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Relative mandibular prognathism is an observed finding in Aperf and Crouzon syndromes. This imbalance in the 
facial profile is generally attributed to the diminished growth of the maxilla, thereby increasing the disparity 
between maxilla and mandible with increasing age. What is not known is whether the mandible is, indeed, 
normal. Previous work by Kreiborg’ with Crouzon syndrome led to the conclusion that the mandible, although 
somewhat smaller, grew in a “normal” pattern. Our own observations, which used a greater variety of mandibular 
measurements on patients with both Aperl and Crouzon syndromes, corroborated Kreiborg’s’ conclusions but go 
further to suggest a syndrome-specific mandibular malformation. Ramal height was found equal to the norm and 
sometimes greater. Mandibular body length was significantly shorter, thereby producing a distinctly different 
ramus/body length ratio, particularly in older patients. These findings become significant in the planning of 
reconstructive procedures. They also raise the question as to whether the shape of the mandible is genetic in 
origin or is an adaptation to the increasing derangements of the cranial base, maxilla, and occlusion observed 
with maturation in these patients. The possibility of interactive genetic and environmental factors affecting growth 
of the mandible emerges from the data. 
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T he syndromes of Apert and Crouzon have 
been described by several previous authors.2-5 Briefly 
stated, both syndromes present with similar cranio- 
facies that include calvarial deformations secondary 
to cranial suture fusion, anomalies of the cartilagin- 
ous cranial base, midfacial hypoplasia, orbital hyper- 
telorism, exorbitism, and relative mandibular prognath- 
ism (Figs. 3 and 7). The primary diagnostic difference 
between the two syndromes lies in the extremities. 
In Apert syndrome, also known as acrocephalosyn- 
dactyly type I, I7 there are any number of digital anom- 
alies, in combination with the above-mentioned cranio- 
facial features,5 which distinguish this entity from 
Crouzon syndrome. 

Apert and Crouzon syndromes are among those 
syndromes which have been described by Pruzansky,6, 7 
in previous growth studies, as becoming more severe 
with increasing age (Figs. 1 to 8). 
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Relative mandibular prognathism is a complication 
commonly associated with older patients who have 
Apert and Crouzon syndromes. Mandibular progna- 
thism is not always apparent at birth but is manifest as a 
result of increasing disparity between a maxilla with 
diminishing growth in all three planes of space and a 
mandible with a presumed normal growth pattern. An- 
other factor contributing to the abnormal profile is the 
shortening of the cranial base and deformation of the 
frontal bone. What is not known is whether the mandi- 
ble in these syndromes is, indeed, normal. 

The objectives of the present study can be summa- 
rized by the following questions: (1) Is the mandible in 
Apert or Crouzon syndrome normal in size and shape 
when matched with normal controls? (2) Is the mandi- 
ble in Apert syndrome different from that in Crouzon 
syndrome? (3) In longitudinal series, what alterations 
occur in the size and shape of the mandible? If such 
changes exist, what are the biologic and therapeutic 
implications? 

REVIEW OF THE LITERATURE 

Previous reports of the craniofacial dysmorphology 
observed in Apert and Crouzon syndromes emphasized 
the abnormalities of the cranium, cranial base, orbit, 
and midface .2-6 Consequently, abnormalities that may 
have existed in the mandible either were overlooked 
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Fig. 1. Typical craniofacial features of acrocephalosyndactyly Type I (Apert syndrome). Note relative 
mandibular prognathism, midfacial hypoplasia, hypertelorism, and exorbitism. 

Fig. 2. Corresponding cephalometric radiographs of patient with Apert syndrome shown in Fig. 1. Note 
increased bony interorbital distance, midfacial hypoplasia, cranial base deformities, and digital mark- 
ings on the endocranial surface of calvarium. 

Fig. 3. Adult facies of the same Apert syndrome patient seen in Fig. 1. No history of surgical interven- 
tion. Note accentuated craniofacial features described in Fig. 1 
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Fig. 4. Increased craniofacial skeletal and soft-tissue dysmorphism with age manifest by decreased 
midfacial growth in the presence of continued mandibular growth. 

Fig. 5. Typical craniofacial features of Crouzon syndrome. Note craniofacies similar to those described 
for Aperl syndrome. Exorbitism is more severe. 

or seemed relatively insignificant when compared 
with the striking anomalies of neurocranium and mid- 
face. Descriptions of the mandible in these syn- 
dromes range from “prognathic” to “normal” and 
even include reports of “retrognathia. ‘r4* *-11 Most de- 
scriptions are a result of qualitative clinical obser- 
vations, with few reports based on quantitative 
measures.“, lR 

The comprehensive study by Kreiborg’ was based 
on quantitative analysis of cross-sectional serial data of 
a Crouzon syndrome population. Kreiborg’s findings 
on the mandible, based on his cross-sectional adult 
data, included the following: 

1. A significantly smaller mandibular length using 
condylion-gnathion and ramal height (condylion-go- 
nion) in the adult female population as compared to the 
norm. Similar findings were noted for the adult males, 
although they were not significantly different from the 
norm. 

2. The gonial angle was found to be increased, 
although still within the range of normal. 

3. The mandible was retrognathically positioned as 
determined by the angles S-N-Pg and S-N-Sm, with a 
backward inclination relative to the cranial base. 

Using a longitudinal series, Kreiborg reached the 
general conclusion that the mandible exhibited a rela- 
tively normal downward and forward growth displace- 
ment relative to the cranial base. Thus, the disharmony 
between the two jaws increased since maxillary growth 
was reduced while mandibular growth proceeded at a 
relatively normal pace. 

Kreiborg did not record body length (as opposed to 
the effective mandibular length); nor did he compare 
the ratio of ramal height to body length. In our view, 
these added measures were necessary to characterize 
what we hypothesized to be a syndrome-specific shape. 

MATERIALS AND METHODS 
Experimental sample 

The sample used in the present report consisted of 
52 patients with a diagnosis of either ADert (ACS, type 
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Fig. 6. Cephalometric radiographs of Crouzon syndrome patient shown in Fig. 5 reveal underlying 
skeletal malformation and presence of shunt for treatment of hydrocephalus. 

Fig. 7. Severity of phenotypic expression is an age-dependent phenomenon as manifest by the in- 
creased exorbitism, midface hypoplasia, and relative mandibular prognathism of patient shown in Fig. 5. 

I) or Crouzon syndrome. l7 None of the patients had 
undergone craniofacial surgery apart from conventional 
linear craniectomies. Table I indicates the distribution 
of the sample according to syndrome and sex. The 
strategy for sample selection was based first on answer- 
ing the question pertaining to mandibular size and 
shape based on a review of the available data on un- 
treated adults. To determine if any of the selected vari- 
ables were age-dependent, the analysis included 6-, 9-, 
12-, and 16-year-old populations. The age groups were 
delineated at a t6 months range. For example, 
S-year-olds included children ranging in age from 5 
years 7 months to 6 years 6 months, and so on. The 
adult group included persons over the age of 18 years. 
Among a total of 80 patients on file at the Center’s data 

bank with the diagnosis of Apert or Crouzon syndromes, 
52 patients fell within our age and operative limi- 
tations. 

A total of 97 cephalometric radiographs were ana- 
lyzed. The inventory of these records is available in 
Table II. 

Normal sample 

Comparison of the measures described in the anal- 
ysis for the groups was made, using previously pub- 
lished normal data.14, l5 

Analysis 

The measures selected to describe the mandible are 
illustrated in Fig. 9. The landmarks used in the analysis 
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Fig. 8. Corresponding cephalometric radiographs for Fig. 7. The increasing severity in craniofacial 
skeletal dysmorphism is apparent when compared to Fig. 6. 

Table I 

Sex Apert 

Males 14 
Females 8 
Total 22 

Crouzon Total 

18 32 
12 20 
30 52 

Table II. Inventory of records used, 1982 

Adulr 
6 9 I2 16 (18+) 

A C A C A C A C A C Total 

54 7 7 5 8 7 1 4 6 54 

Age 
(Yr) 

Males 
Females 
Total 

43 5 3 5 5 3 2 4 9 43 
5 7 12 iii 10 13 10 3 8 1.5 97 

A = Apert; C = crouzon. 

are standard, and their definitions can be found in pre- 
vious publications. 14, l5 

In addition to the standard linear and angular mea- 
sures seen in Fig. 9, the proportion between mandibular 
body length and ramal height was also determined. 

The 97 lateral cephalometric radiographs were 
traced and the landmarks digitized on a “Hi-Pad” dig- 
itizer (Houston Instruments). All data were corrected 
appropriately for radiographic enlargement prior to 
statistical analysis. 

LINEAR MEASUREMENTS 
Ramus height AR-GO, CO-GO 
Mandibular length GO-PG, CO-GN 
ANGULAR MEASUREMENTS 
Gonial angle AR-GO-GN 

Fig. 9. Landmarks digitized. AR, Articulare; CO, condylion; GN, 
gnathion; GO, gonion; PG, pogonion. 

For each measure, comparison was made between 
the samples of Apert and Crouzon syndromes by Stu- 
dent t test analysis. The experimental groups were com- 
pared to the norm using Z score analysis because of the 
unavailability of raw data for the norms for t test 
evaluation. 

are presented to illustrate the changes in the mandible 
with growth and relative to concomitant architectural 
changes in the cranial base and maxilla. 

RESULTS (Tables III, IV, V, and VI) 
Ramal height 

In addition to the statistical analyses, individual Two standard measures were used to assess the 
serial cases from both the Apert and Crouzon groups height of the ramus. These were AR-GO and CO-GO 
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A. Articulare-Gonion (AR-GO) B. Condylion-Gonion (CO-GO) 

Fig. 10. Methods for assessing ramal height. 

Table Ill 

Age 
fyr) 

Apert Crouzon 

A B A B 

6 +3.5* + 1.4 + 1.4* +0.7 
9 +4.1** + 1.3 + 1.9** f1.0 

12 +3.3** + 1.4 + 1.3** +0.9 
16 +2.3 +0.5 + 1.9 +0.9 

Adult (18+) +3.8** +2.1 + 1,4** +0.8 

Values represent Z scores above (+) or below (-) normal means; 
means derived from Bolton (AR-GO) and Michigan norms (CO-GO) 
corrected for enlargement. 
*p < 0.05 for t tests of data (Apert vs. Crouzon). 
**p < 0.01 for t tests of data (Apert vs. Crouzon). 

(Fig. 10). In Apert and Crouzon syndromes both vari- 
ables revealed larger mean values when compared to 
matched norms. The magnitude of increase is presented 
in Table III, which describes the Z score values for the 
Apert and Crouzon groups relative to the matched con- 
trols (Z score represents + or - SD as compared to 
the norm). From Table III and Tables V and VI, it is 
clearly evident that for both measures the ramal height 
does, indeed, differ from the norm in a positive direc- 
tion; that is, it is larger than normal. 

When these measures were compared between the 
Apert and Crouzon samples, Student t tests revealed 
significantly larger mean values in the Apert population 
for the AR-GO measure. Although increased ramal 
height was also found in the Apert group, using the 
second measure CO-GO, the mean values were not 
significantly increased when compared to the Crouzon 

Table IV 

Age 
(YJ-) 

Apert Crouzon 

A B A B 

6 -2.5 -0.4 -3.2 -1.0 
9 -2.5 -0.6 -3.2 -0.6 

12 -2.4 -0.5 -2.7 -0.1 
16 -2.8 - 1.3 -3.6 -1.5 

Adult (18+) -2.o* -0.6 -3.F -1.8 

Values represent Z scores above (+) or below (-) normal means; 
means derived from Bolton norms; corrected for enlargement. 
*p < 0.05 for t tests of data (Apert vs. Crouzon). 

group as was found when the AR-GO measures were 
compared (Table III). 

Recognizing that cranial base aberrations exist in 
both syndromes, we questioned the reliability of using 
the AR-GO measure for estimating ramal height since, 
by definition, the AR landmark would become invalid 
in the presence of cranial base anomalies. Upon further 
examination, we identified contributory aberrations 
present in the cranial base angle N-S-Ba in both Apert 
and Crouzon syndromes which supported the foregoing 
conclusion (Fig. 11). 

In the Crouzon group the cranial base angle was 
decreased in most cases. Basilar kyphosis would de- 
crease the AR-GO linear measurement (Fig. 11) and 
fail to record the true size of the ramus. 

Basilar kyphosis was not found to exist in most of 
the Apert cases we studied. Most persons with Apert 
syndrome showed close to normal cranial base angles; 
in fact, several cases with an increased angle were 
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\ 
NORMAL 

\ PLATYBASIA 
\ 

BASILAR KYPHOSIS 

Fig. 11. Cranial base angle (N-S-Ba). Normal = 130 2 4”; platybasia, >134”; kyphosis <126”. 

Table V. Apert sample (6 and 0 ) (mean measures + SD) 

N 
AR-GO (mm) 

CO-GO (mm) 

GO-FG (mm) 

CO-GN (mm) 

AR-GO-GN (“) 

AR-GO/GO-PG (%) 

CO-GO/GO-R2 (%) 

6 9 

9 12 
41.78 + 3.2 44.94 k 3.7 

(34.4)* (36.5) 
46.08 4 3.6 49.39 ” 4.5 

(41.6) (45.3) 
52.96 + 3.3 57.56 ? 5.3 

(59.4) (65.0) 
88.59 2 3.8 95.57 t 6.5 

(90.0) (97.8) 
135.56 k 4.4 131.25 + 4.3 

(129) (128.5) 
79.2 + 8 78.8 k 10 
(58) 66) 

87.2 2 7 86.5 + 9 
(72) (71) 

12 

10 
49.45 k 4.5 

(40.1) 
54.11 + 5.4 

(48.8) 
61.74 2 4.4 

(68.8) 
102 2 6 
(104) 

128.25 -c 3.7 
(127.5) 

80.1 2 7 
(58.5) 

87.7 2 7 
(71.5) 

16 

10 
51.0 4 3.6 

(45.0) 
56.94 ? 6.3 

(55.3) 
64.31 2 4.4 

(73.8) 
107.53 k 5 

(112.9) 
128.65 k 5 

(12% 
80.8 k 10 

(61) 
88.8 2 9 

(75) 

Adult (18+) 

8 
57.87 k 4.2 

(46.9) 
62.21 k 4.8 

(55.3) 
68.03 + 5.0 

(75.0) 
113.13 k 6.1 

(115.6) 
125.13 t- 7.2 

(125) 
85.3 i 6 

(62.5) 
91.7 k 8 

(75) 

( )*Designates normal mean values from BroadbenP or Riolo. 

identified. Platybasia would tend to create the opposite 
illusion of the condyle relative to the fossa, also illus- 
trated in Fig. 11, which would increase the AR-GO 
measure. These findings give greater validity to the 
CO-GO measure as a more reliable indicator of ramal 
height in these syndromes. 

Mandibular length 

Both mandibular body length GO-PG and effective 
length CO-GN (Fig. 12) revealed smaller mean values 
for both Apert and Crouzon syndromes when compared 

to the norm, as revealed by the Z score analysis in 
Table IV. The tabulated measurements make it clear 
that mandibular body length is decreased to a greater 
extent than is the effective mandibular length (Tables V 
and VI). 

When compared with each other, Crouzon syn- 
drome reveals significantly smaller mandibular body 
length measures than Apert syndrome at the oldest 
ages. The effective length of the mandible was also 
smaller in the Crouzon group, although not sig- 
nificantly different from the Apert group. 
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II. LENGTH OF MANDIBLE 

A. Gonion-Pogonion 

Body Length GO-PG 

B. Condylion-Gnathion 

Effective Length CO-GN 

Fig. 12. Methods for assessing mandibular length. 

Table VI. Crouzon sample (8 and 9 ) (mean measures _t SD) 

Age (yr) 

6 9 12 16 / Adult (18+) 

N 
AR-GO (mm) 

CO-GO (mm) 

GO-PG (mm) 

CO-GN (mm) 

AR-GO-GN (“) 

AR-GO/GO-PC3 (%) 

CO-GO/GO-PG (%) 

7 
31.45 k 4.1 

(34.4)* 
44.16 t 4.4 

(41.6) 
51.39 2 4.4 

(59.4) 
86.82 2 6.3 

(90.0) 
135.71 k 2.7 

(12% 
73.9 k 10 

(58) 
86.6 2 10 
(72) 

10 
40.7 2 2.1 

(36.5) 
48.56 + 2 

(45.3) 
55.56 k 4.7 

(65) 
96.06 ir 7.4 

(97.8) 
134.65 2 6.3 

(128.5) 
73.8 k 7 

(56) 
87.9 2 7 

(71) 

13 
44.15 + 4.9 

(4.1) 
52.73 k 3.9 

(48.8) 
61.04 + 6 

(68.8) 
103.95 k 9.4 

(1W 
132.96 i 7.2 

(127.5) 
73.5 2 12 

(58.5) 
87.4 2 11 

(71.5) 

3 
51.75 k 6 

(45.0) 
58.43 2 3.6 

(55.3) 
61.97 t 7.6 

(73.8) 
107.30 c 17.5 

(112.9) 
128.5 t 13.3 

(125) 
82.7 2 6 

(61) 
95.3 ri- 6 

(75) 

15 
51.29 ‘- 5 

(46.9) 
58.27 -c 5.5 

(55.3) 
62.53 t 7 

(75.0) 
107.67 -c 7.5 

(115.6) 
130.7 t 9.2 

(12% 
82.6 ? 9 

(62.5) 
91.7 2 9 

(75) 

( )*Designates normal mean values from BroadbenP or Riolo.” 

Gonial angle 

The gonial angle was found to be increased for the 
Crouzon sample when compared to the normal and to 
the Apert group, although still within the range of nor- 
mal (Fig. 18, Tables V and VI). The increased gonial 
angle tends to override the extremely short mandibular 
body lengths found in the Crouzon group and contrib- 
utes toward a greater effective length that approaches 
the norm. 

Proportion between ramal height and body length 

The proportions between ramus and body in both 
Apert and Crouzon syndromes are different from the 

norm but similar to each other. With an increased ramal 
height and decreased body length, the proportion ap- 
proaches a 1: 1 ratio for these syndromes, as opposed to 
a 2 : 3 ratio found in the norm. The scattergram of Fig. 
13 graphically illustrates the different proportions 
found for both Apert and Crouzon syndromes when 
grouped and also plots the individual proportions. Most 
persons exhibited proportions different from the norm. 
With increasing age, the changes for the ramus-to-body 
proportion in the grouped experimental sample, al- 
though higher, paralleled those recorded for the norm. 
This was not the case for many of the individual cases 
studied longitudinally. Approximately 50% of the 20 
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----APERT 

1 6 9 12 16 lE+ 
AGE (YEARS) 

Fig. 13. Scattergram depicting ramuslbody length ratio. Individual cases of both Apert and Crouzon 
syndromes show increased proportion relative to normal. Sample means are also increased. 

individual serial cases studied tended toward a rela- 
tively greater increase in ramal height with age. The 
question was then raised as to why certain persons 
demonstrated changes in mandibular proportion while 
others did not. The most obvious difference was in the 
tilt of the palatal plane, as visualized in Figs. 14 and 
15. The cases that showed an asymmetrical descent of 
the maxilla with growth (more descent of the posterior 
nasal floor relative to the anterior portion) exhibited a 
proportionate increase in ramal height, yielding a pro- 
portion of ramus to body length approaching 1. In some 
cases ramal height eventually exceeded body length. In 
those persons in whom the mandibular proportions did 
not change with age, the descent of the maxilla was 
symmetrical, both anteriorly and posteriorly, as seen in 
Figs. 16 and 17. 

DISCUSSION 

The results of this investigation will be discussed in 
three parts: (1) as they relate to previous work by 
others; (2) as answers to the questions posed in this 
study, and (3) the biological and clinical significance of 
the findings. 

With respect to mandibular size, our findings 
agreed with those reported by Kreiborg’ except for the 
values of ramal height. Ramal height was found to be 
normal to larger than normal, while Kreiborg reported 
smaller values. Although mandibular measures for the 
present Crouzon sample were comparable to Krei- 
borg’s, there was a discrepancy between Kreiborg’s 
normative data and those used in the present study for 

comparison. Kreiborg’s normative data reported larger 
mean values for the ramus than those reported by 
Broadbent14 and Rio10’~ and their colleagues. 

Kreiborg also reported smaller mandibular length 
values for both male and female patients in his Crouzon 
population. He used only an effective mandibular 
length measure and did not include a separate analysis 
for the contributory component of mandibular body 
length. Consequently, his values (specifically for his 
male population) were not significantly different from 
the norm. Kreiborg also reported a larger gonial angle, 
which serves as a compensatory mechanism increasing 
effective length in the presence of short mandibular 
body length. 

The mandibles in these syndromes have even been 
described as “L-shaped” by one of our colleagues be- 
cause the ramal “leg” was equal to and sometimes 
greater in length than the body “leg. ” No such 
syndrome-specific characteristics have been reported. 

In response to the questions posed by this investi- 
gation, we elected to illustrate the differences found in 
the mandibles of Apert and Crouzon syndromes from 
the norm by using a “wiggle” diagram (Fig. 18). The 
diagram graphically encompasses the normal mean 
values for the variables t2 SD. The range of normal 
should fall within the SDS, shown in black. The mean 
values for Apert and Crouzon syndromes are also plot- 
ted. From the wiggle diagram, it is possible to readily 
identify variables that differ dramatically from nor- 
mal for both syndromes. The variables include AR-GO 
and GO-PG for the Apert and Crouzon groups, CO-GO 
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APERT CCFA 9846 
- 7-8 ---16-3 

Fig. 14. Serial cephalometric tracings of patient with Apert 
syndrome depicting downward tilt of posterior palatal plane with 
increasing age. 

CROUZON CCFA 2033? 
-12-2 --- 20-10 

Fig. 15. Serial cephalometric tracings of patient with Crouzon 
syndrome depicting downward tilt of posterior palatal plane with 
increasing age. 

APERT CCFA 2 1546 
- 1 l-6 --- 16-5 

Fig. 16. Serial cephalometric tracings of patient with Apert 
syndrome depicting symmetrical descent of palatal plane with 
growth. 

for the Apert group, and CO-GN for the Crouzon 
group. The gonial angle is well within the range of 
normal for both groups, although increased for the 
Crouzon group. 

When tracings of Apert and Crouzon mandibles 
were superimposed on tracings of normal mandibles 
(Fig. 19), in all of our adult cases studied (both Apert 
and Crouzon), the ramal width was decreased in the 
sagittal plane for the pathologic sample. This may be 
due to the overall lack of anteroposterior craniofacial 
development in persons with these syndromes. Quanti- 
tative analysis of ramal width was not included in the 
original protocol. 

Despite differences from the norm, Apert and 
Crouzon syndromes also differ from each other. The 
differences between Apert and Crouzon syndromes can 
be visualized in Fig. 19 and may be summarized as 
follows (Tables V and VI): (1) significantly smaller 
mandibular body length for the Crouzon group, (2) 
smaller ramal height for the Crouzon group, and (3) 
larger gonial angle for the Crouzon group. 

Analysis of the serial data for 20 patients demon- 
strated variable changes in the mandible occurring 
with growth for both Apert and Crouzon groups. Spe- 
cifically, there was a change in the proportion of the 



Vo/ume 85 
Number 6 

Is mandible intrinsically different in Apert and Crouzon syndromes? 485 

CROUZON CCFA 35896 
- 12-6 --- 18-O 

Fig. 17. Serial cephalometric tracings of patient with Crouzon 
syndrome showinq symmetrical descent of palatal plane with 
growth. 

ramus to the body in approximately 50% of the persons 
studied. This same subgroup showed an increasing 
downward tilt of the posterior palate with growth (Figs. 
14 and 15) not observed in patients who did not show a 
change in the proportions of ramus to body lengths. It 
would appear that architectural derangeinents in cranial 
base and floor of the nose result in accommodative 
changes in mandibular shape and size. The mandible is 
therefore not immune to the changes occurring with 
growth in other areas. The late changes in the mandible 
may be considered as a deformation, secondary to 
changes in the contiguous anatomy (Fig. 20). Similar 
findings were pictured in the serial data reported by 
Kreiborg , who also described an increased palatal tilt in 
some of his cases. The proportions of the mandible are 
also affected in Kreiborg’s series, particularly the in- 
crease in ramal height, verified through measurement. 

For most of the persons studied longitudinally, the 
earliest radiographs available were reviewed to deter- 
mine whether the disproportion of the mandible could 
be identified early as an intrinsic characteristic in these 
syndromes. Disproportion of ramal height to body 
length could not be identified in these films, supporting 
the hypothesis that the observed mandibular changes 
occurring in these syndromes are a derived deformation 
that is late in appearing (Fig. 20). 

62.5% AR-GO 

<AR-GO-GN 

GO-PG 

I........ APERT 
- - - CROUZON 

Fig. 18. “Wiggle diagram.” Heavy black lines and area en- 
closed encompass normal means r 2 SD for each variable 
listed at right. 

Having identified that both static and dynamic dif- 
ferences occur in the mandibles for the Apert and 
Crouzon patients, what is the clinical significance of 
these findings? 

Clinically, such differences need to be recognized 
and integrated into the general treatment plan. For 
example, advancing the maxilla in the presence of a 
small or retrognathic mandible will produce a reverse 
facial disharmony than that associated with these pa- 
tients. In fact, this was just the case depicted in an 
article by Firmin and associates.13 Upon initial preop- 
erative planning of one of their published cases, frontal 
bone and maxillary advancement was planned and per- 
formed. A second procedure that entailed advancement 
genioplasty was subsequently required in order to bal- 
ance the facial profile. 

The finding of an anomalous mandible also lends 
support to the evolving concept that, for the syn- 
dromes of Apert and Crouzon, there is a generalized 
disorder affecting bone and cartilage throughout the 
body. l6 

The late-appearing changes in the mandible may 
also be considered as a deformation secondary to the 
changes occurring in the contiguous anatomy (Fig. 20). 
Specifically, increasing kyphosis of the cranial base 
and asymmetrical distal downward tilt of the palatal 
plane, coupled with the alveolar changes, soft-tissue 
changes in the palate, and low tongue posture,18 affect 
the secondary changes observed in the mandible. 
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Fig. 19 Superimposition of normal adult mandible with those of patients with Apert and Crouzon 
syndromes. Superimposition on GO-GN line registered at GO. 

PRIMARY MALFORMATIONS 
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I 
Late Appearing Characteristics 

Age-Dependent 
Primary Malformations 
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functional disorders 

Fig. 20. Factors contributing to late-appearing phenotypic ex- 
pression of the syndrome. 

SUMMARY 

The use of mixed cross-sectional and longitu- 
dinal radiocephalometric data on 52 patients with Apert 
and Crouzon syndromes, compared with matched con- 
trols for age and sex, led to the following obser- 
vations: 

1. The mandible in both Apert and Crouzon syn- 
dromes differs not only in size but also in shape from 
the normal. 

2. These differences were often present early, and 
for some became more pronounced with age. We la- 
beled this dynamic change as a “secondary deforma- 

tion” (Fig. 20) which follows architectural changes in 
the cranial base, maxilla, and tongue posture. 

3. The demonstration of a smaller mandible that 
also differs in shape compels the factoring of this dif- 
ference into the treatment plan for craniofacial surgery. 

The concept of an altered or different mandible in 
Apert and Crouzon syndromes is not new. Several au- 
thors have suggested, through empirical observations, 
that these differences may exist.rs The results and 
findings of this study lend quantitative support to these 
contentions and suggest mechanisms to explain the dif- 
ferences from the norm. 
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