 0.336 0.045 0.502 7.550 0.000 

Age 0.026 0.007 0.250 3.620 0.000 

Abrasion 0.701 0.233 0.193 3.003 0.003 

Type of brush 1.399 0.684 0.124 2.046 0.043 
*ANOVA significance P value for (B MR)=0.000; **Excluded variables: Age, sex, education, socioeconomic status, previous dental therapy, previous 
orthodontic therapy, previous history of dental and gingival trauma, medical history, smoking, tobacco chewing, type of brush, texture of bristles, type of 
brushing method, frequency of brushing, duration of brushing, proximal brushing , number of teeth present, malocclusion, gingival biotype, TFO, 
maxillary labial frenum attachment, mandibular labial frenum attachment, CI S, OHI S, GI. ***B MR – Best model of miller’s class of recession; PD – 
Probing depth; CAL – Clinical attachment loss; SE – Standard error; TFO – Trauma from occlusion; CI S – Simplified calculus index; OHI S – Simplified 
oral hygiene index; GI – Gingival index; ANOVA – Analysis of variance; P – significant P value; t – t test statistic 

Coefficients values of predictor variables of (B-SiR) 

Model predictor variables 3 
Unstandardized coefficients 

Standardized coefficients β t (t-test statistic) P 
Unstandardized beta (B) SE 

 

Constant −2.875 0.905 −3.177 0.002  

Mean CAL 0.318 0.054 0.452 5.881 0.000 
Age 0.034 0.009 0.303 3.920 0.000 

Number of teeth present 0.062 0.028 0.157 2.215 0.029 
*ANOVA significance P value for (B MR)=0.000; **Excluded variables: Age, sex, education, socioeconomic status, previous dental therapy, previous 
orthodontic therapy, previous history of dental and gingival trauma, medical history, smoking, tobacco chewing, type of brush, texture of bristles, type of 
brushing method, frequency of brushing, duration of brushing, proximal brushing , number of teeth present, malocclusion, gingival biotype, TFO, maxillary 
labial frenum attachment, mandibular labial frenum attachment, CI S, OHI S, GI. ***B MR – Best model of miller’s class of recession; PD – Probing depth; 
CAL – Clinical attachment loss; SE – Standard error; TFO – Trauma from occlusion; CI S – Simplified calculus index; OHI S – Simplified oral hygiene 
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index; GI – Gingival index; ANOVA – Analysis of variance; P – significant P value; t – t test statistic; P value ≤ 0.05 is considered significant; B-JR – Best 
model for Jaw involved in recession; B-SuR – Best model for Surface involvement of recession; B-PR – Best model for Position of recession; B-SiR – Best 
model for Site of recession 
 
The contemporary dental practice is consistently adopting 
evidence-based clinical practices [34, 35]. Risk assessment, 
prevention, diagnosis, and management of GR is a 
significant and worthy of critical need of evidence-based 
protocols, especially, looking at the prevalence of the 
clinical condition. The focus of the current investigation was 
to identify specific risk factors and develop predictive 
models for GR, based on the composite effects of multiple 
risk factors for the Indian population. Multifactorial models 
have been reported to be of more utility as compared to 
individual factor-based models [36]. Many statistical 
methods, for example, logistic regression, linear 
discriminate analysis, classification and regression tree 
analysis, Poisson's regression analysis have been commonly 
utilized, but we have used multiple linear regression 
methods in our study. The regression methods allow 
researchers to find factors that contribute to the overall status 
of response variables (GR, in this case) and also permit to 
estimate the magnitude of the effect of various factors. 

The study findings identified five factors, namely mean 
CAL, abrasion, tooth mobility, a width of attached gingiva, 
mean PD, which have a statistically significant relationship 
with B-MR. CAL is the hallmark of periodontal disease. The 
positive association between the CAL and GR suggests a 
higher prevalence of recession in patients suffering from 
periodontal disease and these findings are in accordance with 
the previous literature [3]. Abrasion also showed a 
significant positive association with recession. Forced tooth 
brushing and level of filament stiffness of brush may put the 
gingival tissues at risk from mechanical trauma. Beck and 
Koch reported toothbrush abrasion as an important reason 
for attachment loss evident as GR [37]. Tooth mobility is an 
indicator of the functional status of the periodontium and 
increased mobility has been well known as a factor 
influencing the severity and rate of progression of 
periodontal disease. Bernimoulin and Curilovié found no 
correlation between GR and tooth mobility, which is 
contrary to our findings [38]. Further, they have reported an 
influence of TFO on GR and increased mobility. Conflicting 
relationships of GR and the width of attached gingiva have 
been documented in past studies conducted in different 
populations. In our study, a width of attached gingiva 
revealed a significant positive association with GR, 
suggesting a higher prevalence of GR in the patients having 
inadequate width of attached gingiva. These findings are 
congruent with multiple studies [39-41]. However, two 
different studies emphasized the significance of maintenance 
of good oral hygiene in areas of lack of an adequate zone of 
attached gingiva to prevent GR [42, 43]. 

In the study, the mean PD displayed a significant negative 
association with GR which in the author's opinion is an 
oversimplified relationship as both pockets and GR are site-
specific entities, but the current analysis of the factors is 

based on combined mean parameters as observed in the 
whole oral cavity. Clinical attachment loss around the teeth 
may clinically appear as deep pocketing or as GR or 
concurrent presence of the two on different teeth within the 
same dentition. The relationship between PD, GR, and CAL 
is complex owing to multiple shared etiologic and biologic 
factors with diverse effects impacting these three 
parameters. In most instances of severe GR, minimal PD is 
observed as the etiology of the recession may completely be 
rooted in mechanical trauma associated with aggressive or 
faulty tooth brushing and patients with such habits and 
history tend to maintain meticulous oral hygiene with 
minimal dental plaque accumulation or inflammation of the 
gingival tissues. Thus, periodontal pocket formation is 
generally not seen in such patients. In other case scenarios 
where thin gingival biotype is present, there occurs a greater 
prevalence of GR rather than increased PD. The apparent 
disparity with current understanding and other findings of 
the study shall be interpreted in light of the fact that there 
appears an intricate interplay of a variety of factors 
associated with tooth brushing (force, frequency, pressure, 
duration, technique, etc.) along with biologic topographical 
factors such as gingival biotype, inadequate width of 
attached gingiva, etc., which bears a significant impact to 
decipher an individual overall case-based and site-based 
relationship between mean PD and GR. 

There was observed an overlap of factors significantly 
related to the B-SR with factors impacting class of recession, 
namely mean CAL, abrasion, and tooth mobility. In addition, 
the number of teeth present in the oral cavity showed a 
positive relationship with the severity of GR. The findings 
are contrary to an investigation carried out by Sarfati et al. 
who reported a positive association with several missing 
teeth and emphasized upon more periodontitis, more 
attachment loss, and consequently more GR [13]. However, 
this may be true for clinical situations where exclusive 
periodontitis associated GR is being analyzed, whereas it 
may be a variable association in case of other etiologic 
factors such as mechanical trauma or faulty tooth brushing 
are playing a predominant role. Many studies have indicated 
a two-way association between GR severity and 
periodontitis severity, rather than a causal relationship [44]. 
The gingival tissue inflammation in response to the plaque 
microbiota is considered as the principal biologic feature 
shared by GR and periodontitis. 

For B-ER-Quant., five factors, namely mean CAL, abrasion, 
a number of teeth present, mean PD, and socioeconomic 
status were found to be statistically significant. Mean CAL, 
abrasion, and mean PD were significant for both previous 
domains. Socioeconomic status appeared as a significant 
factor and was negatively associated with GR. This finding 
was concordant with previous literature suggesting a higher 
prevalence of GR in lower socioeconomic status patients, 
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irrespective of age, and this association may be related to the 
lack of awareness and illiteracy among lower socioeconomic 
status population given by Susin et al. [17]. For B-ER-Qual., 
six factors, namely mean CAL, age, abrasion, number of 
teeth present, and type of brush were found to be statistically 
significant. In 2011, Amran and Ataa also observed the 
prevalence of GR increases with age probably due to the 
longer period of exposure to the agents that caused GR to be 
associated with local and systemic alterations for the 
individual [3]. Multiple studies ascertained the same 
findings pertaining to age and GR [13, 17, 45-47]. In 2012, 
Minaya-Sánchez et al. reported that the number of sites (or 
the risk to develop sites) with GR increased with increasing 
age [48]. GR was positively associated with the type of brush 
and reflected more prevalence in the patient who used 
manual toothbrushes as compared to powered toothbrushes. 
However, a recent systematic review did not support the 
association between tooth brushing and noninflammatory 
GR due to insufficient data in this context [49]. Tooth 
brushing factors such as duration and frequency of brushing, 
technique, brushing force, frequency of replacement of 
brushes, and bristle hardness may be associated with rates or 
extent of gingival trauma and thus GR has been implied by 
many earlier investigations. The rest associated factors with 
this domain were shared with other domains of the GR in 
this study viz. MR, SR, and ER. 

For DR domain, five factors, namely mean CAL, age, 
number of teeth present, type of brush, and mean PD were 
found to be statistically significant in the context of the B-
JR, whereas for B-SuR, only two factors were found to be 
statistically significant, viz. mean CAL and age. Four factors 
were found to be statistically significant for association with 
the B-PR namely mean CAL, age, abrasion, and type of 
brush. Further, only three factors, namely mean CAL, age, 
and a number of teeth present were found to be an 
insignificant positive association for B-SiR. Based on this 
data, there was seen a high degree of overlap among factors 
associated with different domains of the GR. 

The present study has several strengths. Beyond traditional 
local factors, our analysis included diverse biologic and 
environmental factors and explored their role as risk factors 
to cause GR. To our knowledge, these variables generally 
have not been included in multivariate models dealing with 
recession defects. Further, exploring the eight different 
domains of GR makes this study quite distinguishable and 
different from other similar studies. The inherent limitations 
of the investigation are the cross-sectional design and the 
exploratory multivariate approach where the results of 
analysis depend on the only variables that are included in the 
model. Further, as the study sample was a small convenience 
sample obtained from a dental institute, the findings have 
limited external validity and should be ascertained in the 
large population-based study for better insights. This model 
has been conceived as a dynamic tool that is capable of 
progressively incorporating additional and reliable data to 
overcome its current limitations. Longitudinal prospective 

investigations are needed to ascertain and validate the 
currently developed mathematical models on an 
epidemiologic basis to pave the path for predictive modeling 
for GR in the Indian population. 

Conclusion 

Overall, the present models of included variables identified 
nine factors, namely mean CAL, mean PD, a width of 
attached gingiva, tooth mobility, abrasion, type of brush, 
number of teeth present, socioeconomic status, and age 
showed a significant association with different domains of 
the GR, whereas sex, previous dental and orthodontic 
therapy, previous history of gingival trauma, medical 
history, smoking, and tobacco chewing habits, the texture of 
bristles, type of brushing method, frequency and duration of 
brushing, proximal cleaning, malocclusion, gingival 
biotype, TFO, frenum attachment level, CI-S, OHI-S, GI did 
not show an association with the occurrence of GR. Further, 
there is essentially a need for validation studies of the 
proposed models in the Indian population with GR to 
ascertain the working of the models in different domains. 
However, the present study provides comprehensive yet 
compact descriptive mathematical models regarding the 
association of GR based on the composite collection of 
periodontal, systemic, and environmental variables and can 
serve as a foundation for the development of predictive tools 
for different domains of GR in the Indian population. 
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