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Abstract: The mathematical quantification of the relationship between the size of the inter-dental papilla 
and the heights of the clinical crown of the adjacent teeth. The pictures were analyzed in Photoshop CS5 
Extended, resulting 512 measurements of the 5 papillae from the front maxillary area, with the following 
referring points: gingival zenith, tip of inter-dental papilla and the incisal edge. The papillary 
proportion is a quantifiable factor worth taking into account in the objective evaluation of aesthetics in 
the frontal maxillary area. The average mathematical value of the ratio between the heights of the 
papilla and of the adjacent tooth is more important as a reference factor than the average values of their 
heights, as the aspect consisting of the papillary proportion is not influenced by the individual variations 
in height, the ratio of sizes remaining the same. 
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INTRODUCTION 
A positive prognosis of an aesthetic oral rehabilitation 

in the front area is influenced to a considerable extent by the 
clinical crown relation with the periodontium, whether a natural 
tooth, a bridge or an implant are involved.(1) Regarding the 
periodontal aspect, the keys elements in the aesthetic treatment 
of the frontal area are the preservation of the inter-dental 
papillae and the avoidance of formation of black triangles (2), 
the relationship between the shape, form, colour, position, 
arrangement of teeth and the aspect of the marginal 
periodontium, providing the harmonious appearance of a 
smile.(3) 

The height of the inter-dental papilla is influenced by 
three factors: the level of the alveolar ridge, the biological 
width, characteristics of size and shape of the gum 
embrasure.(4,5) The decrease of the inter-dental papilla is 
frequently a consequence of the periodontal disease, associated 
with gingival inflammation, loss of epithelial junction and inter-
proximal bone resorption. The absence of inter-dental papilla 
may be determined by the periodontal surgical interventions, the 
soft tissues usually losing volume during the healing period.(4) 
From a biological perspective the papilla volume variations 
depend mainly on the distance between the inter-dental contact 
and the inter-proximal bone crest.(6) 

The therapeutic solutions to rehabilitate an open 
gingival embrasure come from an interdisciplinary approach: 
prosthetics, orthodontics and periodontal therapy. The papillary 
defect correction interventions must be done after an objective 
assessment made by clinicians. In this respect, it became 
imperative the use of a system to quantify the variations of the 
inter-dental papilla, to help establish a diagnostic and also to 
monitor the post-therapeutic results, thus improving 
communication between clinicians. One of the proposed 
instruments is the papilla presence index - PPI (Papilla Presence 
Index) (4), based on the relationship between the inter-dental 
papilla, the cement enamel junction and the adjacent teeth; this 
system describes four degrees of retraction. If the inter-dental 

contact is not present, it shall be approximated an ideal virtual 
level, and the contra-lateral inter-dental papilla is used as a 
comparison element. Chu and its collaborators (7) intended to 
find a numerical correlation between the height of the papilla 
and the height of the teeth that frame it (papillary proportion) in 
the frontal maxillary area, and they concluded that the papillary 
proportion is almost 40% regardless of the location of the inter-
dental papilla in the front maxillary area.  

 
PURPOSE 

The purpose of this study is to verify the existence of a 
relationship between the size of the inter-dental papilla and the 
height of the clinical crown of the adjacent teeth, and to 
compare the results with the “papillary proportion” described by 
Chu.(7) 
 

MATERIALS AND METHODS 
This study has been conducted on a population group 

represented by students from the Faculty of Dentistry, “Carol 
Davila” University of Medicine and Pharmacy, Bucharest, 
Romania. 

The inclusion criteria were: 
• full dental arcade in frontal area; 
• periodontally stabilised or free of periodontal diseases 

dental arcades; 
• mesio-distal and vestibular-palatal space correlated with the 

dimensions of the teeth in the maxillary front area; 
• absence of carious lesions in frontal maxillary teeth. 

The exclusion criteria were: 
• edentations; 
• gum diseases; 
• loos of tough dental structure due to attrition, caries, 

fractures; 
• frontal direct or indirect restorations; 
• dental-maxillary anomalies associated with dental 

crowding or spacing. 
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 Using these criteria, the selected group consisted in 32 
subjects, 22 females and 10 males (figure no. 1), aged between 
21 and 28 years old (figure no. 2). Their average age was 22.65 
years and their median, 22 years. 
 
Figure no. 1. Sex distribution of the study group 

M
31%

F
69%

 
Pictures of the subjects were taken in front norm, with 

lips apart (using monoblock retractors – “Directa”, with dental 
arches in occlusion. The standard conditions of the pictures were 
represented by: 
• 50 mm focal length; 
• when the pictures were taken, each subject had a facial 

arch mounted on, with clinometer (“behrend”), thus 
assuring the guidance in setting the measuring electronic 
ruler the guide shall be represented by the distance 
between two consecutive vertical lines which is 5 mm; 

• All photos were taken by the same person in order to 
standardize the obtained data;  

• The digital used in study was represented by Pentax kc 
DSLR camera with 18-55 mm lens attached by a quick 
attach-release plate to a Silk Able 300DX tripod, at a 
distance of 120 cm from the examined subject;  

• The shooting was performed with a 2-second delay after 
pushing the shutter button.  

The pictures were analyzed with a laptop (MSI CR 
6200), being processed in Microsoft Paint, Adobe Lightroom 3.6 
and Adobe Photoshop CS5 Extended respectively (Adobe 
Systems Inc.). The results were processed in Microsoft Excel 
2010 (Microsoft Corporation). Measurements are made on the 
vestibular side of the teeth, into mm (figure no. 2). The heights 
of the papillae in the front maxillary area were measured (50), 
relying on the referring points of the gingival zenith, the tip of 
the interdental papilla and the incisal edge. For a better view of 
the less visible areas (gingival zenith and papilla tip) this were 
marked by horizontal lines, parallel to each other and to the 
incisal plan. 512 measurements were performed. 
 
Figure no. 2. The horizontal lines marked on photographs 

 
Trying to set the association between the height of the 

papilla and the height of the adjacent teeth, we used the papilla 
height/tooth height x 100% formula, also known as the 
“papillary proportion” relation (PP).  

The papillary proportion is a mathematical 
quantification of the relation between the size of the interdental 
papilla and the height of the clinical crown of the adjacent teeth. 

The papilla is placed between two teeth, one distal and 
one medial (except for the central incisors which are distal to the 
right and distal to the left), so the measurements made were 
reported to two zeniths (of the two adjacent teeth). Thus, we 
defined a distal papillary proportion and a mesial papillary 
proportion. Since it is possible for the zeniths of the two 
adjacent teeth not be at the same level, there were determined 
for the same papilla, two different papillary proportions 
according to the adjacent tooth we refer to. To refer to a unique 
papillary proportion, there was calculated the average of the two 
papillary proportions, namely mesial and distal of the same 
papilla. For the inter-incisive papilla, there were described two 
distal papillary proportions (right and left) which are averaged.  

The dental arch is viewed through the digital photo-
sensor. This is located in the front on the median line. Due to its 
position and to the vestibular curve of the superior dental arch, 
we considered that the progressive modification of the image 
may be noticed equally for the papillae and the adjacent teeth, 
therefore the papillary proportion shall be the same. 

Example: the papilla between teeth 1.1.and 1.2. The 
heights of the papilla is first measured by taking as referring 
point the zenith of tooth 1.1, afterwards we shall measure the 
height of the same papilla vs. the zenith of tooth 1.2. As it is 
very likely to have different heights for the same papilla due to 
the reference to different adjacent teeth, two different papillary 
proportions for the same papilla will result. Therefore, we can 
conclude that the average between the two measurements 
represents the average papillary proportion. The height of the 
inter-incisive papilla is no exception to the rule, but it is much 
more likely that zeniths of the central incisors be at the same 
level, so the height may be the same for both distal referring 
points  (zenith 1.1. and zenith 2.1.) 

In order to make, record and analyze the 
measurements, the gum zeniths and the tips of the papillae were 
marked by narrow horizontal lines, and adjacent notes were 
made: 
• papilla between 1.3. and 1.2. = papilla 3 right 
• papilla between 1.2. and 1.1. = papilla 2 right 
• papilla between 1.1. and 2.1. = papilla 1 
• papilla between 2.1  and 2.2 = papilla 2 left 
• papilla between 2.2.  and 2.3 = papilla 3 left 
• height of 1.3. = canine right 
• the height of the papilla between 1.3. and 1.2. measured 

from the zenith level of 1.3.  = papilla 3 distal right 
• the height of the papilla between 1.3. and 1.2. measured 

from the zenith level of 1.2.  = papilla 3 mesial right 
• height of 1.2. = lateral right incisive 
• the height of the papilla between 1.2 and 1.1. measured 

from the zenith level of 1.2.  = papilla 2 distal right 
• the height of the papilla between 1.2. and 1.1. measured 

from the zenith level of 1.1.  = papilla 2 mesial right 
• height of 1.1. = central right incisive 
• the height of the papilla between 1.1. and 2.1. measured 

from the zenith level of 1.1.  = papilla 1 distal right 
• the height of the papilla between 1.1. and 2.1. measured 

from the zenith level of 2.1.  = papilla 1 distal left 
• the height of the papilla between 2.1. and 2.2. measured 

from the zenith level of 2.1.  = papilla 2 mesial left 
• the height of the papilla between 2.1. and 2.2. measured 

from the zenith level of 2.2.  = papilla 2 distal left 
• height of 2.1. = central left incisive 
• the height of the papilla between 2.2. and 2.3. measured 
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from the zenith level of 2.2.  = papilla 3 mesial left 
• the height of the papilla between 2.2. and 2.3. measured 

from the zenith level of 2.3.  = papilla 3 distal left 
• height of 2.3. = left canine 
• distal = D, mesial = M, right = dr., left = stg. 
• papillary proportion = P = papilla height/adjacent tooth 

height x 100% 
Example: PP3Ddr = papillary proportion calculated by 

the ratio between the height of papilla 3 measured from the 
zenith of the adjacent tooth located distally from the papilla 
(papilla 3 distal right) and the height of that tooth (right canine), 
this ratio being multiplied by 100%. 

The protocol followed for the measurement of the 
picture is:  
• The area of interest is framed in raw format photography 

(digital negative) and saved in tiff format; the processing is 
made with adobe light room 3.6; 

• The picture is opened in Microsoft paint and horizontal 
lines are drawn by the gingival zeniths and by the tip of the 
inter-dental papillae of the maxillary front area (1.3.-2.3.) 
And then is saved; 

• The new picture is opened with Photoshop cs5 extended; 
using the 5 mm distance between two consecutive vertical 
lines of the clinometer, we set the scale of the electronic 
ruler (“ruler tool”); the measurements are made starting 
from the referring points by pressing "shift" button in order 
to maintain the electronic rulers parallel during the 
measurements.  

• The data are exported in Microsoft excel 2010 in a-p 
columns. 

 
RESULTS 

We analyzed the results in “Microsoft Excel 2010”, 
using four statistical functions: minimum, average, maximum, 
standard deviation (Annex 1). The “p” value was calculated by 
an independent source. As follows: 
• calculated average PP for the papilla adjacent to the 

superior canine and to the superior lateral incisive is 41% , 
standard deviation  = 7%, p<0.001 (figure no. 3) 

• calculated average PP for the papilla adjacent to the 
superior lateral incisive and to the central incisive is 42% , 
standard deviation = 6%, p<0.001 (figure no. 4) 

• calculated average PP for the papilla adjacent to the central 
incisors is 44%, standard deviation = 6%, p<0.001 (figure 
no. 5) 

• the average PP of the 5 papillae in the front maxillary area 
for the 32 subjects analyzed is 41%, standard deviation = 
6%, p<0.001 (figure no. 6) 

 
Figure no. 3. Calculated average PP for the papilla adjacent 
to the superior canine and to the lateral incisive  

 
 

Figure no. 4. Calculated average PP for the papilla adjacent 
to the superior lateral incisive and the central incisive 

 
 
Figure no. 5. PP calculated average PP for the papilla 
adjacent to the central incisors 

 
 
Figure no. 6. PP average of the 5 papillae in the front 
maxillary area 

 
The extreme measured limits of the PP were: 

minimum - 20% and maximum - 60%. The average papillary 
proportion in the frontal maxillary area decreases toward the 
distal which can be explained by a more apical placement of the 
tips of the inter-dental papillae from the median to the distal; 
p<0.001 (figure no. 7). 
 
Figure no. 7. Average papillary proportion in the frontal 
maxillary area decreases toward the distal 

 
 
 



CLINICAL ASPECTS 
 

AMT, vol. 22, no. 1, 2017, p. 81 

DISCUSSIONS 
The purpose of this study was to mathematically 

quantify the relationship between the size of the inter-dental 
papilla and the heights of the clinical crown of the adjacent 
teeth, a relation also known as “Papillary proportion”.  
 The paillary proportion is clinically relevant for 
practitioners wishing to obtain a natural esthetic restoration of 
the maxillary frontal area, for periodontologists and - in  
planning the surgical procedures involving the vertical 
placement modification of the gingival tissue.  

We consider important the specification that the 
average mathematical value of the ratio between the height of 
the papilla and of the adjacent tooth is more important as a 
referral aspect than the average values of their heights because 
the aspect consisting of the papillary proportion is not 
influenced by the individual variations of height, the ratio 
between the dimensions remaining the same. 

The study conducted by Chu and his collaborators (7) 
is the pilot study which analyzed and  mathematically quantified 
the relationship between the interdental papilla and the adjacent 
teeth at the front maxillary area. Although we used a design with 
major differences in terms of materials and method compared to 
the design of the study conducted by Chu and his collaborators, 
the obtained result (papillary proportion) was nearly identical - 
41% vs. 40% . 
 

CONCLUSIONS 
The similarity of the values of the papillary 

proportions resulted from the two studies may be considered as 
argument for suggesting (regarding the imposing of) the 
papillary proportion as an important factor in the objective 
assessment of the front maxillary area. 

The perception of dental aesthetics is subjective, being 
influenced by various factors.  

This study provides a mathematical constant which 
describes the normal percentage ratio between the height of the 
interdental papilla and of the adjacent teeth. If the ideal is the 
natural, then, the results of this study may be considered as a 
valuable and objective referral. 
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