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Predictions about the temporal sequencing (i.e., primacy) and causal rela-

tionships between various midfacial growth components, as suggested by two
midfacial growth models (functional matrix and septal traction), were examined
in the present study. The relationships between quantitative changes in the
nasal septum, nasal airway, nasolabial musculature, and premaxilla of 15 nor-
mal human fetal specimens, ranging in age from 12 to 20 weeks postmenstrual
age, were assessed using the multivariate technique of path analysis. Path
analysis results revealed that the causal sequence of variables proposed by the
septal-traction model explained more of the variance in premaxillary size (87

percent goodness-of-fit) than did the sequence of variables proposed by the
functional matrix model (65 percent goodness-of-fit). These results suggest
that the septal-traction model may be a more parsimonious and primary expla-
nation of early human fetal midfacial growth than the functional matrix model.
Path analysis results also reiterate the observed complex developmental rela-
tionships within the fetal labioseptopremaxillary region, knowledge of which
may be important in the surgical management of infants with complete cleft.
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Human prenatal midfacial growth involves complex spa-

tial and developmental interactions of various downward,

forward, and transverse growth components. Second tri-

__ mester fetal midfacial growth is characterized by increases

_ in septal height and length (Burdi, 1965, 1969; Siegel et al,

1985, 1987) and expansion of the palatal, maxillary, pre-

maxillary, oronasal, and orbital components (Latham and

Burston, 1966; Latham, 1968; Mauser et al, 1975; Enlow,

1982; Mooney, 1986; Siegel et al, 1987). Analysis of the

relative growth rates of the various midfacial components

suggests that the young human face possesses a basic shape,

and that the characteristic postnatal pattern of enlarging fa-

cial profiles can be recognized as early as the second pre-

natal trimester (Burdi, 1965, 1969; Humphrey, 1971;

Mauser et al, 1975; Enlow, 1982; Mooney and Siegel,

1986; Siegel et al, 1987).

Among the proposed mechanisms of postnatal midfacial

growth, two models have been suggested, a functional ma-
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trix theory (Moss, 1962, 1968, 1975; Moss and Salentijn,

1969a, 1969b) and a multiple assurance theory (Latham and

Scott, 1970); the latter involves cartilaginous nasal septal-

mediated traction (Scott, 1953; Latham, 1970; Latham and

Scott, 1970) and nasolabial muscle integrity (Delaire, 1978;

Siegel et al, 1985; Delaire and Precious, 1986; Mooney et

al, 1988). Both models relate passive midfacial skeletal

changes to active growth of the adjacent soft tissues. How-

ever, controversy exists as to the active role of nasal septal

growth versus the primacy of growth of the functioning

spaces of the oronasal capsule in controlling midfacial ad-

vancement (Moss et al, 1968; Moss, 1968; Moss and Sal-

entijn, 1969a; Latham, 1970; Latham and Scott, 1970;

Gange and Johnston, 1974; Siegel, 1976; Siegel et al,

1985).

Human postnatal midfacial growth appears to be a con-

tinuation of fetal midfacial growth. Could the control mech-

anisms observed postnatally operate in a similar fashion

prenatally? Qualitative analysis of dissections and of histo-

logic preparations of normal and cleft human fetal and peri-

natal specimens suggests a relationship between cartilagi-

nous nasal septal growth, nasolabial muscular integrity, and

midfacial advancement (Latham, 1969, 1970; Delaire,

1978; Siegel et al, 1985; Delaire and Precious, 1986). No

support for a prenatal role of the functional matrix theory

has been advanced. However, studies have reported early

(i.e., 14 weeks prenatally) facial and masticatory muscle

activity (Humphrey, 1969, 1971; England, 1983) and reg-
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ular swallowing of amniotic fluid (England, 1983). These

observations suggest a possible early '"hydraulic'' role for

the fetal functional oronasal capsular matrix, which may

also contribute to early midfacial advancement. '
Quantitative linear and volumetric growth curves have

been reported for various normal and cleft palate fetal nasal
capsule components (Mooney, 1986; Siegel et al, 1987;
Kimes et al, in press), orbicularis oris musculature
(Mooney, 1986; Mooney et al, 1988), and premaxillary and
oral capsule components (Mooney, 1986; Kimes et al,
1988), using three-dimensional computer reconstruction of
histologic preparations. The present study, whichuses this
data set, was designed to assess the complex causal rela-
tionships between changes in the nasal capsule, the nasal
septum, the nasolabial musculature, and the premaxilla us-
ing path analysis. Path analysis is a research strategy for
examining the plausibility of a number of alternative, di-
rectional hypotheses (Wright, 1960; Li, 1975; Duffy et al,
1981), using multiple regression analyses and partial cor-
relation coefficients. Path analysis has been applied to
model testing in such fields as biology (Wright, 1960; Li,
1975), the social sciences (Kim and Kohout, 1975), and in

the study of communication disorders (Duffy et al, 1981).
In particular, path analysis was applied to the a priori as-
sumptions about the time sequencing (i.e., primacy) and
causal relationships of the variables suggested by the two
midfacial growth models in a sample of 15 normal human
fetuses, ranging in age from 12 to 21 weeks postmenstrual
age (Siegel et al, 1984).

MATERIALS AnD METHODS

Cross-sectional data from 15 "normal"" human fetal
specimens from our fetal data base (Siegel et al, 1984) were
used in the present study. Because of the statistical require-
ments of path analysis, which necessitate the exclusion of
cases with any missing values (Kim and Kohout, 1975; Li,
1975; Duffy et al, 1981), only data from the oldest 15 fetal
specimens of our original 20 (Siegel et al, 1984) were used
in the path analysis. Developmentally, the five youngest
normal fetal specimens (i.e., 8 to 12 weeks) lacked quan-
tifiable nasolabial musculature (Mooney, 1986; Mooney et
al, 1988) and were excluded from the analysis. The sample
covered the age range from 12 to 21 weeks postmenstrual
age.

Fetal heads were histologically processed (Siegel et al,
1984; Mooney, 1986) and digitizedfor three-dimensional
computer reconstruction in a standardized manner (Siegel
and Todhunter, 1979; Mooney, 1986; Siegel et al, 1987;
Mooney et al, 1988). Following computer reconstruction,
structural lengths and sectional areas for the nasal septum,
nasal airway, nasal capsule, and nasolabial musculature
were calculated for each specimen (Mooney, 1986; Siegel
et al, 1987). The sum of the areas of the extracted struc-
tures, including interpolations, represented the volume of
the structure. To assess the measurement error of structures
that were traced manually (i.e., premaxillae and orbicularis
oris muscle), a large number of sections were traced twice
and the standard error of measurement (Sokal and Rohlf,
1981) was calculated. The standard error of measure was
+15.26 ml (x10~*), and the percent error was 8.83 per-
cent.

All anatomic landmarks were determined from the exam-
ination of the serial coronal sections and have been previ-
ously described in detail (Mooney, 1986; Siegel et al, 1987;
Mooney et al, 1988). For the present study, the nasal cap-
sule was defined as the region extending from the anterior
nasal spine (ANS) to the nasopharynx and superoinferiorly
from the cribriform plate to the palatal plane (Fig. 1). Pre-
maxillary length was defined as a measure from ANS to
the premaxillary-maxillary suture in the midline (Fig. 1),
whereas premaxillary volume was the sum of the areas of all
sections (including interpolations) of the premaxillary bone.
Orbicularis oris muscle thickness was defined as an antero-
posterior linear measure from the first section in which hori-
zontal muscle fibers were visible to the first section in
which orbicularis oris muscle fibers merged with modiolar
muscle insertions (Mooney, 1986; Mooney et al, 1988).
Orbicularis oris muscle volume was the sum of the areas of
all sections (including interpolations) of the orbicularis oris
muscle.

Path Analysis

The two facial growth models under study hypothesize
complex causal relationships between changes in either na-
sal airway volume or septum length and midfacial advance-
ment. Predictions from these models were tested using mul-
tiple regression analysis. In particular, path analysis
(Wright, 1960; Blalock, 1970; Kim and Kohout, 1975; Li,
1975; Duffy et al, 1981) was applied to the a priori causal
assumptions about the time sequencing of variables gener-
ated by the two midfacial growth models. The steps fol-
lowed in the path analysis included (1) modeling the two
midfacial growth models under study by specifying the vari-
ables and graphically depicting the suggested causal rela-
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FIGURE 1 A sagittal tracing of a fetal specimen indicating the mid-
line anatomic landmarks and the anterior and posterior boundaries
(dotted lines) of the nasal capsule in the midline (s=sella;
cp=cribriform plate; n=nasal bones; np=nasopharynx;
pns=posterior nasal spine; sp=septal point; ans=anterior nasal spine;
pms=premaxillary-maxillary suture; ne=nasal cavity) (Adapted from _
Burdi, 1965). '



tionships and temporal sequencing among them in a path

diagram; (2) estimating the relationships (i.e., path coeffi-

cients) between thegraphically depicted variables; and (3)

evaluating the adequacy of the causal models in terms of

their ability to explain the interrelationships among the vari-

ables (Li, 1975; Duffy et al, 1981).

The a priori causal sequence proposed by the functional

matrix model is presented diagrammatically in Figure 2,

and the causal sequence proposedby the septal-mediated

traction model is presented in Figure 3. The direct and

indirect causal relationships between the midfacial variables

are represented by the direction of the arrows. The simple

curved lines represent a spurious or noncausal covariation

between the orbicularis oris muscle and the nasal septum.

Path analysis also allowed the calculation and analysis of

other outside causal factors not measured in the model (i.e.,

measurement errors, extraneous covariances), which may

influence the causal relationships of the variables under

study (Kim and Kohout, 1975; Li, 1975; Duffy et al, 1981).

Traction model data consisted of linear dimensions,

whereas the data for the functional matrix model were vol-

umetric in nature. Comparisons were not made between

data types, but rather the explanatory value of each model

was assessed within its own set of variables.

RESULTS

In examining the results of path analysis for the func-

tionalmatrix model, the unanalyzed paths among airway

volume, septum volume, and muscle volume were obtained

with partial correlation coefficients (Table 1). That is, the

path from airway volume to septum volume was estimated

by correlating them while holding orbicularis oris muscle

volume constant; the path from airway volume to muscle

volume was obtained by correlating them while holding

septum volume constant; and the path from septum volume

to muscle volume was obtained by correlating them while

holding airway volume constant. The causal paths leading

to premaxillary bone volume were estimated by beta

weights derived from regression analysis. The paths to pre-

maxillary bone volume were derived from regression with

premaxillary bone volume as the dependent variable and

with airway volume, septum volume, and muscle volume as
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FIGURE 2 Path analysis strategy for testing causal relationships

predicted by the functional matrix model. E,, E,, and E, are the

effects of extraneous factors not directly measured in the system.
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FIGURE 3 Path analysis strategy for testing causal relationships
generated by the septal traction model. E,, E,, E,, and E, are the
effects of extraneous factors not directly measured in the system.

the independent variables. The extraneous, unanalyzed fac-

tors pE,, pE,;,, and pE, were obtained using the formula

pE= V 1-R

where the multiple correlation for computing E, is that

between septum volume and airway volume-muscle vol-

ume; E; is that between muscle volume and septum vol-

ume-airway volume; and E, is that between premaxillary

bone volume and septum volume-airway volume-muscle

volume.

Path analysis of the functional matrix model (Fig. 4)

revealed that the paths from airway volume to premaxillary

bone volume (0.80) and to orbicularis oris muscle volume

(0.66) were high and significant (p<0.01). These path co-

efficients are estimates of the change (in standard units) to

be expected in the effect variable when the causal variable

changes one standard unit. In contrast, the path from airway

volume to septum volume, which was also hypothesized to

be positive, was found to be negative (-0.23). The non-

causal and spurious relationship between septum volume

and muscle volume (0.80) was found to be high and sig-

nificant (p<0.01). The path coefficient between septum

volume and premaxillary bone volume (0.37) was also sig-

nificant (p<0.05). However, the predicted positive path

between muscle volume and premaxillary bone volume

(-0.16) was low and negative. Finally, E,, E;, and E;,

when squared, indicate that 44 percent of the variance in

septum volume, 25 percent of the variance in muscle vol-

ume, and 10 percent of the variance in premaxillary bone

volume are not explained by the variables explicitly iden-

tified in this model.

Evaluation of the functional matrix model's adequacy

involves a test of the degree to which the predictions gen-

erated by this model correspond to the observed relation-

ships. This analysis requires (1) the identification of all

paths by which each pair of variables in the model may

covary; (2) the computation ofthe covariance contributed

by each of these paths; and (3) the summation of these

results to estimate the total relationship between the two

variables (Kim and Kohout, 1975; Duffy et al, 1981). This

estimated total relationship can then be compared with ob-

served zero-order correlation coefficients (see Table 1). The

results of these comparisons for all pairs of relationships
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TABLE 1 Summary of Covariance Analysis and Overall Goodness-of-Fit of Functional Matrix Model Path Analysis
 

 

Paths Observed Value Covariance Difference
(Figs. 2, 4) Expected Value - (Zero-Order Correlations) (0 - E°)

Premaxilla to orbicularis oris muscle
Direct Pm-0O00* -0.16
Indirect Pm-Sep-OO 0.30
Sum 0.14 0.83 0.671

Orbicularis oris muscle to airway
Direct 00O-Air 0.66
Indirect OO-Sep-Air -0.18
Sum 0.48 0.82 0.447

Premaxilla to airway
Direct Pm-Air 0.80
Indirect Pm-O00-A¥ir -0.11

Pm-O00-Sep-Air 0.03
Pm-Sep-Air - 0.09
Pm-Sep-OO-Air 0.20

Sum 0.83 0.80 - 0.05
Septum to premaxilla

Direct Sep-Pm - 0.37
Indirect Sep-OO-Pm -0.13
Sum 0.24 0.77 0.541

Orbicularis oris muscle to septum
Direct OO-Sep 0.80 0.89 0.15t

Airway to septum
Direct Air-Sep - 0.23
Indirect Air-O0O0-Sep 0.53
Sum 0.30 0.67 0.361
 

* Pm; premaxilla; OO, orbicularis oris muscle; Sep, septum; Air, airway.
{ p < 0.05.
Average difference in covariance, 0.35 + 0.26. Total goodness-of-fit, 0.65.

were then averaged, thereby yielding a goodness-of-fit mea-

sure of the overall adequacy of the model (Kim and Kohout,

1975; Li, 1975; Duffy et al, 1981).

The results of the functional matrix model evaluations are

summarized in Table 1. Briefly, the specific comparison

procedure followed for each pair of variables involves the

addition of the direct and all the indirect paths between the

two variables. For example, premaxillary bone volume and

orbicularis oris muscle volume are related directly (-0.16)

and also indirectly through another coordinating path from

premaxillary bone volume to septum volume (0.37) to or-

bicularis oris muscle volume (0.80), the product of which is

0.30. The sum of the direct and indirect paths (0.14) rep-
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FIGURE 4 Path analysis for the functional matrix model with path

coefficients.

»"E

resents an estimate of the total relationship (causal and spu-

rious) between premaxillary bone volume and orbicularis

oris muscle volume. This estimated coefficient (i.e., 0.14)

is significantly different from the observed zero-order cor-

relation coefficient of 0.83, thus implying that the relation-

ship between them-suggested by the functional matrix

model-is inconsistent with the observed data. The differ-

ence in covariance between the estimated and observed co-

efficients for each pair of variables, when averaged, yields

an overall goodness-of-fit of 65 percent for the functional

matrix model (see Table 1). Five of the six estimated co-

efficients were significantly different (p<0.05) from their

observed counterparts. Only the comparison between the
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FIGURE 5 Path analysis for the septal traction model with path
coefficients.



estimated and observed airway volume and premaxillary

bone volume (i.e., 5 percent) was not significantly different

(see Table 1).

Path analysis of septal-mediated traction model (Fig. 5)

revealed that the paths from septum length to premaxillary

length (0.86) and nasal airway length (1.02) were high and

significant (p<0.01). In contrast, the paths from orbicularis

oris muscle thickness to premaxillary length (- 0.05) and

from premaxillary length to nasal airway length (-0.09)

both were negative, low, and not significant (p>0.05). The

noncausal or spurious relationship between septum length

and orbicularis oris muscle thickness (0.55) was significant

(p<0.05). Finally, E,, E;, E;, and E,, when squared, in-

dicate that 70 percent of the variance in muscle thickness,

70 percent of the variance in nasal septum length, 26 per-

cent of the variance in premaxillary length, and 10 percent

of the variance in nasal airway length are not explained by

the variables explicitly identified in the septal-mediated

traction model. ’
The results of the septal-mediated traction model's eval-

uation are summarized in Table 2. The difference in the
covariance between the estimated and observed coefficients
for each pair of variables, when averaged, yielded an over-
all goodness-of-fit of 87 percent. Only one of the six esti-
mated-observed covariance comparisons was significantly
different (i.e., nasal airway length and premaxillary
length).

Comparison of the total goodness-of-fit scores between
the functional matrix model (65 percent) and the septal-
mediated traction model (87 percent) revealed a difference
of 22 percent accuracy between models in estimating total
variance between the four midfacial variables.

DIscUssION

Path analysis of normal fetal midfacial growth suggests
that the septal-traction model may be a more parsimonious
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explanatory model of early midfacial growth than the func-
tional matrix model in this fetal sample. The two path anal-
yses revealed that the sequencing of variables in the septal-
traction model accounted for 87 percent of the variance in
predicting nasal capsule and premaxillary length, compared
with only 65 percent predictive ability for the temporal se-
quence of variables suggested by the functional matrix
model. Although there was only a 22-percent differencein
predictive ability between the two models, the septal trac-
tion model interpreted the midfacial variables more effec-
tively.

Part of the difference in goodness-of-fit scores between
the two models may also be attributed to a number of in-
dependent factors. One factor may be the small sample size
or errors attributed to sampling. However, this sample was
found to be normally distributed with regard to foot size and
sitting height, compared with other fetal samples (Mooney,
1986), and thus should not be considered a significant fac-
tor. Another factor may be possible variations introduced by
histologic processing, computer digitization, or both. Be-
cause all specimens were processed in a standardized fash-
ion (Siegel and Todhunter, 1979; Mooney, 1986) by the
same team, and data from all specimens were utilized for
each group (model), any variability from these factors
should be randomly distributed. Differential effects on di-
mension type are not a confounding factor, because either
all linear or all volumetric measures were used in any one
model. Another factor to be considered is the comparison of
the two path diagrams that utilize different measurements.
The use of lengths and volumes in constructing the two path
diagrams was dictated explicitly by the causal mechanisms
being evaluated by the two alternative midfacial growth
models and thus have a basis in reality. To eliminate any
possible confounding effects of measurement errors from
combining lengths and volumes (i.e., volume being a cubic
function of length) within the same path, we consistently
used all lengths or all volumes within any given diagram.

TABLE 2 Summary of Covariance Analysis and Overall Goodness-of-Fit of Septal Traction Model Path Analysis
 

 

 

Paths Observed Value Covariance Difference
(Figs. 3, 5) Expected Value (Zero-Order Correlations) (0 - E°)

Septum to airway
Direct Sep-Air* 1.02
Indirect Sep-Pm-Air -0.08
Sum 0.94 0.94 0.00

Premaxilla to airway
Direct Pm-Air - 0.09 0.82 0.661

Airway to orbicularis oris muscle
Indirect Air-Pm-O0 0.005

Air-Pm-Sep-OO - 0.04
Air-Sep-OO 0.56

Sum 0.53 0.50 -0.03
Orbicularis oris muscle to septum

Direct OO-Sep 0.55 0.55 0.00
Orbicularis oris muscle to premaxilla

Direct OO-Pm - 0.05
Indirect OO-Sep-Pm , 0.47
Sum 0.42 0.47 0.04

Premaxilla to septum
Direct Pm-Sep 0.86
Indirect Pm-O0-Sep -0.03
Sum 0.83 0.89 0.10
 
* Sep, septum; Air, airway; Pm, premaxilla; OO, orbicularis oris muscle.
{ p < 0.05.
Average difference in covariance, 0.13 + 0.13. Total goodness-of-fit, 0.87.
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Thus any effect of measurement error would be randomly

distributed across measures within each path diagram and

would not significantly influence goodness-of-fit scores

compared between path diagrams. This later suggestion is

supported by the fact that in both models all but 10 percent

of the variance in the dependent variable (E, in Figure 4 and

E, in Figure 5) was explained by the variables defined in the

path diagram. A much higher variance would be expected if

measurement error was a significant factor.

Path analysis results are also consonant with quantitative

findings reported by others of an early (i.e., 12 to 18 weeks)

fetal midfacial anteroposterior elongation (Burdi, 1965,

1969; Levihn, 1967; Latham, 1969; Mauser et al, 1975;

Mooney and Siegel, 1986; Mooney, 1986; Siegel et al,

1987) followed by increases in midfacial width and height

(i.e., circumferential growth) at about 18 weeks (Burdi,

1965, 1969; Levihn, 1967; Latham, 1969, 1970; Mooney,

1986; Siegel et al, 1987). Results from the present study do

not support the primacy of the functional matrix in prenatal

midfacial growth, as has been suggested by Moss (1968,

1975) and Moss and Salentijn (1969a, 1969b). In contrast,

path analysis results support an early role of septal-traction

in midfacial fetal growth as suggested by Scott (1953),

Latham (1969, 1970), and others (Sarnat and Wexler, 1966;

Gange and Johnston, 1974; Siegel, 1976; Siegel et al, 1985;

Mooney and Siegel, 1986). However, the timing of volu-

metric increases in the fetal nasal airway, at approximately

16 to 18 weeks (Mooney, 1986; Siegel et al, 1987), also

coincides with the development of fetal orofacial neuromus-

cular activity (Humphrey, 1969, 1971) and the regular

swallowing of amniotic fluid (England, 1983) at about 14 to

16 weeks. Near term, the fetus may be swallowing approxi-

mately 750 ml of amniotic fluid daily along with sloughed

oronasal epithelial cells and lanugo hairs (England, 1983).

These temporal associations also suggest an early '"hydrau-

lic'' role for the oronasal capsular matrix, which may in-

fluence midfacial advancement, as evident by the high zero-

order correlation coefficients and path coefficients observed

in the path analysis. Thus, any discussion of primacy may

be irrelevant, since both mechanisms appear to be opera-

tional at a very early fetal age.

CONCLUSIONS

In conclusion, the causal sequences of relationships de-

scribed by the two midfacial growth models are only a part

of the various operational or ''developmental'' forces (e.g.,

expansion of the neural tissue and orbital contents, tooth

bud development, neurotropic processes) (Burdi, 1976;

Moss, 1975; Mauser et al, 1975) involved in shaping the

human midface and surrounding skeletal units. In an effort

to understand these processes further, additional multivari-

ate analyses of the complex functional relationships be-

tween a greater number of fetal midfacial components (e.g.,

tongue, oral capsule, vomer, orbits) are needed and are the

focus of our ongoing research.
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Commentary

Mooney and colleagues offer an interesting, but some-

what unusual, statistical examination of the applicability of

two leading models of human facial growth that have cap-

tured the attention of craniofacial biologists and clinicians

for some years, i.e., the functional matrix model (Moss,

1962) and the septal-traction model (Latham, 1970). The

authors are to be commended for daring to go beyond the

dogma of conventional cephalometric analyses by carefully

invoking the path analysis method, which is used success-

fully in such disciplinary fields as the social sciences and

biology and in the study of communicative disorders.

The path analysis method will be new to most readers,

and it certainly will take some effort to understand by even

the most experienced cephalometricians. It will not be sur-

prising if the principle, and even the appropriateness of the

path analysis method itself to explain biological form, are

questioned. In a nutshell, the path analysis method, as used

in this study, is based on a series of multiple regressional

analyses and tests for partial coefficiency to explain the

outcomes of complex and interrelated biologic events that

shape the human midface.

The conclusions drawn by the authors come from data

retrieved from computer reconstructions of a small cross-

sectional population sample of 15 histologically stained and

sectioned human fetal heads judged to be typical-for-age. In

using path analysis in the present investigation, this partic-

ular team of Pittsburgh researchers has found yet another

way to expand its extensive use of three-dimensional com-

puter reconstructions of facial structures. In any event, a

primary aim of this cross-sectional, i.e., non-longitudinal,

growth study is to identify causal relationships between

prenatal midfacial advancement and changes in either nasal

airway volume or septum length. Readers must keep in

mind the fundamental question of whether the very sam-

pling methods, the differing data sets (i.e., linear, volumet-

ric), and the interesting statistical path analysis used in this

study really and unequivocally elucidate causal relation-

ships rather than indicate mere associations in time. As the

authors eventually come to conclude, the application of a

series of carefully applied statistical steps simply shows a

difference between the functional matrix and septal-traction

growth models in explaining patterns of prenatal midfacial

growth.

Given this, the reader still must come to grips with the

questions of (1) whether causal relationships can be actually

identified by the design of this descriptive study and (2)

whether this study is able to do more than merely suggest

the primacy of Latham's septal-traction model over Moss'

functional matrix hypothesis in accounting for age-related

changes in the size and shape of the human midface before

birth. When all is said and done, this particular study serves

us well in prompting further investigation and refinement of

manageable mathematical modeling procedures. Both of

these are definitely needed so that more effective ways of

describing and communicating normal and abnormal

changes of biologic forms, including those of the cranio-

facial complex, can be found.
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