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SUMMARY It would be of benefit to have a better understanding of the relative effects of genetics and
environmental factors on craniofacial parametars when undertaking orthodontic therapy and treatment
planning. However, there is a lack of such infarmation in pre-adolescents. The aim of this study was to
verify the degree of genetic and environmental contribution to the growth of the faciat skeleton in twins
aged 610 12 years. The material comprised the lateral cephalograms of 83 pairs of female twins in Belfing,
China, of whom 61 pairs were diagnosed by DNA analysis as monozygotic (MZ) and 28 pairs as dizygotic
(DZ). Four main groups (with a starting age of 6, 7, 9 and 11 years) were studied in a semidongitudinal
manner, with a sub-group further investigated for 2-4 consecutive years. The total sample therefore
consisted of 183 pairs (MZ 110, DZ 73} aged from 6to 12 years. The depths of the cranial base, mld and
lower face were measured, as well as anterior and. posterior face height.

Atwo-tailed ttest showed significant environmental effects on lower face depth (P<0. 01),whilst genetic
effects on face height were significant (P < 0.01). The results suggest that early orthodontic intervention

would have a greater influence on the antero-posteérior rather than on the vertical plane of growth.

Introduction
Orthodaoutic growth modification has gqnefated controversy

in recent years (Gisnelly, 1995; White, 1997, 1998; .
Bowman, 1998; Dugoni, 1998). Twins scrve as a unique

resource for evaluating the interactions between genetic
md environmental , effects, hclpingtoptwideamme

scientifically - based' monale Tor, onhodontxc uwmmn

' (Laweryns:étal., 1993)

Mzny ‘polygenic crimiofacial teaits: are susceptible to,

cnvxronmentalmodxﬁmon,mdmbed:ﬂiculttomxdy

with conventional methods (Bixier, 2000). Twin studies

provide &n. opportunity to analyse such traits. Classical
methods of analysis have been based on comparisons of the
differences within pairs of monozygous (MZ or identical)
and dizygous (DZ or fraternal) twins, the extent of the

differences ‘being taken as an indication of the relative -

genetic influence on varistion of the dmantcnshc studied
(Lundstrons, 1984).

Inorderwvmfymcdcgreeofgmencwmibmiontothe“ |
gmwthofthcﬁsaalakele(on.onlyafewinvauguouhave; :

undertaken lotigitudinial observations on a-group of twins
aged 6-12 years. Dudas and Sdssouni-(1973) studied 22
pairs of twins, 12 being MZ (10 female and 2 male) and 10
DZ (7 male and 3 female). All twins were examinéd from
4 1o 13 years of age during their growth period. This was
the first reported study designed to- evaluate twin growth,
though limited by a small sample size. However, in view
of the large number of variables present, it ‘'was difficult to
assess the longitudinal effects.

Nakata (1978) made his craniofacial obsetvations over a
period of 7 years, starting at 3 years of age. He investigated
28 MZ twins, 9 DZ twirs, and 12 twins of unknown

zygosity. Unfortunately, due to the small nomber of DZ
twing (three 3-year-old twins, three 4-year-old twins, six 7-
year-old twins, six 8-year-old twins, four 11-year-old twins,

-and. four 12-year-old twins) he could not draw any clear

conclusions.

Ishikawa (1991) studied 12 MZ and 13 DZ male twins
from 610 1§ years-of age utilizing lateral cephalograms. He
found that raandibular height showed the lowest heritability,
but all the mandibular dimensions seemed to converge to
almost the same high range of heritability with increasing
age. However, there were a number of limitations to the
study design, which related to the accuracy of zygosity

~determination (using the samples of 30 years ago) and the

use of heritability.

The .aim of the present investigation was to explore
the-genetic ‘and environmental influences on craniofacial
dimension in a group of pre-adoléscent subjects, using the
twin study thethod.

M:terials and methods

The sample consisted of lateral cephalograms of 89
pairs of female twins in Beijing, China. Sixty-one pairs
were diagnosed as MZ and 28 pairs as DZ. Zygosity was
determined by DNA fingerprinting of the twins using buman
minisatellite probe 33.15. Based on DNA fingerprints, on
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average 32.5 bands were detected and the coincidence of a
band in twin sisters was 0.5t 1. Therefore, the probability that
sisters of the DZ twins shared an identical DNA fingerprint
was 334 x 1019, calculated as 0.511323, implymg an
accuracy of 99.99 per cent (Hill and Jeffreys, 1985).

Using a mixed longitudinal method, i.c. further twin pairs

were recruited during ‘the trial ‘and added to the original
sample of 89 pairs, a total sample size of 183 pairs (MZ 110, |

DZ 73) of female twins, rangmgmageﬁ’om6uo 12 years,
was analysed (Table 1).
mmudsampl:swmyoupedptmuﬂymagﬁﬁ 7,

9 and 11 ycars and were re-cxamined the following year. To

increase the number of DZ twins, additional DZ pairs, aged
trom 7 to 10 years, were recruited to the study over three to
four consecutive years (sec Appendix, Tables Al and A2).,
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twins, MZ and DZ twins, expressed as AID(ME), AID(MZ)
and AID(DZ).

Data was analysed using the Statistical Package for Social
Sciences (SPSS/PC for Windows, version 10, Chicago,
Hlinois, USA). In some instances, the variances between the
two groups were not found to be the same when applying
Levene's test for oquahty of variances. An F. test would

 therefore have been inappropriate and, for this reason, a
_ttest was used in the analyses. A two-tailed t test was used
as it is more conservative than a one-tailed test.

. Since MZ twins arc assumed to possess identical
-genetic material, any differences between them must be
attributable to environmental factors. Measurement errars

~'were_iocluded in the analysis of MZ twins. Therefore,

Anprocedmwuecumcdanwnhthcmformedoow‘

of the parents following protocols reviewed and.

by the sppropriate institutional review boards of the Pekmg .

University Health Science Centre:

The lateral cephalograms were obtamédmdnS:emm‘ :
Orthophos CD system (Pelton & Crane, Charlotts,
North Carolina, USA). Each radiograph was traced onto . -

frosted acctate paper and digitized (Microtek, Phantom
3500 Scamner, Zhongjing Computer Company Limited,
Shanghai, China) o a computer. Linear dimensional
values were measured using computer software (Schoot of
Software, Tsinghua University). One lumdred and fifty-two

radiographs were randomly selected and the tracings and

measurements repeated by the same mvesngmt(ﬂ’)nﬁcr
an interval of one month to determtine measurement cfrors
(ME) in cach age group (Table 1).

The - following landmarks were used: anatomic’ ponon

(P), orbitale (Or), sella (S), nasion (N), basion (Ba), point -

A (A), gounion (Go), pogonion (Po) and menton (Me)
(Figure I). Three depths (of the cramial base, the mid
and the lower face) and two heights (of the anterior and

posterior face) were included according.to the metliod of

Coben (1955).(Figure 1). Each dimeusion was measured to
the nearest 0.5mm. Comparisons were cartied out between
the average intra-pair differeaces (AID) of ME and MZ

¢

Figuse 1 Landmarks and lincer dimensioas msed saatomic pocion (P),
uuah(Or).uﬂa(S).m(N).biaon(Bu).mA(A).m(Go}.
pogonion (Po) and mevton (Me). Thave deyahis [of the crapial bawe (1), the
niid (2) and the lower (3) face] 20d two' beights [of the atecior (4) md
Wﬁw(mmmmwuwammm

Table 1 Distribution of measurement esrors (ME), mooozygous (MZ) and dizygous (DZ) pairs in the sample used in the study.

Age (years) ME MZ DZ
» (paics) #(pairs).  Meansgs (months)  SD(months)  w{psirt)  Memnsge (montbs) D (moutha)

6 4 1§ 76.1 13

7 20 17 857 3.8 8 4.9 43

B 22 12 96.5 42 9 96.8 4.0

9 31 16 1076 34 13 106.6 37

10 30 19 119.1 s 15 118.9 39

11 13 22 130.6 31 14 131.8 53

12 19 17 143.2 32 14 1432 35

ST, standard deviation.
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environmenta) factors are represented by the difference
between the average vanability of MZ twins and the
ME. If the difference between them is significant, then
environmental factors are considered to play a role.

The differences in average wvarisbility between DZ
and MZ twins may be used as an estimate of the genetic

portion of total variation. Again, variability between MZ

may be due to environmental influences and ME. When
twins are homologous (same race, same geographical ares,
etc.), the average environmental differences for DZ and
MZ twins are the same. Homogenity of the MZ and DZ

types must be statistically tested (Christian, 1979; Sharma
and Corruccini, 1986). Most differences in means between:
Zygosity groups were non-significant in the present study.
Even if there were statistical differences, these were very
small (Peng, 2002). Therefore, the differences between

average variability of DZ and MZ twins can be attributed
to genetics. 1f the difference between DZ and MZ twins is
significant, then a genetic source of variation is cons1dcred
to be present.

Results
Cranial base depth

The sigaificant difference between AID(MZ) and AID(ME)
indicated that measurement of cranial base depth was
sufficiently accurate to detect environmental influences
affecting MZ twins at 9, 11 and 12 years of age (Table 2).
Based on s comparison of AID(MZ) and AID(DZ), a
genetic contribution to variation was detectable at 8 years
of age (Table 3).

3of6
Mid face depth

A similarly significant difference between AID(MZ)
and AID(ME) was found at 8, 9, 11 and 12 years of age
(Table 2). Comparison of the difference between AID(MZ)
and AID(DZ) revealed a genetic contribution to the variation
at 10 years of age (Table 3). In addition, the data indicated
that mid face depth was more sensitive o environmental
effects than cranial base depth.

Lower face depth

The difference between AID(MZ) and AID(ME) was
statistically significant at 8, 9, 10, 11 and 12 years of age
(Table 2). Based on comparison of ATD(MZ) and AID(DZ),
a genetic contribution to variation was detectable only at 10
years of age (Table 3). Environmental influences provided
the greatest contribution to variability of lower face depth
among the observed dimensions.

Anterior face height

The significant difference between AID(MZ) and AID(ME)
showed that measurement of sntenior face height was
suﬁiuemly accurate to detect environmental influences
producing differences between MZ twins at 7 and 9 years
of age (Table 2). However, a clear genetic contribution to
variation was apparent at 9, 10, 11 and 12 years (Table 3).

Posterior face height
In addition to significant differences between AID(MZ)

'andAlD(ME)at‘l 9, 10, 11 and 12 years of ege (Table 2),

Table2 Mean intra-pair d:ffcxtnccs in lincar dimensions of monozygous (MZ) and messurement error (ME) pairs (independert-sample

t test).
Linear measurement  Aged 6 years Aged 7 years Aged 8 years Aged 9 years Aged 10 years  Aged 1l years  Aged 12 years
Variance P Vatisnce P Vasimce P Varisace P Voriance £ Variance P Variancs P

Cranial base depth

MZ 1.3 [y 1.6 2.3 1.7 16 1.9

ME 1.0 0434 12 0320 10 0.122 06 0.000 10 0,089 08 0.031 0.7 0.023
Middic face depth

MZ 1.3 LS t.9 1.7 16 2.1 2.7

ME 0.6 0.157 0% 0269 0.8 0.027 0.6 0024 09 0.068 0.8 0.00! 0.6 0.004
Lower face depth

MZ 1.7 21 29 28 217 29 40

ME 0.6 0137 11 0.073 09 0.035 07 0005 09 0.007 0.7 0.002 L1} 0.023
Anterior face haight

MZ L3 24 12 : 23 22 2.0 2.1

ME 1.0 0355 1.0 0033 10 0509 1.2 0.005 1.6 0.156 1.4 0.245 1.4 0.194
Poaterior face height

MZ 0.6 1.8 1.1 1.9 1.9 1.7 1.9

ME 0.4 07495 0.7 0011 08 0.180 0.7 0015 086 0001 06 0.000 0.8 0.009

Nore: Levene s test for equality of variences was corried oul.
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Table 3 Mean intra-pair differences in linear dimensions of monozygous (MZ) and dizygous (DZ) twins {independent-sample t test)
Lineer measerement Agai 7 years Aged B years Apged O years Aged 10 years Aged 11 years Aged 12 years
Varance P Variance P Variance P Varlance P Vargnee P Variance [

Cranial base depth

MZ 1.7 1.6 23 L7 L6 - 1.9

DZ 9 0.138 il 0037 2% 0.382 2.5 0.147 2.0 D467 2.4 0.380
Middie face depth

MZ L3 1.9 1.7 i 2.1 2.7

DZ 2.6 0057 28 0.345 26 0162 . 34 0008 25 0.566 2.6 0.951
Lower face depth

MZ 2.1 29 28 2.7 25 40

DZ 2.6 0.567. 49 0.160 39 0.243 5.1 0.022 38 0351 3.6 0.800
Anterior face height

MZ 2.1 1.2 23 232 2.0 2.1

DZ 35 0250 35 0055 56 0.042 - 6.7 G001 6.3 0,002 5.7 0.001
Postenior face height

MZ 18 1.1 L9 1.9 1.7 1.9

Dz 24 0.338 35 0026 3.1 0131 4.0 0014 44 0.001 4.6 0.024

Note: Levene’s west for equalitv of variances was carried out.

there were also statistically significant differences between

AID(MZ) and AID(DZ) at8, 10, 11 and 12 years of age
(Table 3).

Discussion

For over 100 years, twin studies have served as a basic -
tool in evaluating the relative contribution of gevetic and

environmental factors (Corruccini et g/, .1990; Harris and

Potter, 1997). However, mctwmmcthodnshmncdmmq'al

ways, not only because it is difficult to obtain a sufficient
number of twin pairs, but also because it can be difficult
to establish zygosity and confinn that environmental
factors are in fact the same for both metabers of a twin pair
(Proffit, 2000).

In this investigation, 183 pairs of female MZ and DZ
twins ranging in age from 6 to 12 years and demonstrating
good homogenity (same race, same geographical area, etc.)
were studied. This was confirmed by the homogenity of
the twin types and the similar measurement means for both
groups (Christian, 1979; Sharma and Corryuccini, 1986).

Even when statistical differences between the twin groups .

were detected, they were very smiall (Table 3). For these
reasons, compamonsoftthZandDZtywwetelikdy
to be unbiased. Moreover, zygosity was corfirmed by DNA
ﬁngctpmtmgwnhanacmcyof!»”perccm(}ml and
Jeffreys, 1985).

Heritability has been calculated in the majority of twin
studics, but for some investigations the closest approach to
heritability is the proportion of variance between DZ pairs
that is lost when the genotype is held constant {Osboroe and
DeGeorge, 1959). There are some other shortcomings in

, del'eamnmg heritability, such as bias caused by measuremeant

accuracy and the method of ‘statistical analysis applied

:‘ (Shapiro, 1969; Harris and Potter, 1997).

‘The high sigaificance’ ofAID(MZ) and ATD(ME) suggests
that the measurements were sufficiently accurate to permit
detection of environtmentally influenced differonces between
MZ twin pairs. ngmﬁcanoeoftheMZandDZwmpmsom
mgmamdyhgegMcmmoﬁmbdny
mapop;ﬂmonﬁnamthwprmtppmach:slﬁs
misleading than heritability and, more nnponanﬂy lends
itsélf to tests of significance. ,

- Based on the statistical resuits (Table 2), environmental
mﬂuences were observed for the three measurements of
facial dépth. When the level of significance and also the
AID are considered, lower face depth sppeared 10 be
most sensitive to these environmental effects, In spite of
the detection of environmentally influenced differences
between MZ twin pairs, the AID of MZ (Table 3) were
relatively low, suggesting that the genotype may be held
constant, especially for cranial base and mid face depths. In
addition, the compmsonsofAlD(MZ)mdAID(DZ) for the

‘three:facial depths: were non-significant for most age groups

(Table 3), indicating two-effects: that the genotype is held
constart, or that the phenotype:is sensitive to eavironmental
influence. Furtlier analysis suggests that cranial base depth
tends to be genetically constant, lower face depth tends
to be environmentally influenced, and mid face depth lies
between the two. :

Anterior face height. was less significant for AID(MZ)
end AID(ME), but it was significant for AID(MZ) and
AIDXDZ), mthcmng a relatively large ‘genetic component

‘of variability. 1t is of inferest that posterior face height
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was significant tor AID(MZ) and AID(ME) and also tor
AID(MZ) and AID(DZ), which suggests that this variable
has detectable envuonmcntal cffects but may also be
genetically influenced.

Tt should be noted that there was no clear rend observedin

relation to the age groups for the different variables. This may
be a sampling problem or may indicate significant genetic
input at only certain ages. A possible explanation for some
of these inconsistencies might be différences in the timing of
onset, velocity and duration of adolescent growth spurts that
at least some of the twins had probably entered. Again, with
a relatively small sample end a mixed longitudinal study
design, individual differences in the growth patrern within
and between pairs may (o some extent cause inconsistencies
in the final results. Morcover, given that the information in
Tabie 2 essentially indicates whether the variation between

MZ pairs exceeds that due 10 ME, ncouldbeatgwdﬂmt-
onlydxoscvmabiesmatslwwsxgmﬁmntdxffummm‘

* Table 2 should be considared in Table 3. If this theory is
followed, the evidence for stgmﬁoant geactic effects on
craniofacial variables is somewhat reduced. Fortunately, the
ME in the study was very small.

In order to verify the degree of genetic contribution to
the growth of the facial skeleton, investigutors have made
longitudinal observatioas on groups of twins aged 6 tol2
years (Dudas and Sassouni, 1973; Nakata, 1978; Ishikawa,
1991). In the absence of a larger -sample size, clear
conclusions catnot be drawn from these studies,

Although a récent cross-gectional twin smdy of 10to 13
year-olds(Mmﬁ'edwraI lwnmmmmmvetsml,
i.c. using heritability for analysis and including different
genders in the twin samples {Harris and Potter, 1997), there
were several intriguing observations relevant to the present
research. These cross-sectional adolescent and adult twin
studies reported the same findings related to facial depth and
height (Horowitz ez al., 1960; Hunter, 1965) which suggests
that there might be a ‘universal influence’ of genetic and

environmental factors in craniofacial dimensions for both

children and aduits.
Even if craniofacial dimensions have relatively high

inherited -proportions; “the ectuvironmental influences -
oa craniofacial morphology should mot be ignored in .

ofthodontic " treatment ‘planning. Verious parts of the
craniofacial morphology respond. dxﬂ‘a'a!tly to different
environmental influences. Horizontal factars decline in

genetic contribution as sge progresses towards 12 years,

whilstvertical factors showtheopposite trend. Thesefindings

may help clinicians in carly oithodoatic treatment planning

by providing them with abetter overall understanding -of
the factors contributing . to variation. If early orthodontic

treatment is to be cffective, perhaps intervention in-the .

antero-posterior plane would offer improved long-term
stability, whilst the vertical plane should perhaps be left
to develop into the adult phenotype before treatment. This
indicates that the majority of trealment effects should be

 Christign, J.C 1979 Testing twin oo sud
basic

Sof

directed in the aniero-posterior rather than the vertic
plane, especially for lower face depth.

Furthermore, it should be noted that although vertici
factors appear to be strongly genctically influenced durin
the later stages of development, growth modification ma
be undertaken prior to this. Twin studies merely quantit

- the extent of geneuc and environmental contributions t

observed variation in the group under investigation at
given time. The genetic and cavironmental estimates ar
not mumually exclusive of each other and they should no
be applied directly to an individual in deciding whether :
particular treatment will or will not be successtul.
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