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Abstract
Introduction: The aim of this study is to evaluate signal al-
teration in the inner ear using three-dimensional (3D)-con-
structive interference in steady state (CISS) sequence in pa-
tients with Ménière’s disease and labyrinthitis and its corre-
lation with clinical and audiological parameters. Methods: 
The medical records of the department of otorhinolaryngol-
ogy were searched for patients with Ménière’s disease or lab-
yrinthitis who underwent MRI with 3D-CISS sequence. Blind-
ed analysis of these patients and of MRI from control subjects 
without middle or inner ear symptoms was performed to de-
tect any signal asymmetry of the inner ear structures. The 
results were correlated with clinical symptoms and results of 
audiological and vestibular tests. Results: Fifty-eight pa-

tients with definite Ménière’s disease and 5 patients with 
labyrinthitis as well as 41 control exams were included. A 
separate analysis was performed for patients with probable 
Ménière’s disease (n = 68). A total of 172 3D-CISS sequences 
were analyzed by 2 blinded independent neuroradiologists. 
A CISS-hypointense signal of the inner ear structures was 
found in 3 patients with definite Ménière’s disease (5.2%), in 
4 patients with probable Ménière’s disease (5.9%), and 2 pa-
tients with labyrinthitis (40%). No CISS hypointensity was 
found in the control group. Although no significant differ-
ence in symptoms or audiological test results was found be-
tween patients with and without this signal change, the side 
of hypointensity was frequently correlated with the symp-
tomatic side and with hearing impairment. Discussion/Con-
clusion: CISS hypointensity of the inner ear structures was 
evident in patients with clinical conditions other than ves-
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tibular schwannoma – more frequently in labyrinthitis than 
in Ménière’s disease. This signal alteration was frequently en-
countered on the same symptomatic side as that of the path-
ological audiology tests, but it is not a predictor for hearing 
or vestibular impairment. © 2022 The Author(s).

Published by S. Karger AG, Basel

Introduction

Patients with vestibular schwannoma show an in-
creased protein concentration in the perilymph [Silver-
stein, 1971], most probably due to unknown toxic sub-
stances, and this has been suggested to be the cause of 
hearing loss in patients with schwannoma [Lassaletta et 
al., 2019]. In MRI, high protein levels have also been sug-
gested to be the explanation for hypointensity in the three-
dimensional (3D) constructive interference in steady state 
(CISS) [Wagner et al., 2018a, b].

Histopathological studies have shown elevation in the 
protein content in the inner ear structures in patients 
with other diseases, such as Ménière’s disease [Silverstein, 
1971; Lin et al., 2019]. Furthermore, inflammatory pro-
teins were found to play a role in labyrinthitis [Schraff et 
al., 2007]. However, no imaging studies have looked for 
changes in the CISS sequence similar to those seen in ves-
tibular schwannoma.

The purpose of this study was to evaluate the presence 
of CISS signal changes in the cochlea and vestibule in pa-
tients with Ménière’s disease and labyrinthitis and to cor-
relate these changes with symptoms, audiological and 
vestibular tests. We aimed also to find out if there is a dif-
ference between probable and definite Ménière’s disease.

Methods

The ethics committee of the canton of Bern approved the ret-
rospective analysis in the study (KEK 2018-01509).

Patients
Medical records from the Department of Otorhinolaryngology, 

Inselspital, Bern University Hospital were searched for patients 
with a diagnosis of (1) Ménière’s disease according to the criteria 
published by Lopez-Escamez et al. [2015] and (2) patients diag-
nosed with labyrinthitis, based on the clinical presentation of acute 
sustained vestibular syndrome consistent with a peripheral origin 
[Hotson and Baloh, 1998].

Inclusion criteria were a diagnosis of Ménière’s disease or laby-
rinthitis and MRI including 3D-CISS sequence. Exclusion criteria 
were suboptimal image quality, including motion artifacts or in-
complete enclosure of the inner ear structures, other conditions 
that may cause signal changes in the inner ear, such as vestibular 

schwannoma, postoperative cases, or previous radiotherapy. In 
addition, a control group was randomly selected by searching 
PACS of Inselspital, Bern University Hospital for patients with 3D-
CISS sequence but no pathological conditions of the inner ear.

Clinical Assessment
Clinical data of the patients included in the study were retro-

spectively analyzed for clinical symptoms (symptom onset, affect-
ed side, tinnitus, hearing fluctuations, aural fullness, and vertigo 
episodes). The records were also searched for hearing loss (accord-
ing to current procedural terminology of the American Medical 
Association: CPT-AMA) [AMA, 1942], auditory evoked potential 
(AEP), and bithermal caloric testing.

Image Acquisition
MRI studies performed at our institute as well as at external 

institutions were considered for analysis, as long as the inclusion 
criteria were met. In-house exams were performed on either a 1.5-
T or 3-T imaging system (Magnetom Avanto, Aera, Verio, or Vida, 
Siemens Medical Solutions). The parameters for the 3D-CISS se-
quence were as follows: for 1.5 T, 1,400 ms; TE 186 ms; slice thick-
ness 0.6 mm; FOV 190 × 190 mm; matrix 640 × 640; and acquisi-
tion time 4:29 min, and for 3 T, TR 1,000 ms; TE 132 ms; slice 
thickness 0.5 mm; FOV 82 × 160 mm; matrix 164 × 320; and ac-
quisition time 2:37 min. External exams were also performed on 
either a 1.5-T or 3-T scanner. MRI on 1.5-T scanners was per-
formed using Aera, Avanto, Espree, Symphony, or Harmony (Sie-
mens Medical Solutions); or Signa Excite, Signa HDx, or Optima 
(GE Healthcare); or Panorama, Intera, or Achieva (Philips Health-
care) with TR ranging between 1,200 and 1,500 ms; TE 178–269 
ms; slice thickness 0.5–1.4 mm; and acquisition time 2:16–5:25 
min. MRI scans on 3-T scanners were performed using TrioTim 
or Skyra (Siemens Medical Solutions), Discovery or Signa Pioneer 
(GE Healthcare), or Ingenia (Philips Healthcare) with TR ranging 
between 1,000 and 2,000 ms; TE 132–210 ms; slice thickness 0.5 
– 1 mm; and acquisition time 2:26–4:28 min.

3D-CISS images from all patients and the control group were 
anonymized and randomly arranged. The evaluation of all patients 
was performed using a multiplanar reformation tool that allowed 
symmetrical adjustment of the inner ear structure for comparison.

Qualitative Analysis
Images from patients and the control group were anonymized 

and randomized. Blinded imaging analysis was performed by 2 
board-certified neuroradiologists with more than 10 years of expe-
rience. The qualitative analysis aimed to identify hypointensity in 
the cochlea and/or vestibule. The signal intensity of 4 regions of 
each inner ear structure (cochlea and vestibule bilaterally) was 
compared to each other and to the signal intensity of the CSF in 
the cerebellopontine angle. Disagreement between the 2 raters was 
resolved by consensus.

The control group and patient groups were defined according 
to the final diagnosis: Ménière’s disease or labyrinthitis. Patients 
with Ménière’s disease were further split according to whether they 
had probable or definite Ménière’s disease according to the diag-
nostic criteria of Lopez-Escamez [Lopez-Escamez et al., 2015]. The 
primary objective was to analyze patients with definite Ménière’s 
disease. However, as a matter of scientific interest, the patients 
with probable Ménière’s were included in a separate analysis as a 
secondary objective.
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According to the results of the qualitative analysis, patients 
were divided into CISS-positive, with a signal hypointensity, and 
CISS-negative, without signal asymmetry. The CISS-positive 
group was compared to the CISS-negative group in terms of clini-
cal and audiological parameters.

Quantitative Analysis
On each 3D-CISS sequence, 5 regions of interest (ROIs) were 

drawn as follows: 2 in the caudal part of the basal turn of each co-
chlea and 2 in the vestibules. A fifth ROI was drawn in the cerebel-
lopontine angle. The values of signal intensities obtained were used 
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Fig. 1. Flowchart showing the patient selec-
tion process.
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Fig. 2. Coronal reformation of the 3D-CISS sequences from 3 different patients diagnosed with probable Mé-
nière’s disease (a), definite Ménière’s disease (b), and labyrinthitis (c). There is asymmetrical signal intensity of 
the cochlea with a unilateral hypointense signal (circles).
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to calculate several ratios: cochlear/CSF ratio and vestibular/CSF 
ratio for each ear, and the difference between the two ears (i.e., co-
chlear/CSF ratio difference between right and left side, as well as 
vestibular/CSF ratio difference).

The cochlear/CSF and vestibular CSF ratio differences were 
compared between the 3 groups of patients and the control group. 
The aim was to explore the possibility of identifying a threshold 
that would differentiate the 3 patient groups from the control 
group.

Statistics
Statistical analyses were performed using SPSS (Version 

27.0). For all statistical analyses, the level of significance was set 
at p = 0.05 (two-tailed). Due to the different and small sample 
sizes, nonparametric tests were used. Interrater variability was 
calculated according to Cohen’s kappa. Quantitative group dif-
ferences (n per group) were analyzed with the χ2 test. Qualitative 
group differences were analyzed with the Wilcoxon test for de-
pendent variables or the Mann-Whitney U-test for independent 
variables.

Results

A total of 461 patients examined between 2003 and 
2019 were identified. Only 131 fulfilled the inclusion cri-
teria (68 probable Ménière’s disease, 58 definite Ménière’s 
disease, and 5 labyrinthitis). Forty-one exams were added 
as a control group (Fig. 1). Online supplementary Table 
1 (see www.karger.com/doi/10.1159/000525419 for all 
online suppl. material) summarizes patients’ demograph-
ics and results.

Qualitative Signal Hypointensity
Of the 131 patients included in the study, 9 (6.9%) 

showed asymmetrical signal (Fig. 2), 4 patients (of 68 pa-
tients; 5.9%) with probable Ménière’s disease, 3 patients 
(of 58 patients; 5.2%) with definite Ménière’s disease, and 
2 patients (of 5 patients; 40%) with labyrinthitis (Fig. 3). 
No asymmetry in signal was found in any patient in the 
control group.

Eight of the 9 patients in the CISS-positive group 
showed signal hypointensity in both ipsilateral cochlea 
and vestibule, and only 1 patient (with probable Mé-
nière’s disease) showed a hypointense signal involving 
only the vestibule, with no cochlear involvement. The sig-
nal intensity in the semicircular canals always followed 
the signal intensity of the vestibule in all positive cases.

The results from the 2 raters showed differences in rat-
ing of 3 regions in 2 patients out of the 688 regions of the 
172 patients, with interrater variability of 0.43%. In the 
CISS-positive group, 5 of the 9 patients underwent 1.5 T 
and the other 4 underwent 3-T MRI. In the CISS-negative 
group 86 patients underwent 1.5 T and 36 patients 3-T 
MRI. There was no statistical difference between the 2 
groups (χ2 = 0.88, p = 0.34). There was no correlation be-
tween CISS asymmetry and age or sex.

Symptoms
In the CISS-positive group, symptom onset ranged 

from 13 years prior to MRI to the same time period as 
MRI acquisition (average 3.6 years). In the CISS-negative 
group, symptom onset ranged from 40 years prior to MRI 
to 4 years after (average 4.5 years).

40

30

20

10

0

%

Percentage of signal asymmetry

Probable
Ménière‘s disease

Definite
Ménière‘s disease

Labyrinthitis ControlFig. 3. Bar chart showing the percentage of 
signal asymmetry in each patient group. 
Note: no signal asymmetry was found in 
the control group.
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In the labyrinthitis group, 3 patients were scanned in 
the acute phase (0–2 days from symptom onset). Two of 
these 3 patients (66.6%) showed a unilateral hypointense 
signal and the other did not show an asymmetrical signal. 
The other 2 patients with labyrinthitis were examined in 
the chronic stage (2 and 18 months from symptom onset).

Overall, the number of patients in the CISS-positive 
group with hearing fluctuation was slightly higher (5 out 
of 9 patients; 55.6%) than in the CISS-negative group (59 
out of 122; 48.4%), but there was no significant difference 
(χ2 = 0.17, p = 0.67). In patients with probable Ménière’s 
disease, hearing fluctuation was a significantly more fre-
quent finding (4 out of 4, 100%) in CISS-positive than 
CISS-negative (29 out of 64; 45.3%) (χ2 = 4.5, p = 0.034).

In patients with definite Ménière’s disease, tinnitus 
was a more frequent finding (3 out of 3 patients) for those 
in the CISS-positive group than patients in the CISS-neg-
ative (46 out of 55 patients; 83.6%), but there was no sta-
tistically significant difference. In 7 out of the 9 patients 
in the CISS-positive group, the hypointense signal was 
ipsilateral to symptoms (Fig. 4). In the 2 patients in whom 
symptoms were contralateral to CISS hypointensity, 
symptoms started 9 years and 1 year prior to MRI.
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Fig. 4. Diagram showing the side of the 
CISS signal hypointensity compared to the 
symptomatic side, as well as the side of 
hearing impairment according to CPT-
AMA and AEP. Patients 3 and 6 showed no 
hearing impairment, patients 2 and 6 did 
not have abnormal AEP. There was no re-
cord of AEP testing for patients 8 and 9.

Fig. 5. Bar chart showing the percentage of hearing impairment on 
the ipsilateral side of the CISS hypointensity in comparison to the 
contralateral side in all the 9 CISS-positive cases. CPT-AMA from 
patients 3 and 6 was 0% (normal hearing).
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Hearing Loss
Of the 9 patients in the CISS-positive group, 7 patients 

(77.8%) showed CPT-AMA values >0 on the same side as 
the signal hypointensity. The mean hearing impairment 
on the ipsilateral side to the CISS hypointensity of the 9 
patients was 47.8% and on the contralateral side 5.8% 
(Fig. 5). This difference between the ipsilateral and the 
contralateral side is statistically significant (Z = −2.3, p = 
0.021). However, 2 patients in the CISS-positive group 
had no hearing impairment (CPT-AMA 0%): 1 patient 
with probable Ménière’s disease in whom symptoms 
started 13 years prior to MRI, and 1 patient with definite 
Ménière’s disease, with symptoms onset 2 years prior to 
MRI.

Auditory Evoked Potential
Only 112 patients in the CISS-negative and 7 patients 

in the CISS-positive group had records of AEP tests. Pa-
tients in the CISS-positive group showed asynchronous 
waves more frequently than patients in the CISS-negative 
group (Fig. 6), but the Mann-Whitney U-test showed no 
statistically significant difference: on the right-side p = 
0.775 for AEP 75 and p = 0.13 for AEP 95, and on the left 
side p = 0.685 for AEP 75 and p = 0.869 for AEP 95.

Of these 7 patients, 5 patients (71.4%) showed an asyn-
chronous wave on the same side as the cochlear signal 
hypointensity. Two of them had definite Ménière’s dis-
ease and 3 had probable Ménière’s disease. Notably, 2 of 
these 3 patients showed bilateral asynchronous waves.

Two patients in the CISS-positive group showed a nor-
mal wave pattern. In one of them, the AEP was performed 
2 years after MRI. No data were available from patients 
with labyrinthitis.

Of the 7 patients with signal asymmetry, 6 (85.7%) 
showed hypointensity of both the cochlea and vestibule. 
Five of the patients in this group showed pathological re-
sults ipsilateral to hypointensity. For the patient with a 
normal pattern in AEP, the MRI preceded the test by 2 
years.

Bithermal Caloric Test
The bithermal caloric test was performed in 116 pa-

tients in the CISS-negative group and 7 of the 9 patients 
in the CISS-positive group. The test was normal in 3 out 
of these patients, but 4 patients showed unilateral hypo-
excitability (1 patient with probable Ménière’s disease, 2 
patients with definite Ménière’s disease, and 1 patient 
with labyrinthitis). In 3 patients, it was on the same side 
as the signal hypointensity in the 3D-CISS sequence. In 
the patient with an abnormal test result on the contralat-
eral side to the CISS signal hypointensity, the test was 
performed 2 years after the MRI.

Quantitative Analysis
The average vestibular ratio difference between the 

two ears was highest in labyrinthitis (0.17), followed by 
probable Ménière’s disease (0.10), then definite Ménière’s 
disease (0.09), and lowest in the control group (0.07). No 
statistical difference was found testing our hypothesis be-
tween the 4 groups (H0[3] = 7.28, p = 0.063).

The average cochlear ratio difference was highest in 
labyrinthitis (0.19), followed by definite Ménière’s dis-
ease (0.09), and lastly probable Ménière’s disease (0.08). 
The control group showed a bigger difference than all the 
3 patient groups (0.34) (Fig. 7), but the difference between 
the 4 groups was not statistically significant (H0[3] = 2.23, 
p = 0.526).

Discussion

The results of our study can be summarized as follows: 
(1) a hypointense CISS signal is not a finding that is spe-
cific for vestibular schwannoma but may occur in patients 
with labyrinthitis, specifically in the acute stage and less 
frequently in Ménière’s disease. (2) This CISS signal alter-
ation has often been encountered ipsilateral to the symp-
tomatic side, but there is no direct association with audio-
logical or clinical symptoms. (3) Hearing impairments and 

60
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75 95 75 95

■ CISS +ve
■ CISS –ve

%

Fig. 6. Bar chart showing the percentage of presence of an asyn-
chronous wave in the AEP test during 75 and 95 dB stimuli in both 
CISS-positive and CISS-negative patients.
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hypoexcitability in the bithermal caloric test were fre-
quently found on the same side as the CISS signal hypoin-
tensity. (4) The vestibular/CSF ratio difference between the 
two sides is higher in patients with labyrinthitis and to a 
lesser extent in patients with Ménière’s disease, than in 
control group, but the cochlear/CSF ratio difference was 
not helpful in differentiating patients from controls.

Recently, cochlear signal hypointensity was noted in 
patients with vestibular schwannoma due to complex and 
diverse factors [Wagner et al., 2018a, b]. One of these fac-
tors is the higher protein content. In this heavily weighted 
T2 sequence, physiological fluids show high signal inten-
sity, but increasing protein content leads to shortening of 
T2 relaxation with a consequent reduction in signal in-
tensity.

Protein plays an important role in the physiology of 
hearing. Sound waves induced by the motion of the ear-
drum and middle ear ossicles are transmitted to the fluids 
of the inner ear and stimulate the hair cells to excite the 
auditory cells. The endolymph contains the highest con-
centration of protein in the inner ear. The presence of 
protein causes an osmosis gradient between the endolym-
phatic sac lumen and the interstitial fluid, so, protein is 
most probably a regulator of fluid volume in the inner ear 
[Salt, 2001; Kim et al., 2011,  2014; Reichenbach and Hud-
speth, 2014]. Consequently, any disturbance to the pro-
tein concentration may cause dysfunction of the inner ear 
with symptoms such as hearing loss or dizziness [Kim et 
al., 2011].

Different etiologies can cause labyrinthitis, resulting in 
the presence of inflammatory mediators, elevating pro-
tein content [Kaya et al., 2016]. Ménière’s disease is con-
sidered a disease of the intralabyrinthine fluid dynamics. 

Although the pathomechanism is still unclear, blockage 
of the endolymphatic sac and duct likely lead to the ac-
cumulation of protein in the endolymph [Takeda et al., 
2020].

The frequency of the hypointense signal in patients 
with vestibular schwannoma is around 33% [Wagner et 
al., 2018b]. In our cohort, a hypointense signal was found 
in only 5.6% of patients with Ménière’s disease but was 
present in 40% of patients with labyrinthitis (in 66.6% if 
only patients in the acute phase were considered). More-
over, the protein concentration in patients with labyrin-
thitis is most probably higher than for Ménière’s disease, 
as the quantitative analysis showed that the average co-
chlear/CSF ratio difference and vestibular/CSF ratio dif-
ference were higher in patients with labyrinthitis than 
Ménière’s disease. The varying protein concentrations in 
the different pathologies may play a role here [Silverstein, 
1966]. Silverstein found higher protein concentrations 
and more protein bands in patients with schwannoma 
than in patients with Ménière’s disease [Silverstein, 1971]. 
Another possibility of the difference in frequencies be-
tween diseases is the type and number of protein fractions 
present, as protein fractions were found to be more nu-
merous in patients with vestibular schwannoma than pa-
tients with Ménière’s disease [Silverstein, 1971]. Another 
factor that might influence signal normalization in long-
standing cases as the average duration between symptom 
onset and MRI was slightly longer in CISS-negative pa-
tients than in CISS-positive. Also, in patients with laby-
rinthitis, 2 out of the 3 patients in CISS-negative group 
underwent MRI a year after symptom onset, and 2 of the 
3 patients examined in the acute phase were positive for 
CISS hypointensity.

0.4

0.3

0.2

0.1

0
Average cochlear/CSF ratio difference Average vestibular/CSF ratio difference

■ Control
■ Probable Ménière‘s
■ Definite Ménière‘s
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Fig. 7. Bar chart showing the average right/
left difference of the cochlear/CSF ratio 
and vestibular/CSF ratio in the 4 groups.
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Although symptoms frequently occurred on the same 
side as the signal hypointensity, we found no clear asso-
ciation between the hypointense signal and laterality of 
the disease. Moreover, only 77.8% of patients in the CISS-
positive group showed hearing impairment on CPT-
AMA, which was ipsilateral to CISS hypointensity. There-
fore, factors other than protein concentration may con-
tribute to the pathomechanism of hearing impairment. 
Various theories about the underlying mechanism of ver-
tigo and deafness in patients with Ménière’s disease have 
been suggested. These include endolymphatic hyperten-
sion [Takeda et al., 2020], rupture of the labyrinthine 
membrane [Lawrence and Mccabe, 1959], resulting in a 
fistula that is frequently observed in the distended laby-
rinthine membrane, physical distortion, and chemical 
paralysis of the sensory organ [Takeda et al., 2020].

Signal changes in the 3D-CISS sequence are usually 
difficult to identify. Nevertheless, the interrater variabil-
ity was very low, as both raters were trained to identify 
this sign in patients with vestibular schwannoma. Com-
paring the signal intensity from both sides to detect signal 
asymmetry is the best approach. However, in patients 
with bilateral pathologies, a signal reduction could be 
missed and tiny changes in protein content may not cause 
enough variations to be detected in the qualitative analy-
sis. For these reasons, finding a threshold that could be 
applied in quantitative analysis would have been helpful. 
However, owing to difficulties in drawing ROIs inside the 
small structures of the inner ear, this solution is not real-
istic in daily practice. In addition, the cochlear/CSF ratio 
difference did not show relevant variance between the 
control group and patient groups due to different rea-
sons; the presence of CSF artifacts in the cerebellopontine 
angle, and the presence of the spiral lamina that contrib-
ute to this hypointensity in both patient and control 
groups. Because of the absence of this structure in vesti-
bules, the vestibular/CSF ratio difference was higher in 
the patient groups than the control groups.

Significance
Post-contrast FLAIR and inversion recovery are help-

ful sequences for the diagnosis of Ménière’s disease. Our 
results are not aimed for the diagnosis Ménière’s disease 
but to raise the awareness that CISS hypointensity may be 
found in Ménière’s disease.

Regarding labyrinthitis, early detection is important 
before developing labyrinthitis ossificans [Aschendorff et 
al., 2005]. MRI may show enhancement [Lee et al., 2019]; 
however, it may be negative in early stages [Campion et 
al., 2019; Benson et al., 2020], or contrast agent may not 

be administered. Here, the CISS hypointensity may help 
in the detection. However, due to the small number of 
patients in our study, further research is needed to inves-
tigate the sensitivity of this sequence in early stage of lab-
yrinthitis. With labyrinthitis progression, hypointensity 
may be seen as well due to fibrosis and ossification [Cam-
pion et al., 2019].

Limitations
Our study is a retrospective analysis that included pa-

tients in whom MRI was clinically indicated. The overall 
number of patients studied was relatively small (especial-
ly those with labyrinthitis), limiting statistical analysis 
and correlation with the different clinical and audiologi-
cal tests. The robustness of evaluation is particularly af-
fected in the labyrinthitis group, due to the very small 
number of patients included (n = 5), and only 3 in the 
acute phase. Another limitation is the nonhomogeneous 
data, with regard to the availability of clinical and audio-
logical tests and variable quality of 3D-CISS sequences. 
Finally, MRI exams were not always undertaken at the 
same time of clinical onset, with symptoms occurring 
from 40 years before imaging to 4 years after. Further pro-
spective studies that overcome these limitations will be 
helpful in acquiring knowledge of the clinical and imag-
ing course of these diseases.

Conclusion

CISS-hypointense signal of the inner ear structures is 
not specific for vestibular schwannoma and can also be 
seen in patients with labyrinthitis and Ménière’s disease. 
This signal alteration was frequently encountered ipsilat-
eral to the pathological audiology tests. However, symp-
toms and audiological tests were not always pathological 
in patients with signal alteration, indicating a multifacto-
rial process. The CISS-hypointense signal may serve as a 
supportive finding in the detection of labyrinthitis before 
the development of fibrosis and ossification.
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