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Dentoalveolar compensation related to variations
in sagittal jaw relationships

Hiroyuki Ishikawa, DDS, PhD; Shinji Nakamura, DDS, PhD; Hiroshi Iwasaki, DDS, PhD;
Shinichi Kitazawa, DDS; Haruka Tsukada, DDS; Yoshiaki Sato, DDS, PhD

Abstract: The purpose of this study was to investigate dentoalveolar compensation for variations in sagittal jaw relationships
in 44 adult females with normal incisor relationships and either skeletal Class I or skeletal Class III jaw relationships.
Cephalometric analysis was performed to evaluate sagittal jaw relationship, maxillary and mandibular incisor inclination, and
the cant of the occlusal plane. Molar relationships were evaluated from study models. Correlation analysis was performed
between skeletal and dental measurements. The most appropriate cephalometric parameters describing dental compensation
quantitatively were SN-AB as a skeletal measurement and SN-U1, SN-L1, and SN-OP as dental measurements. Among the
compensatory dentoalveolar changes, lower incisor inclination was strongly related to the sagittal jaw relationship and played
an important role in obtaining a normal incisor relationship. Compensatory changes in the occlusal plane angulation were
slight when compared with changes in the incisor regions. A Class [ molar relationship was rare when SN-AB exceeded 84°,

even when incisor relationships were normal.
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en planning treatment
for an adult with Class
I malocclusion, the deci-
sion of whether to include jaw sur-
gery is key to a successful result.
With severe discrepancies in the jaw
relationship, orthognathic surgery is
generally required. In patients with
mild jaw discrepancies and no cos-
metic problems, orthodontic treat-
ment without surgery is often
preferable. As a practical matter, de-
cision making is often difficult.!
This appears to be due to a lack of
sufficient information on appropri-
ate tooth positions, information that
would guide the clinician toward
the objective of achieving a stable
treatment result.

During facial growth and develop-
ment, normal occlusion can be at-
tained and maintained despite some
variation in facial pattern, primarily
as a result of dental compensa-
tion."” For existing sagittal jaw
discrepancies, compensatory incli-
nation of the maxillary and man-
dibular incisors results in normal
incisal relationships.®'*® The cant
of the occlusal plane also acts to ad-
just sagittal relationships between
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the maxillary and mandibular den-
tal arches.>'%1>V Quantitative evalu-
ation of the dentoalveolar adapta-
tion to jaw relationships would
provide additional information for
planning treatment for adults with
Class Il malocclusion.

In this study, we examined 44
adult females with normal incisal
relationships and either skeletal
Class I or skeletal Class III apical
base relationships. The purpose
was threefold: (1) to evaluate
cephalometrically the relationship
between incisor inclination and the

cant of the occlusal plane to the sag-
ittal jaw relationship, (2) to deter-
mine cephalometric parameters that
quantitatively describe dental com-
pensations, and (3) to evaluate the
effects of dental compensation on
molar relationships.

Materials and methods

The present analysis was carried
out on pretreatment lateral
cephalograms of 44 untreated Japa-
nese females with mild anterior
crowding. The cephalograms were
obtained from orthodontic records
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Dentoalveolar compensation and variations in the sagittal jaw

Table 1
Correlation coefficients between six jaw relationship and eight dental measurements
SN-U1 FH-UA PP-U1 SN-L1 FH-L1 MP-L1 SN-OP FH-OP

ANB -0.569**  -0.538**  -0579***  -0486"*  -0.496™  0.452** 0.186 0.124
A-Bplane 0.617* 0.558"** 0.617* 0.455** 0.439* -0.454* -0.205 -0.097
Convexity -0.499"*  -0.492** 0515  -0496™*  -0.526"*  0.418™ 0.156 0.137
SN-AB 0.647*  0.353* 0.471** 0.806"* 0551  -0.600**  -0507**  0.086
Wits -0.560"* -0.298* -0.458™ -0.573*** -0.344* 0.468** 0.045 -0.317*
APDI 0.509*** 0.386*" 0.665™ 0.704** 0.615™ -0.583** -0.355* -0.074
*p<.05; **p<.01; *** p<.001

at the Hokkaido University Dental

Hospital. The criteria for the selec-

tion were: (1) 16 years old or older </ SN Plane

at the first examination, (2) ANB

angle'® <3.39° (the mean for Japa-

nese adult females'), (3) overbite \/ FH Plane

and overjet from 1 to 5 mm without 5

severe rotation of the maxillary or ANS/

mandibular central incisors, (4) no T Patatal Plane (PP)

missing permanent teeth, (5) no ob-
vious mesial shift of the posterior
teeth due to early loss of deciduous
molars and no posterior crossbite,
(6) no excessive curve of Spee, and
(7) no clinical symptoms of temporo-
mandibular joint dysfunction or pe-
riodontal disease. Ages ranged from
16 years 0 months to 30 years 2
months, and ANB ranged from
-5.29° to 3.34°.

The cephalometric analysis was
based on six skeletal and eight den-
toalveolar parameters. For the jaw
relationship parameters, A-B plane
angle,® angle of convexity,” SN-AB
angle (the angle formed by S-N and
A-B planes),? Wits appraisal, and
anteroposterior dysplasia indicator
(APD], the facial plane angle plus or
minus the A-B plane angle and
again plus or minus the Frankfort-
palatal plane angle)* were mea-
sured along with the ANB angle.
The dentoalveolar parameters were
measured as shown in Figure 1, to
assess incisor inclination and the
cant of the occlusal plane. In mea-
suring the occlusal plane angula-
tion and the Wits appraisal, the
occlusal plane was located as the
bisected occlusal plane. The mid-
point of the overlap of the me-

\ Mandibular Plane (MP)

Lower Incisal Axis (L1)

Occlusal Plane (OP)

Upper Incisal Axis (U1)

Figure 1

Cephalometric measurements of dental variables. 1. SN-U1; 2. FH-U1; 3. PP-U1;
4. SN-L1; 5. FH-L1; 6. MP-L1; 7. SN-OP; 8. FH-OP

siobuccal cusps of the upper and
lower first molars was joined with
a point bisecting the overbite of the
incisors because of the higher reli-
ability in identifying landmarks
than with the functional occlusal
plane.?*

Molar relationships were exam-
ined from pretreatment study mod-
els. Excellent molar relationship and
less than half a cusp deviation were
defined as Class I;*® molar relation-
ships out of this range were defined
as Class II or Class III

To evaluate dental compensation
for skeletal jaw discrepancies quan-
titatively, correlation analysis was
performed between skeletal and
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dental measurements, and the most
appropriate parameters describing
dental compensation were deter-
mined. For these parameters, regres-
sion equations were obtained. In
addition, classification of the molar
relationship was compared with
jaw discrepancies.

Results

Table 1 shows correlation coeffi-
cients between six jaw relationship
measures and eight dental ones. For
the relationship of incisor inclina-
tion to jaw discrepancy, all incisor
measurements were statistically sig-
nificant in correlating to all six jaw
relationship measurements, but cor-
relation coefficients varied consider-
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ably. The highest, 0.806 (p<0.001),
was found between the angles SN-
L1 and SN-AB. With regard to up-
per incisor inclination, all
correlation coefficients were less
than 0.7. The closest relationship,
0.665 (p<0.001), was found between
PP-U1l and APDI, and the second
closest, 0.647 (p<0.001), was be-
tween SN-Ul and SN-AB. As the
compensatory relationship of the
occlusal plane angulation to the jaw
relationship, SN-OP related statisti-
cally significantly to SN-AB and
APDI, with correlation coefficients of
-0.507 (p<0.001) and -0.355 (p<0.05),
respectively. The correlation be-
tween the Wits appraisal and FH-
OP was statistically significant but
opposite to the compensatory rela-
tionship. From the relationships to
SN-U1, SN-L1, and SN-OP, SN-AB
was statistically significantly re-
lated to both incisal inclination and
the occlusal plane angulation, with
higher correlation coefficients than
the other parameters. However, the
degree of the relationship was dif-
ferent among the three dental mea-
sures.

Figure 2 shows scatter diagrams
and regression lines of SN-AB ver-
sus SN-U1, SN-L1, and SN-OP. The
regression lines show that, as SN-
AB increases by 1.0°, the upper in-
cisor inclines labially by 0.82°, the
lower incisor inclines lingually by
1.07°, and the occlusal plane flat-
tens by 0.26° with reference to the S-
N plane.

Figure 3 shows a histogram repre-
senting the frequency distribution of
SN-AB with the classification by
molar relationships. A Class I mo-
lar relationship was found in 32 of
44 subjects, and the others showed
a Class III relationship. There were
no Class II cases. All subjects with
an SN-AB angle below 80° had a
Class I malocclusion, a relationship
rarely found in subjects with an SN-
AB angle exceeding 84°. The range
from 80° to 84° included both Class
I and Class III cases.
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Figure 2

Scatter diagrams of SN-AB versus SN-U1,

Discussion

The role of dental compensation in
the development of normal occlu-
sion has been described in a num-
ber of studies."" Incisal adaptation
to growth changes in the sagittal jaw
relationship has been demonstrated
in some longitudinal studies.>*61116
Solow® confirmed statistical associa-
tions between incisal inclination
and jaw relationships using corre-
lation and factor analysis. Hasund
and Boe modified Steiner’s analy-
sis® and developed a multiple re-
gression equation for positioning the
lower incisors using the ANB angle
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SN-L1, and SN-OP with regression lines.

and two skeletal measures as guid-
ing variables.

In this study, we investigated den-
tal compensation in subjects with
ANB angles from -5.29° to 3.34°.
With the normal range of Japanese
adult females 3.39° to 1.77° (as re-
ported by Izuka and Ishikawa'), the
range of the deviation was calcu-
lated from -4.90 to -0.03 standard
deviation. Variation in the sagittal
jaw relationships obviously ex-
tended from skeletal Class I to skel-
etal Class III categories.

The degree of association between
skeletal and dental measures was



evaluated by correlation analysis.
For all reference planes, the param-
eters describing maxillary or man-
dibular incisor inclination were
statistically significant and corre-
lated with all six jaw relationship
parameters. The correlations
showed that, as the sagittal jaw re-
lationship worsens toward man-
dibular prognathism, the upper
incisors incline more labially and
the lower incisors more lingually. In
other cephalometric studies of Japa-
nese adults with normal occlusion,
Sebata et al.” found statistically sig-
nificant correlations between FH-L.1
and ANB, and Ohyama found
them between SN-L1 and SN-AB, al-
though the correlation coefficients
were lower than those found here.
In addition, neither of these stud-
ies”!? showed statistically signifi-
cant relationships between upper
incisor inclination and jaw relation-
ships. This appears to be due to dif-
ferences in the sagittal jaw
relationships of the subjects. Sub-
jects in the present study had more
severe jaw discrepancies than in the
above studies, which reported mean
ANB angles of approximately 4° =
2°. As aresult, the compensatory in-
clination of the incisors is more
clearly reflected in the present re-
sults because of the larger variation
in the skeletal relationships and
discrepancies.

Enlow et al.® pointed out in a coun-
terpart analysis that the cant of the
occlusal plane compensates for skel-
etal discrepancies between jaws to
attain a Class I occlusal relation-
ship. The compensatory effect of the
occlusal plane angulation has also
been substantiated both statisti-
cally®® and geometrically."” In this
study, compensatory angulation of
the occlusal plane was statistically
substantiated with only two vari-
ables: one between SN-AB and SN-
OP angles, and the other between
APDI and SN-OP. The former
showed a higher correlation coeffi-
cient than the latter. The statistically
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Figure 3

Histogram of frequency distribution in SN-AB angles with classification by molar

relationships

significant correlation found in the
Wits appraisal appears to result
from geometric distortion effects of
the occlusal plane angulation.””
Considering the consistency of the
reference plane with values of the
correlation coefficients, the most ap-
propriate method of describing den-
tal compensation quantitatively
would be to use the SN-AB angle as
a jaw relationship parameter and
SN-U1, SN-L1, and SN-OP as den-
tal parameters. These results sup-
port those of Donovan,2 who
stressed the clinical importance of
the relationship between SN-AB
and SN-U1. By using the relation-
ship between SN-AB and the three
dental measures, dentoalveolar
compensation for skeletal Class III
jaw discrepancies can be expressed
as counterclockwise rotational
changes in the entire dentoalveolar
structure.

Of the three dental parameters, SN-
L1 showed the strongest correlation
to SN-AB. Horowitz and Hixon?*
suggested that correlation coeffi-
cients greater than 0.8 indicate bio-
logically significant relationships
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for clinical prediction. Furthermore,
SN-L1 showed the largest change
for each degree of change in SN-AB.
Therefore, lower incisor inclination
may be strongly regulated by the
sagittal jaw relationship, and it
plays a very important role in
obtaining normal incisor relation-
ships, although morphological com-
pensatory dentoalveolar changes
are produced by the soft tissue or the
force of occlusion.>®! At the same
time, the accommodation of the oc-
clusal plane to sagittal jaw discrep-
ancies appears relatively weak and
seems to display a somewhat
greater degree of variation.
Examination of the study models
showed that 32 of 44 subjects had a
Class I molar relationship, and the
remaining 12 had a Class III rela-
tionship. The Class I molar relation-
ship was rare when the SN-AB
angle exceeded 84°. This appears to
indicate that there are limitations to
achieving a Class I molar relation-
ship via spontaneous dentoalveolar
compensation, even when the inci-
sor relationship is normal. Further
investigation with a larger sample
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is necessary to establish the limits
in sagittal jaw relationships where
normal molar and incisal relation-

2.
ships are obtained in the natural
growth process. 3
Conclusions

Dentoalveolar compensations for
variations in sagittal jaw discrepan-
cies were investigated in 44 adult fe- 4
males with normal incisor
relationships and skeletal ClassTor 5.
Class III jaw relationships. The most
appropriate cephalometric param-
eters for describing dental compen-
sation quantitatively were SN-AB as
a skeletal measure, and SN-U1, SN- 6.
L1, and SN-OP as dental measures.
Lower incisor inclination was
strongly influenced by the sagittal
jaw relationship, which plays an 7.
important role in achieving normal
incisor relationships. Compensatory
changes in the cant of the occlusal
plane were relatively slight. 8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.
538 The Angle Orthodontist Vol. 69 No

References

1.

Proffit WR. Contemporary orthodon-
tics. St. Louis: Mosby, 1986.
Donovan RW. Recent research for di-
agnosis. Am J Orthod 1954;40:591-
609.

Bjork A. Variations in the growth pat-
tern of the human mandible: Longi-
tudinal radiographic study by the im-
plant method. J Dent Res 1963;42:400~
411.

Bjork A. Sutural growth of the upper
face studied by the implant method.
Acta Odontol Scand 1966;24:109-127.
Solow B. The pattern of craniofacial
associations: A morphological and
methodological correlation and factor
analysis study on young male adults.
Acta Odontol Scand 1966;24: Supp
46.

Ohnishi K. Relationships between api-
cal base relation and incisal inclina-
tion in school children: A longitudi-
nal study by lateral cephalometric
roentgenograms. J Jap Orthod Soc
1969; 28:12-32.

Sebata M, Kikuchi M, Nogami K,
Harasaki M, Ichimura K. Studies for
establishing basis of construction of
harmonious profile of Japanese. J Jap
Orthod Soc 1969;28:61-67.
Yamauchi K, Yamano C. A study on
rational assessment of the roentgen-
cephalograms. J Jap Orthod Soc 1969;
28:93-104.

Enlow DH, Kuroda T, Lewis AB. The
morphological and morphogenetic ba-
sis for craniofacial form and pattern.
Angle Orthod 1971;41:161-188.
Enlow DH, Kuroda T, Lewis AB. In-
trinsic craniofacial compensations.
Angle Orthod 1971;41:271-285.
Bjork A. Facial development and
tooth eruption: An implant study at
the age of puberty. Am J Orthod 1972;
62:339-382.

Ohyama H. A consideration of inci-
sor-axis in orthodontic treatment. J
Jap Orthod Soc 1978;37:195-204.
Bibby RE. Incisor relationships in dif-
ferent skeletofacial patterns. Angle
Orthod 1980;50:41-44.

Hasund A, Boe E. Floating norms as
guidance for the position of the lower
incisors. Angle Orthod 1980;50:165-
168.

Casko JS, Shepherd WB. Dental and
skeletal variation within the range of
normal. Angle Orthod 1984;54:5-17.
Sinclair PM, Little RM. Dentofacial
maturation of untreated normals. Am
J Orthod 1985;88:146-156.

Braun S, Legan HL. Changes in oc-
clusion related to the cant of the oc-
clusal plane. Am J Orthod Dentofac
Orthop 1997;111:184-188.

Riedel RA. The relation of maxillary
structures to cranium in malocclusion
and in normal occlusion. Angle
Orthod 1952;22:140-145.

.6 1999

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Izuka T, Ishikawa F. Normal stan-
dards for various cephalometric
analysis in Japanese adults. J Jap
Orthod Soc 1957;16:4-12.

Downs WB. Variations in facial rela-
tionships: Their significance in treat-
ment and prognosis. Am J Orthod
1948;34:812-840.

Jacobson A. The “Wits” appraisal of
jaw disharmony. Am ] Orthod 1975;
67:125-138.

Kim YH, Vietas J]. Anteroposterior
dysplasia indicator: An adjunct to
cephalometric differential diagnosis.
Am J Orthod 1978;73:619-633.
Millett D, Gravely JF. The assessment
of antero-posterior dental base rela-
tionships. Br J Orthod 1991;18:285-
297.

Haynes S, Chau MNY. The reproduc-
ibility and repeatability of the Wits
analysis. Am ] Orthod Dentofac
Orthop 1995;107:640-647.

Nanda RS, Merrill RM. Cephalomet-
ric assessment of sagittal relationship
between maxilla and mandible. Am J
Orthod Dentofac Orthop 1994;
105:328-344.

Steiner CC. Cephalometrics for you
and me. Am J Orthod 1953;39:729-
755.

Roth R. The Wits appraisal: its skel-
etal and dento-alveolar background.
Eur J Orthod 1982;4:21-28.
Horowitz SL, Hixon EH. The nature
of orthodontic diagnosis. St. Louis:
Mosby, 1966.



