The Open Dentistry Journal, 2008, 2, 103-108 103
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Abstract: Although various aspects of bone formation during distraction osteogenesis have been studied extensively,
there are only limited experimental data concerning the influence of hyper-physiologic mandibular distraction rate on
structural alterations in the temporomandibular joint (TMJ) condylar cartilage. The purpose of this study was to evaluate
the effect of bilateral distraction osteogenesis of the mandibular body, at a hyper-physiologic rate and length, on the integ-
rity of the condylar cartilage in rabbits. MATERIALS AND METHODS: Eighteen healthy adult male rabbits weighing 2
to 3 kg were assigned to 1 of 2 groups: the control group (n = 2 rabbits, 4 joints) or the study group (n = 16 rabbits, 32
joints) four rabbits (8 joints) in each subgroup according to the post-distraction period (1,2,3 or 4 weeks). In the control
group, rabbits received sham surgery (Osteotomy without distraction) and then left to live for 4 weeks under the same
condition of the study group then euthanized using intravenous overdose of pentobarbital sodium. In the study group, an
extra oral custom-made distracter was employed to achieve bilateral mandibular hyper physiologic distraction (1.5 mm
twice daily for 5 days) distraction. All animals were evaluated clinically and histomorphometrically and results analyzed
by MINITABE 13.1 statistical package using ANOVA test. RESULTS: Animals underwent distraction showed obvious
changes in condylar surface contour related to length of the follow up period, compared to the control; these changes
seemed to be partly reversible. The most pronounced observation was the irregularities and resorption in the anterior part
of the condylar cartilage and the subcondylar bone. Moreover, at the first two weeks, the area of resorption was invaded
by large number of osteoclasts and chronic inflammatory cells which declined later in the 3rd and 4th weeks and replaced
with osteoblastic activities. CONSLUSION: These experimental data showed that distraction rate of 3 mm per day may
lead to degenerative or even early arthritic changes in the TMJ condylar cartilage in the 1st and 2nd post-distraction

weeks. However, all condyles showed adaptive and remodeling sings in the following 3rd and 4th weeks.

INTRODUCTION

The temporomandibular joint (TMJ) is one of the most
complex joints in the body. Its condyle is composed of a
fibrous surface layer, a proliferative zone, hypertrophic carti-
lage, and bone tissue [1]. The mandibular condylar cartilage
is a primary growth centre and also has characteristics of
secondary cartilage, which responds to mechanical forces
[2]. The TMJ undergoes changes and modifications in its
shape and role over the course of a person’s lifetime [3].

Distraction osteogenesis was first described [4] for long
bone lengthening and popularized by llizarov [5]. Its applica-
tion in the craniofacial area was introduced by Snyder [6] for
mandibular lengthening in a dog experimental model. Clini-
cal application of mandibular osteodistraction has been de-
scribed using extraoral and intraoral devices [7] & [8].

Although mandibular lengthening has become a common
technique, changes in the TMJ have not been well docu-
mented. Because distraction appliances are rigidly fixed to
the body of the mandible, the distraction procedure leads to
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bony separation by force transduction through both man-
dibular segments. When the mandible and the TMJ are con-
sidered as a functional unit, it is obvious that mechanical
loading on the osteotomized mandibles will have an effect
on the articular cartilage. In other words, the axial forces
may create a push-out effect of the TMJ, leading to structural
alterations and/or positional changes. This could result in an
unfavorable clinical outcome of mandibular distraction.

Stelnicki [9] studied the changes in TMJ following man-
dibular distraction osteogenesis in the transverse dimension.
They reported that transverse distraction has a multitude of
non-transient effects on the joint including flattening, erosion
and displacement of the condyle.

Harper [10] observed changes in the TMJ of 7 monkeys
after osteotomy and bone distraction of the mandibular sym-
physis. They reported that no significant morphologic
changes were observed in 3 of the monkeys. On the other
hand, active osteoblastic activity and hypertrophy of the fi-
brous and cartilaginous zones were observed in the other 4
monkeys during the initial 4 weeks after the operation. They
suggested that hypertrophy in the cartilaginous zone oc-
curred as a response to compression, and the cartilaginous
zone became thinner with time, suggesting that the TMJ has
significant repair ability, and can reverse the initial response.
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Karaharju-Suvanto [11] applied gradual bone distraction
in the region of the ascending ramus in 17 sheep and re-
ported that the condylar processes on both the distraction and
non-distraction sides were temporarily affected. However,
the nature of the pressure-related alterations in the cartilagi-
nous tissue remains a matter of controversy.

Salter [12] postulated that when 2 opposing regions of
articular cartilage are placed in continuous contact under
mechanical pressure, diffusion of nutrients from the synovial
fluid is altered; producing localized degenerative changes in
the underlying articular cartilage. Experimental data from
investigations in rabbits and sheep have shown changes in
TMJ condylar morphology and antero-posterior dimension,
surface contour irregularities and the diameter of the articu-
lar cartilage was reduced in the main pressure zones [11, 13].
In contrast, other authors have reported that the thickness of
cartilage tissue increased in regions under elevated pressure
[14, 15, 22]. The purpose of this study was to evaluate the
TMJ condylar changes due to hyper-physiologic (rate of 3
mm per day) bilateral distraction osteogenesis of the man-
dibular body in rabbits.

MATERIALS AND METHODS

Eighteen healthy adult male rabbits weighing 2 to 3 kg
were assigned to 1 of 2 groups: the control group (n = 2 rab-
bits, 4 joints) or the study group (n = 16 rabbits, 32 joints)
four rabbits (8 joints) in each subgroup according to the post-
distraction period (1, 2, 3 or 4 weeks). In the control group,
rabbits received sham surgery (Osteotomy without distrac-
tion) and then left to live for 4 weeks under the same condi-
tion of the study group.

Surgical Procedures
Corticotomy and Device Fixation

General anesthesia was induced by intramuscular injec-
tions of ketamine (50 mg/kg; Ketalar) and xylazine (10
mg/kg; Rompun; Bayer). In addition, 1.0 mL of local anes-
thetic (2% lidocaine/epinephrine 1:100,000) was injected
into the surgical site before beginning the operation to con-
trol bleeding.

After shaving the skin over the left and right inferior
mandibular borders and sterilizing the site with Betadine,
two skin incisions were made from the mandibular angle to
the anterior region along the right and left inferior mandibu-
lar borders. Corticotomy was performed vertically on both
sides (buccally and lingually) at the level of the first man-
dibular premolar using a tapered fissure bur. Caution was
taken to preserve the vascular bundle. Two 7-mm self-
tapping screws were used to fix the two posterior arms of the
device distal to the corticotomy site and one common long
self-tapping screw was used to fix the anterior distractor
arms to the anterior right and left bony segment.

Layer-to-layer suturing of the periosteum and skin was
performed using 3-0 Vicryl (Ethicon, a Johnson & Johnson
Co, Somerville, NJ) and black silk. Immediately after the
operation, intramuscular injections of Gentamicin (5 mg/kg)
were given daily for 3 days to prevent infection. After a la-
tency period of 4 days, distraction was performed twice daily
at a rate of 1.5 mm (total 3mm per day) for 5 days (total
elongation was 15 mm). Four animals of the study group
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were euthanized weekly for 4 weeks, starting by the end of
the 1st post-distraction week. Histomorphometric analysis
was used to study the changes in the condylar cartilage as
well as activity of the osteoblasts and osteoclasts cells.

Clinically

Postoperatively, animals were examined and followed up
clinically until the end of the follow-up period of each group
with respect to wound healing, progress of distraction, ability
to eat and drink, and deviation of the mandible.

Histopathology

After harvesting the specimens, condylar surface was
examined for irregularities and roughness. The TMJ condyle
and its surrounding tissues were removed and placed in neu-
tral formalin for 48 hours. Then, all specimens were washed
in normal saline, cut sagittally and then decalcified at room
temperature for 4 weeks in 10% EDTA (pH 7.4) containing
1% paraformaldehyde. Tissue specimens were then washed,
dehydrated, and processed for embedding in paraffin wax.
Successive 5-u-thick tissue sections were cut on a microtome
(MT 990; Research & Manufacturing Co, Inc, Tucson, AZ)
and then stained with standard Haematoxylin and Eosin (H
and E) and Masson trichrome stains, for histopathologic and
histomorphometric investigations.

Using morphometric analyzer, three measures (anterior,
middle and posterior areas) of the total thickness of the con-
dylar cartilage were obtained for each section by measuring
perpendicularly from the outer surface of the articular carti-
lage to the beginning of the bony trabeculae. Under high
magnification, the thickness of the different cartilaginous
cell layers were histomorphometrically measured in mi-
crometers and compared in all weeks of study and the con-
trol group.

Statistical Analysis

Minitab 13.1 statistical package (Division of Engineering
Computing Services © 2000 - Michigan State University,
East Lansing, MI, USA) was employed to analyze the quan-
titative results obtained. Descriptive Statistics was employed
to calculate the Mean, Standard Deviation values, etc. for all
groups. Anderson Darling normality test was used to test the
data which was found to be parametric; accordingly, One
Way ANOVA was used to compare the results of all post-
distraction weeks to the respected passive control.

RESULTS
Clinical Results

All animals survived the operation and follow-up period.
Wound healing was noticed in all animals; there were no
signs of infection, dehiscence, or other pathologies.

Histomorphometric Analysis

Condylar cartilage is composed of 5 distinct histological
layers: a fibrous connective tissue layer, a highly cellular
reserve layer, a proliferation layer, a hypertrophic cartilage
layer, calcified cartilage layer and then the sub-chondral
bone. Animals underwent distraction showed obvious
changes in condylar surface contour related to length of the
follow-up period, these changes seemed to be at least partly
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reversible. Week 1 rabbits showed various signs of degen-
erative changes involving the articulating cartilage at the 3
zones of study: anterior, middle and posterior as evidenced
by the decrease in their thicknesses 3.45, 5.73, and 3.34 um
compared to the same areas in the control group (4.5, 9.51
and 5.51 pm respectively). The difference was found to be
statistically significant (P = 0.000) (Tables 1 and 2). These
changes included: thinning of the condylar cartilage, reduc-
tion in cells’ number in each layer, absence or thinning of the
fibrous layer in most of the cases (as compared to normal
condyles) (Figs. 1 and 2).

(@ (b)

Fig. (1). (@) Normal condylar cartilage consists of well defined
regular layers: fibrous (F), reserve (R), proliferative (P), hypertro-
phic (H), calcified cartilage & bone (C) (H & E X100) (Bar = 100
micrometer). (b) Magnified normal condylar cartilage (Mason tri-
chrome X 200) (Bar = 200 micrometer).

The most pronounced observation was the irregularities
and resorption in the anterior part of the condyles including
all layers of the condylar cartilage and bone. The area of
resorption was invaded by large number of osteoclasts and
chronic inflammatory cells.
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Fig. (2). (a) Photomicrograph of the condyle after 1 week post-
distraction showing loss of fibrous layer with reduced thickness of
the cartilaginous layer and resorption of the sub-cartilaginous bone
(H & E X100) (Bar = 100 micrmemter). (b) Higher magnification
showing increased osteoclastic activity (arrows) in the condylar
subcartilagenous bone layer (H & E X200) (Bar = 200 micrometer).

Week 2 rabbits showed some evidence of hypertrophy of
all layers of the condylar cartilage (fibrous, proliferative, and
hypertrophic layers). A reduction in the number of osteo-
clasts, a remarkable osteoblastic activity and endochondral
ossification were observed during this week (Fig. 3). In week
3, hypertrophy of the cartilaginous zone was more evident
and endochondreal ossification was enhanced and the sub-
condral zone started to be refilled with new bone trabeculae
(Fig. 4). In comparison to the results of the previous weeks,
in week 4, condyles appeared nearly normal; the resorption
of the outer margin of the condyle was found to be less than
in previous weeks and the cartilaginous layer nearly returned
to its pre-distraction (control) thickness (Tables 1 and 2 and
Fig. 5). Furthermore, marked osteoblastic activity was ob-
served whilst the osteoclast cells were not clearly evident in

Table1l. Histomorphometric Measurements (Micrometers) for the Different Histologic Zones of the Condylar Cartilage at 3 Con-
dylar Areas (Anterior, Middle, and Posterior) in 4 Post-Distraction Weeks
Area Post-Distraction Zone of Zone of Reserve Zone of Proliferating Zone of Chondrocyte | Zone of Early Calcification/
Week Fibrous Tissue Cartilage Chondrocytes Hypertrophy Degenerating Chondrocytes
Week 1 0.85 0.17 0.55 1.30 0.76
g Week 2 0.77 0.29 0.63 1.66 0.98
-g Week 3 0.91 0.28 0.6 2.06 1.0
E Week 4 0.96 0.54 0.56 1.66 0.89
Control 0.94 0.52 0.65 152 0.92
Week 1 1.90 0.65 0.89 154 1.01
§ Week 2 2.09 1.09 0.97 1.82 1.77
% Week 3 2.1 0.98 1.66 191 1.34
= Week 4 244 0.88 1.2 31 1.25
Control 2.59 0.87 1.46 351 1.30
Week 1 0.85 0.29 0.52 1.27 0.82
g Week 2 0.97 0.46 0.17 1.48 1.36
-g Week 3 0.99 0.28 0.57 1.09 1.27
g Week 4 1.03 0.26 0.76 1.79 1.35
Control 11 0.26 0.51 2.02 1.60
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Table 2. Variation in the Thickness (in Micrometer) of the Condylar Cartilage at 3 Condylar Cartilage Areas (Anterior, Middle,
and Posterior) in 4 Post-Distraction Weeks (W.) and the Control (Con.) (All the Condylar Histologic Layers are Added
Together)
Anterior Condylar Area Middle Condylar Area Posterior Condylar Area
W.1 W. 2 W.3 W. 4 Con. W.1 W. 2 W. 3 W. 4 Con. W.1 W. 2 W.3 W. 4 Con.
Mean 3.45 452 5.00 4.35 4.50 5.73 7.39 7.90 9.20 9,51 3.84 4.47 5.30 5.23 551
S.D. 0.24 0.32 0.27 0.34 0.23 0.31 0.40 0.25 0.42 0.35 0.39 0.35 0.36 0.18 0.49
P Value* 0.000 0.000 0.000
*Using One Way ANOVA.
the bone marrow and this was positively reflected on the DISCUSSION

density of the condylar bone.

(b)

k1

RS T S :

Fig. (3). (a) Microphotograph of the condyle after 2 weeks showing
signs of active growth and increased thickness of the fibrous layer
and hypercellularity of the chondrocytic layers, which was noticed
only in the middle and posterior areas of the condylar surface (H &
E X100). (b) Microphotograph of the condyle by the end of the 2nd
week showing signs of bone resorption and evidence of repair with
fibrous tissue, at the anterior articulating area of the condyle (H & E
X 40).

(€)) (b)

Fig. (4). (a) Microphotograph of the condyle after 3 weeks showing
hypertrophy of the cartilaginous layers and reformation of many
bone trabeculae (H & E X100) (Bar = 100 micrometer). (b) Higher
magnification of photo no 4a (H & E X200) (bar = 200 microme-
ter).

> o

Fig. (5). (a-b). Microphoto

showing histologic features of the anterior part of the condyloid
process that looks nearly normal after regeneration of all layers
of the articulating cartilage (C) and the subcartilaginous bone
(B) (a=H & E X200, b = Mason Tri-chrome X200) (bar = 200
micrometer).

Distraction osteogenesis of the mandible is a mainstay in
the treatment of craniofacial malformations [8, 16-18]. The
risk and the degree of severe malformation in the TMJ after
surgical interventions on the mandible have often been re-
ported [18-21]. Despite the high number of investigations
focusing on bone regeneration during mandibular distraction,
only a few experimental studies have been performed to
evaluate the effects of the distraction procedure on the TMJ
[23, 24]. Experimental data from investigations in rabbits
and sheep have shown changes in TMJ condylar morphology
and antero-posterior dimension, surface contour irregularities
and the diameter of the articular cartilage was reduced in the
main pressure zones [14, 25, 26]. In contrast, other authors
have reported that the thickness of cartilage tissue increased
in regions under elevated pressure [15, 27].

The current study aimed at evaluating the effect of bilat-
eral distraction osteogenesis of the mandibular body, at a
hyper-physiologic rate and length (1.5 mm twice a day for 5
days), on the integrity of the condylar cartilage in rabbits at
the end of 1st, 2nd, 3rd and 4th post-distraction weeks. In the
1st and 2nd post-distraction weeks, the results of this study
showed prominent signs of degeneration including flattening
of the anterior aspect of the condylar head, anterior lipping
and contour irregularities as well as reduction in the number
and thicknesses of the condylar cartilage layers. Nonetheless,
these degenerative changes were partially reduced by remod-
eling, in most of the cases, in the 3rd and 4th post-distraction
weeks. On the other hand, the articular surfaces of the con-
dyle in the control animals were found to be smooth; with no
irregularities, erosions or thinning. According to our study,
the reaction of the condylar cartilage to the hyper-physio-
logic distraction force divides into two stages: destructive or
degenerative stage (in the 1st and 2nd post-distraction
weeks) followed by remodeling or regenerative stage (in the
3rd and 4th post-distraction weeks). Our study highlights the
unique regenerative capability of the TMJ in response to the
applied distraction force.

Kruse-Losler [28] studied on rabbits, the effect of distrac-
tion osteogenesis on the TMJ condylar cartilage, using vari-
ous strain magnitudes including: physiologic, elevated and
hyper-physiologic magnitudes (2,000, 20,000 and 200,000
microstrains, respectively). Their histological and ultra-
structural analyses revealed a positive correlation between
the degree of mechanical loading and the development of
degenerative alterations in the cartilage. In samples dis-
tracted at hyper-physiologic strain magnitudes, all cartilagi-
nous layers were reduced in the regions of the TMJ that had
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been exposed to the higher pressure forces. The fibrous layer
became nearly completely destroyed and they concluded that
distraction schedules with single but hyper-physiologic loads
may lead to degenerative or even early arthritic changes in
the condyle. Although this study was carefully done, the
follow-up period was carried out for only 2 post-distraction
weeks, which represents, according to our study, the destruc-
tion or the degenerative stage and this represents only one
aspect of the truth. The authors fail to show what happened
next in the 3rd and 4th post-distraction weeks which repre-
sent, according to our study, the remodeling or regenerative
stage and this is the other aspect of the truth.

Kim [29] studied the immunohisto-chemical changes in
the TMJ of rabbits in relation to the degree of unilateral
mandibular lengthening for 2, 3.5, and 5 mm. They con-
cluded that unilateral mandibular distraction of 2 or 3.5 mm,
using a rate of 0.5 mm/day, was acceptable in that no degen-
erative changes of the TMJ were observed on either the dis-
traction or non-distraction sides. However, bone resorption
was observed in animals that underwent 5 mm of distraction.
Two issues need to be addressed in that study, first is that the
follow-up period is only restricted to 2 post-operative weeks
and does not show the remodeling phase that may happen
after that period; the second is that mandibular lengthening
for 5 mm is not too long in comparison to many other ex-
perimental and clinical studies that employed distraction
osteogenesis to gain bone length more than 5 mm without
reporting complications in the TMJ.

Secondary cartilage including TMJ appears to respond
differently to functional loading than primary cartilage does
[30]. Silbermann [31] reported that condylar cartilage con-
tains a population of progenitor cells that synthesize type |
rather than type Il collagen. Under normal conditions in vivo,
local biomechanical factors influence the progenitor cells to
differentiate into cartilage cells. These cells are thereby sig-
naled to shift their synthetic pathway from type I collagen to
type 1l collagen that are typical of the cartilage ECM. Nakai
[32] conducted a compression test of the TMJ by installing
an orthognathic device to perform a crosshite in growing
monkeys and found that intermittent compression stimulated
endochondral ossification. Copray [33] reported that a con-
tinuously applied force of approximately 0.5 g stimulated the
proliferation of condylar cartilage but reduced the synthesis
of sulfated glycosaminoglycans and collagen. In contrast to
Nakai [32] and to our study, Copray [33] reported that when
the condylar cartilage is exposed to intermittent forces, pro-
liferative activity decreases. The apparent contradiction
among different studies may be due to variation in the meth-
odology and in the growth stages of the studies animals. Fur-
ther long term studies are recommended to examine the
magnitude of remodeling of the TMJ condylar cartilage
along longer post-distraction period and to find out to what
extent of mandibular distraction, the TMJ condylar cartilage
fails to remodel.

We recommend a follow up study to evaluate TMJ cellu-
lar stages as revealed by morphometry using immunostain-
ing as outlined by Luder H.U. [34]. This can be achieved by
evaluating proliferating cells nucleic acid (PCNA), apoptotic
cells and acid phosphatase activity using immunohistochem-
istry.
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CONCLUSIONS

In conclusion, our experimental data showed that distrac-
tion rate of hyper-physiologic (3 mm per day) may lead to
degenerative or even early arthrotic changes in the TMJ con-
dylar cartilage in the 1st and 2nd post-distraction weeks.
However, most of the rabbits showed adaptive and remodel-
ing sings in the following 3rd and 4th weeks.
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