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Abstract

Background: The interdental papilla plays a critical role in maintaining both the esthetic
and functional integrity of the periodontium. Although the relationship between the
papilla presence and the contact point–bone crest distance is well established, the impact of
vertical bone defect morphology—common in periodontitis—remains largely unexplored.
Aim: To assess the relationship between the loss of interdental papilla height and three
site-specific factors—vertical bone defect morphology, probing depth, and papilla base
width—in patients with periodontitis. Materials and Methods: Ten periodontitis patients
contributing 28 interdental papillae adjacent to vertical bone defects were included. The
recorded parameters included probing depth, papilla base width, and loss of papilla height.
Intraoperative measurements of defect depth, mesiodistal width, and buccolingual width
were also obtained. Patient-level variables, such as age, sex, oral hygiene, and gingival
phenotype, were not controlled or included in the analysis, due to the small number
of participants and the study’s focus on defect-level characteristics. Spearman’s rank
correlation was used due to non-normal data distribution. Results: A moderate positive
association was observed between the probing depth and loss of papilla height (ρ = 0.353),
approaching but not reaching statistical significance (p = 0.066). Weak, non-significant
associations were found with the remaining parameters (p > 0.05). Conclusions: Although
no statistically significant associations were found, observed trends may indicate site-
specific influences on the loss of papilla height. These preliminary findings highlight the
need for further research with larger, well-characterized cohorts to better understand the
factors affecting papilla stability in periodontitis.

Keywords: interdental papilla; vertical bone defects; loss of papilla height; periodontitis;
“black triangles”

1. Introduction
The interdental papilla is a key component of the periodontium, essential for main-

taining both the functional integrity and esthetic harmony of the dentition. Its loss can
result in the formation of “black triangles,” phonetic disturbances, and increased food im-
paction, ultimately compromising patient satisfaction and periodontal health [1–4]. Open
interdental spaces facilitate food impaction, which may lead to recurrent trauma, localized
inflammation, and progressive periodontal breakdown. Vertical food impaction, typically
resulting from the loss of proximal contacts or poorly contoured restorations, has been
strongly associated with increased probing depths, bleeding on probing, and clinical attach-
ment loss [5,6]. The persistent accumulation of food debris and bacterial biofilm in these
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spaces can initiate and sustain a cycle of inflammation that accelerates soft and hard tissue
destruction [7,8].

The etiology of interdental papilla deficiency has been widely discussed in the litera-
ture, with numerous anatomical and clinical factors identified as contributing influences.
One of the most critical determinants is the vertical distance from the alveolar bone crest
to the base of the interproximal contact area. Tarnow et al. [9] demonstrated that when
this distance exceeds 5 mm, the probability of complete papilla fill decreases significantly.
Additional factors influencing papilla presence and stability include the dimensions and
position of the interproximal contact area itself [10], the interproximal root distance [11,12],
root angulation [13], crown morphology [14], the facio-lingual dimension of the embrasure
space [15,16] and periodontal biotype [17].

Age-related reductions in the soft tissue volume and the progression of periodontal
disease are also considered contributing factors [4,18].

Furthermore, changes in tooth positioning following orthodontic treatment can in-
crease the risk of open gingival embrasures and incomplete papilla fill, as frequently
reported in the literature [19,20].

Despite this broad understanding, most studies focus on healthy papillae, while
relatively few have addressed the behavior of the papilla in the context of periodontal
disease, where attachment and bone loss are present. Periodontal disease, characterized by
chronic inflammation and progressive destruction of the supporting tissues, also plays a
significant role in the interdental papilla loss. As the disease progresses, the breakdown
of the alveolar bone and periodontal ligament results in apical migration of the gingival
margin and the subsequent collapse of the interdental papillary architecture [21].

Among the various patterns of bone loss associated with periodontitis, vertical (angu-
lar) bone defects are of particular concern, as they create localized and often deeper osseous
destruction adjacent to one or more teeth, critically impairing the soft tissue support [21,22].

Although many contributing factors have been identified, there is still limited un-
derstanding of how specific aspects of bone loss, such as the morphology and severity
of vertical bone defects, affect the loss of interdental papilla height. This gap is particu-
larly important in the context of periodontitis, where vertical bone defects are frequently
observed [23], yet their specific impact on interdental soft tissue architecture remains insuf-
ficiently investigated. Most existing studies focus on intact periodontal sites [11,12,15–17].

The width of the papilla at its base was included as a site-specific soft tissue parameter,
reflecting the size of the interproximal space and potentially influenced by the periodontal
biotype. Broader papillae are typically associated with thicker tissue phenotypes, which
may offer greater resistance to soft tissue loss, whereas narrower papillae in thinner biotypes
may be more prone to recession, particularly when the contact point–bone crest distance is
increased [4,18,24].

Accordingly, the aim of this study was to assess the relationship between the loss of
interdental papilla height and three site-specific parameters: the morphology of vertical
bone defects, probing depth at the defect site, and the width of the papilla at its base in
periodontitis patients. We hypothesized that these localized clinical and anatomical features
may be associated with increased papilla height loss in periodontally compromised sites.

2. Materials and Methods
2.1. Study Design

This cross-sectional observational study, based on a convenience sample of patients,
aimed to evaluate the relationship between vertical bone defects and the interdental papilla
status prior to surgical intervention. A total of 28 interdental papillae in 10 periodontitis
patients were analyzed. The study was conducted at the Medical University of Sofia as
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part of a larger project investigating the clinical outcomes of minimally invasive surgical
treatment using enamel matrix derivates and bone graft.

2.2. Eligibility Criteria

Patients eligible for inclusion were systemically healthy individuals aged 18 years or
older, without known allergies, and diagnosed with Stage III or IV periodontitis according
to the 2017 World Workshop classification [25]. Adequate oral hygiene was required,
defined as a full mouth plaque score (FMPS) [26] and full mouth bleeding score (FMBS) [27]
below 15% following initial periodontal therapy. In addition, participants had to present
with at least one proximal angular bone defect characterized by a probing depth (PD)
of ≥6 mm, bleeding on probing (BoP), and preserved interproximal contacts at the time
of re-evaluation.

Patients were excluded if they had systemic conditions known to affect periodontal
health (e.g., uncontrolled diabetes mellitus), required antibiotic prophylaxis for dental
procedures, were current smokers, demonstrated insufficient plaque control, or were
pregnant or breastfeeding [28,29].

At the tooth level, the inclusion criteria specified the presence of a proximal vertical
bone defect with a radiographically confirmed intrabony component of ≥3 mm and a
clinical probing depth of ≥6 mm, with no evidence of periapical pathology [30]. In addition,
a minimum of 2 mm of keratinized tissue at the defect site was required, in accordance
with the surgical protocol used [31]. Teeth were excluded if they exhibited inadequate
endodontic treatment, periapical lesions, furcation involvement, Grade III mobility, were
third molars, or were mispositioned or tilted.

2.3. Clinical and Surgical Measurements

A comprehensive periodontal examination was performed prior to surgical interven-
tion. Probing depth (PD), clinical attachment level (CAL), bleeding on probing (BoP), and
gingival recession (R) were recorded at six sites per tooth (mesiobuccal, buccal, distobuccal,
mesiolingual, lingual, and distolingual) using a manual graduated periodontal probe (UNC-
15, Hu-Friedy, Chicago, IL, USA). All data were systematically documented in standardized
periodontal charts. The measurements were rounded to the nearest full millimeter.

All clinical measurements, including all analyzed dimensions of the interdental papilla,
were performed by a single experienced examiner. To assess intra-examiner reliability,
these measurements were recorded at two time points: one week before surgery and again
on the day of the procedure. The comparison showed no significant differences between
the two sets of values, confirming measurement consistency. Intraoperative measurements
were performed only once during the surgical procedure, and were also conducted by the
same examiner.

The assessment of the interdental soft tissues included the measurements of the papilla
width at its base, the papilla height from the base to the tip, and the loss of papilla height.
The base of the papilla was defined as the horizontal line connecting the emergence points
of the adjacent teeth’s clinical crowns at the level of the gingival margin. The width of the
papilla was measured along this line, corresponding to the base of the gingival embrasure.
The loss of papilla height was defined as the vertical distance from the tip of the interdental
papilla to the most apical point of the interproximal contact area between the adjacent
teeth, measured using a periodontal probe positioned vertically along the long axis of the
papilla [17,32].

At the time of surgical access, a minimally invasive surgical protocol was followed.
A horizontal incision was placed at the base of the interdental papilla associated with
the treated defect, complemented by a vertical incision extending to the marginal bone
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crest to allow direct access to the underlying bony structure. A full-thickness flap was
carefully elevated, extending approximately 2 mm beyond the crestal bone margin to ensure
adequate exposure of the defect. An additional incision was performed at the level of the
intraosseous septum to gently separate the supracrestal soft tissues from those occupying
the intrabony component of the defect [33].

Once access was achieved, measurements were obtained using a graduated periodon-
tal probe. The depth of the intraosseous component was recorded as the distance from the
base of the defect to the level of the interproximal bone septum of the adjacent tooth [34].
The buccolingual width was measured from the buccal to the lingual wall of the defect,
and the mesiodistal width was recorded from the root surface to the opposing proximal
bony wall.

2.4. Statistical Analysis

Statistical analyses were conducted using GraphPad Prism, version 9.5.1 (GraphPad
Software, San Diego, CA, USA). The normality of data distribution was evaluated using
the Shapiro- Wilk test. Spearman’s rank correlation coefficient was calculated to investigate
the associations between the examined parameters. A correlation heatmap was gener-
ated using AI-based computational tools to visualize the strength and direction of the
observed relationships.

The unit of analysis was the individual defect. Although multiple defects were
included from some participants, each defect–papilla pair was considered a distinct and
site-specific clinical entity. Given the small number of participants and the exploratory
nature of the study, no statistical correction for within-subject clustering was applied. A
p-value < 0.05 was considered statistically significant.

3. Results
The study population comprised 10 patients (3 males and 7 females), aged between 36

and 53 years (mean age: 42 ± 6 years), all diagnosed with Stage III or IV periodontitis. A
total of 30 vertical bone defects were initially identified. Two defects were subsequently ex-
cluded due to their location on the distal surfaces of terminal teeth, where interdental papilla
was absent. Consequently, 28 vertical bone defects were included in the final analysis.

In line with the aim of the study, the following parameters were evaluated:
probing depth at the defect sites, width of the papilla at its base, loss of papilla
height, and intraoperative measurements of bone defect depth, mesiodistal width, and
buccolingual/palatal width.

The distribution of these variables was assessed using the Shapiro–Wilk test to deter-
mine whether parametric or non-parametric methods were appropriate for further analysis.

Due to the non-normal distribution observed in several variables, the relationships
between the loss of papilla height and the other clinical and surgical parameters were
evaluated using Spearman’s rank correlation coefficient.

The correlation analysis explored the association between the loss of papilla height
and probing depth, papilla width at the base, bone defect depth, buccolingual width, and
mesiodistal width.

The results of the Spearman’s correlation analysis are summarized in Table 1 and
visualized in the correlation heatmap presented in Figure 1.

A weak positive association was observed between the loss of papilla height, the
width of the papilla at its base (ρ = 0.184, p = 0.349), and the buccolingual width of the
bone defect (ρ = 0.178, p = 0.365), indicating that greater papilla width and wider defects
may be associated with increased papillary loss, although these relationships were not
statistically significant.
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Table 1. Results of the Spearman’s rank correlation analysis between the papilla height loss and
other parameters.

Parameter Spearman’s ρ p-Value

Width at the base of the papilla (mm) 0.184 0.349

Probing depth (mm) 0.353 0.066

Bone defect depth (mm) −0.099 0.616

Buccolingual width of bone defect (mm) 0.178 0.365

Mesiodistal width of bone defect (mm) −0.258 0.186

Figure 1. Correlation heatmap illustrating the Spearman’s rank correlation coefficients between the
loss of papilla height and the measured clinical and surgical parameters.

The probing depth demonstrated the strongest correlation with papilla height loss
(ρ = 0.353, p = 0.066), approaching but not reaching statistical significance.

Bone defect depth (ρ = –0.099, p = 0.616) and mesiodistal defect width (ρ = –0.258,
p = 0.186) showed weak negative correlations with papilla height loss.

Overall, no statistically significant associations were identified among the parameters
studied. Although weak to moderate correlations were observed among several parameters,
none achieved statistical significance. These findings should therefore be interpreted with
caution, and larger-scale studies are required to validate the observed trends.

4. Discussion
The current study investigated the relationship between the clinical characteristics

of vertical bone defects and the associated loss of interdental papilla height in patients
with advanced periodontitis. Despite evaluating key parameters, such as probing depth,
defect morphology, and soft tissue dimensions, no statistically significant correlations were
identified between the loss of papilla height and the measured variables.

The landmark study by Tarnow et al. [9] remains a cornerstone in our understanding
of the anatomical factors governing the interdental papilla presence. By examining 288 sites
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across 30 patients, the authors demonstrated a clear inverse relationship between the
vertical distance from the alveolar bone crest to the interproximal contact point and the
presence of the papilla. Their data showed that when this distance was 5 mm or less, the
papilla was nearly always intact. However, beyond this threshold—particularly at 6 mm or
more—the frequency of papilla loss increased dramatically. These findings established that
the height of the underlying bone plays a decisive role in papilla preservation.

While this relationship is well established in sites with an intact or only mildly compro-
mised periodontium, considerably less is known about how the interdental papilla behaves
in areas affected by advanced periodontal destruction, particularly in the presence of verti-
cal (intrabony) bone defects. In the present study, we aimed to build upon the foundational
insights of Tarnow et al. [9], Cho et al. [12], Chow et al. [24] and Joshi at al. [16] by examin-
ing not only the distance between the contact point and the alveolar bone crest, but also the
specific morphological characteristics of angular defects and their relationship to papilla
height. We hypothesized that these site-specific features could provide a more nuanced
understanding of the clinical presentation of papilla loss in periodontitis-affected sites.

Unfortunately, the results of our analysis did not reveal any statistically significant
associations between the examined parameters and loss of papilla height. A weak positive
association was observed between the loss of papilla height and the buccolingual width of
the vertical bone defect (ρ = 0.178, p = 0.365), suggesting a possible trend toward greater
papilla loss in cases with wider osseous dimensions. Although these trends were not
statistically significant, they may point to clinical patterns that warrant further investigation
in larger cohorts.

In contrast, bone defect depth (ρ = –0.099, p = 0.616) and mesiodistal defect width
(ρ = –0.258, p = 0.186) exhibited weak negative associations with papilla height loss. These
results suggest that these dimensions may not be key determinants of papillary support, at
least within the context and sample size of the present study.

The probing depth at the defect site demonstrated the strongest association with
papilla height loss (ρ = 0.353, p = 0.066), approaching but not reaching statistical significance.
This trend nonetheless supports previous findings that deeper periodontal pockets may
contribute to the vertical collapse of the interdental tissues [35].

The width of the papilla at its base was included in our analysis as a clinically relevant
parameter, reflecting the interproximal space and potentially influenced by periodontal
biotype. Thicker biotypes are generally associated with broader, flatter papillae that are
less prone to recession, while thinner biotypes tend to exhibit narrower, more tapered
papillae with a higher risk of height loss, especially when the contact-to-bone distance
increases [4,18,24,36]. However, previous findings by Barboza de Lemos et al. [37] suggest
that at greater distances, thin biotypes may paradoxically be more favorable for papilla
presence. In our study, a weak positive correlation was observed between the papilla
base width and loss of papilla height (ρ = 0.184, p = 0.349), suggesting that wider papillae
may not necessarily offer protection against soft tissue loss in the context of vertical bone
defects. Although this correlation did not reach statistical significance, the observed trend
highlights the need for further research to clarify the role of papilla base width in soft tissue
stability around vertical defects.

This study has several limitations that must be acknowledged. First, the small sample
size and the absence of a priori sample size calculation limit the statistical power of
our findings. The analysis was based on a convenience sample of eligible cases, which
may introduce selection bias. Furthermore, multiple defects were included from some
participants, introducing the potential for intra-subject correlation. While we treated each
defect–papilla pair as an anatomically and clinically distinct unit—consistent with the site-
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specific nature of periodontal disease—no statistical correction for clustering was applied,
given the exploratory nature of the study.

Additionally, potential confounders such as age, sex, and oral hygiene were not
included in the analysis. Due to the limited sample size and the focus on defect-level
parameters, these patient-level variables were not considered as confounding factors.
However, we recognize that such variables—as well as biological characteristics like the
periodontal phenotype—may influence local soft tissue architecture and papilla stability,
and their exclusion represents a methodological limitation.

Lastly, while the study centered on vertical defect morphology and its relationship
to papillary loss, we acknowledge that additional variables—such as the distance from
the contact point to the alveolar bone crest—are well-established in the literature and
may provide valuable context. Although not included in this analysis, such parameters
could be incorporated in future research to complement our findings and support broader
clinical interpretations.

5. Conclusions
This cross-sectional study did not reveal statistically significant correlations between

the papilla height reduction and the morphology of vertical bone defects in periodontitis
patients. While some weak to moderate trends were observed, the multifactorial etiology
of interdental papilla recession likely involves factors beyond the scope of these isolated
clinical parameters. These results emphasize the complex nature of soft tissue dynamics in
periodontal disease and necessitate further research employing alternative study param-
eters and larger patient populations. Moreover, additional radiographic analyses could
be applied to assess contact point characteristics, the distances between the interdental
alveolar bone crest, and both the cementoenamel junction (CEJ) and the contact point, as
well as the width and configuration of the interproximal septum.
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