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Temporomandibular joint dysfunction may be
caused by an abnormal relationship between disc
and condyle. The resolution of this condition is
often achieved by remodelling and adaptation
rather than actual correction of the anomaly [1].
Trauma to the chin may cause injury to the artic-
ular tissues, resulting in condylar fractures and
posttraumatic arthritis [2]. Condylar fractures are
often followed by displacement of the condylar
head. During the healing period, remodelling of
the joint may occur. In children, extensive remod-
elling resulting in almost complete restoration of

joint anatomy takes place in many cases [3]. Re-
modelling has also been observed in adult patients,
but to a lesser degree [4]. Trauma to the TMJ, in-
cluding microtrauma, has been suggested as a pos-
sible cause of osteoarthrotic changes of the condy-
lar head. In this context there is still debate as to
whether the degenerative changes to the TMJ
occur as a result of damage to the mandibular
condyle cartilage or of damage to the articular disc. 

The objective of the present study is to analyse
remodelling of the TMJ after surgical trauma in an
experimental model.

Questions under study: In this study, experimen-
tally induced surgical defects of the mandibular
condyle were evaluated histologically 3, 6 and 9
months postoperatively to investigate the capacity
for remodelling which is one of the most impor-
tant features of the temporomandibular joint.

Methods: In three healthy sheep standardised
surgical defects were produced on each right
condylar head. The left temporomandibular joints
served as controls. No treatment was performed
on the surgical defects and function was not re-
stricted postoperatively. At the end of the experi-

mental period the sheep were sacrificed and a his-
tological evaluation was carried out.

Results: Histologically, no disturbance was ob-
served during the healing process in bone and car-
tilage. Although function was not limited through-
out the study, it was observed that the experimen-
tal surgical defects had healed completely. 

Conclusions: This result points to the condyle’s
high capacity for repair and remodelling.
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Summary

Introduction

Methods

Three young adult sheep aged 12 months and weigh-
ing approximately 50 kg were used. The right-side joints
were surgically altered and the left-side joints served as
controls. Anaesthesia (4 mg ketamine HCL and 0.05 mg
xylazine HCL per kilogram) was induced intravenously
into the external jugular vein. The skin over the TMJ re-
gion was shaved and prepared with betadine solution. Fol-

lowing a preauricular incision, the condylar process was
exposed and the inferior joint space opened by a horizon-
tal incision through the capsule. A 0.5 cm wide and 0.5 cm
deep mediolateral groove was cut at the top of the condyle
midline of the articular surface (Fig. 1) with a 1.5 mm
diameter fissure bur using copious amounts of saline for
cooling. The condylar surfaces were irrigated with saline



and the joint capsule and overlying tissues repaired in lay-
ers. The animals’ preoperative and postoperative diet was
the same. Postoperatively 2 ml of clindamycin was given
twice daily for 7 days intramuscularly. No wound became
infected and all the sheep did well following surgery.

The sheep were killed by anaesthetic overdose after
3 months, 6 months and 9 months. The specimens were
placed in 10% neutral formaldehyde solution and decal-
cified in nitric acid solution. All specimens were embed-
ded in paraffin. Serial sections were cut at 5 mm and stained
with haemotoxylin and eosin.
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Results

After creation of the surgical trauma the ani-
mals continued to gain weight. The histopatho-
logical findings in all TMJs were as follows:
1. At the third postoperative month, microscopic

examination of the joint surface revealed that
the defect extended to the cancellous bone and
was filled with connective tissue containing
blood vessels. Since the defect was distant from
the attachment of the synovial membrane, it
was thought that the connective tissue cells
originated from the osteogenic cells sur-
rounding the bony trabeculae. A surplus of
connective tissue mass developed at the defect
and caused doming at the joint surface (Fig. 2).

2. At the sixth postoperative month the defect
was filled with connective tissue. At some sites

formation of cartilage tissue from the base of
the defect was observed (Fig. 3).

3. At the ninth postoperative month histopatho-
logical examination showed persistent slight
doming at the surface of the defect site. The
greater part of the defect was filled with carti-
lage. Only the central part of a small area at the
joint surface consisted of loose connective tis-
sue. Undifferentiated cells resembling carti-
lage cells were seen parallel to the joint sur-
face, and cellularity was increased close to the
surface. Spongious bone developed via endo-
chondral ossification at the base of the defect
(Fig. 4). 

Figure 1

Surgically created defect on the condylar head.

Figure 2

3 months: Infiltration of the prepared defect and surround-
ing joint surface with connective tissue containing blood 
vessels. H E. Magnification � 80.

Figure 3

6 months: Formation of cartilage tissue from the base 
of the defect to the joint surface. H E. Magnification � 80.

Figure 4

9 months: Appearance of the defect of joint surface. 
A major portion of the defect was filled with cartilage tissue.
The excessive portion at joint surface consisted of loose
connective tissue. However, especially in the upper portions,
differentiation to cartilage tissue seemed more likely. 
H E. Magnification � 80.



The condylar portion of the TMJ is most com-
monly affected by disease, such as osteoarthrosis,
trauma or errors of development.

In various clinical and experimental studies it
has been found that mandibular condylar cartilage
has the capacity to remodel after acute or chronic
trauma [2–8]. However, complications subsequent
to condylar trauma such as ankylosis, osteoarthri-
tis and mandibular deformities have also been
described [9–14].

Although remodelling of the condylar process
following condylar fracture has been demon-
strated [15–17], the repair mechanisms within the
TMJ are poorly understood. 

In their study Teixeira et al. [18] showed that
displaced condylar process fractures in rats healed
by callus formation with concurrent repositioning
of the condyle. In man remodelling of the joint oc-
curs during the healing of condylar fractures [15,
19, 20]. In growing patients extensive remodelling,
resulting in almost complete restitution of the
joint, has been noted in many cases. Remodelling
has also been observed in adult patients, but to a
lesser degree [4]. 

Hochman and Laskin [21], using rabbits, re-
ported that surgical defects of the mandibular
condyle were completely repaired by both adjacent
cartilage and reparative tissue from the marrow
space. The difference in the repair process can be
ascribed to the animals’ differing characteristics:
rabbits have greater potential for intrinsic repair of
bone and cartilage defects, while humans have less.
In this respect sheep are similar to man, and thus
the choice of animal is important in these experi-
ments if we wish to compare the biological changes
with human disease [22]. Bifano et al. [23] report
that goats and sheep are well suited as TMJ mod-
els due to their relative lack of protection against
anteroposterior forces, their relative lack of poste-
rior joint function and the translatory capacity of
the joint. They also have the advantage of being
plentiful, inexpensive, easily maintained and easily
handled. It was for these reasons that we chose
sheep for this study.

In the present study it was found that a surgi-
cally created defect of the condyle was replaced 3

months postoperatively by fibro-osseous connec-
tive tissue associated with new blood vessel forma-
tion. Histologically no alteration was observable in
the control joints. However, all three articular
discs had thinned. Six months postoperatively
chondrocyte proliferation and a decrease in the
quantity of connective tissue were noted. The
chondrocytes probably derived from marrow. In
similar fashion to our results, the defect created in
the marmoset by Robinson [7] was filled with an
increasingly cellular blastema forming new colla-
gen fibres. He reported that these cells appeared
to be in continuity with the subchondral bone. Ac-
cording to Ishimaru et al. [24] the residual articu-
lar cartilage has less potential for wound repair,
with greater potential existing in the bone marrow. 

It has been suggested that 90 days is too short
a period for the advanced stages to develop, nor do
major changes take place over 6 months [22].
However, our studies showed differences between
6 and 9 months postoperatively.

The study’s purpose was to observe the re-
modelling capability of condylar cartilage in the
repair of standardised full-thickness articular bone
and cartilage defects. It illustrates the effect of a
situation similar to an intraarticular fracture of the
condyle, either a microfracture from repeated
overloading or a fracture from acute mandibular
trauma.

Although the functioning of the TMJ was not
limited throughout this study, complete healing of
the experimental surgical defects was observed.
This points to the condyle’s high capacity for re-
pair and remodelling, a factor which should be
considered in the management of trauma and
other disorders of the TMJ.

Correspondence: 
Dr. Orhan Güven
Yeșilyurt sok 24/15
A. Ayrancı
06690 Ankara
Turkey
E-Mail: oguven@dentistry.ankara.edu.tr

S W I S S  M E D  W K LY 2 0 0 3 ; 1 3 3 : 4 2 3 – 4 2 6 ·  w w w. s m w. c h 425

Discussion

References
1 Blaustein DI, Scapino RP. Remodelling of the temporo-

mandibular joint disk and posterior attachment in disk dis-
placement specimens in relation to glycosaminoglycan content.
Plast Reconstr Surg 1986;78:756-4.

2 Luz JGC, Jaeger RG, De Araujo VC, De Rezende RJV. The ef-
fect of immobilisation on the rabbit temporomandibular joint.
Int J Oral Maxillofac Surg 1991;20:48-2.

3 Güven O, Keskin A. Remodelling following condylar fractures
in children. J Cranio-Maxillofac Surg 2001;29:232-7.

4 Mongini F. Remodelling of the mandibular condyle in the adult
and relationship to the condition of the dental arches. Acta Anat
1972;82:437-3.

5 Avrahami E, Frishman E, Weiss-Peretz J, Horowitz I. Com-
puted tomography of healing condylar fractures with some
clinical correlations. Clin Radiol 1993;47:269-3.

6 Leake D, Doykos J, Habal MB, Murray JE. Long term follow-
up of fractures of the mandibular condyle in children. Plast Re-
constr Surgery 1971;47:127-1.

7 Robinson PD. Articular cartilage of the temporomandibular
joint: Can it regenerate? Ann R Coll Surg 1993;75:231-6.

8 Yasuoka T, Oka N. Histomorphometric study of trabecular
bone remodelling during condylar process fracture healing in
the growing period. J Oral Maxillofac Surg 1991;49:981-8.



9 Norholt SE, Krishnan V, Sindet-Pedersen S, Jensen AI. Pedi-
atric condylar fractures: A long term follow-up study of 55 pa-
tients. J Oral Maxillofac Surg 1993;51:1302-9. 

10 Proffit WR, Vig KWL, Turvey TA. Early fracture of the
mandibular condyles: Frequently an unsuspected cause of
growth disturbances. Amer J Orthod 1980;78:1–4. 

11 Sawhney CP. Bony ankylosis of the temporomandibular joint:
Follow-up of 70 patients treated with arthroplasty and acrylic
spacer interposition. Plast Reconstr Surg 1986;77:29-8.

12 Wu XG, Hong M, Sun KH. Severe osteoarthrosis after fracture
of the mandibular condyle: A clinical and histological study of
seven patients. J Oral Maxillofac Surg 1994;52:138-2.

13 Güven O. A clinical study on temporomandibular joint ankylo-
sis. Auris Nasus Larynx 2000;27:27-3.

14 Güven O. Acrylic spacer in treatment of TMJ ankylosis (a tech-
nical report). Balkan J Stomatology 2000;4:40-1.

15 Feifel H, Albert-Deumlich J, Riediger D. Long term follow up
of subcondylar fractures in children by electronic computer-as-
sisted recording of condylar movements. Int J Oral Maxillofac
Surg 1992;21:70-6.

16 Sahm G, Schuknecht B, Eberhardt K. Zur Remodellation nach
Kondylusluxationsfracturen bei Heranwachsenden. Dtsch Zah-
narztl 1990;45:403-5.

17 Zou ZJ, Wu WT, Sun GX, et al. Remodelling of the temporo-
mandibular joint after conservative treatment of condylar frac-
tures. Dentomaxillofac Radiol 1987;16:91-8.

18 Teixeira ACB, Luz JGC, Aaujo VC, Araujo NS. Healing of the
displaced condylar process fracture: an experimental study. J of
Cranio-maxillofac Surg 1998;26:326-0.

19 Kahl-Nieke B, Fischbach R, Gerlach KL. CT analysis of tem-
poromandibular joint state in children 5 years after functional
treatment of condylar fractures. Int J Oral Maxillofac Surg
1994;23:332-7.

20 Kahl-Nieke B, Fischbach R, Gerlach KL. Temporomandibular
joint morphology in children after treatment of condylar frac-
tures with functional appliance therapy: a follow up study using
spiral computed tomography. Dentomaxillofac Radiol 1995;24:
37-5.

21 Hochman LS, Laskin DM. Repair of surgical defects in the ar-
ticular surface of the rabbit mandibular condyle. Oral Surg
1965;19:534-2.

22 Ishimaru J, Goss AN. A model for osteoarthritis of the tem-
poromandibular joint. J Oral Maxillofac Surg 1992;50:1191-5.

23 Bifano C, Hubbard G, Ehler W. A comparison of the form and
function of the human, monkey, and goat temporomandibular
joint. J Oral Maxillofac Surg 1994;52:272-5. 

24 Ishimaru JI, Kurita K, Handa Y, Goss AN. Effect of marrow
perforation on the sheep temporomandibular joint. Int J Oral
Maxillofac Surg 1992;21:239-2.

Remodelling in TMJ 426



What Swiss Medical Weekly has to offer:

• SMW’s impact factor has been steadily 
rising, to the current 1.537

• Open access to the publication via
the Internet, therefore wide audience 
and impact

• Rapid listing in Medline
• LinkOut-button from PubMed 

with link to the full text 
website http://www.smw.ch (direct link
from each SMW record in PubMed)

• No-nonsense submission – you submit 
a single copy of your manuscript by 
e-mail attachment 

• Peer review based on a broad spectrum 
of international academic referees

• Assistance of our professional statistician
for every article with statistical analyses

• Fast peer review, by e-mail exchange with
the referees 

• Prompt decisions based on weekly confer-
ences of the Editorial Board

• Prompt notification on the status of your
manuscript by e-mail

• Professional English copy editing
• No page charges and attractive colour 

offprints at no extra cost

Editorial Board
Prof. Jean-Michel Dayer, Geneva
Prof. Peter Gehr, Berne
Prof. André P. Perruchoud, Basel
Prof. Andreas Schaffner, Zurich 

(Editor in chief)
Prof. Werner Straub, Berne
Prof. Ludwig von Segesser, Lausanne

International Advisory Committee
Prof. K. E. Juhani Airaksinen, Turku, Finland
Prof. Anthony Bayes de Luna, Barcelona, Spain
Prof. Hubert E. Blum, Freiburg, Germany
Prof. Walter E. Haefeli, Heidelberg, Germany
Prof. Nino Kuenzli, Los Angeles, USA
Prof. René Lutter, Amsterdam, 

The Netherlands
Prof. Claude Martin, Marseille, France
Prof. Josef Patsch, Innsbruck, Austria
Prof. Luigi Tavazzi, Pavia, Italy

We evaluate manuscripts of broad clinical
interest from all specialities, including experi-
mental medicine and clinical investigation.

We look forward to receiving your paper!

Guidelines for authors:
http://www.smw.ch/set_authors.html

All manuscripts should be sent in electronic form, to:

EMH Swiss Medical Publishers Ltd.
SMW Editorial Secretariat
Farnsburgerstrasse 8
CH-4132 Muttenz

Manuscripts: submission@smw.ch
Letters to the editor: letters@smw.ch
Editorial Board: red@smw.ch
Internet: http://www.smw.ch

Swiss Medical Weekly: Call for papers
Swiss 
Medical Weekly

The many reasons why you should 
choose SMW to publish your research 

Official journal of
the Swiss Society of Infectious disease
the Swiss Society of Internal Medicine
the Swiss Respiratory Society

Impact factor Swiss Medical Weekly 

0 . 7 7 0

1 . 5 3 7

1 . 1 6 2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

1
9

9
5

1
9

9
6

1
9

9
7

1
9

9
8

1
9

9
9

2
0

0
0

2
0

0
2

2
0

0
3

2
0

0
4

Schweiz Med Wochenschr (1871–2000)

Swiss Med Wkly (continues Schweiz Med Wochenschr from 2001) 

Editores Medicorum Helveticorum


