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Aim: The aim of this study was to assess and describe the morphological effects of an intra-articular injection of Mesenchymal 
Stem Cells (MSCs) and/or Low Intensity Pulsed Ultrasound (LIPUS) stimulation on the mandibular condyles of growing rats, using 
cone beam computed tomography (CBCT) and histology. 
Methods: Twenty-six young (23-day-old) rats were divided into 5 groups identified as LIPUS-stimulated (20 minutes daily using 50 
mW/cm2, 1MHz, 0.2 millisecond pulses), MSCs injected (1 x 105 cells/kg), LIPUS + MSCs, medium injected, and untreated 
controls. All treatments were performed in the left temporomandibular joint of each rat (TMJs). At day 21, CBCTs were obtained 
for cephalometric analysis and 3D reconstructions. After animal sacrifice, left and right TMJ sections were histologically prepared 
and examined. The Wilcoxon sign rank test and the Kruskal-Wallis 2 test were applied for statistical comparison. 
Results: Imaging results showed that left condyles were wider in all LIPUS-treated groups (p < 0.05), while the LIPUS-only group 
had a greater left sagittal condylar length. LIPUS-treated groups displayed a lower midline shift to the right (p < 0.02). No 
significant differences were observed in the MSC group. Bone marrow morphology and vascularity differed between the groups 
as LIPUS-treated groups exhibited increased vascularity in the erosive cartilage zone. 
Conclusion: It was established that LIPUS and MSC application to the TMJ region of growing rats favoured transverse condylar 
growth, while LIPUS application alone may enhance sagittal condylar development. The MSC injection model had little effect on 
sagittal condylar growth.
(Aust Orthod J 2013; 29: 3-12)
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Introduction

Several treatment alternatives are available for 
the management of mandibular retrognathism. 
However, each option has generated controversy, 
relating to treatment efficiency and effectiveness, the 
achievement of functional and aesthetic goals, and 
long-term stability. Although mandibular functional 
orthopaedic treatment for Class II malocclusion offers 
an alternative, randomised control trials have failed 
to prove appliance capacity to increase mandibular 
length in the long term. Functional orthopaedics 

elicits changes that are mainly dento-alveolar in 
nature,1,2 which makes the search for new therapies 
for the treatment of mandibular deficiency, clinically 
relevant. 

The regulation of condylar growth may be achieved by 
local, hormonal or genetic factors. Among the latter, 
Indian hedgehog,3-7 IGF,8 Sox 99,10 and VEGF11,12 genes 
play vital roles in the development of the mandibular 
condylar process. Gene expression prompts an increase 
in the availability of undifferentiated mesenchymal 
cells at the endochondral ossification zone, which 
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are required for condylar growth. Alternatively, 
local factors such as low-intensity pulsed ultrasound 
(LIPUS)13,14 and mandibular forward posturing12,15 are 
reported to enhance angiogenesis, extracellular matrix 
production, as well as chondroblastic proliferation 
and differentiation, with a resultant stimulation of 
endogenous MSCs. The number of MSCs has been 
directly correlated with the growth potential of the 
mandibular condyle.5,15 

LIPUS is a form of mechanical energy transmitted 
through tissue at energy levels lower than 0.1 W/
cm.4,16 Its use has been studied extensively in 
medicine for accelerating bone fracture healing.17,18 
Its proposed mechanism of action in a healing callus 
involves stimulation of proteoglycan formation 
and chondrocyte differentiation, within a local 
angiogenic environment through the expression of 
Vascular Endothelial Growth Factor (VEGF), and 
other growth factors.19 Several studies have shown a 
positive effect of LIPUS on endochondral growth, 
in vivo and in vitro13,20-23 including changes in the 
endochondral growth pattern of the mandibular 
condylar process in animals.13,14,20 LIPUS also has 
been shown, in cell culture, to stimulate chondrocyte 
differentiation19,24-26 and cell culture expansion.24 It 
may stimulate osteoblast differentiation, extracellular 
matrix formation and maturation,27-29 and therefore, 
enhance expression of bone morphogenetic protein.30

Recently, regenerative medicine has attracted attention 
due to the use of stem cells, particularly mesenchymal 
stem cells (MSCs), for therapeutic purposes. These 
multipotent cells are capable of differentiating into 
several types of cells within the mesenchymal lineages31 
which offers new possibilities for tissue repair and 
regeneration. At an orofacial level, MSCs have been 
used experimentally for craniofacial tissue regeneration 
of injuries to bone and cartilage32 and for periodontal 
and endodontic regeneration within biocompatible 
and biodegradable scaffold materials.33-36 There is no 
evidence, however, supporting the use of MSCs in 
orofacial growth therapies.

In an in vivo pilot study, El-Bialy et al.24 reported the 
use of LIPUS to enhance the performance of tissue-
engineered mandibular condyles in rabbits in an 
attempt to expand the scope and role of regenerative 
medicine of the temporomandibular joint (TMJ). 
Tissue engineered mandibular condyles combining 
cartilage and bone tissues cultured from MSCs within 
a scaffold, were used for condylar replacement with 

promising results in the treatment of severely damaged 
joints. To date, no minimally invasive alternatives 
exist which might promote condylar growth using 
MSCs. An approach utilising a scaffold-free local 
exogenous supply of MSCs in conjunction with 
LIPUS stimulation could favour condylar growth in 
growing subjects.  

The aim of the present study was to assess and 
describe the morphological effects of intra-articular 
mesenchymal stem cell injection into healthy 
mandibular condyles of growing Sprague-Dawley rats 
with and without LIPUS stimulation using CBCT 
scans and histology. 

Materials and methods

Twenty-six, 23-day-old Sprague-Dawley rats, with 
an average weight of 65 grams were used. All were 
housed under controlled conditions in the animal 
house of Universidad de los Andes (Santiago, Chile). 
The sample was divided into five groups incorporating 
an experimental group A (LIPUS), consisting of six 
rats stimulated daily with LIPUS in the left TMJ 
region for 20 minutes for 20 consecutive days; an 
experimental group B (MSCs), which included six rats 
treated surgically with an intra-articular injection of 
MSCs in the left mandibular condylar region on two 
occasions (days 1 and 5) of the 21 day experimental 
period. Experimental group C (LIPUS and MSCs) 
comprised six rats that received stimulation with 
LIPUS in the left TMJ as described for group A and 
MSCs in the left mandibular condyles as described 
for group B. Control rats were assigned to groups 
D and E. Group D included four rats that received 
culture medium without MSCs according to the 
above injection protocol (injected control), into the 
left TMJ side. Four untreated rats made up Group E 
(control). All left-sided treatments were performed 
under general anaesthesia delivered by Ketamine  
(Ketamine hydrochloride 10% Troy Laboratories, 
Smithfield NSW, Australia) and Xylazine  (Xylazine 
base 20% Centrovet Laboratories, Santiago, Chile), 
in a proportion of 8:1 with a dose of 1µL/mg of 
body weight. The research project was approved by 
the research committee, Faculty of Odontology, 
Universidad de los Andes, and all protocols were 
performed according to accepted criteria for the care 
and experimental use of laboratory animals, by the 
Institutional Animal Care and Use Committees of the 
Universidad de los Andes School of Medicine, Chile.
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Topical injection of allogenic cultured MSCs, 
obtained from femoral bone marrow of Sprague-
Dawley rats (isolated by flushing) was performed 
using a cell suspension inoculation protocol. Briefly, 
MSCs isolated from rat bone marrow cultures, were 
grown and expanded in T75 flasks (Nunc TM) in 
culture medium composed of α – MEM (Minimum 
Essential Medium, GIBCO, Invitrogen, Carlsbad, 
CA, USA) enriched with fetal bovine serum 20% 
(MSC Qualified Fetal Bovine Serum, 100 mL, 
GIBCO, Invitrogen, Carlsbad, CA, USA) and 1% 
antibiotic (Penicillin and streptomycin, PenStrep, 
GIBCO, Invitrogen, Carlsbad, CA, USA). These cells 
were  serially passaged with Triple select (Invitrogen, 
Carlsbad, CA, USA) upon nearly reaching confluency. 
Passage number was defined by cell growth with the 
medium used in this study. Cultures possessed the 
characteristics of fibroblastoid morphology, plastic 
adherence and proliferative states using a volume of 1 
µL/mg of body weight, in estimated quantities of 1 x 
105 cells/kg of MSCs in passage 4. For this purpose, a 
minimally invasive standardised protocol of injection 
of MSCs including the incision of the facial skin on 
the left TMJ region, was developed. Non-suspended 
cells were kept cultured and were monitored until 
differentiation into mesenchymal lineage cells 
(chondrocytes, osteocytes and fat) occurred.

All the injections of MSCs or culture medium were 
performed by the same calibrated operator (JD). The 
MSCs from the bone marrow of Sprague-Dawley rats 
used in this study were cultured in the laboratory of 
immunology and cell therapy of the Faculty of Medi-
cine of the Universidad de los Andes. Cell culture was 
performed according to an established international 
protocol (Stemcell Technologies, Technical Manual 
2008) modified through the stimulation of the cell 
culture with LIPUS (50mW/cm2) for 20 minutes, 

twice a day, to facilitate cell culture expansion24 (Figure 
1) and chondrocyte differentiation.19,26 

LIPUS application 

LIPUS was applied using a Medlinne-4100-
Combination Therapy device (Santiago, Chile) 
equipped with a ceramic zirconate titanate transducer 
and customised to emit LIPUS waves at a frequency 
of 1 Mhz. LIPUS was applied for 20 minutes daily for 
20 consecutive days, at an intensity of 50 mW/cm2 (1 
MHz) in pulses of 0.2 milliseconds.

Cone beam computed tomography imaging 
(CBCT)

Cone beam computed tomographic images of the 
heads of all rats were obtained using an Accuitomo 
3D scanner (XYZ Slice View Tomograph, J. Morita, 
Kyoto, Japan). Exposure parameters were set at 60 
kV, 5.0 mAmp (17 seconds exposure) in a window 
of 40 x 40 mm, with an isotropic voxel size of 0.08 
millimetres (80 microns) displayed in a 13-bit 
grayscale. All imaging procedures were performed 
under sedation using a Ketamine-Xylazine mixture. 
The captured images were processed and interpreted 
by a single operator (JD) using the i-Dixel software (J 
Morita MFG Corp. Kyoto, Japan) (Figure 2).

Three-dimensional reconstructions were generated 
for each rat. One reconstruction oriented the head 
with the intercondylar axis parallel to the horizontal 
axis and midsagittal plane parallel to the vertical axis. 
The other reconstructions were oriented along each 
hemi-mandibular long axis (Figure 2). Cephalometric 
points were identified (Table I) and a cephalometric 
analysis was conducted which included 6 linear 
measurements quantifying mandibular characteristics 

Figure 1. Cell culture at 7 days after passage 4 and its LIPUS stimulation (left), injection of MSCs in the TMJ region (centre), and LIPUS stimulation in the 
TMJ region under sedation (right).
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Figure 2. Imaging procedure, from the positioning of the rat in the CBCT scanner, to the acquisition of images.

Figure 3. Cephalometric variables.

Cephalometric point Description

Condylar (Cd) Most posterior and superior point of the mandibular condyle in the lateral view

Angular process (Ap) Most posterior and superior point of the angular process in the lateral view

Gonion (Go) Most distal and inferior point of the mandibular body

Menton (Me) Most inferior and anterior point of mandible

Posterior Pole (PP) Most posterior point of the mandibular condyle in the lateral view

Anterior Pole (AP) Most anterior point of the mandibular condyle in the lateral view

Medial Pole (MP) Innermost point of the medial pole of the mandibular condyle in the axial view

Lateral Pole (LP) Most lateral point of the lateral pole of the mandibular condyle in the axial view

Dental Midlines Midsagittal line of maxillary and mandibular dental arches, between the central incisors

Table I. Cephalometric points.

Cephalometric measurements

Condylar Height (CH) Distance between Ap and Cd

Ramus Height (RH) Distance between Go and Cd

Effective Mandibular Length (EML) Distance between Cd and Me

Sagittal Condylar Length (SCL) Distance between PP and AP

Condylar Width (CW) Distance between LP and MP

Midsagittal Line Coincidence (ML) Distance between upper and lower dental midlines

Table II. Cephalometric measurements.
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and midline coincidence between upper and lower 
arches (Table II, Figure 3). Each radiographic 
measurement was bilaterally performed to the nearest 
tenth of a millimetre and taken at three consecutive 
time points, seven days apart. The average was used 
for analytical purposes. All rats were sacrificed at day 
21 (44 days of age) by an ether overdose (ethyl ether 
99.9%).

Preparation of histological samples

Each left hemi-mandible was dissected and fixed in 
10% buffered paraformaldehyde for at least 24 hours. 
The mandibles were decalcified in 20% EDTA at 
37°C and dehydrated with alcohol of increasing 
concentrations and xylol. Specimens were embedded 
in paraffin wax with the anterior condylar pole 

orientated upside down. Parasagittal 5 micron sections 
were cut and stained with haematoxylin and eosin 
and PAS. Digital optical microscopic images of areas 
of interest were acquired at 40 X, 100 X and 400 X 
magnification (Nikon Labophot Optical Microscope).

Histological analysis

The histological characteristics of the cartilage and 
underlying bone tissue were recorded. A qualitative 
assessment analysed osteoblastic morphology, the 
characteristics of the condylar bone marrow spaces 
and vascularity. Sigmascan 5.0 software (SPSS 
Science, Chicago, II) was utilised for a quantitative 
assessment. Digital images (100 X magnification) 
of the anterior and posterior condylar regions were 
measured in three representative zones of each 

Figure 4. (a) Condylar length was increased at the LIPUS only treated condyles (p = 0.046) and decreased in combined LIPUS-MSC 
treated condyles (p = 0.027).
(b) Condylar width was increased at the left side for the LIPUS (p = 0,046) MSCs (p = 0.079) and Combination groups (p = 0.027).
(c) Midline (ML) deviation was recorded towards the untreated side in LIPUS-treated animals (Groups A and C).

Figure 5. Left side: A panoramic view of a condyle (40 X). The anterior cartilage zone (Ant) relating to the anterior insertion 
of the temporomandibular disc (D), and the posterior zone (Post) relating to the posterior insertion of the disc.  The subchondral 
bone (B) is also identified.
Right side: Representative sections of each of the five experimental condyles and their cartilage layers measurements: articular 
layer (red), proliferative layer (green), maturation layer (cyan), precondroblastic layer (blue), hypertrophic layer (yellow), 
erosive layer (pink) and total length (black).

(a) (b) (c) (d) (e)

(a) (b) (c)

A B C D E
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microscopic field, established perpendicular to a 
line tangent to the articular surface. The zones were 
50 microns apart. The average of the three obtained 
values was used for analytical purposes. The anterior 
condylar zone was located immediately distal to the 
anterior disc insertion, while the posterior condylar 
zone was located immediately anterior to the posterior 
disc insertion on the condylar head (Figure 4). The 
measurements included total cartilage thickness, 
articular, proliferative, maturation, erosive layer and 
the proliferative/maturation layer ratio (Figure 5). 
The perimeter and area of bone marrow spaces were 
measured within the first 100 microns of subchondral 
bone layer.

Statistical analysis

A Wilcoxon sign rank test and the Kruskal-Wallis 2 
non-parametric statistical analyses (p < 0.05) were 
applied to determine within and between group 
imaging comparisons. The Kruskal-Wallis 2 analysis 
was used to assess between group histological 
comparisons. The statistical analysis was performed 
using Stata 11 statistical software.

Results

One rat died in group D and another from group B was 
isolated due to infection. Therefore, the final sample 
consisted of 24 rats; 6 in the LIPUS and MSC+LIPUS 
groups, 5 in the MSC group, 3 injected controls and 
4 untreated controls. All animals were included in the 
imaging analyses. After the samples were processed for 
histology, the final composition was 4 sections for the 
LIPUS group, and 3 sections for each of the remaining 
groups, for a total of 16 samples. 

Cone Beam CT imaging

Within group paired comparisons, left versus right 
side (Wilcoxon Sign Rank Test)

Compared with the contralateral condyle, the LIPUS 
Group A displayed statistically significant differences 
in sagittal condylar length (SCL, p = 0.0277; Figure 
4a) and condylar width (CW, p = 0.0464, Figure 4b), 
as the left side was wider and longer. Group C (LIPUS 
+ MSCs) showed statistically greater sagittal condylar 
length (SCL, p = 0.0277; Figure 4a) on the right side, 
and significant differences were found in condylar 
width (CW, p = 0.0277; Figure 4b) on the left side. 

No statistically significant differences were found 
within the MSCs, injected controls and untreated 
control groups (B, D and E), and no significant 
differences were found for intra-group comparisons 
in relation to mandibular length, ramus height or 
condylar height (Wilcoxon p > 0.05).

Between group left side comparisons (Kruskal-
Wallis Test)

The only variable that displayed statistical significance 
was the ‘mid-sagittal line’ due to differences between 
the LIPUS-treated groups A and C and the controls of 
group D and E (Figure 4c). 

Histology

Qualitative analysis

Experimental groups receiving LIPUS and/or MSCs 
(A, B and C) showed signs of increased cellular activity 
and increased numbers of cuboidal shaped osteoblasts 
(Figure 6a). 

Figure 6. (a) Increased osteoblastic activity (arrow) was observed in groups A, B and C.
(b) Blood vessels (arrow) were more abundant in the erosive zone in LIPUS-treated groups.
(c) Increased vascularity as observed in the underlying bone area (arrow) in injected condyles (MSCs and other injected groups).

(a) (b) (c)

A B C
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In comparison with controls and non-LIPUS treated 
groups, LIPUS treated groups (A and C) showed 
abundant small blood vessels in the erosive layer and 
profuse blood invasion in the empty chondrocyte 
spaces (Figure 5b). Conversely, the injected groups (B, 
C and D) displayed wide thin-walled blood vessels in 
the bone region next to the erosive layer (Figure 5c). 

Group C (LIPUS and MSCs) demonstrated numerous 
small vessels in the erosive layer, as well as an increased 
vascularity in the subchondral bone (Figures 6 b, c). 
An evaluation of marrow spaces showed differences 
in the quantity and disposition of marrow spaces in 
LIPUS-treated groups. These presented elongated 
bone marrow spaces, unlike the other groups which 
displayed a discontinuous relationship of their 
medullar spaces (Figure 7). 

Quantitative analysis

No statistically significant differences (Kruskal Wallis 
2, p > 0.05) in thickness were observed between the 
different layers of condylar cartilage at either the 
anterior or posterior zones. Although the proliferative 
zone was thicker posteriorly in the LIPUS treated 
groups A and C (Figure 7a), this was not significant (p 
= 0.053) in comparison with other treatment groups. 
For groups A and C, the proliferative/maturation zone 
index appeared to trend towards higher values at the 
posterior condylar zone (Figure 7b). However, this 
finding was not statistically significant (p = 0.071). No 
significant differences were found for bone marrow 
area or perimeter.

(a) (b) (c)

(d) (e)

Figure 7. Bone marrow morphology- representative histological samples of groups A, B, C, D and E are shown. 
Groups A and C display elongated bone marrow spaces.

A B C

D E
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Discussion

The present in vivo pilot study was conducted to 
assess the morphological effects of LIPUS application, 
MSC injection and their combination, into the 
condyles of growing Sprague-Dawley rats. A further 
aim was to explore the effects of physical stimulation 
and cellular therapy using a scaffold-free approach 
on active mandibular condylar growth. The results 
were assessed using CBCT and histology which were 
intended to show tendencies and direct future research 
in the field. 

In vitro and in vivo studies have reported that LIPUS 
may promote proliferation37 and differentiation of 
MSCs to chondrocytes,21,22,26 and its application may 
increase the relative thickness of the proliferative 
condylar layer which is known to contain endogenous 
MSCs in Sprague-Dawley rats.24 The present study’s 
repeated injections of MSCs were used to ensure 
persistence of the transplanted cells. Given the known 
effects of LIPUS on MSCs,22,24,38,39 the likelihood of 
retaining and differentiating MSCs in mandibular 
cartilage could increase, and therefore promote 
enhanced condylar growth beyond that described for 
LIPUS stimulation alone.13,14,20  

For the formation and ossification of new bone, the 
presence of undifferentiated mesenchymal cells is 
essential.5,12 These cells are present in the proliferative 
zone of mandibular condylar cartilage, bone 
marrow and surrounding blood vessels,12 which may 
eventually supply more cells to the local population of 
MSCs as bone neo-vascularisation proceeds. LIPUS 
promotes VEGF expression19 as well as chondrogenic 
differentiation,19,24-26 and improves aggrecan gene 
expression.40-42 The differences observed in condylar 
width and length seen in the present study may be 
related to the LIPUS stimulation process. 

According to El-Bialy et al.,24 LIPUS stimulation 
facilitated chondrogenic and osteogenic differentiation 
of bone marrow stem cells which was beneficial for 
the tissue engineering of a mandibular condyle in 
vivo (rabbit model) using a scaffold matrix. The 
development of treatment techniques allowing the use 
of MSCs without scaffolds appeared to be an attractive 
alternative for the cartilage engineering process.43,44 In 
the presence of LIPUS stimulation, collagen II and 
aggrecan gene expression were enhanced, thereby 
improving matrix formation,44 which is relevant if 
growth enhancement is intended through the use of 
scaffold-free techniques with MSCs. 

In the present study, imaging was performed using 
high definition clinical CBCT 3D reconstructions, 
with an 80 mm voxel size. Although a higher 
resolution can be obtained using micro CT scans, a 
recent report comparing the performance of similar 
CBCT volume images (76 mm voxel size) with 41 mm 
voxel micro CT images showed that their performance 
was comparable.45 CBCT also had the advantage of 
generating in vivo intermaxillary measurements. 

Six cephalometric measurements were chosen to assess 
morphological changes in the mandible and also 
their effect on dental midline coincidence. Among 
them, condylar width, sagittal condylar length and 
midline coincidence displayed significant differences. 
Accordingly, LIPUS and MSCs may lead to increased 
condylar width, but not sagittal condylar length. 
Condylar length was increased only in the LIPUS 
group, and significantly decreased in the combined 
LIPUS and MSCs group. It is possible that this 
difference could be related to the trauma associated 
with the injection procedure. The mandibular midline 
deviation towards the untreated side observed in the 
LIPUS group suggested that its effect on condylar 
length may result in a mandibular asymmetry, which 
is consistent with previous research.13,20  

Histologically, all groups displayed increased 
vascularity relative to untreated controls. The fact that 
increased vascularity was found in the erosive zone 
in the LIPUS group instead of the subchondral bone 
layer may be related to endochondral bone formation 
through varied pathways.5,12 This has been supported 
by previously reported data.13,14,20 

The present study reported differences in the effects 
of LIPUS on condylar growth compared with earlier 
studies in rabbits and baboons.13,20 An increase in 
mandibular cartilage thickness was observed in 
LIPUS-treated rabbits,20 and increased condylar bone 
area in baboon monkeys was accompanied by reduced 
cartilage thickness.13 

However, consistent with the results of the present 
investigation, both studies13,20 found a positive LIPUS 
effect on mandibular growth, with a marked effect 
on osseous vascularity, along with ossification during 
endochondral growth. The present study revealed that 
LIPUS did not significantly alter the thickness of the 
cartilage, nor the proliferative/maturation layers in the 
posterior zone of the condyle in LIPUS-treated groups 
and control groups D and E. Nevertheless, a thicker 
proliferative zone was observed in the posterior region 
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in groups A and C, which approached significance 
(p = 0.053), despite the current small sample size. 
These results are consistent with a previous report.14 
Histological observations raise the possibility that 
with this experimental model, the effect of LIPUS 
on developing mandibular condyles of rats may act 
specifically at the proliferative layer and at a vascular 
level, thereby facilitating growth to a moderate extent. 
This phenomenon likely relates to the qualitative 
expression of different bone marrow space morphology 
and vascularity between groups.

The present results showed no effect from an intra-
articular injection of MSCs on the sagittal and 
vertical condylar growth processes. It is possible that 
the properties of the cartilaginous matrix do not 
allow the diffusion of MSCs. Matrix density and 
the relatively large size of the cells (20 – 30 mm) 
make diffusion unlikely. Only low weight molecules 
such as matrix liquid components can permeate,46 
which supports the use of scaffolds in regenerative 
TMJ procedures.24 Given the high complexity of its 
cellular and extracellular matrix arrangement, a MSC 
scaffold-free approach is inappropriate in eliciting 
orthopaedic condylar growth changes. These may 
be eventually achieved in rodents with mechanical 
stimuli such as forward mandibular posturing5,15  or 
LIPUS stimulation.14,20

The MSC condyle injection protocol used in the 
present study is novel in its attempt to generate a 
favourable scaffold-free environment for growth 
enhancement. It is apparent that the use of MSCs, 
either with or without a scaffold, would be useful in 
healing and joint reconstruction, but not for sagittal 
mandibular growth enhancement, at least under 
the current experimental conditions. Conversely, 
LIPUS was effective in eliciting vascular and osseous 
morphological changes, which accompanied a 
favourable sagittal condylar response.    

Conclusion

The application of LIPUS, with and without the 
application of MSCs to the TMJ region of growing 
rats, favours transverse condylar growth, while LIPUS 
alone may favour sagittal condylar development. In 
addition, LIPUS to the TMJ of growing rats increases 
vascularisation of the erosive cartilage layer. 

The exogenous supply of MSCs into the TMJ of 
rats did not stimulate mandibular sagittal condylar 
growth.

Given the high complexity of its cellular and 
extracellular matrix arrangement, the injection of 
mesenchymal stem cells in the TMJ region using a 
scaffold-free approach is inappropriate in eliciting 
orthopaedic condylar growth changes.
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