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Abstract 

Osteogenesis imperfecta (OI or brittle bone disease) is a group of genetic disorders of the 

connective tissues caused mainly by mutations in the genes encoding collagen type I. Clinical 

manifestations of OI include skeletal fragility, bone deformities, and severe functional 

disabilities, such as hearing loss. Progressive hearing loss, usually beginning in childhood, 

affects approximately 70% of people with OI with more than half of the cases involving the 

inner ear. There is no cure for OI nor a treatment to ameliorate its corresponding hearing loss, 

and very little is known about the properties of OI ears. In this study, we investigate the 

morphology of the otic capsule and the cochlea in the inner ear of the oim mouse model of 

OI. High-resolution 3D images of 8-week old oim and WT inner ears were acquired using 

synchrotron microtomography. Volumetric morphometric measurements were conducted for 

the otic capsule, its intracortical canal network and osteocyte lacunae, and for the cochlear 

spiral ducts. Our results show that the morphology of the cochlea is preserved in the oim ears 

at 8 weeks of age but the otic capsule has a greater cortical thickness and altered intracortical 

bone porosity, with a larger number and volume density of highly branched canals in the oim 

otic capsule. These results portray a state of compromised bone quality in the otic capsule of 

the oim mice that may contribute to their hearing loss. 

Keywords: osteogenesis imperfecta, oim, cochlea, otic capsule, cortical bone, porosity
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Introduction 

Osteogenesis imperfecta (OI or brittle bone disease) is a heritable bone disease caused 

mainly by mutations of collagen type I, the primary matrix protein in the human body [1-4]. 

As a consequence of these mutations, the collagen molecules are improperly folded in the OI 

connective tissues, the fibril alignment and tissue structure are disrupted, and an abnormal 

template is provided for mineralization in the bone matrix [5, 6]. Clinical manifestations of 

OI are extreme skeletal fragility, decreased bone mineral density, bone deformities and 

severe functional disabilities, such as cardiac deficiency, restrictive pulmonary disorders and 

hearing loss [7-9]. 

Approximately 70% of people with OI experience progressive hearing loss [10-15], with 11-

31% of cases happening in children under 9 years old [12, 16-21] and in 15-94% in children 

up to 19 years of age [10-12, 17-20, 22, 23]. More than half of the hearing loss cases in OI 

are sensorineural, occurring either independently or simultaneously alongside conductive 

hearing loss [10-15]. To date, little is known about the mechanisms leading to the onset and 

progression of hearing loss in OI, and there is no cure for OI nor a treatment to ameliorate its 

corresponding hearing loss. Analyses of OI ears displayed signs of abnormal bone growth, 

increased cortical bone porosity, and lesions, already at a very young age (0-9 years old) [24-

26]. The most affected areas include the otic capsule [24, 25, 27], the stapediovestibular joint 

[27-31], the oval and round window, and the internal auditory canal [24, 25, 30, 32, 33]. In 

some cases, the organ of Corti and spiral ganglion neurons showed deterioration with spiral 

ligament hyalinization and stria vascularis atrophy [28, 30, 34, 35]. Other people with OI 

exhibited new bone formation in the scala tympani and endolymphatic duct surrounded by 

thicker and highly porous bone [24, 25, 30, 32, 33]. Previous studies have associated 
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polymorphisms in the COL1A1 regulatory regions with abnormal bone in people with OI 

[36, 37] as well as in other adult populations [38, 39]. A recent study found that conductive 

but not sensorineural or mixed hearing loss has been associated with lower total bone tissue 

mass (areal BMD) in people with OI [40]. Due to the difficulties in conducting a 

comprehensive investigation of hearing loss in living people with OI, a corresponding mouse 

model of OI hearing loss would allow studying the pathogenic mechanisms underlying 

auditory dysfunction in OI. However, to date, there have been just a few studies completed. 

Preliminary observations conducted on Mov-13 mice, a mouse model of mild OI (type I), 

showed that hearing loss began at 15 weeks of age and was associated with fibrosis and 

fixation of the stapes footplate but not with active abnormal otic capsule remodeling [41, 42]. 

More recently, a preliminary study conducted on 2-8 ears of a Prolyl 3-hydroxylase-1 null 

(P3H1) mouse model of recessive OI found elevated auditory thresholds and abnormal 

morphology of their middle ear ossicles [43]. Finally, auditory impairments were 

experienced by the homozygotes B6C3Fe-a/aCol1a2oim/oim (oim) mouse model of severe OI 

and the authors suggested it had to be related to the abnormal expression and formation of 

Col1α1 homotrimers in this mouse model [38]. However, while the hearing loss is 

documented in the OI mice, the mechanisms for their hearing loss are unknown. This study 

therefore examines the inner ear morphology of the homozygotes oim mice, to provide novel 

insights into the properties of the oim ear and the mechanisms leading to hearing loss.  

The oim mouse model has been extensively used to study OI, its collagenous tissues, and the 

effect of therapies for bone fragility because it mimics the biochemical and phenotypic 

features of the most debilitating, non-lethal human forms of OI. Homozygous oim mice have 

small body and head size [44, 45], severe osteopenia, bone fragility, multiple fractures, 
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impaired growth [44], lower bone formation rate [46], matrix abnormalities [47-50], altered 

long bone intracortical canal and lacunar porosity [51], less stiff collagen fibril and bone 

tissue matrix, and disorganized lamellar structures that contribute to its brittleness [52]. Since 

the oim mouse suffers from hearing loss [38], it is of paramount importance to fully 

understand the role of micromorphology in the maintenance of ear integrity and function in 

these mice. Changes in the cochlear architecture, otic capsule morphology and its 

intracortical porosity are critical in determining the mechanical properties of the inner ear 

[53-57] and may have consequent adverse effects on the bone conduction [40, 58-60] as well 

as on the cochlear function of transferring pressure waves [61, 62] and transducing them into 

electrical signals [63, 64]. This study, therefore, examines the 3D cochlear and otic capsule 

morphology and inner ear intracortical bone tissue properties in the homozygotes oim mouse 

model of OI using synchrotron microtomography. Our future studies will investigate changes 

in the oim mouse middle ear and in the soft tissues in the cochlea, as well as the relative 

contributions to hearing loss from the middle and inner ear. 

Material and Methods 

Sample Preparation and Data Collection 

The bullae of fresh frozen 8-week old male oim (B6C3Fe-a/a-Col1a2oim/oim) and WT 

(B6C3Fe-a/a-Col1a2+/+) mice (N = 6/group) were dissected. The long bones of these same 

mice were previously used in other studies [52, 65]. Before imaging at the synchrotron, the 

bullae were aligned and wrapped in gauze with physiological saline solution, and stored at -

20 ºC. Synchrotron X-ray microtomography was conducted at the Diamond-Manchester 

Imaging Branchline I13-2 [66, 67] of Diamond Light Source, UK. A partially-coherent, 

filtered, polychromatic ‘pink’ beam (8 to 30 keV) of parallel geometry was generated by an 
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undulator of 5 mm gap, and used to image the cochlea and otic capsule of each mouse ear. 

For each scan, 3001 projection images of 400 ms exposure time were acquired at equally-

spaced angles over 180° of continuous rotation around the cochlea’s longitudinal axis. The 

last projection was compared to the first to check for possible sample deformation, bulk 

movements and radiation damages. Images were collected by a pco.edge 5.5 Camera Link 

detector (PCO AG, Germany) mounted on a visible-light microscope of variable 

magnification. Magnification was controlled via rotation of a turret incorporating various 

scintillator-coupled objective lenses. A 4 × objective, coupled to a 750 μm CdWO4 

scintillator, mounted ahead of a 2 × lens provided 8 × total magnification, a field of view of 

2.1 × 1.8 mm (2560 × 2160 pixels) and an effective pixel size of 0.8125 μm. A propagation 

distance of approximately 5 mm was used to provide minimal inline phase contrast. Before 

the reconstruction via filtered back projection with DAWN 1.7 [68], projection images were 

flat and dark-field corrected and ring artifact suppression was performed [69]. The 

morphology of the otic capsule cortical bone and the cochlear fluid compartments was then 

assessed. 

Otic capsule morphology 

For each sample, the original stack of images was histogram normalized in ImageJ [70] and 

imported in DataViewer (v.1.5.1.2, Skyscan, Belgium) to be reoriented in the three-

dimensional space. The rotated images were binned with a factor of 5 and loaded into Mimics 

Research (v.21, Materialise, Leuven, Belgium) to be segmented for air, soft and calcified 

tissues using an automated thresholding algorithm [61]. Masks representing the 3D volume 

of cortical bone, soft tissue, auditory nerve and cochlear fluid scalae were created. Since the 

Reissner’s membrane was not observed, scala vestibuli and scala media were combined for 
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the following morphometrical analysis. The otic capsule cortical thickness was measured on 

the coronal and sagittal planes at their intersection with the cochlear modiolus (Fig. S1A) 

and on two transverse planes crossing the middle and apical turn of the cochlea (Fig. S1B), 

using CTAn (v. 1.14.4.1, Skyscan, Belgium) after manual segmentation of the cortical bone 

from the surrounding trabecular bone and soft tissue. De-speckling and morphological 

operations were performed to digitally remove the intracortical porosity and noise before the 

calculation of the average cortical thickness (Fig. 1). Measurements were reported for the 

averaged thickness of the otic capsule on the coronal (Oc.Th.cor), sagittal (Oc.Th.sag) and 

transverse planes in the middle (Oc.Th.tra.M) and apical (Oc.Th.tra.A) turns. The otic 

capsule length in the coronal plane (Oc.Le) was also measured (Fig. S1C). 

3D morphologic analysis of the otic capsule intracortical bone porosity, i.e. canals and 

osteocyte lacunae, was conducted by using the ‘Particle Analyser’ routine in BoneJ [71] on 

the original thresholded (histogram-based global algorithm in ImageJ) images to segment the 

bone matrix from the air and soft tissue [51]. Furthermore, individual intracortical canals 

from branched networks were analyzed using the ‘Skeletonize 3D’ and the ‘Analyse 

Skeleton’ functions in BoneJ [71]. At the tissue level, we analyzed cortical bone volume 

(Ct.TV), cortical bone porosity (Po.V/Ct.TV), canal number (N.Ca), canal number density 

(N.Ca/Ct.TV), canal volume density (Ca.V/Ct.TV), canal connectivity density (Ca.Conn.D), 

mean canal volume (<Ca.V>), mean canal diameter (<Ca.D>) and mean canal length 

(<Ca.Le>). At the cellular level, the number of osteocyte lacunae (N.Lc), lacuna number 

density (N.Lc/Ct.TV), lacuna volume density (Lc.V/Ct.TV), mean lacuna volume (<Lc.V>), 

mean lacuna equancy, elongation and flatness (<Lc.Eq>, <Lc.El>, <Lc.Fl>, respectively) 

and mean lacuna orientation (<Lc.θ>) were examined [51].  
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Cochlear morphology 

Cochlear gross-dimensions were estimated from the 3D rendering of the scala tympani, and 

the combined scala vestibuli and media from the above segmentation in Mimics Research 

and after consistent alignment of the renderings in the 3D space. The total volume of the 

scalae (Sc.Fl.V), the volume of the final segment of the apical turn (Sc.Fl.Tip.V) (Fig. S2), 

and the cochlear external spiral length (Sc.Fl.Sp.Le) were quantified for each sample (Fig. 

S3A-B) together with the surfaces and the perimeters of the fluid scalae on the coronal and 

sagittal planes, as selected above (Fig. S2B and Fig. 2A-B). Furthermore, the pitch of the 

middle (Sc.Fl.Pitch.tra.M) and the apical (Sc.Fl.Pitch.tra.A) turn of the cochlear spiral were 

measured on the coronal plane (Fig. S3C), while the maximum axis of the fluid scalae was 

evaluated along the coronal (Sc.Fl.corAxis.tra.M and Sc.Fl.corAxis.tra.A) and sagittal 

direction (Sc.Fl.sagAxis.tra.M and Sc.Fl.sagAxis.tra.A) on the two aforementioned planes 

(Fig. S4). 

Bone tissue mineral density of the otic capsule 

For assessment of the degree of mineralization of the otic capsule, differences in the gray 

color intensity of the scans was analyzed. First, the dynamic range of the original 32-bits 

stack of images was downsized to 8-bits. The stack of images was standardized using the 

“normalize” procedure in ImageJ [70] with a 1% saturation factor. Images were imported 

into Matlab (v.2020 MathWorks) to compute the histogram of gray color representing X-Ray 

attenuation of air, soft and mineralized tissues. The histogram of each sample was normalized 

by the amplitude and standard deviation of the peak representing Air. The stack of images 

was then imported into CTAnalyzer (v. 1.14.4.1, Skyscan, Belgium), and the degree of 

mineralization was determined for each sample. Degree of mineralization is reported in 
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arbitrary units (A.U.) since the histograms of gray color intensity were normalized to the 

peak representing air in each scan. 

Statistical analyses 

Statistical differences between the oim and WT bone properties (having the same number of 

samples within the two groups) were evaluated by performing the Student’s independent t-

test for the variables that were normally distributed, while the Mann-Whitney rank test was 

used to evaluate variables with non-normal distributions. Mean properties of canal and 

lacunae derived from samples of different size were evaluated with multilevel linear models, 

which accounted for the hierarchical dependence of the sample from the specific bone within 

each group, and the maximum likelihood was assessed to estimate the overall fit of the data 

to the model. Variables with p-values less than 0.05 were considered to be statistically 

significant. The effect size (Cohen’s d) on the morphological parameters was calculated for 

each variable to determine the magnitude of the observed effect. 

Results 

Otic capsule morphology  

Morphological assessment of the otic capsule thickness and length and its intracortical 

porosity in 8-week old oim and WT mice using synchrotron microtomography is reported in 

Table 1. We observed an increased cortical bone thickness in the coronal plane (Oc.Th.cor, 

p<0.05 - Table 1) in the oim otic capsule with no major statistically significant difference in 

the length at the whole organ level. 

Morphometric evaluation of WT and oim otic capsule at the tissue and cellular scale length 

(Fig. 3A-B) indicated a greater intracortical bone porosity in oim mice (Po.V/Ct.TV, Table 
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1, p<0.05). Morphological measurements of intracortical bone porosity at the tissue level 

(Table 1), indicates that the oim otic capsule has larger number and higher volume density of 

canals (N.Ca/Ct.TV and Ca.V/Ct.TV, p<0.05), which are extremely interconnected to each 

other (Ca.Conn.D, p<0.05). Intracortical canals here include both the blood vessels and 

possible resorption voids. 3D reconstructions of the canal network presented in Figure 3C 

show that the oim otic capsule exhibits numerous branched and interconnected canals, many 

more than in WT bone. No differences in the mean canal volume, diameter or length between 

oim and WT cochlear bone were observed. At the cellular level, no differences between 

genotypes were observed in the lacuna number, volume and density, and in the mean lacuna 

shape and orientation (Table 1). 

Cochlear morphology 

Morphometric analysis of WT and oim cochlear fluid scalae (Fig. S2), cochlear spiral length 

and pitch of the middle and apical turn (Fig. S3), major cochlear axis length (Fig. S4), and 

scalae perimeter and surface area (Fig. 2A-B) resulted in non-significant differences between 

the two groups of mice (Table 2 and Fig. 2C-D). 

The effect size on the morphological parameters 

Morphological parameters, such as otic capsule thickness, coronal maximum axis of the fluid 

scalae at the apical turn, and fluid scalae tip volume and area, had a large variance relative to 

the effect size in our cohort of mice. Results from a one-sided beta/type-II error test (α = 

0.05, power = 0.80 conducted on the non-significant parameters to determine the sample size 

- Tables S1-S3) indicate the tendency of the oim inner ear to have a thicker cortex in the 

transverse plane at the apical and middle turns, with a shorter maximum axis of the fluid 
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scalae at the apical turn, and a smaller tip of the cochlear fluid scalae, if a sample size of 12-

25 were to be considered in each group. 

Bone tissue mineral density of the otic capsule 

The mean and standard deviation of the histogram peak representing the degree of 

mineralization was 171.60±4.05 and 173.80±12.77 A.U. for the WT and oim groups, 

respectively. The mean degree of mineralization value of the oim group is slightly higher 

than that of the WT group, and the standard deviation of the oim showed a much larger 

variability than the standard deviation observed in the WT group. A paired t-test between 

these two groups has a p > 0.05, indicating that no statistically significant differences 

between genotypes were observed in the degree of mineralization of their otic capsules at 8 

weeks of age. 

Discussion 

This study quantitatively investigates the 3D morphology of the cochlea and otic capsule of 

8-week old oim mice using images collected with synchrotron microtomography. Increased 

cortical thickness in the coronal plane and altered intracortical vascular porosity with more 

numerous, densely packed and highly branched canals were observed in the oim otic capsule. 

Variation in the otic capsule thickness in the absence of notable changes in the cochlear fluid 

scalae between oim and WT ears at 8 weeks of age is in agreement with previous histological 

findings from a 9 years old child with OI type III [30] and an infant with OI type II [72] that 

reported a thicker temporal bone with normal cochlea morphology. Also, CT scans of the 

temporal bones in young adults (19-36 years old) with OI showed a thicker otic capsule [26, 

73, 74]. At the tissue level, the increased intracortical bone porosity we found in the oim otic 
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capsule due to more abundant, more densely packed and highly interconnected canals is 

comparable with those from CT and MRI studies conducted on human inner ears reporting 

higher canal porosity in the otic capsule of people with OI [75-77]. This confirms that the 

oim mouse model has similar morphological changes as in humans with OI. Understanding 

the changes in the oim ear morphology helps to better understand OI disease in which 

deafness is an important sequela. The morphological changes here observed in the otic 

capsule of the oim mice, and particularly the increased tissue porosity may contribute to the 

hearing loss of the oim mice by 1) directly reducing bone conduction; and/or 2) increasing 

the formation of microcracks in the otic capsule, which may in turn affect bone conduction 

and/or cochlear fluid flow; and/or 3) altering the cochlea blood flow regulation, which in turn 

affects the ion and fluid balance in the inner ear and the function of the sensory hair cells. 

The oim cochlear otic capsule cortical thickness is about 14.3% higher than in the WT 

counterparts with no changes in TMD. This is a remarkable variation for the oim mice 

cochlear otic capsule, particularly considering that the oim mice have reduced body mass and 

smaller head size with shorter nasal bones, compared to WT mice [45]. Oim long bones are 

shorter and more gracile (with a smaller diameter and thinner cortex) than WT counterparts 

[44]. Interestingly, the oim inner ear have same cochlear volume as in WT mice inner ears, 

but a thicker cortex of the otic capsule in the coronal plane, which may be related to the 

shorter proportional rostral-caudal skull length of the oim mice [45]. Furthermore, the oim 

otic capsule has increased intracortical porosity with altered geometry. It is unknow yet if 

these changes are associated with hearing loss reducing bone conduction or if they are instead 

a compensatory effect in an attempt to maintain the hearing function. Future studies will need 
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to assess if the current configuration contributes to hearing loss in OI and if it is maintained 

with growth and aging in these mice. 

Microcracks in the otic capsule have been reported for about a century now, and from the 

very beginning, they have been described as containing cellular connective tissue [78]. Their 

locations are consistent in the otic capsule [53, 56, 78, 79], and masticatory stresses have 

been proposed as the possible causes of these fatigue microcracks that form in the otic 

capsule [53]. Higher intracortical canal porosity has been previously associated with reduced 

fracture toughness in bone [80]. Our previous studies have shown that many intracortical 

canals highly connected to each other, like those observed in the oim otic capsule, can 

produce high strain and stress concentrations within the bone therefore increasing crack 

initiation and propagation within the bone [51, 52, 65]. Therefore, the changes in the otic 

capsule intracortical architecture may easily increase the number of microfractures (or 

microfissures) and fatigue microdamage, that normally form in the otic capsule during 

growth, thus causing hearing loss in OI by adversely affecting the otic capsule mechanical 

integrity and increasing its fracture risk [53-56]. 

Finally, the changes in the otic capsule morphology may affect the mechanical integrity of 

the cochlea and thus affect hearing. Inner ear function depends both on its anatomy and on 

the material properties of its soft and hard tissues. Therefore, the increased intracortical 

porosity morphology of the oim otic capsule may alter the regulation of blood flow in the 

cochlear vasculature, resulting in vascular-related hearing impairment. Normal blood supply 

to the cochlea and blood labyrinth barrier is important for maintaining the endocochlear 

potential, ion transport, and endolymphatic fluid balance, and for avoiding cochlear toxicity 

from external substances [81]. Vascular barrier disruption in the stria vascularis affects the 
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ionic composition of endolymph and leads to reduction or loss of the endocochlear potential, 

resulting in hearing loss. Also, the structural change of the intracortical porosity in specific 

locations along the cochlear spiral could negatively affect the perception of definite 

frequencies given the tonotopic organization of the basilar membrane in the mammal cochlea 

[82, 83]. It is also possible that the ear collagenous soft tissues of windows and membranes 

are altered in the oim mice, further affecting the transmission of sound in their inner ears 

[84]. Our future studies will investigate the presence of hard and soft tissues and their 

material properties to determine the biomechanics of the inner ear mechanics in oim mice 

and define the relation between otic capsule changes and the sensorineural hearing loss in 

these mice. 

In this study, we have found that osteocyte lacunae have similar densities and geometries in 

the oim and WT otic capsule cortical bone. The lack of changes in the lacuna configuration 

in the oim otic capsule is not surprising in the light of the findings of a recent study on 

MMP13 deficient mice with suppressed perilacunar remodeling, which reported no 

difference in lacuna number density nor in the mean lacunae volume in the cochlear otic 

capsule [85]. Also, the cochlear bone was able to maintain bone mass and bone quality 

independent of the presence of MMP13 [85]. This suggests that cellular mechanisms 

necessary for perilacunar remodeling are down-regulated in the cochlear bone, and that the 

mechanisms controlling bone remodeling in the otic capsule are different from those in the 

long bones, with the remodeling of the otic capsule bone happening at a very slow rate, 

perhaps to preserve the hearing function [85]. In support of these claims, an investigation on 

Mov-13 mouse has provided evidence that osteocytes of the otic capsule differ from 

osteocytes in long bone (tibia), even with Mov-13 otic capsule not exhibiting bone growth 
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abnormalities observed instead in human cases of OI type I [42]. To help explain the 

mechanisms of hearing loss in OI, further studies are needed to examine how the oim otic 

capsule bone thickness and intracortical porosity vary with development and growth in 

relation to their cellular activity and bone remodeling, and auditory function in the inner ear. 

There is also a need to establish the onset and progression of hearing loss in oim mice and 

the relative contribution of the middle ear (with collagenous tympanic membrane, ligaments 

and middle ear ossicles) and inner ear (with collagenous oval and round windows, basilar 

and tectorial membranes, and otic capsule) to the hearing loss reported in the oim mice [38]. 

Future studies will further need to establish whether the sensorineural hearing loss in the oim 

mice relates to impairments of the mechanotransduction process due to changes in 

mechanical properties of the collagenous tissues or if it is due to biochemical atrophy of the 

hair cells and stria vascularis. 

Conclusions 

Synchrotron microtomography revealed increased otic capsule thickness and intracortical 

porosity in the oim inner ear, with more numerous and highly connected canals than in WT. 

These results are in good agreement with the changes observed in the inner ear morphology 

observed in humans with OI associated hearing loss. Defects in the intracortical bone 

porosity and architecture may change the mechanical properties of the otic capsule, having 

deleterious implications for the cochlea’s mechanical integrity and its ability to transmit 

vibrations to the hair cells stereocilia via bone conduction. A comprehensive understanding 

of how the cochlea and the surrounding otic capsule influence the auditory system in OI will 

provide further insights into the disease and guide the development of targeted treatments to 

halt or reduce its hearing loss. 
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Figures  

Fig. 1  Otic capsule cortical thickness  A-D. Sagittal, coronal and transverse projections of 

one representative sample and otic capsule region of interest (pink areas) used for the 

evaluation of the average cortical thickness on each anatomical plane. 
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Fig. 2  Cochlear ducts surfaces and perimeters in WT and oim mice  Cochlear ducts of a 

representative sample respectively in the A. sagittal and B. coronal plane. Surface and 

perimeter of the cochlear ducts are measured every 90 degrees along the cochlear spiral from 

the base to the apex. C-D. Perimeter and the surface of the fluid ducts (mean value ± standard 

deviation) along the cochlear spiral of the WT (red) and oim (blue) inner ear. SV = Scala 

Vestibuli, ST = Scala Tympani, and Tip = Fluid Scalae Tip. Despite scala vestibule and scala 

media are combined in the present study, our measurements are in agreement with previous 

studies on WT mice [86, 87]. 
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Fig. 3  Otic capsule intracortical porosity in WT and oim mice  A. Synchrotron X-ray 

microtomographic slice and B. zoom-in of WT and oim representative otic capsule showing 

canals (red arrows) and intracortical lacunae (all the remaining voids in the bone tissue) C. 

3D render of the canal network (red) within the WT and oim cochlea otic capsule (grey). 
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Tables 
Otic capsule 

Morphological index 

WT 
N = 6 bones 

 

oim 
N = 6 bones 

 
p-value  

WT vs. oim 
Effect size 

(Cohen’s d) 

Oc.Th.cor (mm) 
thickness in coronal plane 0.07±0.01 0.08±0.01 <0.05 -0.92 

Oc.Th.sag (mm) 
thickness in sagittal plane 0.09±0.01 0.08±0.01 n.s. 0.92 

Oc.Th.tra.M (mm) 
thickness in transverse plane  

at middle turn 
0.09±0.01 0.10±0.01 n.s. -0.92 

Oc.Th.tra.A (mm) 
thickness in transverse plane  

at apical turn 
0.09±0.01 0.10±0.01 n.s. -0.92 

Oc.Le (mm) 
length  1.31±0.04 1.30 ±0.06 n.s. 0.18 

Po.V/Ct.TV (%) 
porosity 5.46 ± 1.53 8.25 ± 0.83 <0.05 -2.09 

N.Ca/Ct.TV (mm-3) 
canal number density 5,352 ± 2,729 9,015 ± 3,610 <0.05 -1.11 

Ca.V/Ct.TV (%) 
canal volume density 3.09 ± 0.95 5.75 ± 0.93 <0.05 -2.84 

Ca.Conn.D (mm-3) 
canal connectivity density 2,736 ± 1,410 4,624 ± 1,873 <0.05 -1.10 

<Ca.V> (10³μm³) 
mean canal volume 6.67 ± 2.22 7.28 ± 3.09 n.s. -0.22 

<Ca.D> (μm) 
mean canal diameter 12.25 ± 2.88 12.14 ± 3.24 n.s. 0.04 

<Ca.Le> (μm) 
mean canal length 32.67 ± 38.90 29.94 ± 33.53 n.s. 0.08 

N.Lc/Ct.TV (mm-3) 
lacuna number density 144,252 ± 20,326 158,360 ± 26,372 n.s. -0.60 

Lc.V/Ct.TV (%) 
lacunae volume density 2.37 ± 0.67 2.50 ± 0.78 n.s. -0.18 

<Lc.V> (μm³) 
mean lacuna volume 163.39 ± 103.20 156.89 ± 104.76 n.s. 0.06 

<Lc.Eq> 
mean lacuna equancy 0.36 ± 0.14 0.38 ± 0.14 n.s. -0.13 

<Lc.El> 
mean lacuna elongation 0.20 ± 0.10 0.20 ± 0.10 n.s. 0.00 

<Lc.Fl> 
mean lacuna flatness 0.53 ± 0.21 0.51 ± 0.20 n.s. 0.10 

<Lc.ɵ> 
mean lacuna orientation 78.83 ± 37.97 79.68 ± 42.87 n.s. -0.02 

 
Table 1  Morphometric parameters characterizing the WT and oim otic capsule and 

their intracortical porosity (mean ± standard deviation).  
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Cochlear Fluid Scalae 
Morphological index 

WT 
N = 6 bones 

 

oim 
N = 6 bones 

 

p-value  
WT vs. 

oim 
Effect size 

(Cohen’s d) 

Sc.Fl.V(mm3) 
total volume 1.29 ±0.03 1.26 ± 0.09 n.s. 0.41 

Sc.Fl.Tip.V(mm3) 
volume fluid scalae tip 0.03 ±0.01 0.02 ±0.01 n.s. 0.92 

Sc.Fl.Sp.Le (mm) 
spiral length  7.77	±0.31 7.60±0.15 n.s. 0.64 

Sc.Fl.Pitch.tra.M (mm) 
spiral pitch at middle turn 0.31	±0.02 0.32±0.02 n.s. -0.46 

Sc.Fl.Pitch.tra.A (mm) 
spiral pitch at apical turn 0.29	±0.01 0.27	±0.02 n.s. 1.17 

Sc.Fl.corAxis.tra.M(mm) 
coronal axis at middle turn 1.55±0.02 1.52	±0.04 n.s. 0.88 

Sc.Fl.sagAxis.tra.M(mm) 
sagittal axis at middle turn 1.49	±0.05 1.48±0.06 n.s. 0.17 

Sc.Fl.corAxis.tra.A (mm) 
coronal axis at apical turn 1.21	±0.04 1.18	±0.03 n.s. 0.78 

Sc.Fl.sagAxis.tra.A (mm) 
sagittal axis at apical turn 1.01	±0.05 0.98	±0.05 n.s. 0.55 

 
Table 2  Morphometric parameters characterizing the fluid scalae of WT and oim 

cochlea (mean ± standard deviation).  

 
 


