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Morphometric study of the root anatomy in
furcation area of mandibular first molars
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ABSTRACT

urcation involvement in periodontal disease has been a challenge for the dentist.

Objective: The aim of this study was to investigate root dimensions in the furcation
area of 233 mandibular first molars. Material and Methods: Digital photomicrographs
were used to obtain the following measurements on the buccal and lingual surfaces of
each tooth: root trunk height (RT), horizontal interadicular distance obtained 1 mm (D1)
and 2 mm (D2) below the fornix and interadicular angle (IA). Results: Mean+ standard
deviation of buccal and lingual furcation measurements were, respectively, 1.37£0.78 mm
and 2.04£0.89 mm for RT; 0.86+£0.39 mm and 0.71£0.42 mm for D1; 1.50+£0.48 mm and
1.38+0.48 mm for D2; 41.68+13.20° and 37.78%+13.18° for IA. Statistically significant
differences were found between all measured parameters for buccal and lingual sides
(p<0.05, paired t test). Conclusions: In conclusion, the lingual furcation of mandibular
first molars presented narrower entrance and longer root trunk than the buccal furcation,
suggesting more limitation for instrumentation and worse prognosis to lingual furcation
involvements in comparison to buccal lesions.
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INTRODUCTION

Destructive periodontal disease is defined as an
inflammatory condition of infectious primary cause,
resulting in marginal alveolar bone resorption
and attachment loss’. As the destruction of the
periodontium progresses apically, the furcation of
multirooted teeth is exposed, leading to irreversible
bone loss in the interadicular area?s.

The Glossary of Periodontal Terms defines
furcation as “the anatomic area of a multirooted
tooth where the roots diverge” and furcation
invasion refers to the “pathologic resorption of bone
within a furcation”2.

Effective instrumentation of furcation defects
have always been a challenge for dentists'>?° due
to the limited accessibility through the furcation
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entrances as well as the complex anatomy and
morphology of molar teeth3%4, In addition, the
morphology of the furcation region provides
an environment favorable to bacterial plaque
retention, which hampers professional and personal
dental plagque control and affects positively the
pathogenesis of periodontal destruction!>?’. For
those reasons, teeth with furcation involvement
in periodontal disease have been shown to have
a poorer prognosis than teeth without furcation
involvement3®. Therefore, the dentist must have
a thorough understanding of furcation anatomy
to accurately assess etiological factors, diagnose
the furcation involvement and treat this condition
appropriately®>*4, Correct definition of the horizontal
furcation involvement degree is important to choose
the best treatment and determine the prognosis
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of furcated teeth. Several studies have focused on
anatomical features of molar teeth?3>61317,22,2531,
The main anatomical considerations are: root trunk
and furcation entrance dimensions, root surface
area, and root separation distances.

According to previous studies, root trunk
dimensions play an important role in the periodontal
disease process due to its significant relation
to both prognosis and treatment of the tooth?3.
Concerning the furcation entrance dimensions, a
high percentage of mandibular first molars have
width values equal to or less than 0.75 mm. These
values are smaller than the width of common
curettes, which means that such instruments
do not clean appropriately the dental surface
in the furcation entrance area?#82% Thus, the
effectiveness to instrument the furcation entrance
area is compromised because such curettes do not
fit in this area. Another feature of molar anatomy
is root separation area in furcation region, which
corresponds to the portion where the roots are
separated by alveolar bone. The measurement of
this area tends to increase apically demonstrating
how divergent the roots can be3!. Interadicular
separation higher than or equal to 2 mm has been
associated with the improvement of the furcation
healing after regenerative therapies?s.

The aim of the present study was to investigate
the morphology of the furcation area of mandibular
first molars comparing buccal and lingual sides,
based on the limited information regarding this
comparison.

MATERIAL AND METHODS

The experimental sample consisted of 233
mandibular first molars from the Human Tooth
Bank of the Laboratory of Anatomy, Department
of Morphology, Araraquara Dental School, UNESP,
Brazil. For sample selection, teeth should present
good conditions, in other words, teeth with caries,
fused roots, calculus or restorative treatment
that could interfere in the area of interest were
excluded. The reasons for tooth extraction and any
information about possible periodontal treatment
before extraction could not be identified. The
present study was approved by the Research Ethics
Committee of UNESP (protocol number 13/05).

After selection of teeth, reference points were
marked on the buccal and lingual surfaces of each
tooth with a 0.3 mm graphite pencil, under a
stereomicroscope Leica MZ6 (Leica Microsystems,
Heerbrugg, Switzerland). Initially, a line was drawn
on the cementoenamel junction (CEJ), and a point
mark indicated the fornix of the furcation entrance.
In each root, two other dots were performed, at
1 mm and 2 mm apical to the fornix point. After,
the teeth were fixed in a red wax plate, in order to
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standardize tooth position and facilitate points and
lines visualization. A small piece of millimeter paper
was fixed on the tooth crown to allow resolution
adjustment and stereometric measurements
conversion from pixels to millimeter after taking
the photomicrographs (Figure 1).

Photomicrographs were taken at 15x
magnification using a digital camera DXC-107
A/107 AP (Sony Electronics Inc., Tokyo, Japan).
The images were transferred to a microcomputer
and image analysis software (Jandel Sigma Scan
Pro, Jandel Corporation, San Rafael, CA, USA) was
used for stereometric analysis.

In the digital images, the following lines were
drawn: line 1) a horizontal line tangent to the
highest points of the CEJ of each root; line 2) a
line parallel to the previous one, passing through
the point of the fornix; lines 3) and 4) horizontal
lines binding the points of each root, corresponding
to 1 mm and 2 mm apical to the fornix. Lines 1
and 2 were used to obtain the measurement of
the root trunk (RT). Lines 3 and 4 determined the

2 EE

Figure 1- Buccal (a) and lingual (b) surfaces of a
mandibular molar with line and reference points

Figure 2- Reference lines 1, 2, 3 and 4 for Stereometric
analysis
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interadicular distance.

After the lines were drawn, the following
measurements were taken (Figure 2):

RT (root trunk)= distance between the fornix and
the highest point of the CEJ; D1= distance between
the mesial and distal roots 1 mm apical to the
fornix; D2= distance between the mesial and distal
roots 2 mm apical to the fornix; IA (interadicular
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For the IA measurement, two lines were drawn
along the inner wall of the mesial and distal root.
The angle formed between the intersection of these
two lines was recorded as the IA. Also, the average
of three measurements corresponding to 1 mm in
the grid paper on each digital image was obtained.

1A
45 -
40
35-
30
25-
20
154
104

416841320

0.0

Buccal Lingual

D2
20

1.54

1.50%0.48
1.0

0.54

0.0

Buccal

Lingual

Figure 3- Mean and standard deviation (SD) values of root trunk height (RT), D1 and D2 linear measurements (mm) and
interadicular angle (IA) measured on the buccal and lingual surfaces of mandibular first molars (n=233)
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Figure 4- Pearson’s correlation analysis between buccal and lingual surfaces for root trunk height (RT) (a), D1 (b), D2 (c)
and interadicular angle (IA) (d) measurements (n=233, p<0.001)
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This value allowed the conversion of all linear
measurements from pixel to millimeters.

All measurements obtained in this study had
normal distribution according to Gaussian curve,
allowing parametric statistical analysis. Hence,
all data were expressed as the meanzstandard
deviation of buccal and lingual furcations and
comparative analysis between both sides was
performed. For the evaluation of the variables RT,
interadicular distance at 1 mm (D1) and 2 mm
(D2) and IA statistical analysis was performed
using a paired t test, comparing buccal and lingual
measures. Correlations between buccal and lingual
measurements were calculated using the Pearson’s
correlation coefficient. The level of significance was
set as p<0.05.

RESULTS

The results are presented by Figures 3 and
4. Statistically significant differences were found
between all measured parameters for buccal
and lingual sides (p<0.05). The buccal RT was
significantly shorter than the lingual RT (p<0.001).
The interadicular distance increased apically for
both sides and the buccal side of the furcation
presented greater D1 and D2 distances than the
lingual side (p<0.001). The IA of the lingual side
was significantly smaller than that of the buccal
side (p<0.001).

DISCUSSION

Thorough knowledge of root anatomy is
mandatory in periodontal therapies as it is
intimately associated with the establishment of
an accurate diagnosis and the correct choice of
the treatment modality to provide optimal long-
term prognosis of the teeth. The main finding of
the present study was that the lingual furcation is
anatomically different from the buccal furcation for
all measurements evaluated, which probably affects
disease establishment and prognosis.

The severity of furcation involvements is directly
associated with the relationship between the
amount of attachment loss and the RT length?6.
In the present study, morphometric analysis of
mandibular first molar furcation area revealed
longer lingual root trunk in comparison with buccal
root trunk, as shown in Figure 3. This finding is in
accordance with those of previous studies®10:13:14,
Short RT is more likely to develop early furcation
involvement and attachment loss in the presence of
periodontal disease because it has less surface area
for periodontal attachment®:. Even though, once
the disease is installed, reduced RT lengths tend to
lead to satisfactory periodontal treatment outcomes
because of their easier access!/!3-1517.19.24.29  A|so,
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short RT has been associated with longer individual
roots and, consequently, greater potential for
corrective therapy!*'>. However, in the initial
stages of the periodontal disease, long RT has a
more favorable prognosis compared to the short
one, because it protects the furcation from disease
involvement. On the other hand, if the furcation
is affected, the prognosis is poorer for longer
RT, because the access for instrumentation is
hampered>?* and the roots are shorter indicating
reduced chance of repair after periodontal therapy.
In addition, it has been reported that there is no
root trunk longer than 6 mm, which implies that if
you have 6 mm of attachment loss in a multirooted
tooth, you are probably dealing with a tooth with
furcation involvement®.

The furcation entrance measure is extremely
important in anticipating the success of periodontal
therapy. In this study, the lingual furcation was
statistically narrower than the buccal furcation
based on the interadicular distances (D1 and D2)
and on the interadicular angle differences. This is
the first study to find this particular feature of the
first mandibular molar in respect to its interadicular
width and relationship between the buccal and
lingual surfaces. Narrow furcation implies an
increased difficulty of access through furcation
entrances for complete root debridement leading
to a poor periodontal outcome?#824, On the other
hand, longer root trunk ends up compensating
for this characteristic of the lingual side because
it makes the furcation access more difficult,
preventing early periodontal involvement. This is a
positive relationship between root trunk dimension
and interadicular distance/angle found in this study,
since these features reduce the chance of dental
plaque accumulation in the furcation entrance.

Curettes are the manual instruments commonly
used during periodontal therapy to produce a
smooth and biologically acceptable surface and
to permit satisfactory healing!'3. The blades of
these instruments play an important role since
they must present a width that allows correct
and effective root debridement. However, narrow
furcation entrance dimensions may complicate the
periodontal treatment of furcation involvements*
as the active tip of most instruments (e.g.: Gracey
curette) present width of 0.95-1.2 mm and do
not fit in the furcation region?2¢. Considering the
furcation entrance as well as the blade width of
periodontal instruments, various studies have found
this type of difficulty in periodontal therapy in molar
furcations?26,

It is important to emphasize that the interadicular
distance of 1 mm from the furcation fornix (D1) is
the most critical measurement obtained because
it is narrower and more coronal, corresponding
almost to the furcation roof of the teeth. This is
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the first area to be infected when the furcation is
involved, and the most difficult region for the dentist
to access and perform a correctly instrumentation
during the periodontal treatment. A recent study
evaluating the radiographic characteristics of
furcation involvements showed that narrower
root furcations may have better outcomes after
nonsurgical periodontal therapy because they are
less exposed to contaminants and have less root
irregularities?s.

Regarding regenerative therapy, Pepelassi, et
al.'8(1991) have stated that interadicular separation
of 2 mm or greater provides more favorable
regenerative healing. On the other hand, Pontoriero,
et al.?02! (1988,1989) have found that furcation
width - interadicular separation area — greater than
4 mm? and entrance height of 3 mm or greater failed
to heal with complete defect closure. This means
that there may be limitation values for interadicular
separation - size and height of the furcation defect
- that promotes a favorable healing on regenerative
therapies.

The positive correlation obtained in this study
between buccal and lingual sides suggests that
teeth with difficult access to one surface will
probably have the same difficulty on the opposite
side. This finding has implications for clinical
therapeutic practice.

Reports by other studies confirm that the
morphology/anatomy of mandibular first molars
is extremely complex and must be thoroughly
understood to improve success rate of periodontal
therapy!®2226 The results of this study call attention
to the importance of the furcation dimensions in
these teeth to a better clinical practice, involving
diagnosis, prevention and treatment of periodontal
disease.

CONCLUSIONS

This is the first study that compared buccal
and lingual surfaces of first mandibular molar
demonstrating significant differences based on
the interadicular width. According to the present
findings, mandibular first molars have anatomically
narrower interadicular distance and greater root
trunk height in the lingual surface than in the buccal
surface. These observations have implications for
clinical practice in the treatment planning and
prognosis determination of furcation involvements
in patients with periodontal disease.
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