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1  | INTRODUC TION

The evaluation of the position of the maxillary permanent second 
molars has important clinical implications because these teeth may 
be responsible for premature contacts and occlusal interferences 

during function. Second molars may produce working, balancing and 
protrusive interferences and may hamper the attainment of anterior 
guidance during function.1,2

When evaluating the treatment results of candidates for the 
American Board of Orthodontics,3 the most common mistakes were 

 

Received: 3 July 2021  |  Accepted: 22 July 2021

DOI: 10.1111/ocr.12522  

R E S E A R C H  A R T I C L E

Variations in maxillary second molar position of untreated 
subjects with normal occlusions: A long-term observational 
study

Veronica Giuntini1 |   Michele Nieri1 |   Cecilia Goracci2 |   Antonio C. Ruellas3 |   
James A. McNamara Jr3,4,5 |   Lorenzo Franchi1

© 2021 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

1Department of Experimental and Clinical 
Medicine, The University of Florence, 
Florence, Italy
2Department of Medical Biotechnologies, 
University of Siena, Policlinico Le Scotte, 
Siena, Italy
3Department of Orthodontics and Pediatric 
Dentistry, University of Michigan School of 
Dentistry, Ann Arbor, MI, USA
4Cell and Developmental Biology, School of 
Medicine, The University of Michigan, Ann 
Arbor, MI, USA
5Private practice of orthodontics, Ann Arbor, 
MI, USA

Correspondence
Lorenzo Franchi, Department of 
Experimental and Clinical Medicine, 
Università degli Studi di Firenze, Firenze, 
Italy.
Email: lorenzo.franchi@unifi.it

Abstract
Introduction: The purpose of the present study was to evaluate the long-term varia-
tions in maxillary second molar position in untreated subjects with normal occlusion.
Setting and sample population: A sample of 39 subjects (18 females and 21 males) 
selected from the University of Michigan Growth Study (UMGS) was followed lon-
gitudinally with digital dental casts at 3 observation times: T1, when the maxillary 
permanent second molars were fully erupted, T2, last observation available in the 
longitudinal series (38 subjects), and T3, at least 20 years after T2 (12 subjects).
Materials and methods: Digital measurements were recorded with an open-source 
software. Outcome variables were sagittal and transverse inclinations of the upper 
second molars. Two mixed-effect models were performed.
Results: The maxillary second molars had a distolingual inclination at T1, T2 and T3. 
Sagittal and transverse inclination showed progressive significant uprighting from 
T1 through T3 (P <  .001). From T1 to T2, the adjusted difference in sagittal crown 
inclination was 8.0° (95% CI from 6.5° to 9.6°; P < .001). From T2 to T3, the adjusted 
difference was 5.5° (95% CI from 3.0° to 8.1°; P  <  .001). From T1 to T2, the ad-
justed difference in transverse crown inclination was 1.9° (95% CI from 0.4° to 3.5°; 
P = .011). From T2 to T3, the adjusted difference was 6.0° (95% CI from 3.4° to 8.5°; 
P < .001).
Conclusions: Along with age, maxillary second molars showed a progressive signifi-
cant uprighting with a decrease in the distal and lingual inclinations.
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related to the position of the maxillary second molars. Nearly 80% 
of the problems with buccolingual inclination occurred with the max-
illary and mandibular second molars. Nearly 50% of the problems 
with alignment involved the second molars, and the most common 
marginal ridge discrepancies (more than 55%) occurred between the 
maxillary and mandibular first and second molars.3

The three-dimensional position of the crown maxillary second 
molars on dental casts has been assessed in cross-sectional samples 
of both adolescents and young adults.(4-18) Andrews4 found that 
maxillary second molars presented with a very slight mesial angu-
lation or tip (mean value +0.4°), while these teeth showed a lingual 
inclination (torque) of −8.0°. Currim and Wadkar5 and Kannabiran 
et al,6 using the same methods described by Andrews,4 reported for 
Indian young adult subjects with normal occlusion a mesial inclina-
tion (+3.0° and +4.2°, respectively) and a lingual crown inclination 
(−9.9° and −14.5°, respectively) of the maxillary second molars.

Lombardo et al7 performed digital measurements on 3D virtual 
casts of young adult Caucasian subjects with ideal occlusion. Digital 
measurements were based on the same anatomical reference points 
and planes as those used by Andrews.4 They reported a distal angu-
lation (−3.9°) and a lingual inclination (−5.5°) of the maxillary second 
molars.7

Recently, a study8 using digital measurements in a sample of 
adolescents found that the maxillary second molars presented with 
a more accentuated distal angulation (−18.9°) and a lingual incli-
nation of −10.6° with respect to that reported for young adults.5-7 
The authors concluded that the finding of distal crown inclination, 
in contrast with Andrews observation of a mesial crown inclination, 
suggests that a revision in tip prescription for pre-adjusted brackets 
might be considered.

To our knowledge, no previous study has analysed the longi-
tudinal changes in sagittal crown inclination (angulation or tip) and 
transverse crown inclination (torque) of the maxillary second mo-
lars. In particular, it would be interesting to analyse the longitudinal 
changes in the position of the upper second molars in the transition 

from adolescence to adulthood. Therefore, the aim of the present 
investigation was to assess the longitudinal long-term variations of 
maxillary second molar position in untreated subjects with normal 
occlusion.

2  | MATERIAL S AND METHODS

This paper followed the STROBE statement.9

This paper reports the results of a retrospective observational 
long-term study that analysed a sample of digital dental casts of or-
thodontically untreated subjects with normal occlusions that were 
derived from the archive of the University of Michigan Growth Study 
(UMGS).10,11 The casts of the University of Michigan Growth Study 
had been converted previously to digital format using the 3Shape 
R700 model scanner (ESM Digital Solution Ltd.). This study was 
exempted from review by the Medical School Institutional Review 
Board of the University of Michigan (HUM00160161).

To be included in this study, subjects had to have no previous or-
thodontic treatment, bilateral Class I molars and regular arch forms 
with no or minimal crowding. For all subjects, at least 2 longitudinal 
observations had to be available. The first one (T1) was taken when 
the maxillary permanent second molars were fully erupted. The sec-
ond observation (T2) corresponded to the last observation available 
in the original longitudinal series. The third time point (T3) corre-
sponded to a long-term observation at least 20 years after T2. The 
T3 observation was obtained when an attempt was made to recall 
University of Michigan Growth Study subjects in the 1990s for a 
long-term follow-up study.12,13

2.1 | Measurements

Digital measurements of the upper second molars were performed 
with an open-source software (3D Slicer, https://www.slicer.org/

F I G U R E  1   Model orientation in the 3D 
measurement software using a fixed 3D 
coordinate system

https://www.slicer.org/wiki/Documentation/4.x/Acknowledgments
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wiki/Docum​entat​ion/4.x/Ackno​wledg​ments) and measured using 
the same anatomical reference points as described by Andrews.4

The 3D surface model (.stl file) was loaded in 3DSlicer, and the 
model was oriented using a fixed 3D coordinate system provided 
by the software, with three orthogonal planes indicated with yel-
low, red and green colours (Figure  1). These planes were used as 
a reference to orientate the surface models of each subject. The 
Transforms tool was used to move the model based on defined land-
marks and planes. The maxillary occlusal plane was identified with 
three anatomical points: interincisal point and mesiopalatal cusp 
tip of each maxillary first molar.14,15 The midsagittal plane passed 
through the median palatal raphe and the middle point between the 
right and left rugae.

The model was oriented until the midsagittal plane coincided 
with the yellow plane and the occlusal plane with the red plane 
(Figure 1). This process was repeated for each subject, thus accom-
plishing a common orientation within the 3DSlicer coordinate sys-
tem for all digital models.

2.1.1 | Sagittal crown inclination

The facial axis of the clinical crown (FACC), shown as the black line in 
Figure 2, was obtained by joining two landmarks (the most occlusal, 
O, and the most cervical, C, points) within the groove on the buccal 
surface of the upper second molars. The sagittal crown inclination 
was the angle between FACC (viewed from the buccal surface) and 
the green line constructed perpendicular to the occlusal plane.4,5

For the sagittal crown inclination, the angle (pitch) between the 
FACC and the occlusal plane was calculated using the Q3DC tool 
in Slicer. The angle was positive when the occlusal portion of the 
FACC was mesial to the gingival portion. In contrast, the value of the 
sagittal crown inclination was negative when the occlusal portion of 
FACC was distal to the gingival portion.

2.1.2 | Transverse crown inclination

The transverse crown inclination was measured by the angle be-
tween the FACC and a yellow plane constructed perpendicular to 
the occlusal plane (viewed from the coronal view; Figure  3). The 
angle (roll) between the FACC and the occlusal plane was calculated 
by the software (Q3DC tool in Slicer). The angle was positive when 
the occlusal portion of the tangent line was buccal to the gingival 
portion and negative when the occlusal portion of the tangent line 
was lingual to the gingival portion.

For the assessment of intra-observer agreement, the same ex-
aminer (AR) remeasured 30 subjects after a wash-out period of two 
weeks. Intraclass correlation coefficient (ICC) values were calculated 
for each variable. Absolute error also was assessed with Dahlberg's 
formula.

All subjects fulfilling the inclusion criteria were included in the 
study.

2.2 | Statistical analysis

A mixed-effects model was applied. In this analysis, the outcome 
variable was sagittal crown inclination (or transverse crown inclina-
tion), the subjects represented the random effect, while the explana-
tory variables were the time point (T1 vs T2 vs T3) and the arch side 
(right vs left). In the event of statistical significance, Tukey's HSD test 
for multiple comparisons of the difference between T1 and T2 and 
T2 and T3 was carried out with a 95% confidence interval (CI). The 
level of significance was set at P < .05. A sensitivity subgroup analysis 
was carried out including only the 11 subjects with longitudinal data 
at T1, T2 and T3. To assess the assumption of the models, graphi-
cal residual analyses were performed. All statistical computations 
were performed with statistical software (JMP version 13.0.0, SAS 
Institute Inc and MedCalc version 19.6.4, MedCalc Software Ltd.).

F I G U R E  2   The facial axis of the clinical 
crown (FACC) was obtained by connecting 
the most occlusal (O) and the most 
cervical (C) landmarks within the groove 
on the buccal surface of the maxillary 
second molars. The sagittal inclination 
was the angle formed by the FACC as 
viewed from the buccal surface and the 
line perpendicular to the occlusal plane

https://www.slicer.org/wiki/Documentation/4.x/Acknowledgments
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F I G U R E  3   The transverse inclination 
of the maxillary second molars was 
measured by the angle between the 
FACC, viewed from the coronal view and 
the occlusal plane

TA B L E  1   Demographics for the longitudinal sample at T1, T2 and T3 and for the T1-T2, T1-T3 and T2-T3 intervals

Time Subjects Females Teeth Mean age (Y) Std dev Min; Max

T1 39 18 77 14.3 1.1 12.7; 17.0

T2 38 18 76 16.4 1.3 14.0; 18.7

T3 12 4 23 47.9 4.4 40.1; 57.3

Interval Subjects Females Teeth Mean interval (Y) Std dev Min; Max

T1-T2 38 18 76 2.2 1.3 0.7; 5.0

T2-T3 11 4 22 30.4 4.6 23.1; 39.3

T1-T3 12 4 23 33.0 5.1 24.2; 44.3

TA B L E  2   Descriptive statistics and statistical comparisons for the 2 analysed variables

Variable T1 N = 77 T2 N = 76 T3 N = 23
P 
value

Sagittal crown inclination (std dev) -18.7 (6.6) -10.7 (5.9) -6.4 (4.7) <.001

Transverse crown inclination (std dev) -12.6 (7.1) -10.8 (7.6) -4.8 (8.6) <.001

Abbreviation: N, number of teeth.

TA B L E  3   Descriptive statistics and statistical comparisons for T1-T2, T2-T3 and T1-T3 changes for the 2 analysed variables

N Mean unadjusted (SD) Mean adjusted P value
Confidence 
interval

Sagittal crown inclination (degrees)

Change T1-T2 76 8.1 (4.7) 8.0 <.001 6.5-9.6

Change T2-T3 22 5.8 (4.7) 5.5 <.001 3.0-8.1

Change T1-T3 23 14.0 (5.8) 13.5 <.001 11.0-16.1

Transverse crown inclination (degrees)

Change T1-T2 76 2.0 (4.4) 1.9 .011 0.4-3.5

Change T2-T3 22 5.1 (6.5) 6.0 <.001 3.4-8.5

Change T1-T3 23 8.7 (7.5) 7.9 <.001 5.4-10.4

Abbreviation: N, number of teeth.
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3  | RESULTS

ICC values were above 0.80 for all the variables, with most values 
being close to or above 0.90, thus indicating a very good intra-rater 
reliability. Absolute error varied between a minimum of 1.4° for the 
transverse inclination right and a maximum of 1.9° for sagittal incli-
nation right and left.

From the parent sample of 708 subjects of the University of 
Michigan Growth Study, the digital dental casts of a group of 187 
subjects with Class I occlusion were screened. For each subject ful-
filling the inclusion criteria (39 subjects, 18 females and 21 males), 
the entire longitudinal series of annual dental casts was checked. 
Thirty-eight of the 39 subjects presented an observation at T2 while 
12 subjects had also digital casts at T3 (Table  1). The descriptive 
statistics for the T1-T2, T2-T3 and T1-T3 intervals are reported in 
Table 1.

The maxillary second molars presented a distal inclination at T1, 
T2 and T3. This inclination showed progressive significant decreases 
from T1 through T3 (P < .001; Table 2). From T1 to T2, the adjusted 
difference in sagittal crown inclination was 8.0° (95% CI from 6.5° to 
9.6°; P < .001; Table 3). From T2 to T3, the adjusted difference was 
5.5° (95% CI from 3.0° to 8.1°; P < .001; Table 3). From T1 to T3, the 
adjusted difference was 13.5° (95% CI from 11.0° to 16.1°; P < .001; 
Table 3). There was also a significant difference in the arch side (right 
vs left) of −3.7° (95% CI from −4.9° to −2.5°; P < .001).

The maxillary second molars presented a lingual inclination at T1, 
T2 and T3. This inclination showed progressive significant decreases 
from T1 through T3 (P < .001; Table 2). From T1 to T2, the adjusted 
difference in transverse crown inclination was 1.9° (95% CI from 
0.4° to 3.5°; P = .011; Table 3). From T2 to T3, the adjusted differ-
ence was 6.0° (95% CI from 3.4° to 8.5°; P < .001; Table 3). From T1 
to T3, the adjusted difference was 7.9° (95% CI from 5.4° to 10.4°; 
P < .001; Table 3). The difference in the arch side (right vs left) was 
−0.9° (95% CI from −2.1° to 0.4°; P = .166).

The sensitivity analysis on 11 subjects confirmed the results of 
the main analysis. From T1 to T2, the adjusted difference in sagit-
tal crown inclination was 8.6° (95% CI from 6.0° to 11.2°; P < .001). 
From T2 to T3, the adjusted difference was 5.9° (95% CI from 3.2° to 
8.5°; P < .001). From T1 to T2, the adjusted difference in transverse 
crown inclination was 3.7° (95% CI from 0.6° to 6.9°; P = .016). From 
T2 to T3, the adjusted difference was 5.3° (95% CI from 2.2° to 8.5°; 
P < .001).

In the analysis of the residuals, there were not departures from 
homoscedasticity and normality.

4  | DISCUSSION

The objective of the present study was to assess the longitudinal 
long-term changes in the sagittal and transverse inclinations of max-
illary second molars in untreated subjects with normal occlusion. 
Both sagittal and transverse crown inclinations of the maxillary sec-
ond molars changed significantly in both the short and long terms. In 

particular, the maxillary second molars showed a progressive signifi-
cant uprighting with a decrease in the distal and lingual inclinations 
(Figure S1).

In the short term, the distal and lingual inclinations decreased by 
8.0° and 1.9°, respectively. In the long term (from T2 to T3), the distal 
and lingual inclinations decreased by 5.5° and 6.0°, respectively. The 
cause of this uprighting of the maxillary second molars, however, is 
unclear. We can speculate that a role could be played by the eruption 
of the third molars and/or by the occlusal forces generated by the 
associated musculature. It should be stressed that the relatively high 
standard deviations and confidence intervals for the values in sagit-
tal and transverse crown inclinations for the T1-T2, T2-T3 and T1-T3 
intervals suggest a high interindividual variability.

The results of the current investigation at T3 were similar to 
those reported by Lombardo et al in Caucasian adults.7 In fact, 
Lombardo et al7 reported a distal inclination of -3.9° versus −6.4° 
of the current study, while the lingual inclination was −5.5° versus 
−4.8° of the present investigation.

The studies of Currim and Wadkar5 and of Kannabiran et al6 
were performed in young adult Indian populations (mean age 18.7 
and 21.5 years, respectively). In contrast to the values at T3 in the 
present study, Currim and Wadkar5 and Kannabiran et al6 reported a 
mesial inclination (+3.0° and +4.2°, respectively) and a more accen-
tuated lingual inclination (−9.9° and −14.5°).

It should be noted that Currim and Wadkar5 and Kannabiran 
et al6 performed manual measurements on physical dental casts 
similar to Andrews’ method,4 while both the current study and 
Lombardo et al7 evaluated the inclinations of the maxillary second 
molars by using a digital method on digital dental casts. In addition, 
the difference between the results of the current investigation at 
T3 and those of Currim and Wadkar5 and Kannabiran et al6 can be 
explained in part by the different population and by the differences 
in chronologic age. In fact, the results of the present study showed 
that both sagittal and transverse inclinations of the maxillary second 
molars changed with maturation.

It is interesting to note that our sample showed values for sagit-
tal and transverse inclinations that differed from the values of both 
Roth™ (Straight-Wire® Synthesis™, ormco.com) and MBT™ (3  M™ 
MBT™ appliance system, 3m.com) straight-wire prescriptions (0° of 
sagittal inclination and −14° of transverse inclination). Specifically, in 
our sample the values for sagittal inclination always were negative 
also in the adult stage at T3 and never reached the 0° value. On the 
contrary, the values for transverse inclination also were always less 
negative in the adolescent stage at T1. The clinical implications could 
be that the distal inclination of upper second molars in both adoles-
cents and adults may be reduced in patients treated with MBT™-
prescription brackets, with the extrusion of the distal surface.

Lino et al16 pointed out that such extrusion could determine pre-
mature contacts and occlusal interferences; they recommended that 
to minimize this risk, changes in the bracket prescription of maxil-
lary second molars may be required. Additionally, the results of the 
current investigation suggest that different sagittal and transverse 
inclination values (tip and torque) for the maxillary second molars 
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with straight-wire prescriptions might be advisable for different age 
groups. These results indicate a divergence from the values recom-
mended in the pre-adjusted appliances. Thus, a re-assessment of the 
prescriptions for angulation and inclination for the maxillary second 
molars is suggested. Therefore, the use of customized orthodontic 
treatment systems that have been proposed recently in the litera-
ture17 could be recommended.

A limitation of the current study was that the sample size at T3 
showed a remarkable reduction. It should be considered that a high 
number of dropouts is expected when performing a long-term lon-
gitudinal study on untreated subjects. Another limitation was the 
lack of longitudinal observations in the age range between 20 and 
40 years. Moreover, the occlusal plane, that was chosen as a refer-
ence, could have modified along with time. Finally, when analysing 
an historical cohort of subjects, a secular trend cannot be excluded.

5  | CONCLUSIONS

The results of the present study showed that both sagittal and trans-
verse crown inclinations of the maxillary second molars changed 
significantly in both the short and long terms. In particular, the max-
illary second molars showed a progressive significant uprighting with 
a decrease in the distal and lingual inclinations.
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