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Introduction
Orthodontic	 appliances	 and	 their	 impact	 on	 the	 growth	of	 the	
mandibular	 condyles	 in	 experimental	 animal	 models	 have	 still	
one	 of	 the	 important	 ways	 to	 explore	 the	 real	 changes	 that	
could	have	a	role	 in	optimization	of	 the	orthodontic	treatment	
in	 the	 last	 decades	 [1].	 Planning	 for	 the	 retention	 phase	 as	 a	
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Abstract
Condylar	 growth	 modification	 is	 induced	 by	 mandibular	 advancement	 though	
the	 changes	 in	 Temporomandibular	 Joint	 (TMJ)	 after	mandibular	 advancement	
could	 be	 permanently	 stable	 are	 not	 yet	 proved.	 Therefore,	 our	 purpose	
is	 to	 investigate	 the	 effects	 of	 mandibular	 advancement	 on	 the	 rat	 TMJ	 by	
changing	in	Matrix	Metalloproteinases	(MMPs)	and	Collagens	(COLs)	expression	
immunohistochemically	 (IHC)	 after	 retention	 treatment.	 In	 this	 study, 54	male	
Sprague-Dawley	 rats	 were	 divided	 to	 control	 group	 (n=24)	 and	 experimental	
group	(n=30)	for	three	months	subgroups	period.	Only	experimental	sub-groups	
were	subjected	to	a	full-time	orthodontic	inclined	methyl	methacrylate	bite	plate	
cemented	to	the	incisors	to	advance	the	mandible	for	one	month	and	continued	
as	a	half-day-wearer	(retention	period)	till	the	end	of	the	2nd	month	and	stayed	
without	 appliance	 during	 whole	 3rd	 month	 (post	 retention	 period).	 Then,	 the	
assessment	of	gross-morphological	changes	of	skull	and	the	examination	of	the	
articular	cartilage	for	each	sub-group	histologically	in	addition	to	IHC	examination	
for	MMP-1,	MMP	 8	 and	MMP	 13	 and	 COL-I,	 II	 and	 III	 were	 done.	 The	 gross-
morphological	changes	were	clear	in	experimental	group	as	downward	forward	
mandibular	advancement	in	addition	to	a	high	significant	decreased	in	the	base	
mandibular	length.	There	was	also	an	abundant	cellular	proliferation	at	the	condylar	
cartilage	with	a	 significant	 condylar	ossification	and	higher	osteoblastic	activity	
in	the	experimental	group	obviously	at	retention	period.	Moreover,	a	significant	
increase	in	MMP-13	expression	in	both	differentiation	and	hypertrophic	layers	of	
an	experimental	group	during	active	and	retention	periods	with	reduction	in	the	
expression	of	COL-II	in	the	experimental	group	was	observed	with	no	significant	
changes	 in	 other	 markers.	 These	 upregulation	 of	 MMP-13	 in	 associated	 with	
significant	 reduction	 in	 expression	 of	 COL-II	 plays	 a	 significant	 role	 in	 cartilage	
collagen	 degradation	 and	 treatment	 stability,	 which	 is	 confirmed	 through	 the	
post-retention	period	due	to	endochondral	ossification	pattern	improvement.
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Mandibular	condylar	cartilage;	Morphological	changes
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part	 of	 the	 orthodontic	 treatment	 requires	 knowledge	 for	 the	
biology	of	the	jaw	response	to	the	treatment	[1,2].	The	articular	
condylar	 growth	 modification	 that	 induced	 by	 mandibular	
advancement	 as	 reported	 by	 Petrovic	 et	 al. [3]	 depending	 on	
histological	assessment	while	other	studies	assessment	were	by	
Immunehistochemically	 (IHC),	 morphometrically,	 biochemically	
or	 auto-radiographically	 as	 diagnostic	 tools	 to	 evaluate	 the	
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growth	 at	 condyle	 or	 to	 detect	 increased	 expression	 of	 some	
growth	factors	and	biomarkers.

The	stability	of	 the	changes	 in	Temporomandibular	 Joint	 (TMJ)	
by	orthodontic	appliance	is	not	yet	proved.	Therefore,	estimation	
of	 Collagens	 (COLs)	 with	 degradation	 enzymes	 as	 Matrix	
Metalloproteinases	 (MMPs)	 can	 give	 a	 sign	 for	 permanency	
and	 effectiveness	 of	 treatment.	 Mechanical	 overload	 by	 the	
appliance	 acts	 on	 the	 cartilage	 cells	 to	 stimulate	MMPs	which	
are	involved	in	the	degradation	of	collagens	as	well	as	in	tissue	
destruction	 in	 a	 variety	 of	 inflammatory	 lesions.	 MMP-1	 is	
produced	by	fibroblasts,	synovial	cells,	macrophages,	endothelial	
cells,	 and	 carcinoma	 cells,	 and	degrades	COL-I,	 II,	 III,	 VII	 and	X	
collagen.	 MMP-8	 is	 released	 by	 neutrophils	 in	 inflammatory	
tissue	and	degrades	COL-I,	II	and	III	[4-9].	Furthermore,	MMP-13	
is	observed	in	tumors,	osteoarthritis,	rheumatism,	and	wounds.	
It	degrades	COL-I,	II,	III	and	X,	it	is	considered	to	be	the	strongest	
for	degrading	COL-II	 specifically	 [4-10].	MMP-13	appears	 to	be	
one	 of	 the	most	 important	MMPs	 in	 cartilage	 remodeling	 and	
mineralization	 because	 it	 exhibits	 a	 substrate	 preference	 for	
the	 cartilage,	 specifically	 COL-II	 [11].	Moreover,	MMP-13	plays	
a	 role	 in	 making	 space	 of	 cell	 enlargement	 by	 degradation	 of	
the	 cartilage	matrix	 and	 initiation	 of	mineralization	 during	 the	
early	stage	of	development	[12].	The	aim	of	present	study	was	
to	investigate	the	effects	of	mandibular	advancement	on	the	rat	
TMJ	by	changing	 in	MMP-1,	MMP-8	and	MMP-13	and	COL-I,	 II	
and	 III	 expression	by	 IHC	during	and	after	 retention	 treatment	
with	their	relevant	gross	and	microscopic	histological	changes.

Material and Methods
Experimental design and animals
Fifty	four	male	Sprague-Dawley	rats	(4	weeks	old),	weight	(100-
120	gm)	were	used	in	this	study.	The	rats	divided	into	2	groups;	
a	 control	 group	 and	 experimental	 group.	 After	 anaesthetizing	
the	 rats	 in	 experimental	 group	 by	 injection	 of	 40	 mg/ml	
thiopental	 sodium	 intra-peritoneally,	 they	 were	 subjected	 to	
an	 orthodontic	 inclined	 bite-plane	 (fixed	 functional	 appliance)	
placement	at	upper	anterior	incisor.	All	groups	were	fed	standard	
food	ad	 libitum	and	were	 kept	under	 the	 same	environmental	
condition	 at	 a	 constant	 temperature	 during	 the	 whole	 period	
of	 the	experiment.	Animals	were	 cared	 for	 in	 accordance	with	
the	principles	 for	 the	care,	use	and	protection	of	experimental	
animals	as	set	by	Beirut	Arab	University	institutional	animal	care	
and	committee.

1. Control	group:	 It	was	divided	 into	3	sub-groups,	a,	b,	and	c	
(n=8	for	each)	without	any	advancing	forces.

2. Experimental	group:	It	was	divided	into	3	subgroups,	d,	e	and	
f	(n=10	for	each):

Sub	group-l(d):	Sacrificed	after	one	month	of	treatment	(24	hrs	
wearing	fixed	functional	appliance).

Sub	 group-2(e):	 Sacrificed	 after	 two	 months	 of	 treatment	 (1st 
month	 with	 24	 hrs	 treatment	 and	 retention	 period	 at	 the	 2nd 
month	(12	hrs	treatment).

Sub	 group-3(f):	 Sacrificed	 after	 three	months	 of	 treatment	 (1st 

month	with	24	hrs	treatment,	retention	period	at	the	2nd	month	
and	without	appliance	at	the	3rd	month	(post-retention	period).

Appliance Preparation and Fitting
The	appliances	were	used	of	a	similar	mode	of	action	to	those	
used	with	humans,	such	as	(forcus,	Jasper	jumper,	Herpst	and	an	
inclined	plane).

The	appliance	was	a	bite	 jumping	device	of	 acrylic	 type,	made	
up	 of	 poly	 methyl	 methacrylate	 (PMMA)	 [13,14].	 Fitting	 the	
appliances	was	done	using	cement	dental	material	(Ketac	Cem-
3M	 ESPE	 AG	 Dental	 Product-Germany)	 as	 radiopaque	 glass	
ionomer	 luting	 cement	 used	 for	 cementation	 of	 crowns	 and	
bridges	and	orthodontic	 strips	 cementation,	 the	appliance	was	
positioned	 to	 all	 experimental	 group	 by	 an	 inclined	 anterior	
bite	plane,	20-25°	inclination	with	constant	force	that	it	caused	
mandibular	foreword-downward	positioning	during	the	rats’	rest	
and	functional	bite	(Figure 1).

Weight Gain Recording
The	weight	was	recorded	weekly	throughout	the	experiment	for	
both	main	groups.	This	was	done	to	evaluate	and	compare	the	
somatic	 growth	 status	 between	 the	 experimental	 and	 control	
groups,	all	measurements	were	done	at	9	am	[15].

The Sampling
The	dissected	jaw	and	part	of	the	cranium	were	put	in	buffered	
formalin	 solution	 (40%	 formaldehyde	 100	 cc,	 distilled	 water	
900	cc,	4	gm	sodium	phosphate	monobasic	and	6.5	gm	sodium		
phosphate	of	basic	anhydrous),	12	hrs	preliminary	fixation	time.

Morphological Observation of Skull
Digital	 pictures	 of	 the	 rats’	 right	 mandibles	 lateral	 view	 were	
taken	 using	 a	 color	 video	 camera	 (Digital	 still	 camera	 Sony	
group-DSC-HX1)	 for	 gross	morphological	 changes	 and	 analysis.	
Linear	measurement	from	(point	F-the	most	inferior	“posterior”	
point	of	condyle)	to	(point	A-the	most	anterior	point	of	alveolar	
bone)	directly	 in	the	mandible	of	rats	to	estimated	mandibular	
length,	after	the	heads	of	animals	were	carefully	dissected	along	
the	 middle	 sagittal	 plane	 using	 a	 vernier	 caliper	 (Dentarium-
Germany),	 then	measure	 the	mandibular	base	 length	between	
point	A	and	point	B-the	midpoint	of	mandibular	foramen	(Figure 
2A).	The	mandible	was	mounted	at	90o	angle	at	a	fixed	distance	
from	digital	camera	[16].	

The	 bite-jumping	 appliance	 fitted	 for	 mandibular	
advancement.

Figure 1
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Tissue Preparation
Sectioning	 of	 the	 paraffin	 specimen	 was	 done	 by	 a	 rotator	
microtome	(Leitz	1516,	Lecica	Microsystems,	Wetzlar,	Germany)	
at	 7	 µm	 thickness	 followed	 by	 staining	 in	 haematoxyline	 and	
eosin,	 and	 examined	 under	 the	 light	 microscope	 [17].	 The	
measurements	 of	 different	 layers	 of	 articular	 condyle	 were	
done	 histologically	 using	 digital	 AXIOVISION	 software	 imaging	
(carles	zeiss-Germany)	which	was	split	into	three	portions	at	the	
midpoint	of	the	horizontal	line	drawn	from	the	most	prominent	
part	of	the	articular	condyle	(Figure 2B).

IHC Examinations
Areas	 stained	 for	 COLs	 and	MMPs	 of	 hot-spot	 reaction	 in	 the	
posterior	 area	 of	 the	 upper	 part	 of	 articular	 condyle	 [18].	 The	
specific	primary	antibodies	used	were	anti-MMP	1	antibody	(Ab)	
Rabbit	polygonal	to	MMP	1	(50	µg-0.2	mg/ml–abcam,	USA),	anti-
MMP	8	(H-300)	Ab	Rabbit	polygonal	to	MMP	8	(200	µg–Santa	Cruz	
biotecnology,	USA),	anti-MMP	13	Ab	Rabbit	polygonal	to	MMP	13	
(100	µg-	1	mg/ml–abcam,	USA),	anti-Collagen-I	(Col-1)		Ab	mouse	
monocolonal	to	Col-I	(abcam,	USA),	anti-Collagen	II	(Col-II)	colon	
2B1.5		Ab	mouse	monoclonal	to	Col-II	(200	μg–Thermo	scientific,	
USA),	 and	 the	 anti-Collagen	 III	 (Col-III)	 Ab	 Rabbit	 polyclonal	 to	
Col-III	(100	μl–Thermo	scientific,	USA).	The	secondary	antibodies	
were	goat	anti-rabbit	IgG	(200	μg–Santa	Cruz	biotecnology,	USA)	
(with	MMP-1,	MMP-8,	MMP-13	and	COL-III)	and	goat	anti-mouse	
IgG	(200	μg–Santa	Cruz	biotechnology,	USA)	(with	COL-I	and	COL-
II).

IHC	was	carried	out	using	method	of	de-waxing	and	rehydrating,	
then	treating	with	glycine	(1	in	10	Phosphate	Buffer	(PBS)	and	0.3-
3% hydrogen	peroxide	H2O2	and	100%	methanol	for	10	minutes	
at	 room	 temperature	 to	 quench	 endogenous	 peroxidase	 and	
retrieve	the	antigen.	Non-specific	bindings	were	blocked	with	1%	
Bovine	Serum	Albumin	 (BSA)	 in	 Tris	Buffer	 (TBS)	pH	7.4	 for	30	
minutes	at	20	oC;	then	the	samples	were	incubated	with	primary	
Ab.	Free	antibodies	were	removed	by	washing	the	samples	in	PBS	
thoroughly;	 then,	 sections	were	 incubated	with	 the	 secondary	
antibody	 followed	 by	 washing.	 Then,	 the	 slides	 were	 dipped	
in	 3,3-diaminobenzidine	 (DAB)	 in	 chromogen	 solution	 (DAKO	
liquid	DAB	+	substrate	chromogen	system,	Code,	Denemark)	for	
2-7	minutes	 to	 identify	 the	 binding	 sites.	 Sections	were	 finally	
counterstained	 with	 Mayer’s	 hematoxyline	 for	 background	
staining.	

Statistical Analysis
The	data	are	expressed	as	the	mean	±	SEM	and	were	analyzed	
using	 two-way	 ANOVA.	 The	 significance	 level	 for	 all	 analyses	
was	set	at	a	probability	 (P)	of	 less	than	0.05.	All	analyses	were	
performed	 by	 GraphPad	 Prism	 5.3	 for	 windows	 (GraphPad	
Software,	San	Diego,	CA,	USA).	

Results
Body weight
The	 body	 weight	 in	 both	 groups	 increased	 progressively,	 and	
significant	differences	(p<	0.05)	were	observed	only	from	5th to 

10th	week.	However,	in	the	end	of	the	experiment,	no	significant	
differences	 were	 observed	 between	 the	 experimental	 and	
control	groups.	

Morphological changes 
Grossly,	 downward	 forward	 mandibular	 advancement	 caused	
a	 significant	 increase	 in	 the	 length	 of	 the	 mandible	 at	 the	
experimental	sub-groups	(p<0.001)	at	the	end	of	the	2nd	month	
(retention	 period)	with	 a	 lesser	 degree	 (p<0.05)	 at	 the	 end	 of	
the	3rd	month	(post-retention	period)	vs	control.	Regarding	the	
mandibular	base,	there	were	a	significant	 increase	in	1st	period	
of	experimental	sub-group	(p<0.01)	and	recovered	to	reach	the	
original	level	recording	non-significant	change	in	both	retention	
and	post	retention	periods	vs.	control	(Figure 3). 

Histological examination
The	effects	of	the	bite-jumping	appliance	in	young	rats	showed	
great	 substantial	 histological	 changes	 in	 TMJ	 region.	 At	 the	
1st	 month,	 histological	 examination	 of	 articular	 condyle	 for	
experimental	group	revealed	a	significant	increase	in	proliferative	
zone	(p<	0.05)	vs.	control	with	no	significant	changes	in	other	two	
zones	 (fibrous	 and	 hypertrophic).	 At	 the	 2nd	 month	 (retention	
period),	 fibrotic	 zone	 had	 a	 significant	 increase	 (p<	 0.05)	 vs. 
control;	 however,	 both	 proliferative	 and	 hypertrophic	 zone	
decreased	 but	 became	 significantly	 only	 in	 hypertrophic	 zone	
(p<	0.05)	vs.	control.	Regarding	to	the	3rd	month	(post-retention),	
there	is	no	significant	changes	in	fibrotic	and	proliferative	zones	
in	comparison	with	control,	while	the	hypertrophic	zone	revealed	
significant	decrease	(p<	0.001)	vs.	control	(Figure 4).

The	 upper	 part	 of	 articular	 condyle	 A)	 The	 linear	
landmarks,	 A-B	 Line:	 length	 of	 mandibular	 base.	 A-F	
Line:	length	mandible. B) Histological	examination	of	the	
posterior	area	of	it,	which	was	split	into	three	portions	
at	 the	 midpoint	 of	 the	 horizontal	 line	 from	 the	 most	
prominent	part	of	the	articular	condyle.

Figure 2
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IHC examination for COLs expression
The	extracellular	matrix	of	the	proliferation	and	the	differentiation	
layers	 were	 positively	 stained	 for	 COL-I	 in	 both	 control	 and	
experimental	 groups	 at	 1st	 month,	 while	 progressive	 decrease	
was	noticed	from	the	2nd to 3rd	month	but	still	non-significant	in	
comparison	with	control	group	(Figure 5).

The	positive	findings	for	COL-II	were	observed	in	the	extracellular	
matrix	of	all	proliferation,	differentiation	and	hypertrophy	layers	
throughout	the	experimental	period	with	significant	decrease	(p<	
0.05)	in	comparison	to	that	of	the	control	group	at	1st	(proliferation	
and	 differentiation	 layers)	 and	 2nd	 month	 (differentiation	 and	
hypertrophy	layers),	with	no	significant	decrease	at	the	3rd	month	
in	comparison	with	the	control	(Figure 6).

The	 positive	 findings	 were	 identified	 for	 COL-III	 in	 the	
extracellular	area	matrix	of	the	proliferation	and	differentiation	
layers	 throughout	 the	 experimental	 period	 with	 no	 significant	
differences	 were	 observed	 between	 the	 experimental	 and	
control	groups	(Figure 7).

IHC examination for MMPs expression
In	both,	control	and	experimental	groups,	 the	positive	findings	
of	 MMP-1	 were	 observed	 in	 the	 cellular	 matrix	 area	 of	 the	
proliferation	 and	 differentiation	 layers	 at	 approximately	 the	
same	level,	with	non-significant	differences	(Figure 8).

The	positive	findings	of	MMP-8	were	observed	in	the	cellular	area	
of	the	differentiation	and	hypertrophy	layers	in	both	control	and	
experimental	groups'	throughout	the	experiment.	Subsequently,	
the	levels	of	staining	gradually	and	progressively	increased	non-
significantly	in	the	experimental	group	at	1st,	2nd	and	3rd	months	

vs.	control	(Figure 9).

The	positive	findings	for	MMP-13	were	observed	in	the	cellular	
matrix	 area	 of	 the	 differentiation	 and	 proliferation	 layers	
throughout	 the	 experimental	 period.	 There	 was	 a	 progressive	
non-significant	 increase	 in	 the	 experimental	 group	 in	 the	 1st 
month	vs.	control.	Subsequently,	the	increase	became	significant	
(p<0.05)	at	the	2nd	and	3rd	month	in	comparison	with	the	control.	
In	 spite	 of	 the	 progressive	 increase	 of	 the	 experimental	 group	
over	 3	 months,	 there	 was	 no	 significant	 differences	 were	
observed	between	the	sub-groups	(Figure 10).

Discussion
The	 bite-jumping	 appliance	 is	 used	 to	 move	 the	 mandible	 to	
an	 advancement	 position	 while	 slightly	 opening	 the	 bite	 [19]. 
The	 transition	 of	 the	 condyle	 towards	 the	 articular	 eminence	
with	posterior-inferior	rotation	of	the	entire	mandible	causes	a	
reduction	in	superior	joint	spaces	in	the	condyle	while	posterior	
joint	 space	 increases.	This	 function	applies	 stretching	 forces	 to	
the	distal,	distal-superior	part	of	 the	condyle,	and	 the	areas	of	
the	 glenoid	 fossa	 that	 face	 the	 areas	 of	 the	 condyle	 [20-22]. 
As	 adverse	 effects	 for	 these	 appliances	 on	 the	 body	weight,	 a	
slight	and	statistically	non-significant	decrease	in	weight	gain	of	
experimental	 group	 and	 this	might	 due	 to	 the	 adverse	 effects	

Linear	 measurements	 analysis	 of	 mandibular	 length	
line	 and	 mandibular	 base	 line	 in	 control	 group	 and	
experimental	group	(active,	retention	and	post-retention	
treatment).	The	number	of	asterisks	 (*)	correspond	to	
the	level	of	the	statistical	significance	(**P	<	0.01,	***P	
<	0.001).	All	values	refer	to	mean	±	SEM.

Figure 3

Histopathological	findings	(hematoxylin-eosin)	(bar: 100 
µm).	 (a–c)	 in	control	and	(d-f)	experimental	rat	groups	
(active	 (d),	 retention	 (e)	 and	post-retention	 treatment	
(f)).	The	number	of	asterisks	(*)	correspond	to	the	level	
of	the	statistical	significance	(*P	<	0.05,	**P	<	0.01,	***P	
<	0.001).	All	values	refer	to	mean	±	SEM.

Figure 4
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of	attaching	plate	on	the	eating	[20].	Therefore,	we	considered	
these	changes	in	the	body	weight	were	transiently	and	could	be	
disregarded.	

The	analysis	of	manual	linear	measurements	was	recommended	
by	 separating	 analysis	 to	 estimate	 the	 errors	 of	 linear	
measurements.	The	findings	had	no	significant	effect	neither	on	
the	 condylar	 changes	 nor	 symmetrical	 morphological	 changes	
regarding	grossly	linear	measurements	on	the	mandible	[17,23].

The	 six	 different	 histological	 layers	 could	 be	 determined	 in	
condylar	cartilage	as	five	distinctive	cellular	zones	plus	the	bone	
area	 [21,24-26].	 Histological	 observations	 were	 categorized	
in	 accordance	 with	 Kameyama’s	 classification	 [27]	 as	 the	
mesenchymal	cells	in	the	articular	fibrous	layer	and	proliferative	
zone	 were	 re-oriented	 by	 the	 physical	 stretching	 of	 posterior	
fibers	of	the	disc	which	might	trigger	the	enhanced	differentiation	
and	maturation	of	chondrocytes	in	the	hypertrophic	layer,	with	
more	chondrogensis;	and	more	endochondral	ossification.	These	
changes	still	reflected	the	importance	and	the	role	of	retention	
time	that	must	be	planned	through	an	orthodontic	treatment	by	
fixed	functional	appliances.	Proliferative	layer	activity	decreased	

Immunohistochemical	 findings	of	 Type	 I	 collagen	 (bar: 
100 µm)	 (a–c)	 in	 control	 and	 (d-f)	 experimental	 rat	
groups	 (active	 (d),	 retention	 (e)	 and	 post-retention	
treatment	 (f)).	 No	 statistically	 significance	 differences	
between	all	groups.	All	values	refer	to	mean	±	SEM.

Figure 5

 

 

Immunohistochemical	 findings	 of	 Type	 II	 collagen	
(bar: 100 µm)	 (a–c)	 in	 control	 and	 (d-f)	 experimental	
rat	groups	 (active	 (d),	 retention	 (e)	and	post-retention	
treatment	(f)).	The	number	of	asterisks	 (*)	correspond	
to	the	level	of	the	statistical	significance	(*P	<	0.05).	All	
values	refer	to	mean	±	SEM.

Figure 6

significantly	in	the	experimental	group	and	these	might	be	due	to	
the	increase	in	mitotic	activity	of	mesenchymal	cells	of	condylar	
cartilage	 [1,2].	 Furthermore,	 a	 very	 high	 significant	 decrease	
in	 hypertrophic	 layer	 thickness	 between	 the	 experimental	
sub-groups	 in	 the	posterior	part	of	 the	condyle	as	an	adaptive	
response	to	the	condyle’s	forward	positioning	and	this	is	due	to	
cellular	 morphological	 changes,	 not	 due	 to	 an	 increase	 in	 the	
number	of	cells	[28-30].	Histological	observations	demonstrated	
that	 the	 subchondral	 region	 had	 more	 pronounced	 changes	
than	 the	 central	 region [23]	 with	 adaptive	 responses	 to	 the	
advancement	 mandibular	 displacement.	 These	 regional	
differences	could	attribute	to	the	impact	of	growth	modification	
on	 bone	 remodeling	 in	 the	 newly	 formed	bone,	 in	 contrast	 to	
bone	 remodeling	 in	 the	pre-existing	bone.	 Thus,	 the	 increased	
mesenchymal	 cell	 proliferation	 triggered	a	 response	 leading	 to	
increase	condylar	ossification	and	higher	osteoblastic	activity	at	
retention	period,	i.e.	progressive	decrease	in	hypertrophic	zone	
will	promote	process	of	ossification	and	ultimately	predicting	the	
degree	of	permanency	and	stability	of	the	induced	modification.	
Moreover,	the	regional	difference	could	also	be	attributed	to	the	
change	of	mechanical	environment	induced	by	the	advancement	
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Immuohistochemical	 findings	 of	 MMP-1	 (bar: 25 µm)	
(a–c)	in	control	and	(d-f)	experimental	rat	groups	(active	
(d),	retention	(e)	and	post-retention	treatment	(f)).	No	
statistically	significance	differences	between	all	groups.	
All	values	refer	to	mean	±	SEM.

Figure 8

 

Immunohistochemical	 findings	 of	 Type	 III	 collagen	
(bar: 100 µm)	 (a–c)	 in	 control	 and	 (d-f)	 experimental	
rat	groups	 (active	 (d),	 retention	 (e)	and	post-retention	
treatment	 (f)).	 No	 statistically	 significance	 differences	
between	all	groups.	All	values	refer	to	mean	±	SEM.

Figure 7

of	mandibular	displacement	and	it	depended	on	the	magnitude	
and	 the	 pattern	 of	 the	 force	 such	 as	 small	 intermittent,	 large	
or	 continuous	 compressive	 force	 that	 inhibits	 condylar	 growth 
[23,30,31].

In	 regard	 to	 immunohistochemical	 findings	 of	 collagens,	 COL-I	
has	 non-significantly	 decreased,	 and	 this	 might	 support	 the	
role	of	COL-I	as	a	major	supporting	protein	of	the	TMJ	disc	that	
might	degrade	as	osteoarthritis	progresses while	in	COL-II,	which	
is	a	useful	marker	for	prediction	of	endochondral	ossification,	a	
significant	 decline	 in	 the	 expression	 of	 it	 in	 the	 post-retention	
period	of	 the	experimental	 group	was	considered	 to	 the	 intra-
cartilaginous	 ossification	 caused	 by	 the	 cellular	 outgrowth	
associated	with	 an	 increase	 in	 COL-II	 expression	 as	 a	 result	 of	
release	 from	 the	 inhibition	 of	 growth	 factors. Disturbance	 in	
craniofacial	 growth,	 including	 undergrowth	 of	 mandible	 body	
length,	was	found	in	decline	of	COL-II	in	mice	and	this	speculated	
that	COL-II	is	also	essential	for	cartilaginous	growth	of	craniofacial	
skeleton.	Regarding	COL-III,	 there	were	no	great	changes	 in	 its	
levels	 and	 this	 was	 considered	 to	 not	 be	 involved	 in	 cartilage	
metabolism	in	TMJ	[32-40].	

The	 intracellular	 expression	 of	 	 MMP-1	 was	 non-significantly	
increase	 in	 the	 active	 and	 the	 post-retention	 period	 reflecting	

the	activity	of	 interstitial	collagenase	(MMP-1	and	MMP-8)	due	
to	 increasing	 ages	 of	 rats	 at	 the	 end	 of	 experiment	 compared	
with	early	stage	of	experiment	and	with	the	control	group	[41].	
Moreover,	MMP-8	showed	slight	and	nonsignificant	increase	in	
its	intracellular	expression	in	both	retention	and	post-retention	
periods	as	act	with	MMP-1	by	digesting	a	number	of	extracellular	
matrix	and	non-extracellular	matrix	protein	[42].

The	intracellular	expression	of		MMP-13,	which	is	a	key	molecule	
in	the	regulation	of	endochondral	ossification,	hah	a	significant	
positive	increase	in	the	layer	of	proliferative,	differentiation	and	
hypertrophy	 in	 the	experimental	 group	 in	active	and	 retention	
period	[43,44].	This	revealed	the	localization	of	MMP-13	in	the	
layer	of	condylar	cartilage	and	the	specific	time	of	its	appearance	
during	 the	 developmental	 stage	 which	 might	 be	 essential	
by	 chondrocytes	 enlargement	 and	 rapid	 proliferation	 and	
differentiation	in	condylar	cartilage	that	occurs	at	a	stage	before	
the	onset	of	mineralization	[10,11].	

The	addressing	of	the	main	markers	that	have	an	important	role	
in	the	orthodontic	remodeling	and	the	stability	of	the	treatment	
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which	 is	 confirmed	 through	 the	 post-retention	 period	 due	 to	
endochondral	 ossification	 pattern	 improvement	 by	 shedding	
more	light	on	the	gross	and	microscopic	changes	hand	by	hand	
with	 investigating	 the	 changes	 at	 the	 molecular	 level	 during	
different	 and	 subsequent	 periods	 of	 appliance	 that	 ultimately	
clarifying	 the	 role	 of	 MMP-13	 upregulation	 with	 significant	
reduction	 in	 expression	 of	 COL-II	 to	 control	 the	 mandibular	
condylar	cartilage	development	and	remodeling.

Immunohistochemical	findings	of	MMP-8	 (bar: 25 µm)	
(a–c)	in	control	and	(d-f)	experimental	rat	groups	(active	
(d),	retention	(e)	and	post-retention	treatment	(f)).	No	
statistically	significance	differences	between	all	groups.	
All	values	refer	to	mean	±	SEM.

Figure 9

 

Immunohistochemical	 findings	 of	 MMP-13	 (bar: 25 
µm)	(a–c)	in	control	and	(d-f)	experimental	rat	groups	
(active	(d),	retention	(e)	and	post-retention	treatment	
(f)).	The	number	of	asterisks	(*)	correspond	to	the	level	
of	the	statistical	significance	(*P<0.05).	All	values	refer	
to	mean	±	SEM.

Figure 10
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