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ASSOCIATION BETWEEN ANATOMICAL
ANDMORPHOLOGICAL FEATURES OF THE DENTAL
ROOT AND PERIODONTAL DISEASE:

A COMPREHENSIVE REVIEW

ACOLMJALINJA NMOMEIY AHATOMCKO -
MOP®OJIOWLWKUTE KAPAKTEPUCTUKUN HA KOPEHOT
HA 3ABOT U NAPOOOHTAJIHATA BOJIECT:
PEBWUJAIJIEH MNPEITIEQ

Dollaku Shkreta B.!, Popovska M.?, Georgievska Jancheska T.?

'Faculty of Medicine, University of Prishtina, Republic of Kosovo, 2USKC “St. Pantalejmon”, Skopje, Republic of North Macedonia, *Center for
Rehabilitation of Verbal Communication Pathology, Faculty of Medicine, Ss. Cyril and Methodius University in Skopje, Republic of North
Macedonia

Abstract

Introduction. Periodontal disease, as a chronic inflammatory condition affecting the tissues surrounding the teeth, is a major health concern. Various factors contribute
to the development and progression of periodontal disease, including genetic component, environmental factors, and specific anatomical and morphological charac-
teristics of the dental root. Aim: To record therisk factors associated with periodontal disease focusing on the anatomical and morphological characteristics of dental
roots. Material and method: A systematic search of databases including PubMed, Scopus and Google Scholar was conducted to identify relevant studies published
up to March 2024. The keywords used in search term were “root morphology”, “root concavities”, “root grooves”, “root proximity”, “furcation anatomy” and “periodontal
disease”.Selection criteria included English-language studies that provided quantitative or qualitative data on the impact of morphological variation on periodontal health.
Results: By reviewing the current literature and numerous empirical studies, this paper elucidates how these anatomical factors contribute to the progression of peri-
odontal disease and discusses the implications in clinical practice, emphasizing the need for tailored preventive and therapeutic approaches based on individual
anatomical conditions. Conclusion: The anatomical and morphological characteristics of the dental root are crucial inthe diagnosis and management of periodontal
disease. These features not only affect how the disease starts and progresses, but impact the success of periodontal treatments as well. Dental professionals need to
consider these factors in their clinical practice in order to personalize prevention and treatment plans effectively. This can lead to better periodontal health outcomes
and help preserve patients’ teeth. Keywords: periodontal disease, root morphology, root concavity, developmental grooves, root proximity.

AncTtpakt

Bogep: MapogoHTanHarta 60necT kako eaHa XpoHW4Ha BocnianuTenHa cocTojba BO koja Ce adheKTpaHuTkvBaTa okony 3abute e ronem 3apascTBeH npobnem. Pasnnyxu
(haKTopu MPWAOHECYBAaT 3a pa3Boj W MpOrpeckja Ha MapofoHTanHaTa bonecT, BKyJyBajkv ja reHeTckata KOMMOHEHTa, (hakTopuTe O OKONMHATa U CreuuduyH1Te
aHaToMCKIn M MOPChOMOLLIKV KapaKTEpUCTUKN Ha KOPEHOT Ha 3abor. Lien: [la ce eBvaeHTMpaaT dhaktopuTe Ha puik MoBp3aHK Co NapofoHTanHata bonect, hokycupajku
Ce Ha aHaToOMCKTE 1 MOPCHOMOLLIKMTE KapaKTEPUCTUKY Ha KOpeHuTe Ha 3abuTe. Matepujan  meToa: CnpoBefieHo e cucTeMaTcKo npebapyBatbe Ha 6asn Ha nogaTouu,
BKnyyyBajkv i PubMed, Scopus u Google Scholar co Len fa ce ugeHTUduKyBaaT peneBaHTHU CTyaumM objaBeHm 3aknyyHo co MapT 2024 roguHa. KnyuHute 36oposu
KopucTeHn Bo npebapyBateTo bea ,Mopdonorvja Ha KOpeHoT", ,BAnabHaTUHW Ha KOpeHWUTe', ,KOHKABUTETW Ha KOpeHuTe", ,OMMCKOCT Ha KopeHuTe', ,dypKaLmoHa
aHatommja“ 1 ,napofoHTanHa Gonect”. KputepuymuTe 3a 36op By4yBaa CTYAMM Ha aHITMCKY jasuk kon 0besbenvja KBaHTUTATVBHI UK KBANUTATVBHI NOAATOLN 38
BIYjaHNETO Ha MOPEONOLLKUTE BapujaLyi Ha NapodoHTanHoTo 3apasje. Pesyntatu: Co nperned Ha TekOBHaTa nuTepatypa v BpojHI eMnupuckv CTYAWN, 0BOj TPYA,
pasjacHyBa kako OBME aHaToMCkv (hakTopu MPUAOHECYBaaT 3a Mporpecujata Ha MapodoHTanHata bomect U r AucKyTpa UMNAMKaLMMTE BO KIMHWYKATa Mpakca,
1CTakHyBajkv ja notpebata 3a npunaroeH| NPEBEHTUBHM U TepaneBTCKY NpucTany 6asupany Ha MHEMBUAYaNHM aHaToMcky cocTojou. KnyyHu 360poBu: napogoHTanHa
Bonect, Mopdponoruja Ha KopeH, KOHKaBUTET Ha KOPeH, Pa3BojHi BANabHaTUHK, BrinanHa Ha KOpeHN.
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Introduction

Periodontitis is a chronic multifactorial inflammatory
disease associated with dysbiotic plaque biofilms which
are the causeof progressive destruction of the tooth-sup-
porting structures that may lead to tooth loss'.

Consideringthat periodontitis is the most prevalent
chronic inflammation in humans?, severe periodontitis is
also the sixth most prevalent disease of mankind® and an
important dental public health problem*. Approximately
10% of the global adult population is highly vulnerable to
severe periodontitis, and 10—15% appears to be complete-
ly resistant to it, while the remainder varies between these
two situations'.The prevalence and rate of destruction
increase gradually with age, showing a steep increase
between the 3 and the 4th decade of life'.

The etiopathogenesis of periodontitis involves the com-
plex interplay between pathogenic microorganisms in dental
plaque and the immune responseof the host, leading tode-
struction of the supporting tissues of the teeth>. While bacte-
rial plaque is the primary etiological factor, the susceptibili-
ty and severity of periodontal disease can be exacerbated by
various other factors, including genetic predisposition, sys-
temic conditions, environmental factors and specific
anatomical features of teeth (Table 1). Among these, inher-
ent anatomical and morphological factors of the dental root
play a critical role in disease progression by affecting plaque
accumulation and complicating oral hygiene efforts. This

review aims to elucidate the impact of these anatomical risk
factors on periodontal health, drawing on a wide range of
empirical studies to provide a comprehensive overview.

Material and method

A systematic search of databases including PubMed,
Scopus, and Google Scholar was conducted to identify
relevant studies published up to March 2024. Keywords
used in the search included "root morphology," “root con-
cavities”, "root grooves," "root proximity”, “furcation
anatomy”’ and "periodontal disease." The selection criteria
included studies in English that provided quantitative or
qualitative data on the impact of root morphological vari-
ations on periodontal health. Due to the nature of the
topic, a systematic review cannot be performed and the
evidence is presented in a narrative format.

Results

Several tooth-related anatomical and morphological
features associated to periodontal disease have been identi-
fied in literature (Table 2). For instructive purposes we have
classified them in three major categories: root morphology
(which includes morphological features of the root such as
root abnormality in terms of shape, width and length; root
concavities; radicular grooves and furcation anatomy), root
surface aberrations (which includes enamel cervical projec-
tions and enamel pearls) and root proximity.

Table 1. Determinants of clinical periodontal health (Lang & Bartold, 2018)°

Microbiological Determinants of Clinical Periodontal Health

Supragingival plaque composition

Subgingival biofilm composition

1. Local predisposing factors

1.1. Periodontal pockets

1.2. Dental restorations

1.3. Root anatomy

1.4. Tooth position and crowding

2. Systemic modifying factors

Host Determinants of Clinical Periodontal Health

2.1. Host immune function
2.2. Systemic health
2.3. Genetics
Environmental Determinants of Clinical Periodontal Health
Smoking
Medications
Stress
Nutrition

Macedonian Dental Review. ISSN 2545-4757, 2024; 47 (1): 1-8



Table 2. Significant anatomic features of the teeth (Matthews & Tabesh, 2004 )¢

Root trunk length; averages

Second molar
Bifurcation ridges

Tooth Anatomic feature (ref.) Prevalence (ref.)
Maxillary Palatal groove o
incisors 98% all grooves found in lateral incisors 0.79(5)-21% (51)

Root trunk length; averages 4-14.6 mm (57)
Maxillary first Furcal concavity on palatal aspect of buccal root 62% (57)
bicuspids Mesial root concavities 100% (14)
Furcation entrance diameter <0.75 mm 57% (15)
Furcation entrance diameter <0.75 63% (15)
Root trunk length; averages
Maxillary Mesial: 3.5 mm (99) — 4.2 mm (15)
molars Buccal: 4.0 (99) — 4.8 mm (15, 93)
Distal: 3.3 (12)
Cervical enamel projections 32.6% (112)
Furcation entrance diameter <0.75 mm 50% (15)

Buccal: 2.4 mm (15) — 3.14 mm (70)

Mandibular Lingual: 2.5 mm (15) — 4.17 mm (70)
molars Cervical enamel projections
First molar 80.4% (52)

48.4% (52)
65,5% (52) -76% (18)

a) Root Morphology

The dental root is a critical factor for the function,
stability, and long-term retention of the tooth. There are
several aspects of its morphology that have been shown
in numerous studies. In relation to them, it has been
proven that they influence the sensitivity and progres-
sion of periodontal disease. Such aspects include:

Root abnormality in terms of shape, width and length

A wide range of root shapes are commonly observed
clinically. Meng et al.” categorized the most common
shapes into five types: cone-root (considered the golden
standard); slender root;curved root; maladjusted propor-
tion of crown and root; and syncretic root (Table 3).

In literature, a common association between root
abnormality and aggressive periodontitis has been
established. Several studies, especially in Chinese
patients, have documented a higher presence of root
abnormalities in patients with aggressive periodonti-
tisthan in patients with chronic periodontitis or gingivi-
tis*'",

Xu et al.® found that the prevalence of root abnormality
was higher in patients with aggressive periodontitis
(14.3%) than in those with chronic periodontitis (5.0%) and
periodontal healthy individuals (3.7%).In another study,
Chung et al." analysed the periodontal attachment loss of
each tooth according to root form. In thecomparison
between root shape abnormality and periodontal attach-
ment loss regardless oftooth type, type V root shape was

Table 3. Root abnormality classification according to Meng, 2007[7]

Type Type of root Description
| Cone root Normal root
| Slender root Root morphology is too thin
1] Curved root Root form is curved
v Maladjusted proportion of crown and root Root form is abnormally short or long
\' Syncretic root Two- or three-root fusion
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associated with the highest periodontal attachment loss at
6.09+2.11 (P=0.01).

Luet al.’ proved that abnormal root shape is an adverse
prognostic factor in patients with aggressive periodontitis;
they found that during the periodontal support therapy,
patients with > 4 teeth with root abnormalities had a higher
risk of tooth loss (OR=3.52, 95% CI 1.06-11.76, P=0.035).

While most studies in the past have been carried out on
extracted teeth, the advent of the cone-beam computed
tomography, with its multiple advantages in comparison to
conventional dental radiology techniques, has made it pos-
sible to investigate in vivo the anatomical and morphologi-
cal peculiarities of the dental root and their contribution in
the onset and progression of periodontal disease. A very
recent CBCT-based study by Aykol-Sahin et al." examined
the association between periodontal disease and root length
and taper in single- rooted teeth.In this study, root length
was identified as a potential protective parameter, as the
risk of being diagnosed with periodontitis decreases when
root length increases by 0.785 times (p = 0.043). Shortroot,
and increased root-taper at specific teeth, were found to be
important risk indicators for periodontitis.

Periodontal support is largely dependent on the surface
of its attachment to the dental root.

Reduced root surface attachment area due to a congen-
ital abnormality or disease process may compromise peri-
odontal support. Different authors have argued that condi-
tions such as short roots, conical roots, and syncretic roots
have relatively minor surface areas of periodontal ligament
compared to normally shaped roots; hence, overloading of
such teeth may accelerate the process of periodontal
destruction’. In addition, curved roots transfer adverse lat-
eral force during physiological functioning (mastication);
these lateral forces may lead to localized stress shielding
and accelerated breakdown of the periodontal ligament.
Mathematically, in experiencing the same amount of bone
destruction, short roots lose higher proportions of peri-
odontal support than long roots (Figure 1).

Figure 1. Comparison of normal and abnormal root
shape, Meng et al., 20007

Root concavities

Root concavities are another morphological feature of
the dental root that is associated with periodontal disease.
Root concavities can vary from shallow flutings to deep
depressions. Typically, they are present in the proximal sur-
faces of the roots of the maxillary first premolars and
mandibular incisors, the mesiobuccal root of the maxillary
first molar and both roots of mandibular first molars.These
concavities are wider in the maxillary than the mandibular
teeth and since they are exposed early in the destructive dis-
ease process, theycan create niches that accumulate plaque
and calculus, thereby hindering effective cleaning either by
the patient or by the dentist.

According to the position of root concavities, Ong and
Neo" classified them into five groups: Type I: no concavi-
ty on the root; Type II: concavity starting at the enamel;
Type III: concavity starting at the cemento-enamel junction;
Type IV: concavity starting at the cervical third; Type V:
concavity starting at the apical third (Figure 2).

Many authors have reported the incidence of root con-
cavities in different teeth,an incidence that varies between
studies, not only due to the genetic diversities of the studied
population, but also because of the fact that previously, such
morphological peculiarities were studied in extracted teeth,
whereas now, with the use of CBCT technology, they can
be studied in vivo.According to Fan et al.", there is a high
prevalence of mesial cervical concavity among maxillary
first premolars (64.5% in single-root maxillary first premo-
lars and 73.8% in two- root maxillary first premolars) with
an increase of its prevalence and degree of concavity with
the increase of the number of roots.

Research indicates that root concavities are associated
with increased risk of periodontal disease. Using three-
dimensional reconstruction by cone beam computed
tomography, Zhao et al.” investigated the influence of first
premolar root concavity on clinical indices of chronic peri-
odontal disease and alveolar bone defect, demonstrating a
significantly higher mean probing depth and clinical attach-
ment loss in first premolars with root concavities compared
with those without concavity. Moreover, in the same study,
significantly different types of alveolar bone defects and
plaque accumulation were observed when comparing first
premolars with concavities and those without a concavity.
The study concluded that root concavities may be important
in contributing to local periodontal disease of the first pre-
molars.

Bhavya et al."” conducted a similar study that evaluated
the correlation between the root concavities in premolars
and mandibular molars with chronic periodontitis. They
also drew the conclusion that the association between root
concavities of premolars and mandibular molars and peri-
odontal disease could be rather more significant than had
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Figure 2. Three-dimensional reconstructions of root concavities from CBCT images of first maxillary premolars, represent-
ing the 5 types of root concavities according to Ong's classification and Zhao et al. 20147,

been previously thought. Similarly, evaluating in CBCT
reconstructions, the relationship between mesial concavity
of the maxillary premolars and their clinical indices of
chronic periodontitis, Chen et al." concluded thatroot con-
cavities may be important contributing factors to the local-
ized periodontal disease of the first premolars.

a) Rad3icular grooves

The radicular groove is a developmental anomaly in
which an infolding of the inner enamel epithelium and
Hertwig’s epithelial root sheath creates a groove that
passes from the cingulum of the maxillary incisors api-
cally onto the root. Root grooves are most commonly
found in maxillary incisors-with a higher incidence in
maxillary lateral incisorsand can vary in depth and
length (Figure 3). They can be found on the buccal or

lingual/palatal side, located either mesially, centrally or
distally. The prevalence of radicular grooves, described
in previous studies, ranges from approximately 2 to 10%
for palatal, and from 4 to 5% for buccal grooves'”?'. The
differences in prevalence among studies could be attrib-
uted to disparate study methodologies and/or found in,
genetic diversities between the examined populations.

Type I: short groove (not beyond the coronal third of the
root). Type II: long and shallow groove (beyond the coro-
nal third of the root). Type III: long and deep groove
(beyond the coronal third of the root), associated with com-
plex root canal system - Alkhatanyet al., 2022,”

The presence of root grooves has been linked to local-
ized periodontal destruction due to their role in harbouring
plaque®*. Lee et al.”* described eleven cases where unilat-
eral and bilateral defects in lateral incisors were associated
with moderate/severe periodontal disease.Another study*

Type I

P : Palatal view, i: Incisal view.

Type I1 ‘ Type I11

Figure 3. Gu’s Classification based on the severity of the palatoradicular groove
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examined the association between palatoradicular grooves
and periodontal health by measuring the plaque index,
bleeding index, and pocket depth in 552 maxillary lateral
incisors in Saudi adults. They reported that teeth with an
apical groove showed a plaque index anda bleeding index
of 100%; thus, the apical extension of the groove was sig-
nificantly associated with poor periodontal health.

In some cases,even the dental pulp may be affected,
presenting the clinical manifestation of an endo-perio lesion
that is the result of the combination of a primary periodon-
tal lesion with secondary involvement of the pulp. This
occurrence emphasizes the importance of correctly diag-
nosing and treating periodontal lesions associated with
radicular grooves.

Furcation anatomy

Longitudinal studies have demonstrated that molar
teeth, especially maxillary molars are the most affected by
periodontitis, and that in these teeth the tooth survival rate
is significantly related to the furcation involvement”. In
multiradicular teeth, the progression of periodontal disease
is usually higher in furcation areas. Furcation involvement,
a condition where periodontal disease affects the area
between the roots of multiradicular teeth, poses a signifi-
cant challenge in the management of periodontal disease.
The complex anatomy of furcation areas, with limited
access for instrumentation and plaque control, contributes
to the rapid progression of periodontal destruction.
Moreover, the presence of furcation involvement is associ-
ated with a higher risk of tooth loss and a less favourable
response to periodontal treatment.

Several morphological factors such as root trunk length,
furcation entrance and the anatomy in the prefurcation area
have been evaluated morphometrically in existing litera-
tureZX,ZQ.

The severity of furcation involvement is highly depend-
ent on the relationship between the amount of attachment
loss and the root trunk length, a parameter used to describe
the distance from cementoenamel junction to the furcation
entrance. A short root trunk would result in an early devel-
opment of furcation involvement, already at initial or mod-
erate stages of breakdown of the attachment apparatus.
Conversely, an apically located furcation would be more
protected in the initial stages of marginal periodontitis®.
Similar findings were reported by Madi et al.” who inves-
tigated, among other parameters, the length of the root
trunk in the mandibular molars of periodontitis and non-
periodontitis patients. This CBCT-based, cross-sectional
study found that the first molars of non-periodontitis
patients (4.65+0.90) had significantly longer (p=0.007) root
trunks than periodontitis patients(4.09+1.02). Anyway, in
spite of being more vulnerable to furcal involvement,
molars with short root trunks have a better prognosis after

treatment, due to the fact that it is presumed that less peri-
odontal destruction has occurred. In contrast, molars with a
long root trunk and short roots may not be a candidate for
root resection, since these teeth lose more periodontal sup-
port with furcal involvement™.

Another important factor that can influence the effective-
ness of the furcation involvement therapy is also the diame-
ter of thefurcation entrance. Bower et al.” found that 81% of
furcation entrances were <Imm, whereas 58% were < 0.75
mm, which means that in the majority of teeth, the furcation
entrance is narrower than the width of the standard Gracey
curette. Narrow furcation implies an increased difficulty of
access, even in a surgical approach, through furcation
entrances for complete root debridement - leading to a poor
periodontal outcome. A similar conclusion was also drawn by
Marcacciniet al.® in their morphometric study of the root
anatomy in furcation area of mandibular first molars.

b)  Root surfaceaberrations

Cervical enamel projections

Cervical enamel projections represent a dipping of the
enamel from the cemento-enamel junction towards the fur-
cation area of the molars (Figure 4). They are more preva-
lent in mandibular second molars than either in first
mandibular or maxillary molars. Since a connective tissue
attachment is not possible on the enamel, the presence of
cervical enamel projections has been considered to be a
contributory factor in furcation involvement.

Figure 4. Second mandibular molar showing cervical
enamel projection extending into the furcation on the buccal
surface®

Hou et Tsai* reported the prevalence of cervical enam-
el projections in molars with and without furcation involve-
ment. 82.5% of molars cervical enamel projections exhibit-
ed furcation involvement, while this was true forl7.5% of
molars that had no cervical enamel projections.

Enamel Pearls

Enamel pearls are less common than cervical enamel
projections, with a mean incidence of 2.6% and a variation
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Figure 5. Radiographic presentation of an enamel pearl
on a maxillary second molar resulting from periodontal
destruction Matthews &Tabesh, 2004°

of 1.1% to 9.7% depending on tooth type and location, as
found in a literature review”. They are most commonly-
found in the maxillary third molar, with the mandibular
third molars and maxillary second molars being the second
most common position*. One pearl per root is the most
common occurrence, but two or more pearls have also been
identified*.

Various studies have found an association between
enamel pearls and adjacent localized periodontal destruc-
tion**. The presence of enamel pearls can affect mechani-
cal control of dental biofilm, since they serve as niches
which retain bacterial biofilm and dental calculus promot-
ing the progression of periodontal disease (Figure 5).

¢) Root proximity

Root proximity refers to the closeness of adjacent tooth
roots, which can reduce the interdental space crucial for
effective cleaning. According to Vermylenet al.”, it is a term
used to describe the situation where there is 0.8 mm or less-
bone or interdental tissue present between the two involved
roots, as measured radiographically. This anatomical fea-
ture is commonly observed in the posterior dentition of the
maxilla between the first and the second molar,but also
anteriorly, between the central and lateral incisor. In the
mandible, it is more prevalent both between the central inci-
sors and between the central and lateral incisor.

In a case-control study, Vermylenet al.*® compared on
full mouth periapical radiographs the root proximity in
patients with advanced periodontal disease and controls
without periodontal disease. They found that root proximi-
ty was a very common occurrence in patients with
advanced periodontal disease (with 94.4% of them having
at least one interdental space with root proximity and 75%
of them having severe root proximity), while not so com-

mon in patients without periodontal disease (with 64% of
them having at least one interdental space with root prox-
imity and only 30% having severe root proximity). Also,
their study showed that a patient with bilateral root proxim-
ity has a 3.6 times higher risk of being affected by peri-
odontitis, concluding that root proximity must be taken into
consideration as a risk indicator for periodontal disease.
Close root proximity can lead to interdental bone loss and
furcation involvement.They reported that root proximity
was a significant predictor of furcation involvement in
lower molars, independent of other factors like overall
plaque levels and smoking.

Recent CBCT-based studies®, that evaluated the associ-
ation between root proximity and periodontal disease both
in the anterior and the posterior dentition, confirmed the
findings of previous authors and concluded that root prox-
imity could be considered an important risk indicator for
periodontal disease.

Conclusions

Anatomical and morphological characteristics of the
dental root are pivotal in the risk assessment and manage-
ment of periodontal disease. These features not only influ-
ence the initiation and progression of the disease but also
affect the efficacy of therapeutic interventions. Dental pro-
fessionals must consider these factors in their comprehen-
sive assessment to tailor prevention and treatment strategies
effectively, thereby improving periodontal health outcomes
and preserving the dentition. While the current literature
provides valuable insights into the relationship between
anatomical and morphological factors of the dental root and
periodontal disease, further research is needed to fully
understand the complex interactions between these vari-
ables. Future studies should focus on longitudinal investi-
gations to assess the long-term impact of anatomical and
morphological characteristics on periodontal health.
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