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Structured Abstract
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Objectives — Based on the phenomenon that expression of
type X collagen and capillary endothelium correlates with
endochondral ossification, the prime aim of this study was to
establish the temporal pattern of condylar growth in Sprague-
Dawley rats by biochemically identifying the expression of
these two factors.

Design — Sprague-Dawley rats were divided into five groups
representing five different stages during somatic pubertal
growth. In situ hybridization and immunoperoxidase were
performed to examine expression of type X collagen in
hypertrophic zone and capillary endothelium in erosive zone of
condylar cartilage. Computer-assisted imaging analyses were
conducted to allow for a quantitative assessment of the
expression of these two factors, from which the temporal
pattern of condylar growth was inferred.

Results — (1) Synthesis of type X collagen and emergence of
capillary endothelium were critical factors during the transition
of condylar cartilage from chondrogenesis into osteogenesis, a
biological pathway that leads to endochondral bone formation,
the mode through which the condyle grows. (2) Quantitative
analyses revealed the temporal pattern of the expression of
these two factors, indicating that the thrust of natural growth of
the condyle in the rats occurred in concomitance with somatic
pubertal growth, featured by an acceleration starting from day
38, a maximum growth rate on day 56, followed by a decrease
afterwards.

Conclusion — It is suggested that the biochemical examination
of growth markers, such as type X collagen, might be a new
approach to accurately depict temporal pattern of condylar
growth which is too delicate to be reflected by gross
measurement not only in Sprague-Dawley rats but potentially
also in other species.

Key words: capillary endothelium; condylar cartilage; growth
pattern; type X collagen



Introduction

Mandibular condyle has been regarded as the active
growth site for the mandible (1) and therefore becomes
the primary focus of functional orthopedic therapy to
stimulate mandibular growth (2). It is difficult, how-
ever, to elucidate the real effects of orthopedic therapy
on condylar growth by deducting the attribution of
condylar natural growth from the overall treatment
changes, under the circumstance that these elements
are always overlapping together. This might be one of
the reasons why the skeletal effects of bite jumping
therapy still remain disputable (3). A clarification on
growth pattern of the condyle is therefore crucial to
fully understand mandibular growth changes occurring
during the functional appliance therapy.

To define the condylar growth of the humans, cur-
rently the most efficient way is to quantitatively relate
growth increment, which is obtained by gross meas-
urement of cephalograms, to the passage of time, i.e.
the evaluation of temporal pattern of growth. While
cephalometric measurement is useful for scrutinizing
condylar growth both in size and direction (4), a lot of
pitfalls, such as the instability of reference points (5),
susceptibility to producing errors (6) and limited con-
secutive tracings to avoid radiation exposures, com-
promise its validity and feasibility. Furthermore, the
available information drawn from this approach is
limited by the lack of longitudinal reference data based
on valid measures, where sample size has been small
and the age ranges are restricted (7,8). Some studies
using cephalometric measurement are open to ques-
tion when landmark Articulare (Ar) is used for meas-
urement of mandibular length, a parameter commonly
used to indicate condylar growth (9). All these factors
are accrued to indicate that cephalometric gross
measurement might not be able to accurately depict
the delicate changes of condylar growth.

Contrary to the human beings, animal experimen-
tations provide an insight into condylar growth by
more than just linear measurement. Histological
observation has been conducted to monitor condylar
growth by identifying cellular response during
chondrogenesis of condylar cartilage (10). More
recently, biochemical approaches have been adopted
to examine the expression of growth factors in
condylar cartilage in response to mandibular reposi-
tioning, making it possible to reveal intrinsic aspects
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of condylar growth at molecular or genetic level with
animal models (11).

It is widely accepted that the postnatal growth of the
condyle is initiated by the transition of cartilage from
chondrogenesis into osteogenesis, a biological process
termed endochondral ossification (12). During condy-
lar growth, the mesenchymal cells within the articular
layer condense and differentiate into prechondroblasts
which progressively mature to become hypertrophic
chondrocytes (13). In the deepest part of the hyper-
trophic chondrocytes, the intercellular matrix becomes
calcified. The matrix calcification inhibits diffusion of
nutrients, ultimately causing the death of the hyper-
trophic chondrocytes (14). This layer of degenerating
cartilage is termed erosive zone, in which transition
from chondrogenic to osteogenic pathway takes place.
Just beneath the erosive zone, endochondral bone
formation then proceeds, causing replacement of
degrading cartilage by newly formed bone. The new
bone forms over the naked ends of the mineralized
cartilage strands, therefore fusing the condylar cartilage
to the osseous mass of the ramus and making the
mandibular neck extend into a region previously
occupied by the condylar cartilage (15). This pointed to
an important fact that the increase in condylar size
during postnatal growth is fundamentally supported by
endochondral ossification, indicating a close associ-
ation between condylar growth and endochondral
bone formation within condylar cartilage.

It has been well established that endochondral ossi-
fication of condylar cartilage is regulated and orches-
trated by growth factors, the proteins synthesized by
chondrocytes (16). Growth factors like transcription
factor Sox9 (17), parathyroid hormone-related protein
(PTHrP) (18) and matrix metalloproteinase 13 (MMP-
13) (19) control condylar bone formation by facilitating
and mediating the biomolecular pathway through
which chondrogenic phenotype is shifted to osteo-
genesis. With a serious of animal experimentations and
biochemical examinations, Rabie et al. have discovered
the correlation between synthesis of some growth fac-
tors and progression of condylar bone formation (20).

Type X collagen is a member of short-chain collagen
family and expressed exclusively in hypertrophic
chondrocytes (21). A recent study has reported its role in
facilitating and sustaining endochondral ossification
of condylar cartilage (22). A strong correlation exists
between synthesis of this protein and onset of
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endochondral ossification, indicating that this protein is
areliable marker for endochondral bone formation (23).
The invasion of capillary endothelium (or neovascular-
ization), on the other hand, is also crucial for the trans-
ition from chondrogenesis to osteogenesis in condylar
cartilage during natural growth (24). The newly formed
vasculature brings bone-making cells into degenerating
cartilage and eventually results in new bone formation.
Neovascularization has been quantitatively correlated
with the endochondral bone formation and is proven to
be a good indicator for condylar growth (25).

The prime aim of this study was to identify the
temporal pattern of condylar growth by examining
expression of growth factor or indicator, namely type X
collagen and capillary endothelium, in condylar carti-
lage during endochondral ossification.

Materials and methods
Animals and tissue preparation

Thirty female Sprague-Dawley rats, 35 days old, were
randomly divided into five groups (n = 6), representing
different stages of growth (The University of Hong
Kong Committee on the Use of Live Animals in
Teaching and Research Approval No. 26398). All the
rats were kept in a well-controlled temperature-
humidity environment. They were fed with normal diet
and had a free access to water for 24 h throughout the
whole experimental period. The animals of the five
groups were, respectively, killed at 38, 42, 49, 56 and
65 days of age. Immediately after the death, the heads
were fixed in 10% neutral buffered formalin. After the
decalcification, the soft tissue around the temporo-
mandibular joint (TM]) was removed with care and the
ramus was exposed as much as possible. The tissues
were then embedded in paraffin in an identical posi-
tion by adjusting the exposed ramus surface to be
parallel to the upper surface of the embedding block.
Serial sections of 7 ym were cut through TM] at sagittal
plane using a rotary microtome (Leica RM 2155; Leica
Microsystems Imaging Solutions Ltd, Clifton R, Cam-
bridge, UK) and floated onto glass slides.

In situ hybridization for type X collagen mRNA

Preparation of riboprobes

Sense and antisense [¢->°S]-UTP riboprobes were gen-
erated by in vitro transcription from lineralized DNA
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template using RNA Polymerase T3, T7 and SP6 in
transcription buffer with 10 mM DTT, 250 uM ATP,
CTP, GTP, 50 units of RNasin, 100 xCi [¢-*°S]-UTP in a
total volume of 20 ul incubated at 37°C for 1 h. The
DNA template was removed by adding 40 units of
DNase I (RNase free) into the reaction mixture at 37°C
for 1 h. Unincorporated [2-3°S]-UTP was removed by
column chromatography in a Sephadex G50 column.
The column was then eluted with aliquots of 200 ul of
column buffer. The radioactivity of each tube was
determined by liquid scintillation counting (1 ul of
each tube was added to 5 ml of scintillation fluid). The
RNA probe was precipitated out from the tube with the
highest radioactivity by addition of 0.5 volume of 6 M
NH,Ac (pH 5.3) and 2 volume of absolute ethanol. The
labeled riboprobe was re-suspended in 0.1 M DTT to
give a radioactivity of 2 x 10° cprn/ul followed by
addition of 9 volume of hybridization buffer and stored
at —20C.

Hybridization of riboprobe

Upon pre-hybridization treatment, the sense and
antisense *°S-labeled riboprobe dissolved in hybrid-
ization buffer were heated at 80°C for 3 min and then,
respectively, applied onto the pretreated sections on
the glass slide in minimal amount. The hybridization
was carried out in a slide box with the presence of 50%
(v/v) deionized formamide and 5x SSC at 50°C for 18 h.
The slides treated with sense riboprobe served as neg-
ative control. Hybridized sections then were proceeded
with post-hybridization washing.

Autoradiography

The hybridization signal was detected by autoradiog-
raphy by dipping the slide in liquid emulsion K5 (Ilford,
Paramus, NJ, USA). The emulsion was allowed to dry
and set for 30-45 min. The emulsion-coated slides were
put into a slide box, sealed and exposed for 7 days at
4°C before developing. After exposure, the slides were
equilibrated to room temperature, and the sections
were developed in Ilford Phenisol developer for 2 min
followed by stopping with 0.5% (v/v) acetic acid for
1 min and fixing in 30% (w/v) sodium thiosulfate for
6 min. The developed sections were stained with
hematoxylin and eosin. Sections were photographed
using Kodak Ektachrome EPP 135-36 film on a Zeiss
microscope (Zeiss, Axioskop, Oberkochen, Germany)
under bright-field illumination with blue filter.



Immunoperoxidase for type X collagen

The primary antibody for type X collagen, provided by
Rucklidge et al. (26), was raised in rabbits by injection
of type X collagen, which was isolated from pepsin-
solubilized porcine growth plate cartilage, at 3-week
intervals. Antisera were tested on Western blotted
collagens and by ELISA against isolated standard col-
lagens. Antisera to type X collagen were found to
recognize this collagen in both the native and thermally
denatured forms and was suitable for use on immu-
noblots and on immunocytochemical staining of tissue
sections. The antisera raised against type X collagen
were found not to cross-react with other collagen types
when tested either by immunoblotting (26). The sec-
ondary antibodies used was anti-rabbit IgG-peroxidase
conjugate preadsorbed with normal fetal bovine serum
(Sigma Code No. A-4914, St. Louis, MO, USA).

Immunoperoxidase staining process started with the
sections being dewaxed and submerged in 3% H,O, for
10 min. After incubation with hyaluronidase (0.5 U/ml,
Sigma Code No. H-6254) and chondroitinase ABC
(0.5 U/ml, Sigma Code No. C-2905) for 1 h at 37°C,
sections were washed in PBS and then incubated with
normal fetal bovine serum (FBS; GibcoBRL Code No.
16000-044, Carlsbad, CA, USA) 1:10 (diluted with 1X
TBS) for 30 min. Sections were then incubated over-
night at 4°C with the primary antibody. The incubation
with secondary antibodies was performed for 1 hat37°C
followed by TBS washing and dips in 3,3-diamino-
benzidine (DAB, Sigma Code No. D-5637) for 1-2 min.
The sections were then stained with Mayer hematoxylin
for 3 min as background staining.

Immunoperoxidase for capillary endothelium

Monoclonal antibody EN 7/44 (anti-human angiogen-
esis related to endothelial cells) (BMA Code No T-1107,
Augst, Switzerland) used in this study positively reacts
with budding endothelial cells where the antigen is
only found on the apical part of the vessels. Finally,
differentiated endothelial cells are not recognized by
these antibodies. Secondary antibodies were mouse
immunoglobulin (DAKO, Code No. E0354).

Sections were dewaxed and were submerged in 3%
H,0, for 10 min. After incubated with protease diges-
tion (Proteinase K, 10 ug/ml, Sigma Code No. P-6556)
for 30 min at 37°C, sections were washed in PBS and
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then incubated with normal rabbit serum (DAKO Code
No. X0902) 1:10 (diluted with 1X TBS) for 30 min.
Sections were then incubated overnight at 4°C with the
primary antibody. The incubation with secondary
antibodies was performed for 1 h at 37°C followed by
TBS washing and incubation with ABC (DAKO Code
No. K0377) 1:100 (diluted with 1X TBS) for 1 h at 37°C.
After 1X TBS washing with 0.1% Tween, the sections
were dipped in DAB (Sigma Code No. D-5637) for
1-2 min. The sections were then stained with Mayer
hematoxylin for 3 min as background staining.

Quantitative evaluation

The quantitative evaluation was conducted via a com-
puter-assisted image analyzing system (Leica Q550IW;
Leica Microsystems Imaging Solutions Ltd) with soft-
wares (Leica Qwin Pro., Version 2.2). This system can
acquire high-definition digital images from the speci-
mens. Features from acquired images can be automat-
ically selected and recognized by identifying color, shade,
shape or texture. This way, the expression of type X col-
lagen was quantified by measuring the area of type X
collagen mRNA in situ hybridization signals and
type X collagen protein immunostaining. Capillary
endothelium in erosive zone was also quantified using
this system. One-way anova was processed for statistical
test with software GraphPad InStat (San Diego, CA, USA).

Results

Biochemical examinations revealed that type X collagen
was exclusively expressed in hypertrophic zone (Fig. 1a,
b) and capillary endothelium was found in erosive zone
of condylar cartilage (Fig. 2). Computer-assisted image
analysis quantitatively correlated the amount of
expression of these two factors with the passage of time
(Table 1), subsequently revealing the temporal patterns
of these growth factors. The changes in synthesis of type
X collagen and emergence of endothelium in condylar
cartilage during the period of pubertal growth were well
manifested in the following five different stages.

Day 38

In situ hybridization revealed few signals of type X
collagen mRNA within the hypertrophic chondrocytes.
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Fig. 1. Biochemical examination of type X collagen in hypertrophic zone of condylar cartilage. (a) In situ hybridization signals for type X
collagen mRNA (arrows) are expressed within hypertrophic chondrocytes at day 49. (b) Immunoperoxidase for type X collagen protein (arrows)
is positive throughout the intercellular matrix of hypertrophic cartilage at day 56 (R, P, H, E are abbreviations, respectively, for resting,
proliferative, hypertrophic and erosive zones of condylar cartilage. Original magnification x300).

The positive immunostaining for type X collagen
molecule was not evident. Very little positive immu-
nostaining for capillary endothelium was detected in
erosive zone, indicating a weak neovascularization at
this stage. Histological observation revealed that the
erosive zone was wide and was clearly separated from
the hypertrophic chondrocytes above and bony tissue
beneath.

Day 42

In situ hybridization showed that type X collagen
mRNA signals were localized in hypertrophic zone and
were more abundant than those at day 38. Positive
immunostaining for type X collagen was detected in the
upper region of hypertrophic zone. There was positive
immunostaining for endothelial cells in erosive
zone, indicating the formation of new blood vessels.
Quantitative analysis revealed significant differences
between this group and the group of day 38 in amount
of type X collagen mRNA signals and the amount of
immunostaining both for type X collagen and capillary
endothelium (Table 1).
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Day 49

In situ hybridization revealed that positive signals of
type X collagen mRNA were distributed along hyper-
trophic zone (Fig. 1a). Quantitative analysis showed
that the amount of type X collagen mRNA was at its
maximum compared to that at other time points
(Table 1). Positive immunostaining for type X collagen
was more obvious than that at day 42. The endothelial
cells in erosive zone were positively stained with EN
7/44 antibody. Quantitative analysis showed that the
amount of type X collagen expression and the amount
of immunostaining for endothelium were significantly
higher than those at previous stages (Table 1).

Day 56

Quantitative analysis showed that the amount of in situ
hybridization signals for type X collagen mRNA
decreased compared to that at day 49 (Table 1). The
amount of immunostaining for type X collagen, how-
ever, was at the highest level compared to that in other
time points (Table 1, Fig. 1b). Capillary endothelium



Fig. 2. Immunoperoxidase for capillary endothelium at day 56.
Immunoreactions (arrows) are evident in erosive zone of condylar
cartilage, indicating enormous invasion of blood vessels during the
time of peak rate of condylar growth. Neovascularization in this
degenerating area of cartilage brings osteogenic progenic cells and
consequently results in new bone formation (E, erosive zone of
condylar cartilage. Original magnification x300).

reached its maximum level evidenced by strong
immunoreactions in erosive zone that was close to the
underneath endochondral ossification (Table 1, Fig. 2).

Day 65

Few signals for type X collagen mRNA were positively
labeled by >°S-labeled riboprobe hybridization. This
was further confirmed by quantitative analysis which
showed that the amount of type X collagen mRNA
signals considerably decreased (Table 1). The amount
of immunostaining for type X collagen and for endot-
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helial cells also decreased (Table 1). Histological
observation demonstrated that erosive zone became
thinner due to the newly formed bone advancing and
replacing part of the degenerating cartilage in this zone.

Discussion

In the present study, the expressions of type X collagen
and capillary endothelium were examined and quan-
titatively correlated with endochondral ossification to
indicate the temporal pattern of condylar growth.

The amount of type X collagen immunostaining
increased between day 38 and day 49 and reached its
maximum by day 56, followed by a decrease afterwards
(Table 1). This observation was complemented by the
temporal pattern of type X collagen mRNA expression,
which was similar to that of type X collagen protein
(Table 1). However, the maximum expression of type X
collagen protein was 7 days later than that of its mRNA
which reached the peak level at day 49 (Table 1). This
timing discrepancy might result from the biological
process involving mRNA transcription and its transla-
tion into amino acid sequences to synthesize the pro-
tein (27).

It has been believed that type X collagen supports
endochondral ossification by regulating the minerali-
zation of hypertrophic matrix (28), and the correlation
between type X collagen expression and the progres-
sion of endochondral ossification has also been con-
firmed (29). Rabie et al. (30) have found that the
temporal pattern of type X collagen expression reflects
that of endochondral ossification, the mode through
which the condyle grows. Based on the data of the
present study regarding the temporal tendency of type
X collagen expression, it is reasonable to assume that
the velocity of condylar growth in the rat would
increase from day 38 and reach the maximum level on

Table 1. Quantitative analysis of expression of type X collagen and endothelium in condylar cartilage in rats during natural growth

(ANovA)

Age (days) 38 42 49 56 65

Type X collagen mRNA signals (um?) 825 (25) 1297 (65)** 2117 (78)*** 1389 (21)** 942 (52)*
Type X collagen immunostaining (um?) 6084 (33) 8807 (61)*** 10493 (81)*** 15470 (121)** 9744 (78)***
Endothelium immunostaining (um?) 888 (34) 1886 (42)** 2622 (29)*** 3415 (67)*** 2092 (71)**

Values represent mean (SD). *p < 0.05, ***p < 0.001, compared to data at day 38.
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day 56, followed by a decrease afterwards. The tem-
poral tendency of condylar growth was also well
manifested by cellular response in erosive zone of
condylar cartilage where chondrogenesis terminates
and osteogenesis begins. Histological structure of ero-
sive cartilage maintained stable between day 38 and
day 49. Cartilage degeneration, however, became evi-
dent on day 56, indicated by emergence of chondro-
clasts. At day 65, cartilage in erosive zone continued to
break down and its boundary with bony tissue became
less distinctive due to the endochondral ossification
occurring beneath this particular zone.

The temporal tendency of type X collagen expression
revealed in this study is echoed by a study (31) in which
the immunohistochemical analysis was conducted to
examine type X collagen expression in growth plate of
juvenile human being. With advancing age, type X
collagen was found to be increasing which paralleled
with the light microscopic appearance of ‘degeneration’
of the epiphysis (31). It has been proposed that type X
collagen acts as a calcium-binding protein, thus facili-
tating the calcification of the hypertrophic cartilage
matrix (32). In light of our present findings it is safe to
contend that the increased type X expression during
day 38 to day 56 might be a biomolecular prerequisite
for an increased endochondral bone formation in the
condyle.

Urist (33) and Tacchetti et al. (34) have found that
proliferation and differentiation of mesenchyme cells
precede cytodifferentiation and synthesis of cartilage-
specific extracellular matrix protein including type X
collagen. This points to the linkage between differen-
tiation of progenitor cells and expression of type X
collagen. Contrast to epiphyseal growth of long bone
which takes place through cleavage of previously dif-
ferentiated mature cartilage cells, condylar cartilage is
covered by articular layer consisting of a thin layer of
undifferentiated cells (35). During natural growth, the
mitosis of undifferentiated cells results in the migration
of the mesenchymal cells out of the covering mem-
brane in the direction of the interior of the condyle (36),
then a differentiation takes place in which the mesen-
chymal cell becomes an immature cartilage -cell.
Therefore, the new members of the condylar cartilage
family have been added through mitosis of undiffer-
entiated mesenchymal cells (15). The premature
chondrocytes will progressively mature into hyper-
trophic phenotype, under which situation type X
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collagen is synthesized to generate the calcification of
the degraded cartilage, a preliminary stage of endo-
chondral ossification (37). This indicates that the
expression of type X collagen in hypertrophic zone is
linked with proliferation and differentiation of mesen-
chymal cells upward in the superficial layer of the
condylar cartilage. It has been suggested that cellular
growth curves show an initial period of rapid progen-
itor cell proliferation with numbers increasing at an
exponential rate (38). Cowan and Morris (39) have
proposed that exponential growth lasts as long as the
curve of log cell number plot against time becomes
linear. However, as soon as the cells differentiate,
according to Urist (33), differentiation curtails popu-
lation size of mesenchymal cells and the consequences
are that proliferative activity slows down as develop-
ment continues. This may explain the increase of type
X collagen expression between day 38 and day 56 and
decrease after day 56 in the present study.

Neovascularization in erosive zone of condylar car-
tilage was examined as a supplementary approach to
further identify temporal curve of condylar growth. As
mentioned before, the invasion of capillary endothe-
lium into the degrading cartilage is a key factor to
generate endochondral ossification by brining osteo-
genic progenitor cells that will eventually lay down
bone (40). It is suggested that the temporal pattern of
neovascularization reflects that of condylar endo-
chondral ossification and therefore reflects that of the
condylar growth. In this study, we identified the tem-
poral pattern of neovascularization in erosive cartilage
where transition from endochondrogenesis into oste-
ogenesis takes place. It was found that the temporal
pattern of neovascularization resembled that of type X
collagen: the amount of positive immunostaining for
capillary endothelium increased between day 38 and
day 56 and reached the peak level by day 56, followed
by a decrease afterwards (Table 1). This indicates that a
timing difference might also exist between neovascu-
larization and endochondral ossification, the
occurrence of neovascularization might precede the
onset of endochondral ossification. This timing dis-
crepancy is explainable because time is needed for
endothelial cells to form the blood vessels which then
bring bone-making cells that eventually lead to bone
formation.

The lifespan for the laboratory rats is 2.5 years on
average. They are sexually mature at 6.5-7.5 weeks of
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age and for the female laboratory rats, the first estrous
circle comes at 6 weeks of age (41,42). The weight gain
records indicate that the somatic growth puberty for
Sprague-Dawley rats occurs between 35 and 56 days of
age (41). Therefore, the period between day 38 and day
56 that witnessed a rapid growth of the condyle in this
study falls in the period of somatic growth puberty.
This finding was in agreement with that by Rao and
Luo (42), who observed the condylar growth of Spra-
gue-Dawley rats and reported a marked increase dur-
ing 5-8 weeks of age and an aftermath decease and
then a cease.

There have been some studies on temporal pattern of
condylar growth for human with normal occlusion
using superimposition of cephalograms (43). However,
due to lack of the longitudinal reference data, there are
different observations and conclusions. Baumrind et al.
(44) have suggested that condylar growth remains rel-
atively constant between 8.5 and 15.5 years of age. In
contrast, Bjork (45) has observed condylar growth of
3 mm/year during childhood period, a slight decrease
to prepubertal minimum, followed by an adolescent
spurt peaking at 5.5 mm/year at about 14.4 years of
age. Our finding that the thrust of condylar growth
parallels with puberty of somatic growth is in agree-
ment with the findings by Higg and Attstrom (46), who
have observed greater condylar growth before
(11.3 mm/3 years) than after the pubertal peak
(9.6 mm/3 years) in a longitudinal follow-up study.

The temporal pattern of condylar growth drawn from
biochemical studies with rat experimental model might
be inferable to that of human. This is particularly of
significance under the situation that the accurate
growth curve for human condyle is hard to obtain by
approaches of gross measurement, e.g. cephalometric
analysis. While the efforts are made to escalate the
precision on evaluating human condylar by applying
cutting-edge technologies such as computerized 3-D
reconstructions (47), the validity of the conclusions
from these attempts is still doubtable because inevit-
able deviations exist between digital simulation and
real human tissues.

The concomitance between accelerated condylar
growth and the puberty spurt of somatic growth in the
rats is also evident in humans, whose increased man-
dibular growth is concurrent with spurt of overall
growth (48). This similarity may indicate a possible
existence of the analogy in the temporal pattern of
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condylar growth between the laboratory rats and
humans.
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