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in Molars: Measuring Parallel to the Root Surface vs
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This study compared root trunk measurement methods—measuring parallel to
the tooth axis (TA) vs parallel to the root surface (RS)—to assess the implications
for decision-making regarding crown lengthening surgery. A total of 672 root
trunks were measured by CBCT in both TA and RS planes. The possibility of
performing crown lengthening in each clinical situation, based on the distance
from the cementoenamel junction (CEJ) to the crestal bone (CB) after ostectomy
(CEJ-CB), was judged and compared between groups. The proportions of cases
with CEJ-CB values of 4, 5, and 6 mm in which crown lengthening was judged
possible were 83.63%, 59.08%, and 39.18%, respectively, when RS was used as

a reference point. When TA was used as a reference point, those proportions
decreased 3.87% to 7.29%. The lingual root trunk of the mandibular first molar
(LFL) with a CEJ-CB of 4 to 5 mm emerged as the most problematic area

where the decision (based on each plane) shows a high rate of inconsistency,
with differences between TA and RS measurements occurring in every 1 out
of 5 to 6 teeth (16.67% to 18.75%). Within the limits of this studly, utilizing TA

for treatment-planning of surgical crown lengthening may not be ideal, as

it may lead to extraction of many teeth that could otherwise be saved. Int J
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Challenging situations can arise with
subgingival tooth fractures or caries.
In many cases, surgical crown length-
ening is required to create a finish line
or crown ferrule. In treatment plan-
ning, clinicians must attend to the
dimensions of supracrestal attached
tissues. Gargiulo et al measured the
width of the dentogingival junction in
humans and concluded that the aver-
age width of supracrestal attached
tissues is 2.04 mm." Violation of the
supracrestal attached tissues may re-
sultin gingival inflammation,? pocket
formation,*-° gingival recession, and
alveolar bone loss.® To avoid these
problems, a 3-mm distance between
the restorative margin and the alveo-
lar bone crest has been recommend-
ed after crown lengthening surgery.”

In multiple-root teeth, the key
anatomical factor that affects crown
lengthening surgery is the position
of the furcation entrance. Ostectomy
should not be performed beyond
this level because it poses a threat
of creating furcation involvement.®
This condition creates an area that
is very hard to clean and may lead
to a worsened tooth prognosis.?"
Knowledge of each tooth's root
trunk length and the distance from
the cementoenamel junction (CEJ)
to the furcation entrance may prove
essential for treatment planning and
predicting surgical results. Although
many previous studies have mea-
sured the average root trunk length,
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Furcation entrance

Fig 1 Schematic drawing of the root trunk length, as measured parallel to the root surface

(RS) and parallel to the root trunk axis (TA).

the results varied extensively accord-
ing to the subject population and
measuring method. For example, one
study found that the average buccal
root trunk length of the mandibular
first molar was 1.45 mm'2in a Taiwan-
ese population, while another study
reported a length of 3.27 mmina US
population.’

One very important factor is the
plane in which the root trunk is mea-
sured. Many studies have measured
root trunk length parallel to the tooth
axis.!>'® However, in the surgical field,
surgeons often measure root trunk
length parallel to the tooth surface.
The two methods yield different val-
ues, the difference between which
may affect the decision to save or
extract the tooth. The first objec-
tive of this study is to compare the
measurements of root trunk length
in two planes: parallel to the root sur-
face and parallel to the tooth axis.
The second objective is to compare
the possibility of performing crown
lengthening based on the length of

the root trunk as assessed in each of
the two planes.

Materials and Methods

The study protocol was approved
by the Research Ethics Committee
of Rangsit University. Radiographic
images of Thai adults who had been
radiographed by CBCT in Rangsit
University’s College of Dental Medi-
cine between 2014 and 2018 were
recruited for this study. All partici-
pant permission has been given by
written consent form. The inclusion
criteria were that the radiograph must
include an upper or lower molar with
at least two separate roots. The area
around the CEJ and the root trunk
had to be sound, without cavities or
restoration. Radiographs of 362 teeth
(672 root trunks) were obtained from
76 patients.

Root trunk lengths were mea-
sured (Fig 1) parallel to root surface
(RS) and parallel to the tooth axis (TA)

by five observers (T.C., T.M., M.P,
AP, and C.S,, all trained by the first
author prior to taking measurements)
using the CS 3D Suite program
(version 3.7.10, Carestream Dental)
in oblique slicing mode. The mea-
surements were divided into 10 site
categories: buccal (LFB) and lingual
(LFL) root trunks of the mandibular
first molar; buccal (LSB) and lingual
(LSL) root trunks of the mandibular
second molar; buccal (UFB), mesial
(UFM), and distal (UFD) root trunks of
the maxillary first molar; and buccal
(USB), mesial (USM), and distal (USD)
root trunks of the maxillary second
molar.

Each root trunk site was mea-
sured by one observer (randomly
selected from thr group of five ob-
servers) at least twice. Interpreta-
tions were separated by breaks of at
least 10 minutes to relieve eye strain.
If the values found on first and sec-
ond interpretation differed by more
than 0.5 mm, the interpretation was
repeated. If the values differed by
0.5 mm or less, the average of the
two values was used.

The possibility of performing
crown lengthening in each clinical
situation, based on the distance from
the cementoenamel junction (CEJ) to
the crestal bone (CB) after ostectomy
(CEJ-CB), was judged and compared
between groups.

To replicate real clinical situations,
decisions as to whether it would be
possible to perform crown length-
ening were based on the calculated
distance from the CEJ to the crestal
bone (CB) after ostectomy (CEJ-CB).
CEJ—-CB values of 4 mm, 5 mm, and
6 mm were calculated based on the
amount of tooth structure loss below
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the CEJ level (TL) and the ferrule re-
quested (FR), as shown in Table 1. Cal-
culations used a supracrestal attach-
ment distance of 3 mm, as described
by Ingber et al.’ If the root trunk length
was equal to or greater than CEJ-CB,
the tooth was graded as “possible”
(@ candidate for crown lengthening).
Any tooth with a shorter root trunk was
classified as “not possible.”

SPSS (version 20, IBM) was used
to perform statistical analyses. Paired
t test and Wilcoxon signed-rank test
were used to analyze the differences
between TA and RS of the molar teeth.
To check the effects of the different
planes on treatment decisions, a chi-
square test was used. The significance
level that allowed either rejecting the
null hypothesis or accepting the al-
ternative hypothesis was set at 0.05.

Results

The intraclass correlation coefficients
(ICCs) in this study were 0.948 to
0.994, indicating excellent reliability.
The numbers of root trunk sites and
the average RS and TA root trunk
lengths are listed in Table 2. An ex-
ample CBCT scan of RS and TA mea-
surements at a UFB site are shown
in Fig 2.

RS root trunk lengths were sta-
tistically different from TA lengths,
with an average difference of approx-
imately 0.25 mm. Moreover, 88.24%
of RS root trunk lengths were greater
than the TA lengths, with a difference
> 0.5 mm in 15.92% of all sites. The
proportion of sites showing a differ-
ence increased even more atthe LSL,
LFL, and USB, where the incidence of
a difference > 0.5 mm was 27.12%,

CEJ-CB distance, mm TL, mm FR, mm
4 0 1
4 1 0
5 0 2
5 1 1
5 2 0
6 1 2
6 2 1
6 3 0

CB = crestal bone; CEJ = cementoenamel junction; FR = ferrule requested; TL = tooth
structure loss below the CEJ level.

Fig 2 The buccal root
trunk length of a maxil-
lary first molar (UFB)
was measured on a
CBCT scan according
to RS (red line) and TA
(orange line) methods.
The furcation entrance
(yellow line) was identi-
fied by the first axial
plane where the mesio-
buccal and distobuccal
roots were completely
separate. The blue line
indicates the long axis
of the tooth.

CEJ-CB values of 4 and 5 mm but not
at CEJ-CB value of 6 mm (Table 7).

33.33%, and 35.00%, respectively
(Table 3).

The number of teeth for which it
was possible to perform crown length-
ening in each clinical situation isshown  Discussion
in Tables 4 to 6. When RS was used as
the reference point, crown lengthen-
ing was possible for 83.63%, 59.08%,
and 39.18% of cases with CEJ-CB val-
ues of 4, 5, and 6 mm, respectively.
When TA was used as the reference
point, the percentages decreased to
76.34%, 51.93%, and 29.61%, respec-

tively. There was a statistical difference

The possibility of performing crown
lengthening is critically important,
as it determines whether the tooth
in question can be saved or needs
to be extracted. The plane in which
the root trunk length is measured is
an essential factor to consider for
multiple-root teeth. To avoid furca-

between the two reference planes at  tion exposure, some surgical plans

Volume 43, Number 3, 2023

© 2023 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



e144

Table 2 Mean Root Trunk Lengths at Each Site

RS measurement, mm TA measurement, mm

Average
Site n Mean SD Mean SD difference P
Mandible
First molar
Buccal (LFB) 38 4.15 1.27 3.94 1.34 0.21 .0002
Lingual (LFL) 48 4.78 0.97 4.38 0.96 0.39 .000°
Second molar
Buccal (LSB) 50 5.77 1.61 5.46 1.66 0.27 .000°
Lingual (LSL) 59 5.76 1.16 5.41 1.15 0.35 .000?
Maxilla
First molar
Buccal (UFB) 79 4.85 1.35 4.71 1.37 0.14 .000°
Distal (UFD) 85 5.35 1.35 5.08 1.39 0.27 .0002
Mesial (UFM) 74 6.00 1.26 5.85 1.27 0.15 .0002
Second molar
Buccal (USB) 60 4.57 1.28 4.20 1.34 0.37 .000°
Distal (USD) 97 5.48 1.54 5.22 1.55 0.27 .000°
Mesial (USM) 82 6.51 1.39 6.37 1.47 0.14 .0002
Total 672 5.41 1.54 5.16 1.54 0.25 .000°

P values < .05 were considered statistically significant.
2Paired t test (two-tailed).
bWilcoxon signed-rank test (two-tailed).

Table 3 Comparative Data for RS and TA Trunk Length Measurements

RS > TA RS—TA > 0.5 mm

Site n n % n %

LFB 38 33 86.84 6 15.79
LFL 48 42 87.50 16 33.33
LSB 50 47 94.00 7 14.00
LSL 59 57 96.61 16 27.12
UFB 79 54 68.35 6 7.59
UFD 85 83 97.65 11 12.94
UFM 74 66 89.19 3 4.05
UsB 60 54 90.00 21 35.00
usb 97 88 90.72 14 14.43
Us™m 82 69 84.15 7 8.54
All 672 593 88.24 107 15.92

See Table 2 for an explanation of site abbreviations.
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RS TA Difference
Site n n % n % n %
LFB 38 21 55.26 17 44.74 4 10.53
LFL 48 40 83.33 31 64.58 9 18.75
LSB 50 43 86.00 38 76.00 5 10.00
LSL 59 57 96.61 54 91.53 3 5.08
UFB 79 61 77.22 54 68.35 7 8.86
UFD 85 72 84.71 65 76.47 7 8.24
UFM 74 70 94.59 69 93.24 1 1.35
USB 60 40 66.67 32 53.33 8 13.33
usb 97 81 83.51 76 78.35 5 5.15
USM 82 77 93.90 77 93.90 0 0.00
Total 672 562 83.63 513 76.34 49 7.29
See Table 2 for an explanation of site abbreviations.
RS TA Difference
Site n n % % n %

LFB 38 9 23.68 7 18.42 2 5.26
LFL 48 19 39.58 11 22.92 8 16.67
LSB 50 30 60.00 27 54.00 3 6.00
LSL 59 45 76.27 37 62.71 8 13.56
UFB 79 34 43.04 30 37.97 4 5.06
UFD 85 49 57.65 43 50.59 6 7.06
UFM 74 60 81.08 57 77.03 3 4.05
USB 60 21 35.00 17 28.33 4 6.67
usb 97 59 60.82 51 52.58 8 8.25
USM 82 71 86.59 69 84.15 2 2.44
Total 672 397 59.08 349 51.93 48 7.14

See Table 2 for an explanation of site abbreviations.

have had to follow average root
trunk lengths taken from previous
studies, which have mostly reported
lengths measured in TA. When the
value of CEJ-CB exceeds the root
trunk length, the tooth in question is
judged as ineligible for crown length-
ening. However, surgeons tend to use

RS, measuring the extent of bone
grinding in the surgical field by plac-
ing a periodontal probe parallel to
tooth surface. Data from the pres-
ent study show that in nearly 90% of
molars, root trunk length measured in
RS is longer than root trunk length
measured in TA. As a result, RS mea-

surements usually indicate that the
amount of bone a periodontist can
reduce without disturbing the fur-
cation area is greater than it would
appear in treatment-planning based
on TA measurements. Misjudgments
can occur when the CEJ-CB is
greater in TA and smaller in RS
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RS TA Difference

Site n % n % n %

LFB 38 5.26 2 5.26 0 0.00
LFL 48 10.42 2 4.17 3 6.25
LSB 50 21 42.00 19 38.00 2 4.00
LSL 59 22 37.29 19 32.20 3 5.08
UFB 79 13 16.46 13 16.46 0 0.00
UFD 85 24 28.24 22 25.88 2 2.35
UFM 74 35 47.30 31 41.89 4 5.41
USB 60 8 13.33 4 6.67 4 6.67
usb 97 38 39.18 32 32.99 6 6.19
USM 82 57 69.51 55 67.07 2 2.44
All 672 225 33.48 199 29.61 26 3.87

Possible with RS Possible with TA

CEJ-CB n n % n % 22

4 mm 672 562 83.63 513 76.34 .001

5mm 672 397 59.08 349 51.93 .008
6 mm 672 225 33.48 199 29.61 725

P values < .05 were considered statistically significant.

2Chi-square test.

measurements. In the present studly,
the incidence of this situation was
around 7% when CEJ-CB was 4 to
5 mm at all sites, increasing dramati-
cally to 16.67% to 18.75% (one out
of every 5 or 6 teeth) at the lingual
root trunk of the mandibular first
molar (LFL). When the CEJ-CB val-
ue is 6 mm, the difference between
groups matters less because of the
small number of teeth that can be
lengthened in that condition (around
30%). To prevent this problem, RS
may be a more-reliable reference
point in treatment-planning for sur-
gical crown lengthening.

The root trunk length itself also
has a direct effect on this matter. A
shorter root trunk results in a lesser
amount of potential bone reduction.
The most unfavorable condition
occurred at LFB, the area with the
shortest root trunk length. Surgery
was possible for about 50% of LFB
cases when the CEJ-CB was 4 mm,
but the rate of candidates for surgery
decreased to 25% when the CEJ-CB
was 5 mm. The worst-case scenario
occurred when the CEJ-CB value
was 6 mm, with the rate of candi-
dates for surgery decreasing to one
out of 20 (5%). Attempts to save these

teeth in the absence of sufficient su-
pracrestal tissue may result in com-
promised tooth condition. Dibart et
al studied 19 mandibular first molars
and found that 42.1% of them devel-
oped furcation involvement within
5 years of receiving a crown length-
ening procedure. Interestingly, the
average distance between the restor-
ative margin and furcation entrance
was only 2.38 mm."?

Two additional factors of concern
are the TL and FR. These two factors
increase the value of CEJ-CB, which
in turn decrease the chances of be-
ing able to lengthen the tooth. When
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there is no FR, a TL of T mm results
in successful crown lengthening odds
of around 80%. Unfortunately, when
more loss has occurred and the TL is
2 mm or 3 mm, those odds decrease
to 60% and 30%, respectively.

The amount of FR has a similar
effect. For nonvital teeth, adequate
ferrules may significantly reduce the
incidence of tooth fracture.?® The
ideal ferrule for crown restoration is
11to 2 mm.2" When TL is only 1 mm,
the chances of being able to create a
1-mm ferrule are 60%. Unfortunately,
those chances decrease by half if a
2-mm ferrule is required. This may be
the reason that periodontists often
refuse to attempt creating a 2-mm
ferrule in many cases.

In the present study, CBCT was
used to measure root trunk length.
The data from a recent study found
no statistically significant difference
between actual tooth dimensions
and CBCT measurement of root trunk
length.?? In surgical crown lengthen-
ing for molars, CBCT may prove use-
ful and offer a more accurate predic-
tion of root trunk length than using
average root trunk length data from
previous studies alone.

Conclusions

Root trunk length measured with a TA
method, as reported in previous stud-
ies, have different values then lengths
measured with an RS method. Utilizing
TA for treatment-planning of surgical
crown lengthening may not be ideal,
as it reduces the amount of bone for
possible grinding, and it may lead to
unjustified extraction of many teeth
that can otherwise be saved.

Acknowledgments

All authors declare no conflicts of interest.

References

1. Gargiulo AW, Wentz FM, Orban B. Di-
mensions and relations of the dentogin-
gival junction in humans. J Periodontol
1961,32:261-267.

2. Newcomb GM. The relationship between
the location of subgingival crown mar-
gins and gingival inflammation. J Peri-
odontol 1974;45:151-154.

3. Parma-Benfenati S, Fugazzoto PA, Ruben
MP. The effect of restorative margins on
the postsurgical development and na-
ture of the periodontium. Part|. Int J Peri-
odontics Restorative Dent 1985;5:30-51.

4. Tarnow D, Stahl SS, Magner A, Zamzok
J. Human gingival attachment responses
to subgingival crown placement mar-
ginal remodeling. J Clin Periodontol
1989;13:563-569.

5. Tal H, Soldinger M, Dreiangel A, Pitaru
S. Periodontal response to long term
abuse of the gingival attachment by su-
pracrestal amalgam restorations. J Clin
Periodontol 1989;16:654—689.

6. Maynard JG Jr, Wilson RD. Physiologic
dimensions of the periodontium signifi-
cant to restorative dentists. J Periodontol
1979;50:170-174.

7. Ingber JS, Rose LF, Coslet JG. The bio-
logic width. A concept in periodontics
and restorative dentistry. Alpha Omegan
1977,10:62-65.

8. Ochshenbein C. Current status of osseous
surgery. J Periodontol 1977;48:577-586.

9. Hirschfeld L, Wasserman B. A long-
term survey of tooth loss in 600 treated
periodontal patients. J Periodontol
1978;49:225-237.

10. Becker W, Becker BE, Berg LE. Peri-
odontal treatment without maintenance.
A retrospective study in 44 patients. J
Periodontol 1984;55:505-509.

11. McGuire MK, Nunn ME. Prognosis ver-
sus actual outcome. Il. The effective-
ness of clinical parameters in develop-
ing an accurate prognosis. J Periodontol
1996,67:658-665.

12. Hou GL, Tsai CC. Types and dimension
of root trunk correlating with diagnosis
of molar furcation involvements. J Clin
periodontol 1997;24:129-135.

14.

15.

16.

17.

18.

20.

21.

22.

. Kerns DG, Greenwell H, Wittwer JW, Drisko

C, Williams JN, Kerns LL. Root trunk dimen-
sions of 5 different tooth types. Int J Peri-
odontics Restorative Dent 1999;19:83-91.
Gher MW Jr, Dunlap RW. Linear variation
of the root surface area of the maxillary
first molar. J Periodontal 1984;56:39-43.
Plagmann HC, Holtorf S, Kocher T. A
study on the imaging of complex furca-
tion forms in upper and lower molars. J
Clin Periodontol 2000;27:926-931.
Roussa E. Anatomic Characteristic of fur-
cation and root surfaces of molar teeth
and their significance in the clinical man-
agement of marginal periodontitis. Clin
Anat 1998;11:177-186.

Sang-In S, Taechaprasertvittaya C. Root
trunk length and furcation entrance
width in permanent molars: The mea-
surements by using a computer-assisted
image analysis system. J Dent Assoc Thai
2002;52:18-25.

Buranawichetkul T, Promsudthi A, La-
Orkun K. Root trunk length and furca-
tion entrance width of extracted molars
in a group of Thai. Thai J Periodont
2003;1:20-28.

Dibart S, Capri D, Kachouh I, Van Dyke
T, Nunn ME. Crown lengthening in man-
dibular molars: A 5-year retrospective
radiographic analysis. J Periodontol
2003;74:815-821.

Sorensen JA, Engelman MJ. Ferrule
design and fracture resistance of end-
odontically treated teeth. J Prosthet Dent
1990;63:529-536.

Wagnild GW, Mueller Kl. Restoration of the
endodontically treated tooth. In: Cohen S,
Burns RC (eds). Pathways of the Pulp, ed 6.
St Louis: Mosby, 1994:604-631.

Al-Zoubi |, Patil S, Takeuchi K, et al. Ana-
lysis of the length and types of root trunk
and length of root in human first and sec-
ond molars and to the actual measure-
ments with the 3D CBCT. J Hard Tissue
Biol 2018;27:39-42.

Volume 43, Number 3, 2023

© 2023 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.





