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ABSTRACT 

The aim of this study was to investigate the relationships between gingival thickness (GT) and keratinized gingiva 

width (KGW), papilla height (PH), and crown ratio (CR) by employing transgingival probing and an intraoral 

scanner (IOS).  This cross-sectional study examined 360 maxillary anterior teeth from 60 patients. GT was 

assessed using transgingival probing with an endodontic spreader. KGW, CR, and PH were measured using an 

IOS. One-way analysis of variance, the Student’s t-test, and Spearman correlation coefficients were employed for 

statistical analysis.  Higher GT was significantly associated with thinner KGW in the central region (P=0.019). 

There was no statistically significant difference in GT between teeth (P=0.06). PH was lower in lateral teeth than 

in canines (P=0.047), with a PH of 2.99 mm in lateral teeth. The KGW was narrower in canines than in central 

teeth (P=0.007). A moderate correlation was observed between KGW and PH in the central region (P=0.01), 

while a weak negative correlation was found between KGW and CR (P=0.043).  A moderate negative correlation 

was found between GT and KGW, as well as between PH and KGW in central teeth. In contrast, a weak negative 

correlation existed between CR and KGW. The PH (2.99 mm) was lower in lateral teeth than in canines. The 

traditional paradigm, which suggests a positive correlation between KGW and GT, was re- evaluated by 

measuring KGW using an IOS. 
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Introduction 

Determining the qualitative and quantitative properties of periodontal tissues is crucial for estimating the outcomes 

of surgical and non-surgical periodontal therapies [1]. Various terms, such as biotype, phenotype, or morphotype, 

are used in the literature. However, the World Workshop of Periodontology in 2017 established “phenotype” as 

the standard terminology, replacing “biotype” [2]. Periodontal phenotype characteristics not only influence the 

outcomes, but also the progression or development of disease, as well as the type of treatment [3, 4]. Furthermore, 

a detailed evaluation of the periodontal phenotype is essential for achieving esthetic results in implant and 

restorative treatments, as well as periodontal surgery [5, 6]. 

Gingival thickness (GT) and keratinized gingiva width (KGW) are significant components of the periodontal 

phenotype [2]. The presence of marginal inflammation, bleeding on probing, and gingival recession are related to 

GT and KGW, making it essential to assess these parameters accurately before planning periodontal treatment 

[4]. GT is the most prominent aspect of the gingival phenotype and has a strong connection to gingival recession 
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[6-8]. GT is classified as thin if the thickness is less than 1 mm and thick if the thickness is greater than 1 mm [9]. 

The literature suggests that gingival recession is less commonly observed after regenerative periodontal 

procedures when the gingiva is thick (greater than 1 mm), and a GT of 1.1 mm is a critical threshold for complete 

root coverage in mucogingival surgery [6, 9]. Therefore, understanding GT is crucial for guiding treatment. The 

keratinized mucosa is essential for periodontal stability and proper periodontal care or hygiene. When the KGW 

is less than 2 mm, plaque accumulation and a tendency for inflammation occur excessively [10]. 

Within the realm of esthetic-driven dentistry, the height of the gingival papilla (PH) and the crown ratio (CR) are 

crucial parameters, especially in the anterior region [6, 11]. The apicocoronal dimension of the papilla, which is 

closely associated with the occurrence of black triangles, is a significant parameter that warrants thorough 

examination [12]. Consequently, from both esthetic and functional standpoints, the clinical assessment of these 

parameters serves as a foundation for periodontal treatments, as well as orthodontic, implant surgery, and 

prosthetic restorations [3]. 

Several methods have been explored for the quantitative or qualitative evaluation of the gingival phenotype, 

including transgingival probing [8, 13], periodontal probe transparency [6, 7], ultrasound [7, 14], and the use of 

an intraoral scanner (IOS) [1, 15]. Among the methods for GT assessment, transgingival probing is considered 

one of the most objective and consistently accurate techniques, as it relies on direct measurements [7, 9]. Another 

approach involves visually inspecting the transparency of a periodontal probe inserted into the gingival sulcus; 

however, this method only offers information on whether the biotype is thin or thick, rather than providing a 

quantitative assessment [7, 9]. Direct measurement using an endodontic file, periodontal probe, or acupuncture 

needle, referred to in the literature as “transgingival sounding” or “transgingival probing,” is considered the gold 

standard [3, 7, 8]. 

In the literature, methods for determining KGW have included the use of periodontal probes and IOS [15, 16, 17]. 

The reliability of IOS has been shown to be superior to periodontal probes for measuring KGW due to the lower 

repeatability of probe placement and angulation [15]. Consequently, this study investigated KGW, PH, and CR 

using an IOS, while GT was assessed using the transgingival probing method. Previous studies have examined 

the relationship between GT and clinical parameters using various methodologies, yielding conflicting results 

[11, 13, 16- 21]. Technological advancements in digital dentistry have led to the adoption of digital measurements 

in diverse clinical procedures. In this context, high-resolution clinical images have also been utilized for 

evaluating KGW in the literature [20]. The aim of our study was to investigate the relationships between GT, 

KGW, PH, and CR using an IOS. Our null hypotheses were (1) that there would be no correlations between GT, 

KGW, PH, and CR, and (2) that there would be no difference in these parameters among the maxillary anterior 

teeth. 

Materials and Methods 

The protocol for this cross-sectional study was approved by the Akdeniz University Clinical Research Ethics 

Committee (protocol number: 70904504/28). Both written and oral informed consent were obtained for our study. 

This research was conducted in compliance with the guidelines set forth in the Declaration of Helsinki. 

Population of the study 

To determine the sample size, a power analysis was conducted using G*Power 3.1 software (Heinrich-Heine-

Universität, Düsseldorf, Germany), with an effect size of 1.50 [6], a confidence level of 0.05, and a power of 95%. 

The required minimum sample size was 43 samples for each tooth. For this study, 60 patients (30 women and 30 

men, aged between 19 and 23 years, with a mean age of 20.3 years) were enrolled. These patients were referred 

to the university dental clinic for routine dental examinations without any specific dental complaints between 

April and May 2022. All participants were native Turkish speakers to eliminate the influence of ethnic origin. A 

total of 360 maxillary anterior teeth were examined. The study’s inclusion criteria were patients in good systemic 

health, with no gingival recession, no dental complaints, non-smokers, not taking medications that could affect 

gingival tissue (e.g., cyclosporine, phenytoin), and no crowns, veneers, fillings, or caries in maxillary anterior 

teeth (including the first maxillary premolar). Patients with an Angle class I molar relationship, normal overjet 

and overbite, no previous periodontal surgery or orthodontic treatment, no misaligned dental arch, crowding, open 

bite or crossbite, and no supernumerary or missing teeth were included. The exclusion criteria were patients with 
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systemic diseases, past or present use of medications that influence gingival enlargement, pregnancy, lactation, 

menstruation, gingival enlargements, gingival recession, history of orthodontic treatment, diastema, no proximal 

contact in the maxillary anterior teeth (including the first maxillary premolar), attrition scores >1 [22], or 

anomalies in maxillary anterior teeth. 

Signs of periodontitis or gingivitis, as well as the presence of any calculus in the anterior maxillary region, were 

grounds for exclusion, along with patients exhibiting a bleeding on probing rate exceeding 10% [23]. During the 

initial appointment, the plaque index according to Silness and Löe [24], the gingival index as per Löe and Silness 

[25], and probing depths from 6 points on all teeth were recorded using a 0-3 scoring system and a periodontal 

chart. Probing procedures were conducted with mild pressure (approximately 0.5 N) using a periodontal probe 

(Hu-Friedy, Chicago, IL, USA) with a 0.5-mm diameter. The gingival and plaque indexes for all teeth were 

documented as percentages. Only individuals with plaque and gingival index scores of 0% and probing depths 

less than 3 mm [18] were included in the study. All participants received oral hygiene instructions, and if 

necessary, scaling and polishing procedures were performed. Following the indexing procedures, the study 

parameters were measured. 

Intraoral scanning procedures 

To mark the mucogingival line, histochemical staining was employed. The anterior portion of the maxillary 

gingiva, extending to the premolar region, was stained with a 5% iodine Lugol’s solution using a cotton pellet and 

light-pressure brushing. The solution was applied multiple times until a distinct demarcation line was achieved. 

The mechanism of histochemical staining relies on iodine-positive staining of alveolar mucosa with high glycogen 

content, while iodine-negative staining occurs in keratinized gingiva with low glycogen content. Once the distinct 

line was obtained, a soft tissue retractor (Optragate, Ivoclar Vivadent®, Schaan, Liechtenstein) was positioned to 

facilitate scanning and to minimize the movement of the oral mucosa, thereby reducing the uncertainty of the 

demarcation line due to the patient’s lip movement. An IOS (CEREC Omnicam, Dentsply Sirona, Bensheim, 

Germany) was used for scanning. All scans were performed in a similar manner, starting with the occlusal and 

oral side of the right first premolar and extending to the buccal side, then continuing with the left side using a 

similar approach and returning to the right quadrant [1]. It was ensured that all scans included the deepest part of 

the vestibule, a clear demarcation of the mucogingival junction, and the incisal edge of the teeth in the maxillary 

anterior region (including first premolars). Scanning was carried out with a 20.0 mm scanning depth, as per the 

manufacturer’s instructions. 

Transgingival probing procedures 

The facial GT of central, lateral, and canine teeth was measured using the transgingival sounding method with an 

endodontic finger spreader (ISO #30) (Dentsply Maillefer, Ballaigues, Switzerland) equipped with a silicone 

stopper that lacked a pre-existing hole for stabilization. Prior to measurements, a topical anesthetic containing 

10% lidocaine (Xylocaine spray, AstraZeneca, Osaka, Japan) was applied. Local anesthetic was not used to avoid 

altering gingival volume [26]. Measurements were taken at the marked point located at the buccal midline 

projection of the crown and 1 mm apical to the gingival margin [3]. The endodontic spreader was inserted 

perpendicularly into the gingiva until it reached the hard tissue of the tooth. The spreader’s insertion was stabilized 

using a flowable composite (Clearfil Majesty ES Flow, Kuraray Noritake Dental, Tokyo, Japan) and polymerized 

with a light curing unit (Elipar DeepCure-S, 3M ESPE, Seefeld, Germany). After securing the stopper’s position, 

the spreader was removed. All GT assessments were conducted by 2 observers (AMN, a periodontist with 10 

years of experience, and DY, an endodontist with 5 years of experience). Before the assessment process, the 

observers were calibrated by measuring the GT thicknesses of all maxillary anterior teeth in 6 patients (10% of 

the total sample size) using the spreader, and photographs of the spreaders were taken. Measurements were 

performed on the photographs (explained below), and Cohen’s kappa scores were obtained (ranging from 0.88 to 

0.94). For inter-observer reliability, both observers examined all maxillary anterior teeth using the exact same 

procedures. 

GT: Each insertion depth of the spreader was photographed alongside an endodontic ruler (Dentsply Sirona, 

Ballaigues, Switzerland). A total of 360 photographs, representing 360 teeth from 60 patients, were compiled into 

a dataset. To account for inter-observer reliability, 2 datasets (720 photos) were created for 2 observers. The first 

dataset was designated for the measurements of the first observer (AMN), while the second dataset was assigned 
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to the second observer (DY). An independent observer randomly coded the photos in both datasets. To calibrate 

the observers, measurements were performed on 36 photos (10% of the total sample size), and Cohen’s kappa 

values were obtained (ranging from 0.97 to 0.98). Two investigators (AMN and DY), blinded to the data of teeth 

and patients, conducted the GT measurements in the photos using image software (Image J, National Institutes of 

Health, Bethesda, MD, USA) twice, with a 2-week interval between measurements. Ten photos were measured at 

a time, with breaks taken after every ten measurements to eliminate eye fatigue for the observers. For the first and 

second datasets, inter-class and intra-class correlations (ICCs) were obtained by the 2 observers on 2 separate 

occasions. 

For the measurements of KGW, PH, and CR, the software of an IOS (CEREC Omnicam, software version 4.6.1, 

Dentsply Sirona) was utilized. All measurements were conducted on 3-dimensional reconstructions. During the 

measurement process, each tooth was positioned at the center of the screen, ensuring that its mesial and distal 

edges, as well as the entire buccal surface, were visible (ure 1). Two investigators (AMN and DY), who were 

calibrated by examining the data of 6 individuals (10% of the total sample size), carried out the measurements, 

and Cohen’s kappa scores were reported (ranging from 0.94 to 0.97). One observer measured all samples 3 times, 

and the mean values were recorded for statistical analysis. The measurements were recorded in millimeters. 

 

 
Figure 1Measurements of keratinized gingiva width (A), papilla height (B), crown length, and width (C) for 

central teeth. The line between the zenith points of 2 adjacent teeth (D). 

 

KGW: The gingival zenith positions of the teeth adjacent to the papilla were identified, and a zenith line was 

drawn connecting these points [5]. KGW measurements were taken perpendicularly from this zenith line to the 

midline projection of the tooth crown. The distance between the mucogingival junction and the gingival margin 

was then recorded. 

PH: To measure the PH, the distance between the zenith line and the tip of the papilla was assessed parallel to the 

long axis of the crown. 

CR: Both crown length and crown width were measured. To determine the crown length, the distance between 

the gingival zenith point and the incisal edge of the tooth was measured perpendicularly to the zenith line. In order 

to measure the crown width, the crown length was divided into 3 equal sections: coronal, middle, and incisal. The 

width of the crown was then measured at the border between the coronal and middle sections, parallel to the zenith 

line [6]. The CR was calculated by dividing the width by the length of the crown. 

Data were collected for assessments of the intra- and inter-observer reliability of the PH, CR, and KGW 

parameters by having 2 observers measure all data twice. 

Statistical analysis 
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Statistical analysis was performed using SPSS software version 26.0 (IBM Corp., Armonk, NY, USA). The 

normality of the distribution was assessed using the Kolmogorov-Smirnov test. As a normal distribution was not 

obtained, the relationships between the data for GT, KGW, PH, and CR were analyzed using the Spearman 

correlation test. To statistically analyze GT and KGW between groups of teeth, 1-way analysis of variance 

(ANOVA) was employed. The Student’s t-test was utilized to compare the study parameters based on sex. The 

level of statistical significance was set at P<0.05, with a 95% confidence interval. ICCs were used to assess intra- 

and inter-observer reliability. For the ICC, the level of statistical significance was set at P<0.001. 

Results and Discussion 

Initially, 81 individuals were evaluated for the study; however, only 60 individuals met the inclusion criteria. A 

total of 360 maxillary anterior teeth were assessed. Following the clinical procedures, no adverse operative or 

postoperative complications were observed, such as dilaceration, hemorrhage, infection, or petechiae on soft tissue 

during the 2-day observation period. 

The mean and standard deviation values for GT, KGW, PH, and CR in the maxillary anterior region are presented 

in Table 1. Based on 1-way ANOVA, no statistically significant differences were observed among teeth in terms 

of GT (P=0.06). However, a statistically significant difference was found between central incisors and canines for 

KGW (P=0.007), as well as between canines and lateral incisors for PH (P=0.047). The CR values were highest 

in central incisors and lowest in lateral incisors (P<0.001). No statistically significant differences were detected 

between male and female participants for any of the study parameters (P>0.05). 

 

Table 1. Values of GT, KGW, PH, and CR in central, lateral, and canine teeth (in mm) 

Variables Central (n=120) Lateral (n=120) Canine (n=120) P value 

GT 1.01±0.02 1.00±0.02 0.96±0.02 0.06 

KGW 4.80±0.13a) 4.67±0.12 4.23±0.13a) 0.007a) 

PH 3.20±0.11 2.99±0.06a) 3.24±0.07a) 0.047a) 

CR 0.88±0.01a) 0.79±0.01a) 0.80±0.01a) <0.001a) 

Values are presented as mean ± standard deviation. 

GT: gingival thickness, KGW: keratinized gingiva width, PH: papilla height, CR: crown ratio. 
a)Denotes statistical significance according to 1-way analysis of variance (P<0.05). 

 

Table 2 and Figure 2 display the correlations among the study parameters. Spearman correlation coefficient 

analysis revealed a moderate negative correlation between GT and KGW in the central region (P=0.019). 

Additionally, a moderate negative correlation was observed between KGW and PH in the central region (P=0.01). 

Regarding the relationship between KGW and CR, a weak negative correlation was identified in the central region 

(P=0.043). No statistically significant differences were found in the canine and lateral regions for GT, KGW, PH, 

and CR (P>0.05). 

 

Table 2. Correlations between GT, KGW, PH, and CR in central, lateral, and canine teeth 

Variables 

GT (r-value) KGW (r-value) PH (r-value) 

Central Lateral Canine Central Lateral Canine Central Lateral Canine 

CR 0.107 −0.053 0.201 −0.264b) −0.119 −0.088 0.083 −0.001 −0.040 

PH 0.085 0.019 −0.193 −0.333c) 0.085 −0.024 1.000 1.000 1.000 
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KGW −0.305a) −0.158 −0.071 1.000 1.000 1.000 −0.333c) −0.085 −0.024 

GT: gingival thickness, KGW: keratinized gingiva width, PH: papilla height, CR: crown ratio. 

Superscript lowercase letters denote statistical significance according to the Spearman correlation test (a)P=0.019, b)P=0.043, c)P=0.010). 

 

 
Figure 2. Simple scatter plots of the correlations between GT, KGW, PH, and CR belonging to central, 

lateral, and canine teeth. 

 

GT: gingival thickness, KGW: keratinized gingiva width, PH: papilla height, CR: crown ratio. 
a)Statistically significant difference according to the Spearman correlation test (P<0.05). 
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In the first dataset, the ICCs for the GT measurements were 0.974 and 0.982, respectively. For the second dataset, 

the ICCs were 0.979 and 0.991, respectively. No statistically significant differences were observed between the 

measurements of the first and second datasets (P>0.001). Likewise, no significant differences were found between 

the intra- and inter-observer measurement values for the KGW, PH, and CR (P>0.001). 

The primary finding of this study was a weak negative correlation between GT and KGW, as well as between 

KGW and PH, and between KGW and CR in the central incisors. In the lateral incisors and canine, no significant 

correlation was observed among all variables. Additionally, for all maxillary anterior teeth, no correlation was 

found between other parameters. Consequently, our first null hypothesis was partially rejected. 

The periodontal phenotype has a direct impact on the healing process following periodontal treatments; therefore, 

more accurate methods are required, as opposed to subjective approaches that yield conflicting results [23, 27]. 

The second null hypothesis was also partially rejected. No difference was observed in the maxillary anterior teeth 

regarding GT; however, differences were found in KGW, PH, and CR. 

In our study, GT values ranged from 0.96 to 1.01 mm. Our findings were consistent with previous studies that 

reported GT values between 0.81 and 1.23 mm [28, 29]. It is important to note that achieving complete root 

coverage is associated with a minimum thickness of 1.1 mm [30]. Based on our study results, maxillary anterior 

teeth are more susceptible to requiring second-step periodontal plastic surgery during the root coverage process. 

GT has been considered as either site-specific or patient-specific determinants [11]. However, our study did not 

find any differences in GT among the maxillary anterior teeth. Previous studies have reported that the thinnest 

gingiva was found in canines among the maxillary anterior teeth [16, 17]. There are conflicting results regarding 

the influence of sex on gingival phenotype [16, 23, 31, 32]. In our study, we observed no differences between 

female and male participants, which is in line with some previous studies [16, 23] but contradicts others [31, 32]. 

We measured the GT using an endodontic spreader. In the literature, various instruments have been used to analyze 

the GT, including an endodontic file [21], spreader [14], acupuncture needle [7], and periodontal probe [7, 11, 16]. 

The endodontic spreader offers suitable tip and body properties for accurate, error-free measurement. Unlike an 

endodontic file with blades that can cause micro-retention and friction, the spreader easily penetrates soft tissue, 

yielding more precise results on a micro-scale. 

The GT values were analyzed in millimeters in this study, rather than relying on categorical classifications (e.g., 

thin or thick biotype). This approach allowed for more comprehensive results, as it enabled the detection of 

extremely thin or thick gingival profiles. One limitation of classifying gingiva as either a thick or thin biotype, 

rather than using quantitative analysis, is that the 1-mm threshold has been questioned in terms of its accuracy for 

diagnosis and prognosis [3]. Therefore, presenting the research findings as numerical data, rather than simplifying 

them into a single descriptor (i.e., thin or thick), offers a more valid interpretation of previous studies in the event 

of a potential paradigm shift regarding the clinical threshold through future research. The most significant 

drawbacks of the transgingival probing method include its invasiveness and its low sensitivity when dealing with 

very thin tissues [21]. 

The use of non-invasive IOS has been explored for analyzing gingival tissues in periodontology [8, 15, 33]. 

Furthermore, IOS is not only utilized for digital measurements of gingival tissues, but also for tracking 

morphological changes in the gingiva following initial periodontal therapy [34]. Our study presents a comparison 

of GT with KGW obtained using IOS, which has previously demonstrated its reliability in periodontal 

measurements [7]. The clinical significance of our study lies in comparing the KGW values acquired through an 

easy and non-invasive method, which is more reliable than probing for KGW [15], with GT. 

Our study results indicate that the maxillary anterior teeth did not exhibit a KGW of less than 2 mm, which is 

consistent with the findings in the literature [11, 16, 21, 33, 35, 36]. We observed a narrower KGW in canines 

than in central incisors. However, the literature presents inconsistent results, such as a higher KGW in central 

incisors [35], a higher KGW in canines [13, 31, 35], or no significant difference between the 2 groups of teeth 

[17, 19, 21]. 

Determining the mucogingival junction is a crucial parameter for accurately measuring KGW. The mucogingival 

junction is defined as the boundary between movable and immovable mucosa. According to the literature, no 

significant differences were found among the 3 methods for determining the junction: the visual method 

(identifying a scalloped line), the functional method (assessing tissue mobility by sliding a horizontally positioned 

periodontal probe from the vestibule towards the gingival margin using light pressure), and histochemical staining 
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(staining with an iodine solution) [37]. Furthermore, a recent study employed a software program that removes 

oral mucosa to determine the mucogingival line [20]. In our study, we used histochemical staining to identify the 

mucogingival line. 

Relationship between KGW and GT: Generally, the KGW is measured using a periodontal probe due to its 

simplicity [11, 16, 19]. However, a previous study reported that measurements taken with a periodontal probe can 

overestimate the KGW by approximately 1 mm compared to the actual value [15]. Therefore, we utilized an IOS 

to measure the KGW and compared it with the GT, revealing a negative correlation between the GT and the KGW 

in the central region, meaning that a thinner GT was associated with a wider KGW. 

In the literature, most studies have reported a positive correlation between these 2 parameters 

[11, 13, 16, 17, 19, 21, 36], although several studies have reported no correlation [6, 38]. This discrepancy may 

be attributed to differences in methodologies and racial factors. It is important to note that the periodontal probe 

tends to overestimate the KGW by approximately 1 mm [15]. Unfortunately, most studies in the literature that 

compared GT and KGW measured this distance using periodontal probes [11, 13, 16, 17, 19, 21, 36]. Therefore, 

we suggest that these data need to be re-evaluated. Similarly, a recent review highlighted the heterogeneous 

methodologies of studies investigating the correlation between GT and KGW [4]. Additionally, in the literature, 

KGW has been analyzed using high-resolution clinical photographs [20]. Further clinical studies are necessary to 

better understand the differences between digital measurements. Based on our findings, when a wider KGW is 

present, clinicians should exercise greater diligence in treatment planning or comprehensive examination with 

regard to GT, particularly in the central region. 

From the perspective of invasiveness, measuring KGW using IOS is non-invasive, but our method for analyzing 

GT was invasive. In the literature, GT has been examined through the superimposition of cone-beam computed 

tomography (CBCT) images and intraoral scans, yielding results comparable to direct measurements using an 

endodontic spreader [39]. Given the concern for radiation exposure, this non-invasive approach may be valuable 

for patients who already have CBCT images available. 

In our study, the PH values ranged from 2.99 to 3.24 mm, with the lateral incisor having a lower PH than the 

canine. In the literature, some studies utilized a reference line extending between the zenith points of 2 adjacent 

teeth for the papilla base [6, 12, 23, 27, 40], while others employed a line corresponding to the gingival zenith 

point and perpendicular to the tooth’s long axis [13, 41-43]. Regarding the numerical data, the PH values of the 

maxillary anterior teeth were found to be between 3.26 and 5.16 mm [5, 6, 11-13, 23, 27, 36, 38, 40-43]. Our 

result of 2.99 mm for PH is the lowest reported in healthy subjects to date. In prior studies, the PH was measured 

using either a periodontal probe [5, 11, 36, 38, 41] or a digital caliper on a cast model [6, 12, 13, 23, 43]. Both 

methods involve measuring a curved surface, the interdental papilla, with an instrument designed to measure a 

line, or a 2-dimensional space. However, there is no explanation provided for the angle on the third dimension, 

which is difficult to standardize. Consequently, the repeatability of the measurement may be questionable. Similar 

to the measurement of KGW [15], using a periodontal probe may have led to an overestimation of the PH values. 

Nevertheless, it is important to note that the reliability of the measurement would improve with the use of a jig 

that standardizes the measurement position and stabilizes the angle of the probe. Yin et al. [27] measured the PH 

using a scan obtained from the cast model. However, the accuracy of the impression and modeling procedures 

may affect the actual size of the papilla, which is a soft and labile tissue, leading to changes on the scale of 

millimeters. In our study, we scanned the papilla and directly measured it on this scan. These methodological 

nuances account for the differences in the results. 

Relationship between PH and GT: Our study revealed no correlation between PH and GT in the maxillary anterior 

region. The literature presents inconsistent findings; some studies reported no correlation [36], while others 

suggested a higher papilla is related to thick gingiva [11] and thin gingiva [41, 43]. Those studies examined the 

relationship between GT and PH using qualitative rather than quantitative methods [11, 41, 43]. In contrast, our 

study employed numerical data to investigate this relationship. 

Relationship between PH and KGW: We discovered a moderate negative correlation between KGW and PH. 

Although no significant correlation has been previously demonstrated [11], that study measured KGW using a 

periodontal probe and did not report any numerical data. Our research quantitatively compared PH and KGW, 

revealing a wider KGW associated with lower PH. To better comprehend the direct relationship, further studies 

employing reliable and precise methods are necessary. 
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In our study, the CR in the central region was larger than in the canine and lateral regions. This finding is consistent 

with previous studies [12, 23]. In the literature, various methods have been used to analyze the relationship 

between CR and different parameters, such as measuring the width of the crown at the middle and apical thirds 

[6, 12, 13, 40] or at the incisal third [12, 23]. Although these ratios are primarily deterministic, the width at the 

apical region is related to the tooth’s emergence profile, while the width at the incisal region is related to the 

contact form. A previous study suggested that cervical width provides more objective results for CR. However, 

when the crown length is divided into 3 portions, both cervical and incisal widths can yield similarly objective 

results. 

Relationship between CR and GT: We discovered no correlation between CR and GT. In agreement with our 

findings, some studies also reported no correlation [13, 35]. However, in contrast to our results, other studies 

identified a positive correlation [22, 36, 40]. 

Relationship between CR and KGW: Our study’s results revealed no correlation between CR and KGW. The 

existing literature contains limited data on this topic, with only a few studies examining the relationship between 

attached gingiva and crown length, yielding conflicting results [13, 31, 40]. Authors who reported a positive 

correlation attributed it to the impact of attrition or gingival recession [13]. However, this study excluded cases 

with incisal edge attrition and gingival recession. 

Relationship between CR and PH: The present study found no correlation between CR and PH. Many studies 

have reported a relationship between papilla shape and crown form [6, 12, 13, 23, 40]. Generally, a longer crown 

is associated with a decreased CR and a longer papilla, resulting in an increased PH [12, 13, 23]. This discrepancy 

may be due to differences in methodology and study populations. Reduced crown length resulting from attrition 

could have influenced the outcomes of research, especially in older populations. In terms of crown shape, it has 

been suggested that a square crown form has a longer contact point and a shorter papilla [6, 12, 23]. However, our 

study did not find a relationship between these 2 parameters. In the literature, a periodontal probe was used to 

measure PH and CR parameters [6], providing moderately accurate dimensions, rounded to the nearest 0.5 mm. 

Another group of studies employed digital calipers to measure parameters on cast models [5, 12, 23]. In contrast, 

our study utilized scanned data and a digital tool to measure exact distances with high accuracy, ensuring that 

reference points were repeatable and precise. Stellini et al. [40] used photographs with a ruler as a guide for 

digitally measuring parameters and reported a relationship between crown form and PH. In our study, we used 

IOS data for digital measurements. Further research is needed to compare the accuracy of various digital methods. 

The limitations of this study are the exclusion of various age groups and reliance on a single brand of IOS. 

Furthermore, the results are specific to maxillary anterior teeth and the native Turkish population. It is important 

to note that our mean values provide a benchmark result. In clinical practice, evaluations should be conducted on 

a case-by-case basis. The strength of this study lies in the use of an IOS, a user-friendly and reproducible method 

for measuring KGW in comparison to various parameters, including GT. The key takeaways from this study are 

the negative correlation between GT and KGW obtained using an IOS, which is a more accurate method than the 

periodontal probe, and the need for further research to compare the reliability of IOS with other methods. 

Conclusion 

In conclusion, the major results are as follows: 

• There was a moderate negative correlation between KGW and GT in the central region when KGW was 

obtained using an IOS. 

• The widely proposed hypothesis, according to which there is a positive correlation between GT and 

KGW, may be met with skepticism. 

• A moderate negative correlation existed between PH and KGW in the central region. 

• A weak negative correlation was detected between CR and KGW in the central region. 

• PH was lower in lateral teeth than in canines, while KGW was lower in canines than in central teeth. 
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