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lamina dura, difficult to see on CT images, can be better visual-
ized by MRI (Gaudino et al 2011).
Microcomputed tomography (micro-CT) is a novel imaging 
technology, frequently used to evaluate bone morphology in 
small animals. It is a method that accurately detects alveolar 
bone loss (Oliveira et al 2015). In addition, it is an imaging 
technique that provides high-resolution 2D and 3D images for 
good multiplanar evaluation of PL (Kalatzis-Sousa et al 2016). 
Micro-CT has been used to assess periapical bone destruction, 
providing results equivalent to those obtained in the histologi-
cal evaluation of these lesions (Balto et al 2000). 
Currently, micro-CT is used in research studies for the in vit-
ro quantification of changes in bone architecture and on small 
specimens because of the high dose of radiation, which is not 
compatible with living organisms. However, there is interest on 
developing a low radiating micro CT to be used in vivo (von 
Stechow et al 2003). 
Diabetes mellitus (DM) has an influence on the evolution of 
PL. A systematic review and meta-analysis on most relevant 
research suggested a connection between the existence of peri-
apical radiolucency in root filled teeth among diabetics (Gupta 

Introduction
Periapical lesions (PL) are induced by endodontic bacteria and 
produce changes in the apical area of the teeth, involving peri-
apical tissue inflammation and alveolar bone damage (Nair 
2006). Different radiographic and imaging methods such as 
digital radiography, computed tomography (CT) with multiple 
detectors, or cone-beam computed tomographic (CBCT) are 
used to assess alveolar bone loss caused by PL (Vandenberghe 
et al 2010, Gaudino et al 2011). Magnetic resonance imaging 
(MRI) is an imaging technique used in dentistry to investigate 
the temporomandibular joint structures, rarely employed in en-
dodontics (Geibel et al 2014, Senthilkumaran et al 2014, Klein 
HM 2016). However, due to its high sensitivity in detecting 
inflammation, MRI can be an adjuvant imaging method to vis-
ualize the characteristics of pathological processes located in 
the jaw bones and teeth, such as inflammatory pulpal pathol-
ogy, vascularization of dental pulp after trauma and inflamma-
tory periapical diseases. Thus, dental structures such as dental 
roots, pulp chamber and dentin can be very well visualized by 
MRI. The periodontal ligament, cortical / cancellous bone, and 

Abstract. Introduction: The currently existing imaging methods provide the opportunity to investigate even deeply the periapical lesions (PL). 
The objective of the study was to highlight the qualitative changes detected on 7 T MRI and micro-CT in model rats with experimentally in-
duced PL. Material and methods: Four groups of animals were used: control group (C), experimentally induced PL group (PL), diabetes melli-
tus and PL group (PLD) and postmenopausal osteoporosis treated with zoledronic acid and PL group (PLO). All the animals were investigated 
at 14, 30 and 60 days by using MRI at a magnetic field strength of 7 Tesla and by micro-CT scanning and histopathological examination only 
for the group with PL, at 30 days. Results: The PL was identified based on the MRI and micro-CT images. The periapical inflammation was 
visible early in the axial and coronal MRI sections and appeared in marked hypersignal in the PLD group compared with the other groups of 
animals. Conclusion: MRI is a non-radiating method that allows in vivo early detection of PL and offers the possibility to study its evolutions 
in a continuous manner. Micro CT has the advantage of a high-resolution, providing detailed images of teeth and periapical structures, but it is 
expensive, time consuming and can only be used in vitro. Mostly micro-CT that are used in laboratories are for in vitro studies. If the two im-
aging modality would allow in vivo PL investigation, both can offfer complementary views on the PL evolution.
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et al 2020). To our knowledge there are not many studies as-
sessing the DM influence on PL using MRI.
Osteoporosis can cause altered dental health. A recent study 
shows that PL are more statistically significant in patients with 
osteoporosis (Katz et al 2021). Both PL and osteoporosis are 
characterized by bone resorption and studies on rats have showed 
that the evolution of apical periodontitis depends on the resorp-
tive process of the alveolar process. In addition, the decrease 
of the estrogen level causes an increase of the resorptive activ-
ity in bones (Holland et al 2017, Xiong et al 2007). The role 
of the proinflammatory cytokines such as IL-6 was studied in 
bone resorption in induced osteoporosis on ovariectomized fe-
male rats treated with bisphosphonates. An increased level of 
circulating IL-6 was correlated with decreased bone density 
(Berar et al 2020). 
The objective of the study was to highlight the qualitative 
changes detected on 7T MRI and micro-CT in model rats with 
experimentally induced PL.

Materials and Methods
The procedures on animals were carried out with the approv-
al of the Ethical Commission of Iuliu Hatieganu University of 
Medicine and Pharmacy, Cluj-Napoca and respecting the in-
ternational norms regarding the research on animals for scien-
tific purposes.

Experimentally induced PL examined by MRI
The imaging examinations by magnetic resonance were per-
formed at the National Center for Magnetic Resonance from 
the Faculty of Physics, University Babes-Bolyai, Cluj-Napoca.
Thirty-two animals were distributed in four groups: control 
group (C) - 2 animals, PL group - 10 healthy male rats with ex-
perimentally induced lesions in the right mandibular M1 teeth, 
PLD group - 10 male rats with experimental diabetes mellitus 
and PL and PLO group - 10 female rats with postmenopausal 
osteoporosis treated with zoledronic acid and PL.   
The MRI experiment was done on a Bruker Biospec 7.04 Tesla 
(Ettlingen, Germany) a horizontal small animal MRI scanner 
system equipped with a BGA-9S gradient system (760 mT/m 
maximum gradient strength). A RF RES 300 MHz 1H 089/040 
quadrupolar coil with an active diameter of 40 mm was used 
for the transmission and reception of the radio frequency signal. 
The animals were investigated at 14, 30 and 60 days.  
Before the scan, the animals were anesthetized with a mixture 
of ketamine (Vetased, SC Pasteur-Filipeşti SRL) 0.1 ml / kg 
body and xylazine hydrochloride (Alfasan International BV, 
The Netherlands) 0.05 ml / kg body weight, intramuscularly 
administered.
During the scan, the animals were tracked using a small ani-
mal monitoring device (1225T Monitoring & Gating System, 
Small Animal Instruments, Inc, NY). The electrocardiogram, 
temperature and respiratory rate were monitored. 
The contrast agent - MAGNEVIST® (Bayer Schering Pharma 
AG) was administered into the femoral vein at a concentration 
of 0.2 ml / kg body weight. Animals were positioned in the quad-
rupole volume coil (RF RES 300 MHz 1H 089/040 QUAD TR.
Post-injection of gadolinium-based contrast agent the images 
were obtained using the RARE acquisition sequence (Rapid 
Acquisition with Relaxation Enhancement) - weighted - T1 

(longitudinal relaxation time of hydrogen protons), which was 
performed after selecting the following parameters: repetition 
time (TR) 1300 ms, echo time (TE) 9.5 ms, visual field (FOV) 
1x1cm, matrix 256x256, section thickness of 0.5 mm. The im-
ages were acquired in the sagittal, coronal and axial planes, and 
the scanning time was of 10 minutes. 
The MRI images were then analyzed by a radiologist with compe-
tence in magnetic resonance and a dento-alveolar surgeon, using 
the image visualization software RadiAnt Dicom Viewer v.1.9.

Experimentally induced PL examined by micro-CT imaging 
Micro-CT scanning was performed in the Experimental Medicine 
Center of Iuliu Hațieganu University of Medicine and Pharmacy, 
Cluj-Napoca.
The study included the animals from the PL group, with lesions 
induced in the right mandibular M1 teeth, after the experimen-
tal exposure of the dental pulp to the salivary environment for 
30 days. The left mandibular M1 teeth was used as the control. 
At the end of the experimental period and after euthanizing the 
animals, the mandibular pieces were introduced in 10% for-
maldehyde solution, and after an interval of 24 hours the soft 
tissues were washed and removed. 
Hemimandibules were imagistically examined by micro-CT. 
The microtomographic investigation of the M1 and PL was 
performed using the micro-CT Scanner SkyScan 1072 ® (80 
kV, 125 mA). The pieces were scanned after adjusting the ac-
quisition parameters of the device. Thus, approximately 200 
microtomographic sections were obtained in a .bmp format for 
each piece. The total scanning time for each specimen was of 
approximately 2 hours. The images were visualized with the 
Data Viewer software v.1.5, and after scanning, the three-di-
mensional reconstructions of the right hemi-mandibules were 
obtained in the animals with PL and in the control ones with 
the CT software vox v.2.7.

Experimentally induced PL examined by histopathologi-
cal analysis
The animals were sacrificed, and their mandibular jaws were 
chemically fixed by immersion in 4% buffered formaldehyde 
for 48 hours. Decalcification of the samples was performed by 
treating the fixed parts with formic acid/hydrochloric acid (1/1), 
diluted 8% for 4 weeks. After decalcification, the samples were 
subjected to the classical paraffin embedding technical process. 
This technique consists in carrying out standard steps: washing, 
dehydration in successive 70%, 80%, 90% and absolute alcohol 
baths, followed by the inclusion in 62OC paraffin under vacuum 
for 6 hours, using a paraffin with a high melting point. After 
inclusion, the samples were sectioned at a 4 μm thickness. The 
next steps consisted in deparaffining the samples in 100% xy-
lene, hydrating in 100%, 96% and 70% alcohol baths, followed 
by staining with hematoxylin eosin.

Results 
Analysis of the results obtained by MRI examination
Magnetic resonance imaging was acquired in the RARE T1 se-
quence in 3 spatial planes, based on the previously mentioned 
parameters, post-administration of contrast agent. Axial and cor-
onal planes are the planes of choice, which best highlight patho-
logical lesions and anatomical regions. The images obtained in 
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the sagittal plane were not relevant in highlighting PL in the first 
mandibular molars, as they did not allow a comparative analy-
sis of the intrinsic appearance of the altered tissues on the right 
side, compared to the normal ones on the left side (Figure 1). 
Axial and coronal images, post-injection of contrast agent, pro-
vide information about the PL extension and allow direct com-
parison between the right side with the lesion, compared to the 
contralateral side, normal.

Group C
The symmetry of the signal obtained at the level of apical and 
periapical tissues from the bilateral molar region, on axial and 
coronal images is observed in Figure 2.

Group PL
At 14 days: The lesions were visible as an inhomogeneous, in-
vasive structure of the surrounding anatomical tissues, with an 
infiltrative character, and imprecise delimitation. Qualitative 
structural changes were detected around the periradicular re-
gion of mandibular M1 molar, suggestive for the presence of 
a local inflammatory process. The local inflammation caused 
an increase in the concentration of the contrast substance at 
this level, which determined the appearance of the hypersignal 
visible on images in the RARE T1 sequence. Postcontrast the 
paramagnetic substance is moderately and nonhomogeneously 
captured by the mentioned lesions.
At 30 days: The diffuse extension of the lesions begins to nar-
row, the delimitation is more precise, the location is mainly in 
the periapical region, the detected signal being more intense 
compared with the left side, and the affected area in hypersignal. 
Postcontrast, in the affected area the detected signal is slightly 
increased (Figure 3).
At 60 days: The granulation tissue is visualized on the axial and 
coronal images, and the vestibular and lingual cortices in the 
M1 region are not affected. Postcontrast, there is a decrease of 
the signal in the granulation tissue.

Group PLD
At 14 days: In the periapical region there is an inhomogeneous 
structure with diffuse delimitation, moderate mass effect on ad-
jacent anatomical structures, with peripheral extension to the 
subcutaneous level. There is a diffuse edema, more pronounced 
perilesional, that extends around, being more visible in the sur-
rounding soft parts. The lesion, together with the edema, gives 
the anatomical region a ballooned appearance, compared to the 
left, contralateral, normal side. Periosteal destruction with insu-
lar appearance is observed in the pathological area (Figure 4).
At 30 days: Compared to the 14-day imaging examination, the 
hypersignal is diminished with a medium intensity, which cor-
responds to a reduced edema. There is also a reduction of the 
mass effect (Figure 5).
At 60 days: Periradicular hypersignal is detected on the RARE 
T1 sequence, with minimal edema and minimal mass effect on 
adjacent soft tissues.

Group PLO
At 14 days: On RARE T1 sequences (native and postcontrast) 
the imaging changes are visible, with minimal signal changes 
in the axial and coronal planes.

Fig. 1. Sagital section MRI of the right mandibular molar 

Fig. 2. Axial and coronal MRI sections, group C

Fig.3. Successive coronal mandibular molar MRI sequences, 
time 30 days

Fig. 4. Successive coronal mandibular molar MRI sequences, 
time 14 days

Fig. 5. Successive coronal mandibular molar MRI sequences, 
time 30 days.
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At 30 days: The images made in the axial and coronal planes 
show the same minimal changes, on the sequences mentioned 
above (Figure 6).
At 60 days: Imaging changes are much reduced compared to 
those at 14 and 30 days on the aforementioned sequences in the 
axial and coronal planes (Figure 7).

Analysis of the results obtained by micro-CT examination
By micro-CT analysis performed on all specimens collected at 
30 days, high-resolution images were obtained, which show in 
most detail the normal and pathological periapical structures at 
the level of the mandibular molars. The left mandibular pieces 
obtained from healthy animals show an uniform periodontal 
space, of normal width, integral lamina dura, and periradicu-
lar alveolar bone of normal appearance both on micro-CT and 
histopathological images (Figure 8). 
The experimental right mandibular samples with first molar pulp 
exposed to the salivary environment, presented a significant 

periapical radiotransparency around affected roots. The me-
sio-distal extension observed on the micro-CT sections of the 
periapical lesion was larger than the vestibulo-lingual exten-
sion (Figure 9). The histopathological investigations showed 
necrotic pulp chambers with microbial colonization, dentinal 
microbial invasion with dentinal lagunes and caverns, extensive 
apical and periodontal abscesses, periodontal granulomas with 
osteoclasts and conjunctive granulation tissue. Microscopic im-
ages showed PL characterized by extensive bone resorption by 
osteoclasts and connective tissue. Chronic periodontitis of the 
peri and interradicular ligaments at the level of soft tissues was 
also present, as it can be observed in Figure 9.

Discussions 
The imaging examinations have an important role in establish-
ing the diagnosis of PL of endodontic origin. The two imaging 
methods used in this study for the assessment of PL induced on 
rat models produce the images without the overlap of the tis-
sues and are based on different techniques: on one hand, MRI 
operating with the magnetic field, without using ionizing radi-
ation and on the other hand micro-CT imaging using X-rays, 
both methods aiming and contributing to the improvement of 
the PL diagnosis (Mendes et al 2020).
MRI is an useful investigation method that provides a detailed 
analysis of soft dental and soft adjacent tissues and a staging 
based on the degree of tissues damage. Dental mineralized tis-
sues cannot be accurately detected by MRI because of the low 
content of water within the enamel and dentin microstructure, 
and the water molecules in the dentinal canals have a short T2 
relaxation time, causing a decreased MRI signal when using 
standard techniques like spin echo or gradient echo. This can 
be improved by using special acquisition techniques or by in-
creasing the signal from these tissues or using a stronger mag-
netic field (Di Nardo et al 2018, Sustercic et al 2012, Weglarz 
et al 2003). Normal and pathological dental tissues appear in 
MRI images as shades of gray on a white to black scale, cor-
responding to hypersignal (white), hyposignal (black) or inter-
mediate signal (gray), depending on the acquisition sequence 
of images. Dental structures such as enamel and dentin appear 
in hyposignal due to the lack of hydrogen protons. The den-
tal pulp appears in hypersignal or intermediate signal, using 
the T1 sequence. The cortical bone is visualized in hyposig-
nal delimited by an intermediate signal given by the adjacent 
soft tissues. In PL associated with alveolar bone destruction, 
T1 images show an area in hyper or moderate signal, differ-
ent from the surrounding normal bone, the signal variation be-
ing related to the presence of the inflammatory exudate in the 
lesions (Tutton et al 2002). A higher sensitivity was observed 
when using MRI compared to CBCT in diagnosing periapical 
lesions. Some authors suggested that inflammatory patholo-
gies in dental tissues can be identified in an earlier phase with 
MRI compared to CBCT or classical radiography. MRI proved 
to be useful to investigate the decay extensions (Bracher et al 
2013), the vitality of the dental pulp, microcracks, fractures or 
root canals (Di Nardo et al 2018).
MRI images have the advantage of early detection and visuali-
zation of the lesions in all groups of animals. In MRI, several 
acquisition plans and sequences of radio magnetic pulses can 
be used, which help to stage the evolution of PL. Although the 

Fig. 6. Successive axial mandibular molar MRI sequences, 
time 30 days.

Fig. 7. Successive coronal mandibular molar MRI sequences, 
time 60 days

Fig. 8. Micro-CT images and histopathological sections (HE 
stain) of the periapical region at the left mandibular M1, healthy 
animals

Fig. 9. Right mandibular M1 micro-CT images in animals with 
PL/ Histopathological images: pulpal necrosis (blue arrow), 
chronic extended periodontitis (green arrow) and mandibular 
bone resorption (red arrow)
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costs of MRI examination are higher than those of radiologi-
cal examinations, the advantages of interpreting the images are 
clearly superior, facilitating staging and orientation towards an 
appropriate therapy (Patil 2021). MRI is not a radiating meth-
od and allows the in vivo detection of PL. This is a feature that 
permits acquisition of multiple images at different moments to 
evaluate the progression of inflammation.
In this study, the signal intensity in the region of interest com-
pared to the adjacent tissues was different in three groups of 
animals (PL, PLD and PLO). MRI images showed hypersignal 
suggesting the presence of the inflammatory process in the le-
sions, more intense in the PLD group. The most relevant MRI 
examination of the lesions was at 14 days after the experimen-
tal induction. This is due to the edema present at the initial mo-
ment, which is easily highlighted on MRI, and it is specific to 
the active stage of the lesions, as opposed to the chronic stage, 
where the content of water molecules is much lower. The most 
expressed imaging changes were noticed in the case of animals 
with DM and PL. These results are in accordance with other 
studies, which confirm the effect of DM on the development 
of PL, experimental studies reporting similar results of intense 
periapical inflammatory infiltrate with more bone resorption in 
diabetic animals compared with controls (Liz Pérez-Losada et 
al 2020, Patil et al 2021, Berar et al 2016, Cintra et al 2014). It 
is known that diabetes lowers tissue repair capability mostly as 
a consequence of the accumulation of glycation end products 
that can cause inflammation continued with bone resorption. 
Pro-inflammatory cytokines are increased, determining repair 
capacity and immune reaction to be hazardous, respecting the 
periapical condition (Asadipooya et al 2019). Oxidative stress 
parameters are also modified during the inflammatory process 
of the PL (Berar et al 2015). A study on the prevalence of api-
cal periodontitis in patients with DM having optimal or poor 
glycemic control compared with nondiabetics was done using 
CBCT and showed that the prevalence of PL and severe bone 
destruction in periapical tissues was significantly lower in the 
nondiabetic patients compared with DM patients. No difference 
was observed between poor or optimal control of diabetes. To 
mention that it is also highlighted that PL can be a source of 
infection of other sites in the organism and can aggravate the 
symptoms of DM (Sisli at al 2019).
Among the imaging methods used in this study, the micro-
CT was efficient in rendering the fine details of the periapical 
anatomical and pathological structures, the images accurately 
showed the contour and size of PL. In addition, micro-CT im-
aging allows an objective determination of the real extent of the 
lesions. Mineralized tooth tissues and alveolar bone are accu-
rately detected on high-resolution micro-CT images. However, 
the drawback lies in its invasiveness, time consuming and not 
being an in vivo analysis plus that it uses harmful ionizing ra-
diation. In other relevant studies, micro-CT images may be use-
ful for the assessment of PL, especially periradicular alveolar 
destruction (Kalatzis-Sousa et al 2016, de Oliveira et al 2015, 
Stechow et al 2003). Histological methods are considered golden 
standard in emphasizing changes at tissue level and shows the 
invasiveness of inflammation. The radiotransparency observed 
in micro-CT images correspond to the alveolar bone resorption 
caused by osteoclasts which is replaced with by the granula-
tion tissue overlapped with the different degree of inflammation 

according to the stage of lesion. To mention that external roots 
resorption, including destruction of radicular dentin and ce-
mentum could be very well identified on the histopathological 
sections (Berar et al 2016).

Conclusions
Both imaging methods have proved the utility in detection and 
visualization of the qualitative changes of periapical structures, 
offering complementary aspects for diagnostic purpose in PL. 
Magnetic resonance imaging provides an in vivo, non-invasive, 
radiation free investigation to identify the lesions from the ear-
liest stages and to distinguish different phases in the develop-
ment of PL. Micro-CT allows an in vitro detailed qualitative 
assessment of the teeth and PL, demonstrating a high diagnos-
tic accuracy. Considering the obtained results, we conclude that 
MRI has clinical significance, establishing the damage degree 
of the supporting tissue of the teeth as early as possible, indi-
vidualizing the diagnosis and directing to an accurate treatment. 
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