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Adverse effects of high dietary phosphorus on bone health have been observed in both
animal and human studies. The aim of the investigation was to examine chronic effects
of high phosphorus diet on the apical mandibular cortical thickness and volume in a
hystricomorph rodent (Octodon degus) using microcomputed tomography. Male degus
were randomly divided into two groups fed by different mineral contents from the age of
12 weeks till the age of 17 months. The micro-CT scanning and wall thickness analysis
were applied on the region of the mandible exactly under the apices of the 4th premolar
tooth, first molar tooth, and second molar tooth in two animals from each group. General
overview and mapping of the ventral mandibular bone thickness revealed pronounced
bony mandibular protrusions in all the animals fed a high-phosphorus diet with obvious
bone thinning apically to the 4th premolar and first and second molar tooth apices.
Mandibular bone volume and thickness located apically to the premolar and molars
were statistically significantly smaller/thinner in the group fed by a high phosphorus
diet. The thinnest bone measured 0.004 mm, where the mandibular 4th premolar tooth
almost perforated the mandibular cortex. Similar studies of metabolic bone disease and
its influence on alveolar bone were also published in rats and mice. The influence of
different environmental, infectious, or metabolic factors on the growing tooth, alveolar
bone formation, and bone pathologies must be done experimentally on growing animals.
In contrast, degus have continuously growing dentition, and the effect of any of the above
listed factors can be studied in this animal model at any age and for longer time periods.
Keywords: micro-CT, rodent, volume thickness, cortical bone, degu (Octodon degus), dentistry, dental disease

INTRODUCTION
Metabolic bone diseases are a diverse group of diseases that result in abnormalities of bone mass,
mineral homeostasis, bone turnover, or growth in man and also in animals (1). Apart from
osteoporosis, the most commonly encountered metabolic bone diseases in humans are associated
with impaired metabolism of phosphorus (2).
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Phosphorus is widespread in human food supply in
both natural organic forms and added inorganic forms,
and humans have a high efficiency for dietary phosphorus
absorption. Therefore, phosphorus deficiencies are rare. Instead,
excessive dietary phosphorus intake is observed in nearly
all age groups in the US (1, 3, 4). Adverse effects of
high dietary phosphorus on bone health have been observed
in both animal and human studies. A high-phosphorus
diet produces a higher level of plasma phosphate, which
reduces urine calcium loss, reduces renal synthesis of 1.25dihydroxycholecalciferol, reduces serum-ionized calcium, and
leads to increases in parathormone and osteopontin release with
subsequent secondary hyperparathyroidism and increased bone
resorption (1, 2, 5, 6).
The condition of the bone is reflected in the alveolar bone and
erupting teeth. In man, because of the fast bone metabolism in the
mandibular alveolar process, osteopenia and an increased skeletal
fracture risk may first be detected here (7). Defective alveolar
bone led to the pathological orthodontic tooth movement and
increased risk of periodontal disease not only in humans but also
in animals (8–11). High dietary phosphorus also increases the
risk cariogenesis (12).
The use of degus (Octodon degus, Octodontidae, Rodentia),
hystricomorphic medium-sized diurnal rodents, as a laboratory
subject has grown over the last few decades due to their
unique biological features, especially in the research of anatomy
and physiology, aging, diabetes mellitus, vision, behavior, and
social interactions (13–16). Studies published in privately kept
degus have shown a very high incidence of spontaneous dental
disease, which was characterized by apical and coronal clinical
crown elongation, tooth sharp spike formation, and orthodontic
tooth movement within the jaw (17). Experimental studies in
degus showed that chronic high dietary phosphorus intake with
adequate calcium and vitamin D intake had deteriorative effects
on degus dentition and cause enamel hypoplasia and mandibular
osteoporosis (18, 19). Disturbed mineral metabolism resulted
in incisor enamel depigmentation, enamel hypoplasia, enamel
pitting, and altered dentin morphology.
The aim of the present investigation was to examine the
chronic effect of high-phosphorus diet on the mandibular apical
alveolar bone thickness in a hystricomorph rodent—Octodon
degu—using microcomputed tomography.

water. Nutritional content (200 g/kg of dry matter basis, basal
energy 19.1 MJ/kg), fiber (174 g/kg), and vitamin D level (697
UI/kg) were similar in both types of diets. The experiment
complied with ARRIVE guidelines (20). The animals were
housed and handled, and the experiment was performed with
the agreement of the Institutional Animal Welfare Committee
and Branch Commission for Animal Welfare of the Ministry of
Agriculture of the Czech Republic (No. 46613/2003-1020). The
animals were clinically examined regularly and euthanized at the
age of 17 months.

Macroscopic Observation
Degus were clinically examined on a weekly basis until the age
of 20 weeks (8 weeks of feeding experimental diet) and then in
4-week intervals till the end of the experiment, until the age of
17 months. The macroscopic observation comprised of general
health assessment (behavior, body condition score) and clinical
examination—incisor evaluation, intraoral examination, and jaw
palpation included.

Radiography
Isolated lateral radiographs of mandibles were taken in all the
animals post mortally.

Micro-CT Scanning, Ventral Mandibular
Cortical Thickness, and Volume
For the purpose of this study, two animals from each group
were randomly selected and micro-CT of the mandibles was
performed to compare the thickness of the ventral mandibular
cortical thickness. Other animals used in experiment were
used for the histopathological evaluation of internal organs
(unpublished data) and for the incisor pathology assessment
using electron and scanning microscopy (19). Computed
tomography using a Somatom Emotion multislice scanner
(Siemens AG, Germany) was used intravitally four times during
the study on another five animals from each group (21). The
micro-CT scanning was performed using laboratory system GE
Phoenix v|tome|x L 240 equipped with a nano-focus X-ray tube
with a 180-kV/15-W and high-contrast DXR250 flat panel with
2,048 × 2,048 pixel2 . The exposure time was 900 ms in every
2,200 positions. In all measurements, the utilized acceleration
voltage and X-ray tube current were 90 kV and 90 A, respectively.
The beam was filtered by 0.5 mm of the copper filter. The
voxel size of the obtained volume was 8 µm. The tomographic
reconstruction was realized using the software GE phoenix
datos|x 2.0 (GE Sensing and Inspection Technologies GmbH,
Germany) with a sample drift and beam hardening correction.
The data analysis was done in software VGStudio MAX 2.2
(Volume Graphics GmbH, Germany), including a thickness
analysis module. The general 3D view of surface thickness was
visualized with GOM Inspect V7.5.
At first, the segmentation of bone and tooth was done
automatically by the VGStudio surface determination module.
Then, the image analysis specialist created the regions to calculate
the ventral mandibular cortical thickness and periodontal space.
The borders of the bony area examined were defined as the
projection of the hard substance (dentin, cementum, enamel)

MATERIALS AND METHODS
Animals, Diet, and Housing
Male degus (Octodon degu) were housed in three-level plastic
and wire-mesh cages in the animal care facility with controlled
conditions (day light 12/12 h, temperature 20–23◦ C, humidity
41–51%). A total of 28 animals were randomly divided into two
groups fed by different mineral contents from the age of 12 weeks.
Group A was fed with 13.2 g/kg calcium of dry matter basis
and with 6.3 g/kg phosphorus of dry matter basis (calcium to
phosphorus ratio 2.1:1). Group B was fed with 9.1 g/kg calcium
of dry matter basis and with 9.5 g/kg phosphorus of dry matter
basis (calcium to phosphorus ratio 0.96:1). The degus were fed
twice a day by complete pelleted diet and had free access to
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FIGURE 1 | Degu mandible. Quantifying the mandibular bone thickness at the area of apical tooth elongation using the first method. (A) Three-dimensional render of
scanned jaw with tooth labeling, (B) sagittal, and (C) coronal cross section showing the regions under the tooth apex analyzed by wall thickness analysis. P4—4th
premolar tooth; M1—1st molar tooth; M2—2nd molar tooth.

elongated, and maxillary incisors were of smaller height. Ventral
parts of both mandibles were irregular with the presence of
small bony swellings. In case of 4th premolar and molar teeth,
oral cavity examination at the age of 17 months revealed severe
dental disease, i.e., irregular occlusal surface of all the teeth,
clinical crown elongation, different growth tooth shapes, wider
diastemas, presence of enamel and dentin defects, and presence
of soft tissue erosions.

to the mandibular bone ventral to the apex. The wall thickness
analysis module was applied on the region of the mandible strictly
under the tooth apices of the 4th premolar tooth (A), first molar
tooth (B), and second molar tooth (C) (Figure 1). The third
molar was not included in the measurements as the curvature
of the tooth did not allow proper measurements. The module
calculates the thickness automatically and measures it as the
smallest distance between the particular parts of the surface [from
0.000249 mm to 1.0 mm at a 0.000050 mm (50 µm)].

Radiography

Statistical Analysis

Dental radiographs of the left mandible confirmed, in particular,
a reserve crown elongation of all teeth in both the coronal
and apical directions. Significant elongation of the mandibular
incisors, 4th premolar, and all molar teeth were recorded in
group B (17).

The data of particular volumes were tested by the Pearson
normality test. Bone volumes and thickness of the mandibular
bone apically to the particular tooth (P4, M1, or M2) and all the
volumes (P4 to M1) were compared between two degu groups
using the Mann–Whitney non-parametric test. The significance
threshold was estimated as p ≤ 0.05.

CT Measurements
RESULTS

Quantifying the Ventral Mandibular Bone Thickness
and Volume

Animals and Macroscopic Observation

General overview and mapping of the ventral mandibular bone
thickness revealed pronounced bony mandibular protrusions in
animals in group B with obvious bone thinning apically to the
left mandibular 4th premolar tooth and left mandibular first
and second molar tooth apices (Figure 2). Two degus were
randomly chosen from both groups. Mandibular bone volume
and thickness located apically to the 4th premolar tooth were
significantly smaller/thinner in group B in comparison with
group A (p < 0.0001). Also, significant differences were recorded
(p < 0.0001) when comparing the mandibular cortical volume
and thickness apically to the left mandibular first and second
molar teeth n between the groups. The thinnest bone was

In group A, all animals behave normally and were in good
body condition (body condition score (BCS, 5-6/10). The incisor
enamel was yellowish to orange pigmented and was smooth
in all animals. Ventral parts of both mandibles were smooth
on palpation. Oral cavity examination at the age of 17 months
did not reveal dental disease, i.e., clinical crowns of all the 4th
premolar teeth and molar teeth were of the same size, growing in
straight directions, and did not show any abnormalities.
In group B, all animals were in bad body condition (BCS 13/10). The incisor enamel was depigmented and had irregular
rough surface, clinical crowns of the mandibular incisors were
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weight at the age of 12–16 weeks and 5–6 months, respectively
(22). High dietary phosphate intake reduced growth, skeletal
material, and structural properties and decreased bone strength
also in growing or adult rats and mice (23–25), even with
adequate amount of calcium as in the present study. As the
4th premolar and molar teeth in degus erupt continuously,
the effect of mineral metabolism can affect the teeth in
any age. The previous articles showed that teeth of a degu,
a hystricomorph rodent with continuously erupting incisors,
premolar teeth, and molar teeth, under a high-phosphorus
diet elongated coronally and apically had impaired enamel and
dentin apposition, and these degus had also decalcified jaws
(17–19, 21). The present study showed that degus chronically
fed by a high-phosphorus diet had significantly thinner ventral
mandibular cortical thickness when compared with degus fed
by normal diet. The thinnest cortical/alveolar bone in the
group fed by a high-phosphorus diet measured as less as
0.004 mm, where the apex of the mandibular 4th premolar
almost perforated the ventral mandibular cortex. As the reserve
crowns become elongated, the tooth migrates slightly in the
alveolar socket and their curvature is changing and becomes
bended (26). Therefore, cortical bone thickness and volume at
the apical tooth area can be even little larger in affected animals
as in chinchillas (26).
Similar studies of metabolic bone disease and its influence
on alveolar bone were also published in rats and mice (27, 28);
however, the influence of different environmental, infectious, or
metabolic factors on the growing tooth, alveolar bone formation,
and other bone pathologies must be done experimentally on
growing animals, e.g., very young rats and mice. In contrast,
degus have continuously growing dentition, and the effect of
any of the above listed factors can be studied in this animal
model at any age and for longer time periods. Chronicity
of the induced negative or positive factors can be studied as
well. Nevertheless, further studies are needed with evaluation
of all subjects in the study to include female degus to prove
the hypothesis.
Although phosphorus is an essential nutrient, in
excess it could be linked to tissue damage by a variety
of mechanisms involved in the endocrine regulation of
extracellular phosphate, specifically the secretion and action
of fibroblast growth factor 23 and parathyroid hormone.
Disordered regulation of these hormones by high dietary
phosphorus may be the key factor contributing to renal failure,
cardiovascular disease, and osteoporosis (29, 30). It is why
the authors propose a degu as an animal model of phosphate
metabolism disturbances.
The assessment of alveolar bone thickness in previous studies
usually relied on dental casts or two-dimensional anteroposterior
radiographs (31, 32). Evaluation on two-dimensional
anteroposterior radiographs had, however, shortcomings of
magnification, geometric distortion, superimposed structures,
and inconsistent head position (33, 34). Compared with
traditional methods, cone-beam computed tomography
(CBCT) could overcome these shortcomings and measure
the inclination as well as alveolar bone thickness of teeth
with great accuracy on different levels and dimensions

FIGURE 2 | Computed tomography imaging of the mandibular cortical bone
thickness at the apical area of the mandibular 4th premolar tooth and
mandibular molars teeth in degus fed by normal (A) and high-phosphorus
diets (B). Note: severe thinning of the cortical bone ventral to the apex of P4
and M1 (B). Apical elongation of mandibular 4th premolar and molar teeth was
also palpable as bony swellings on the ventral mandibular surface (B). Legend:
P4—4th premolar tooth; M1—1st molar tooth; M2—2nd molar tooth.

detected in group B (0.004 mm), where the left mandibular 4th
premolar tooth almost perforated mandibular cortex (Table 1).

DISCUSSION
The aim of the present investigation was to examine the
chronic effect of high-phosphorus diet on the mandibular
apical alveolar bone thickness in a hystricomorph rodent—
Octodon degu—using microcomputed tomography in four
randomly selected animals (two animals from each group).
General overview and mapping of the ventral mandibular
bone thickness revealed pronounced bony mandibular
protrusions in animals fed a high-phosphorus diet with
obvious bone thinning apically to the left mandibular 4th
premolar tooth and first and second molar tooth apices.
Mandibular bone volume and thickness located apically to
the 4th premolar tooth and first and second molar teeth were
statistically significantly smaller/thinner in group fed by high
phosphorus diet.
Degus were fed by a different diet with a calcium-tophosphorus ratio of 2.1:1 and 0.96:1 from the age of 12
weeks. Degus reach sexual maturity and reach their adult body
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TABLE 1 | Volume micro-CT measurement of mandibular cortical bone thickness and volume at the area beneath the premolar or molar apex in degus fed by normal
(group A) and high phosphorus (group B).
Tooth

Median

SD

Minimal value

Maximal value

No. of measurements

1,228

Mandibular cortical bone thickness (in mm)
Group A
Degu 1
P4

0.32

0.19

0.01

0.93

M1

0.35

0.22

0.01

0.90

1,380

M2

0.47

0.2

0.01

1.0

1,821

Degu 2
P4

0.25

0.14

0.02

0.55

932

M1

0.30

0.17

0.02

0.96

1,086

M2

0.45

0.25

0.02

0.98

1,725

1,045

Group B
Degu 3
P4

0.19

0.11

0.01

0.59

M1

0.09

0.05

0.01

0.18

305

M2

0.33

0.18

0.01

0.69

1,226
1,299

Degu 4
P4

0.33

0.20

0.004

0.94

M1

0.22

0.15

0.01

0.81

833

M2

0.37

0.23

0.01

1.0

1,453

Mandibular cortical bone volume (in µm3 )
Group A
Degu 1
P4

906,769.0

1,567,448.67

359.49

12,672,575.07

1,228

M1

514,200.3

2,203,466.41

644.8553201

29,568,676.1

1,380

M2

2,032,739.3

1,717,204.0

676.20

13,128,047.03

1,821

Degu 2
P4

1,335,231.8

939,582.78

3,320.98

5,823,803.71

932

M1

520,842.9

3,502,757.92

2,388.87

25,046,604.20

1,086

M2

2,187,901.8

1,732,968.76

3,870.21

11,698,095.90

1,725

1,045

Group B
Degu 3
P4

504,544.3

464,794.42

131.02

3,603,635.30

M1

350,871.6

1,510,813.11

4,699.68

10,903,065.93

305

M2

1,490,639.5

1,585,699.27

9,952.71

10,622,917.06

1,226
1,299

Degu 4
P4

779,456.7

1,466,840.05

311.76

10,608,606.73

M1

646,052.2

1,451,301.22

1,721.43

11,977,395.76

833

M2

711,809.7

3,545,782.91

547.71

1,9387,953.02

1,453

P4—4th premolar tooth; M1—1st molar tooth; M2—2nd molar tooth.

(33, 34). CT is nowadays a widely used technique used for
the evaluation of normal bone thickness of various anatomical
structures, for bone pathology diagnostics and surgical planning
(35, 36). In case of dentistry, CT cortical bone thickness
evaluation is utilized in many diagnostic and therapeutic
procedures. CT is used in orthodontics for proper orthodontic
miniplate placements (37, 38). Recent studies from human
and experimental dentistry also showed that cone beam CT
is useful for the assessment of buccal and lingual alveolar
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bone thickness, teeth evaluation, and dentoskeletal changes
(34, 39–44).
Surface and volume thickness measurement can be also
used in pet animals, especially in case of the treatment
planning and prognosis of surgical procedures such as
tooth extractions, and odontogenic abscess management
in small herbivorous animals, as in advanced cases
there is a risk of mandibular fracture due to alveolar
bone lysis.

5

December 2021 | Volume 8 | Article 759093

Jekl et al.

Micro-CT Measurements in a Rodent Model

DATA AVAILABILITY STATEMENT

contributed in literature review, data and statistical analyses,
and manuscript writing. AB, TZ, and JK were responsible
for micro-CT imaging, data analysis, and manuscript writing.
All authors contributed to the article and approved the
submitted version.

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT
FUNDING

The animal study was reviewed and approved by the Branch
Commission for Animal Welfare of the Ministry of Agriculture
of the Czech Republic (No. 46613/2003-1020).

This study was supported by the Czech Science Foundation
(GACR
524/08/P564)
and
CzechNanoLab
Research
Infrastructure supported by MEYS CR (LM2018110). TZ
thanks the Grant Agency of the Czech Republic grant 21-05146S.
JK thanks the support of grant FSI-S-20-6353. EJ thanks the
grant of the Ministry of Agriculture of Czech Republic (RO0518).

AUTHOR CONTRIBUTIONS
VJ was a major contributor in the research planning, analyzing
and interpreting of the data, and manuscript writing. EJ

REFERENCES
15.

1. Vorland CJ, Stremke ER, Moorthi RN, Hill Gallant KM. Effects of excessive
dietary phosphorus intake on bone health. Curr Osteoporos Rep. (2017)
15:473–82. doi: 10.1007/s11914-017-0398-4
2. Calvo MS. Dietary phosphorus, calcium metabolism and bone. J Nutr. (1993)
123:1627–33. doi: 10.1093/jn/123.9.1627
3. Takeda E, Taketani Y, Sawada N, Sato T, Yamamoto H. The regulation
and function of phosphate in the human body. Biofactors. (2004) 21:345–
55. doi: 10.1002/biof.552210167
4. Massahud BC, Henriques JCG, Jacobs R, Rosa RR, Matai CVB.
Evaluation of renal osteodystrophy in the dental clinic by assessment
of mandibular and phalangeal cortical indices. Oral Radiol. (2018)
34:172–8. doi: 10.1007/s11282-017-0302-z
5. Portale AA, Halloran BP, Morris RCJr. Physiologic regulation of the serum
concentration of 1,25-dihydroxyvitamin D by phosphorus in normal men. J
Clin Invest. (1989) 83:1494–14999. doi: 10.1172/JCI114043
6. Campos-Obando N, Koek WNH, Hooker ER, van der Eerden BC, Pols
HA, Hofman A, et al. Serum phosphate is associated with fracture risk:
the Rotterdam Study and MrOS. J Bone Miner Res. (2017) 32:1182–
93. doi: 10.1002/jbmr.3094
7. Jonasson G, Skoglund I, Rythén M. The rise and fall of the alveolar process:
dependency of teeth and metabolic aspects. Arch Oral Biol. (2018) 96:195–200.
doi: 10.1016/j.archoralbio.2018.09.016
8. Persson GR. Periodontal complications with age. Periodontol 2000. (2018)
78:185–94. doi: 10.1111/prd.12227
9. Lee HS, Heo HA, Park SH, Lee W, Pyo SW. Influence of human parathyroid
hormone during orthodontic tooth movement and relapse in the osteoporotic
rat model: a preliminary study. Orthod Craniofac Res. (2018) 21:125–31.
doi: 10.1111/ocr.12226
10. Tampieri A, Sandri M, Iafisco M, Panseri S, Montesi M, Adamiano
A, et al. Nanotechnological approach and bio-inspired materials to face
degenerative diseases in aging. Aging Clin Exp Res. (2021) 33:805–
21. doi: 10.1007/s40520-019-01365-6
11. Rezazadeh F, Emad S, Emad M. Relationship between bone mineral density
and oral health status among Iranian women. Int J Prev Med. (2019) 10:149.
doi: 10.4103/ijpvm.IJPVM_314_18
12. Goodson JM, Shi P, Mumena CH, Haq A, Razzaque MS. Dietary phosphorus
burden increases cariogenesis independent of vitamin D uptake. J Steroid
Biochem Mol Biol. (2017) 167:33–8. doi: 10.1016/j.jsbmb.2016.10.006
13. Cuenca-Bermejo L, Pizzichini E, Gonzalez-Cuello AM, De Stefano
ME, Fernandez-Villalba E, Herrero MT. Octodon degus: a natural
model of multimorbidity for ageing research. Ageing Res Rev. (2020)
64:101204. doi: 10.1016/j.arr.2020.101204
14. Rivera DS, Lindsay CB, Oliva CA, Codocedo JF, Bozinovic F, Inestrosa
NC. Effects of long-lasting social isolation and re-socialization on cognitive

Frontiers in Veterinary Science | www.frontiersin.org

16.
17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

6

performance and brain activity: a longitudinal study in Octodon degus. Sci Rep.
(2020) 10:18315. doi: 10.1038/s41598-020-75026-4
Verra DM, Sajdak BS. Merriman DK, Hicks D. Diurnal rodents as pertinent
animal models of human retinal physiology and pathology. Prog Retin Eye Res.
(2020) 74:100776. doi: 10.1016/j.preteyeres.2019.100776
Yan L, Smale L, Nunez AA. Circadian and photic modulation of daily rhythms
in diurnal mammals. Eur J Neurosci. (2020) 51:551–66. doi: 10.1111/ejn.14172
Jekl V, Gumpenberger M, Jeklova E, Hauptman K, Stehlik L, Knotek Z. Impact
of pelleted diets with different mineral compositions on the crown size of
mandibular cheek teeth and mandibular relative density in degus (Octodon
degus). Vet Rec. (2011) 168:641. doi: 10.1136/vr.d2012
Jekl V, Hauptman K, Knotek Z. Diseases in pet degus: a
retrospective study in 300 animals. J Small Anim Pract. (2011)
52:107–12. doi: 10.1111/j.1748-5827.2010.01028.x
Jekl V, Krejcirova L, Buchtova M, Knotek Z. Effect of high phosphorus
diet on tooth microstructure of rodent incisors. Bone. (2011) 49:479–
84. doi: 10.1016/j.bone.2011.04.021
Percie du Sert N, Hurst V, Ahluwalia A, Alam S, Avey MT, Baker M, et al.
The ARRIVE guidelines 2.0: updated guidelines for reporting animal research.
PLoS Biol. (2020) 18:e3000410. doi: 10.1371/journal.pbio.3000410
Gumpenberger M, Jeklova E, Skoric M, Hauptman K, Stehlik L, Dengg S, et
al. Impact of a high-phosphorus diet on the sonographic and CT appearance
of kidneys in degus, and possible concurrence with dental problems. Vet Rec.
(2012) 170:153. doi: 10.1136/vr.100257
Palacios AG, Lee TM. Husbandry and breeding in the Octodon
degu (Molina 1782). Cold Spring Harb Protoc. (2018) 2013:350–
3. doi: 10.1101/pdb.prot073577
Huttunen MM, Tillman I, Viljakainen HT, Tuukkanen J, Peng Z, Pekkinen M,
et al. High dietary phosphate intake reduces bone strength in the growing rat
skeleton. J Bone Miner Res. (2007) 22:83–92. doi: 10.1359/jbmr.061009
Serna J, Bergwitz C. Importance of dietary phosphorus for bone metabolism
and healthy aging. Nutrients. (2020) 12:3001. doi: 10.3390/nu12103001
Katsumata S, Matsuzaki H, Uehara M, Suzuki K. Effects of dietary calcium
Supplementation on bone metabolism, kidney mineral concentrations, and
kidney function in rats fed a high-phosphorus Diet. J Nutr Sci Vitaminol
(Tokyo). (2015) 61:195–200. doi: 10.3177/jnsv.61.195
Crossley DA, Jackson A, Yates J, Boydell IP. Use of computed tomography
to investigate cheek tooth abnormalities in chinchillas (Chinchilla laniger). J
Small Anim Pract. (1998) 39:385–9. doi: 10.1111/j.1748-5827.1998.tb03737.x
Johnston BD, Ward WE. The ovariectomized rat as a model for studying
alveolar bone loss in postmenopausal women. Biomed Res Int. (2015)
2015:635023. doi: 10.1155/2015/635023
Barr C, Sharafieh R, Schwarz G, Wu R, Klueh U, Kreutzer D. noninflammatory
stress-induced remodeling of mandibular bone: impact of age and pregnancy.
J Oral Maxillofac Surg. (2021) 79:1147–55. doi: 10.1016/j.joms.2020.
12.003

December 2021 | Volume 8 | Article 759093

Jekl et al.

Micro-CT Measurements in a Rodent Model

40. Li Y, Deng S, Mei L, Li J, Zheng W. Accuracy of alveolar bone height and
thickness measurements in cone beam computed tomography: a systematic
review and meta-analysis. Oral Surg Oral Med Oral Pathol Oral Radiol. (2019)
128:667–79. doi: 10.1016/j.oooo.2019.05.010
41. Arayasantiparb R, Banomyong D. Prevalence and morphology of multiple
roots, root canals and C-shaped canals in mandibular premolars from conebeam computed tomography images in a Thai population. J Dent Sci. (2021)
16:201–7. doi: 10.1016/j.jds.2020.06.010
42. Cattaneo PM, Treccani M, Carlsson K, Thorgeirsson T, Myrda A, Cevidanes
LH, et al. Transversal maxillary dento-alveolar changes in patients treated
with active and passive self-ligating brackets: a randomized clinical trial
using CBCT-scans and digital models. Orthod Craniofac Res. (2011) 14:222–
33. doi: 10.1111/j.1601-6343.2011.01527.x
43. Kirschneck C, Bauer M, Gubernator J, Proff P, Schröder A. Comparative
assessment of mouse models for experimental orthodontic tooth movement.
Sci Rep. (2020) 10:12154. doi: 10.1038/s41598-020-69030-x
44. Paolillo FR, Romano RA, de Matos L, Rodrigues PGS, Panhoca VH, Martin
AA, et al. Fluorescence spectroscopy of teeth and bones of rats to assess
demineralization: in vitro, in vivo and ex vivo studies. J Photochem Photobiol
B. (2016) 165:291–7. doi: 10.1016/j.jphotobiol.2016.10.035

29. Calvo MS, Uribarri J. Public health impact of dietary phosphorus excess on
bone and cardiovascular health in the general population. Am J Clin Nutr.
(2013) 98:6–15. doi: 10.3945/ajcn.112.053934
30. Tsuchiya K, Akihisa T. The importance of phosphate control in
chronic kidney disease. Nutrients. (2021) 13:1670. doi: 10.3390/nu130
51670
31. Kusayama M, Motohashi N, Kuroda T. Relationship between transverse
dental anomalies and skeletal asymmetry. Am J Orthod Dentofacial Orthop.
(2003) 123:329–37. doi: 10.1067/mod.2003.41
32. Sendyk M, de Paiva JB, Abrão J, Rino Neto J. Correlation between
buccolingual tooth inclination and alveolar bone thickness in
subjects with Class III dentofacial deformities. Am J Orthod
Dentofacial Orthop. (2017) 152:66–79. doi: 10.1016/j.ajodo.2016.
12.014
33. Kapila SD, Nervina JM. CBCT in orthodontics: assessment of treatment
outcomes and indications for its use. Dentomaxillofac Radiol. (2015)
44:20140282. doi: 10.1259/dmfr.20140282
34. Hu X, Huang X, Gu Y. Assessment of buccal and lingual alveolar
bone thickness and buccolingual inclination of maxillary posterior
teeth in patients with severe skeletal Class III malocclusion with
mandibular asymmetry. Am J Orthod Dentofacial Orthop. (2020)
157:503–15. doi: 10.1016/j.ajodo.2019.04.036
35. Kaur T, Johanis M, Miao T, Romiyo P, Duong C, Sun MZ, et al. CT evaluation
of normal bone thickness overlying the superior semicircular canal. J Clin
Neurosci. (2019) 66:128–32. doi: 10.1016/j.jocn.2019.05.001
36. Zaoui K, Jung A, Wimmer W, Engel M, Federspil PA. Topographic
bone thickness maps to evaluate the intuitive placement of titanium
miniplates for nasal prostheses. Int J Oral Maxillofac Surg. (2020) 49:1232–
41. doi: 10.1016/j.ijom.2020.02.009
37. Rossi M, Bruno G, De Stefani A, Perri A, Gracco A. Quantitative CBCT
evaluation of maxillary and mandibular cortical bone thickness and density
variability for orthodontic miniplate placement. Int Orthod. (2017) 15:610–
24. doi: 10.1016/j.ortho.2017.09.003
38. Bonangi R, Kamath G, Srivathsa HS, Babshet M. Utility of CBCT for the
measurement of palatal bone thickness. J Stomatol Oral Maxillofac Surg.
(2018) 119:196–8. doi: 10.1016/j.jormas.2018.02.009
39. Damanaki A, Memmert S, Nokhbehsaim M, Sanyal A, Gnad T, Pfeifer A, et
al. Impact of obesity and aging on crestal alveolar bone height in mice. Ann
Anat. (2018) 218:227–35. doi: 10.1016/j.aanat.2018.04.005

Frontiers in Veterinary Science | www.frontiersin.org

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.
Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.
Copyright © 2021 Jekl, Brinek, Zikmund, Jeklova and Kaiser. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

7

December 2021 | Volume 8 | Article 759093

