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Abstract: Taurodontism, a known morpho-anatomic variation in the shape of teeth, has already
attracted substantial attention. The aim of this study is to contribute to this by discussing its direct
impact on the dental practitioner via an evaluation of the prevalence of taurodontism in molars in
Ashkelon, Israel. This retrospective study analyzed panoramic radiographs of 624 patients (330 males,
294 females), aged of 9–29 years—2849; first and second permanent molars were screened. Objective
measurements and variables were used and analyzed using statistical SPSS version 27 (IBM, Chicago,
IL, USA). Taurodontism was observed in 33.6% of the patients and was more prevalent among
females (53% vs. 47%) and in maxillary molars compared to mandibular molars (57% vs. 43%). The
overall prevalence of hypotaurodontism, mesotaurodontism, and hypertaurodontism was 10.8%,
0.5%, and 0.2%, respectively. No statistical difference between right and left sides was discovered,
however, taurodont teeth in the upper left side exhibited the highest frequency, while the lower
left side had the least. The highest occurrence of hypotaurodontism was on the upper right second
molar followed by upper left first and second molars. The clinical challenge posed in endodontic,
orthodontic, and restorative dentistry is discussed, and suitable alternative approaches are proposed
for dental practitioners.

Keywords: taurodontism; permanent molars; pulp chamber; dental morphology; prevalence; treatment

1. Introduction

Taurodontism is an anomaly of tooth shape that most often affects molars in deciduous
as well as permanent dentition [1–3]. It was found in the ancient populations of Homo
sapiens neanderthalensis and was assumed to be associated with thin enamel [4,5]. As
the assumption that taurodontism was prehistorically advantageous for people to enable
heavy masticatory habits was not proven, other external factors can be attributed to the
anomaly [3,6]. It occurs in both the maxilla and mandible and is more commonly seen
in molar teeth, unilaterally or bilaterally [7]. This dental anomaly is characterized by
an enlarged apically displaced pulp chamber, a proportionately shortened root, and an
enlarged pulp chamber in the affected dentition and apically displaced furcation areas. The
bifurcation may be only a few millimeters above the apices of the roots [7]. Additionally,
the teeth did not present the usual constriction at the cementoenamel junction observed in
molars with a normal pulp chamber [8]. The pathogenesis of taurodontism is attributed to
a disturbance in Hertwig’s epithelial root sheath (HERS), which forms the initial outline for
the root’s morphology. A delay or failure in root invagination at the furcation region of the
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multiple roots of teeth results in the disturbance of a formation of the pulp chamber, which
leads to several morphological aberrations, including taurodontism [3,9]. This vertical
elongation of the pulp chamber of the teeth below the CEJ [3] may be a marker of orofacial
disorders and has been reported to occur either as an isolated disorder or associated with
dental anomalies and developmental syndromes [8]. Associations have been reported
between taurodontism and microdontia, dens invaginatus, amelogenesis imperfecta, and
dermatological diseases [10]. It has also been linked to the X-chromosome polyploidy,
such as 47XXX, 48XXXX11, and 47XXY evident within the Finnish population [11,12]. An
increasing trend of severity was observed with each additional X-chromosome [13,14]. In
addition, Down syndrome patients have presented a greater frequency of taurodontism
than in the presumed normal population [15].

Diagnosis of taurodontism has been mainly based on radiographic assessments, as
the external crown morphology was within normal configurations [16]. Taurodontism was
initially detected by periapical X rays and in panoramic radiographs [17,18]. Literature
displays a variability of prevalence from less than 0.1% to 48% [19–21]. This diversity
basically results from a lack of uniformity either in methodology or classification per-
formed in different studies [22]. Taurodontism is classified according to its extent from the
mildest (hypotaurodontism) through the moderate (mesotaurodontism) to the most severe
manifestation (hypertaurodontism) [14]. However, different classifications of taurodontism
were not always used by some of the studies that reported only on mesotaurodontism and
hypertaurodontism, while ignoring hypotaurodontism and a highly affected comparison
of prevalence between the population [21].

Taurodontism has an impact on the various types of treatment modalities: it com-
plicates endodontic treatments, reduces the root canal surface area available for post
anchorage, and jeopardizes orthodontic treatment due to root resorption vulnerability.
Thus, the prevalence of taurodontism is important for the dental disciplines of endodontics,
orthodontics, prosthodontics [3,14,21], and periodontics.

The aim of this study is to evaluate the prevalence of taurodontism amongst Israelis in
one medical center using measurements from panoramic radiographs in order to discuss
its implications for general dental practice treatment modalities.

2. Materials and Methods

Panoramic records of 624 patients were selected from a total of 1190 patients that
attended the Department of Pediatric Dentistry at the Barzilai Hospital, Israel, between
January 2015 and December 2018. Permanent first and second molars were included in
this study. The age of the patients ranged from 9 to 29. The radiographic examinations
were studied and measured by a single evaluator (I.H.Y.), calibrated by an experienced
pediatric dentist and orthodontic specialist (U.Z. and S.E.). An intra-examiner reliability
test was conducted to calibrate the consistency in the diagnosis of dental anomalies. All
radiographs were taken using the same x-ray device and the same standardized method
of a light table. The digital panoramic images were measured by a digital caliper using
ImageJ software v.1.7.0. Repeatability was tested on 25 randomly selected radiographs
examined at least three weeks after the initial examination.

2.1. Exclusion Criteria

The criterion for the exclusion of subjects was patients with a history of systemic
diseases, syndromes, cleft lip and or palate, cases of ectodermal dysplasia, cleidocranial
dysostosis, and Down’s syndrome. Not included in the study were also third molars,
radiographically poor-quality impacted molars, fused roots, and undetectable furcation
areas. Additionally excluded were root canal treated permanent molars, fractured molars,
deep carious or restored molars, incomplete root formation, and molars with cemented
orthodontic appliance.
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2.2. Measurement System Criteria

Shifman and Chanannel [9–23] developed a radiological evaluation system for tau-
rodontism by objective measurements and variables, and their anatomical parameters are
presented schematically in Figure 1. The measurements include two variables: variable 1 is
defined as the height of the pulp chamber, between the lowest point of the roof and the
highest point of the floor, and variable 2 is the distance between the lowest point of the roof
of the pulp chamber and the apex of the longest root. They also developed a ‘taurodont
index’ (TI) that is related to the height of the pulp chamber and the length of the longest root,
and it is calculated as the ratio of the two variables: TI = variable 1/variable 2 × 100). Mani-
festation of the taurodontism [24] is expressed in order of increased severity, according to
Shifman and Chanannel classification of the value of TI, hypotaurodontism (TI value 20–30),
mesotaurodontism (TI value 30–40), and hypertaurodontism (TI value 40–70).
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2.3. Statistical Evaluation

A comparison between male and female prevalence and the location of the tooth was
conducted using Chi-Square test. The significance level was determined as p < 0.05.

2.4. Ethical Approval

This article does not contain any studies with human participants or animals that were
performed by any of the authors.

3. Results

The study comprised of 624 patients—330 males (52.8%) and 294 females (47.1%) with
no statistical significance in an age range of 9 to 29 years. A total of 2849 permanent first and
second molars were examined: 1106 lower first molars, 849 upper first molars, 655 lower
second molars, and 239 upper second molars. Taurodontism was found in 329 molars
(11.5% of examined teeth) among 209 patients, which consists of 33.6% of all patients—149
males (48%) and 160 females (52%) who had at least one taurodont tooth. The prevalence of
taurodont molars was consistently higher in the teeth of females as demonstrated in Table 1.
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Table 1. The effect of gender on the prevalence of taurodont molars.

Location
Sex

Total
Female Male

Upper right 313 256 569
55% 45% 100%

Upper left 272 247 519
52% 48% 100%

Lower right 457 411 868
53% 47% 100%

Lower right 469 422 891
53% 47% 100%

Total
1511 1336 2847
53% 47% 100%

In general, 43% of taurodont teeth were in the mandible and 57% were in the maxilla
with statistical significance (p = 0.001). Hypotaurodontism was found (Table 2) in 309
molars (10.8%), mesotaurodontism in 15 molars (0.5%), and 5 molars were found with
hypertaurodontism (0.2%).

Table 2. The distribution of taurodontism in right and left side.

Normal Taurodontism
Total

Location Hypo Meso Hyper Total

Upper
right

475 90 3 1 94 569
83.50% 15.80% 0.50% 0.20% 16.50% 100.00%

Upper left 414 98 7 0 105 519
79.80% 18.90% 1.30% 0.00% 20.20% 100.00%

Lower
right

803 64 1 2 67 870
92.30% 7.40% 0.10% 0.20% 7.70% 100.00%

Lower left
828 57 4 2 63 891

92.90% 6.40% 0.40% 0.20% 7.10% 100.00%

Total
2520 309 15 5 329 2849

88.50% 10.80% 0.50% 0.20% 11.50% 100.00%

Hypotaurodontism was the most common shape detected and comprised of 94.3%
of the whole taurodont molars (the rest is 4.6% and 1.5% accordingly). Figure 2 describes
the ratio of taurodont teeth in each location according to the quadrant of the mouth. The
prevalence of taurodontism was the highest on the upper left side (p = 0.001) and the lowest
on the lower left side. The distribution of hypotaurodontism in the upper left second molars
was more than three times greater than in the left lower second molars (see Figure 3) and
two times more prevalent in the upper right molars in comparison to lower right molars.
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quadrants of the mouth.

Prevalence of hypotaurodontism (the least severe type) among every tooth is pre-
sented in Table 3. Hypotaurodontism had the highest occurrence, 23.6% in the upper right
second molar, 19.4% in the upper left first molar, and 17.2% in the upper left second molar.
Mesotaurodontism, which demonstrates lower occurrence compared to hypotaurodontism,
occurs with the highest occurrence of 5.2% in upper left second molars.
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Table 3. The frequency of hypotaurodontism, mesotaurodontism, and hypertaurodontism in
every molar.

Tooth Hypotaurodontism Mesotaurodontism Hypertaurodontism Total

16 13.7% 0.2% 0.0% 13.9%
17 23.6% 1.6% 0.8% 26.0%
26 19.4% 0.2% 0.0% 19.6%
27 17.2% 5.2% 0.0% 22.4%
36 2.3% 0.0% 0.2% 2.5%
37 13.2% 1.2% 0.3% 14.7%
46 4.2% 0.0% 0.2% 4.4%
47 4.2% 0.3% 0.3% 4.8%

4. Discussion

Taurodontism, which is defined as the enlargement of the pulp cavity of a molar tooth
at the expense of root length [25], was investigated amongst Israelis in one medical center.
The overall prevalence of taurodontism was 11.5% of all the molars examined and 33.6% of
all patients. The reported prevalence of taurodont molars in the literature ranges widely.
Lower prevalence of taurodontism in normal communities were reported in Germans
(2%) [26], earlier (1978) in Israelis (6%) [9], moderately higher in Turks (11%) [27] and
Iranians (23%) [7], with the highest reported in Brazilian (43%) [28] and Chinese (44%) [29]
communities. These differences in prevalence rates reported in the literature is attributed
not only to racial and ethnic differences, but also to the studies’ methodology [7]. The
criteria for the diagnosis of taurodontism in some studies are not comparable, as subjective
diagnosis is combined with an objective analysis of the cases presented. Moreover, the
wide range in prevalence in some reports was discovered using the same Shifman and
Chanannel’s methodology modified for panoramic radiographs, as performed in the current
study, can be ascribed to a focus on mandibular molars, [29] as well as exclusion of third
molars or inclusion of premolars [10]. The differences in the frequency of taurodontism
in the Israeli population between current research and the 1978 research [9] may be due
to several factors. First-possible differences may be derived from the differing methods
of measurements of x-ray radiographs used. Originally, a full mouth periapical and
posterior bitewing radiographs were used compared to panoramic radiographs in the
current study. The age group assessed by Shifman and Chanannel (1978) was between
20–30 years of age. By contrast, this study included patients between the ages 9 and 29.
Including 9 years of age and above may theoretically have led to the undervaluation of
the Variable 2 (T2), which is the distance between the lowest point of the roof of the pulp
chamber to the apex of the longest root, due to incomplete root development in multiple
molars, which is characteristic of that cohort [14,22]. However, it should be noted that
these abovementioned uncompleted roots were excluded in the current study, and all the
data presented relates to completed roots only. Therefore, the age differences of these two
Israeli studies are not considered a contributing or causative variable. A second factor
is the inclusion of the third molars (in the 1978 research) with a very low frequency of
taurodontism can lead to different understandings and findings. In general, some of the
studies reporting taurodontism reported only meso- and hypertaurodontism, ignoring
hypotaurodontism. [22] Finally, the variability of sample size differs. The smaller the
sample size, the more unrealistic the prevalence rate. Controversy exists regarding the
role of gender in the occurrence of taurodontism [7]. In the current study, taurodontism
was more prevalent in females (52% vs. 48%), but no statistical significance was detected.
Literature demonstrates controversy on this issue. This higher prevalence in females is
somehow expected since taurodontism may be related to the X chromosome [7–30] and
corresponds to a study carried out in China (56% in females in comparison to 44% in
males) [31]. However, others have reported an equal distribution between males and
females [7,25,28,32,33]. In the present study, the teeth most affected by taurodontism
were the maxillary molars (57% vs. 43%). This finding is in accordance with previous
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studies [7,34], in which taurodont teeth were significantly more common in the maxilla
than in the mandible. However, these results differ from those reported by other authors
who found higher frequencies of this anomaly in lower molars [28,32]. The prevalence of
taurodontism was almost equal without any statistically significant in the right and left side
of the jaws (p > 0.05). Specifically, the second right maxillary molar was the most affected
tooth, followed by the second left maxillary molar, the first left maxillary molar, and the first
right maxillary molar. Findings coincide with the geographically universal tendency for
taurodontism to increase as one proceeds distally along the molar row [25]. The exclusion
of third molars can dramatically influence the overall reporting of taurodontism, for three
main reasons—the low prevalence of third molars in the population, the incompletion of
root formation. In addition, the third reason is biased panoramic views of the geometric
distortion of tilting of mandibular third molars with respect to second molars [35]. These
factors could result in either an underreporting or, in some cases, an overreporting of
taurodontism [28,29]. Hypotaurodontism, the least severe type of taurodontism, was by
far the most common morphology of taurodontism observed with a prevalence of 94%.
The dominance of the hypotaurodontism is in accordance with and is even higher than
the findings of Weckwerth’s study [28] of hypotaurodontism in 84.1% of taurodont teeth,
mesotaurodontism in 10.1%, and hypertaurodontism in 5.8%.

Clinical Considerations

This highly frequent anomaly is of interest to numerous clinical, basic science, and
public health fields [36]. The abnormal root canals in taurodont teeth is both in terms of
shape and the number of encounters with complete filling of the root canal system [16].
The complex anatomy of the roots poses a challenge for a complete filling of the root canal
system [7] (Figure 4). Thus, vital pulpotomy may be a suitable alternative to pulpectomy
in severe cases of hypertaurodont teeth [5], a solution to be seriously considered. In
the deciduous dentition, when pulp has a large extent, pulpotomy itself is not easy to
perform. The extraction of a taurodont tooth is usually complicated because of a shift
in the furcation area down to the apical third with the roots turning shorter and thinner.
An apically placed furcation in the alveolar bone is the apparent preferred periodontal
approach [7]. However, this specific different morphology may well affect the gingival
line, relative to the neighboring normal teeth. Such an irregular gingival line may create
difficulties in maintaining oral hygiene and cause gingival inflammation and a risk for
periodontal breakdown, which may be a challenge to solve. The taurodont teeth occupy a
smaller space in the alveolar bone, which may affect their stability compared to a normal
tooth following their reduced ability to withstand normal occlusal wear forces [14,36].
This raises a question regarding their ability to maintain a functional passive eruption as
compensation [37]. Stability should be considered when such a tooth is used as an abutment
for either prosthetic or orthodontic purposes [7,16]. During orthodontic treatment, special
attention must be given to the orthodontic force application due to the reduced alveolar
bone support and risk factors for induced inflammatory root resorption of the shortened
roots [38]. An alternative treatment of clear aligners is a viable option over the fixed
appliances based on their effectiveness in shortening treatment duration [39] combined
with superior periodontal health [40].

The enlarged pulp chamber increases the chance of pulp exposure due to decay
or during tooth preparation. The apically positioned canal orifices and the complexity
of root canal anatomy and accessibility eliminates their feasibility as a source for core
retention through a post [41]. As mentioned, a deeply located furcation in the bone is
considered a protective mechanism against periodontal problems, [23] but the absence
of the cervical constriction poses some difficulties for preparing a tooth for a crown. The
first problem is the amount of tooth material that needs to be removed in these robust and
square teeth, in an attempt to avoid an over-contoured crown in the gingival interface,
which might block the imperative embrasure space and cause inflammation and home
oral hygiene. A second aspect is the relative long crown and short root substance in
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a taurodont tooth, implicating a variation in the attachment apparatus with a possible
decrease in alveolar stability, which jeopardizes the tooth’s prognosis. A third and separate
consideration is the enlarged pulp chamber, prone to be exposed during an extensive tooth
preparation [41]. A root canal, followed by a core build up and the preparation amount
demanded, may cause a problem in the cervical part in an attempt to place a crown on
sound tooth material [42,43]. An important matter to be discussed is whether a post is
needed for the core build up, when on the one hand there is a large pulp chamber, but on
the other, there are limited retention abilities of the shortened roots necessary to supply
retention forces for the core build up (Figure 3).
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Preparing a compromised root in length and form for a post is definitely in question,
but due to the improved abilities today to adhesively cement composite core material to
the dentinal walls, this post becomes redundant [44–47].

The relatively large sample size and the strict exclusion criteria conducted were
among the strengths of this study and increased the reliability of our findings. The gold
standard of assessing root length is a periapical radiograph. However, the assessment
of taurodontism according Shifman and Chanannel’s methodology, which is modified
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leading to distortions such as elongation or foreshortening of the image. This can ultimately
skew linear measurements in 2D radiography and affect the visualization of important
structures that may impact measurement accuracy [14,21].

5. Conclusions

Taurodontism is a morpho-anatomical change in the shape of a tooth, which involves
enlargement of the body of the tooth and shortening of the roots. This highly prevalent
phenomenon, predominant more in upper dentition that occurs more in second molars
relative to first molars, requires meticulous attention both for the clinical and radiological
diagnosis. Clinicians need to be more aware of the various and different dental treatment
modalities that can be chosen and implemented according to the diagnosis.
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