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both the respiratory phase and the concurrent activation of 
other muscles in the region.

The composition of the extracellular matrix (ECM) of a 
given tissue has an important influence on its mechanical and 
biologic properties. The most important biologic role of the 
ECM is the integration between cells and tissues, including 
cell morphogenesis and the development and regulation of cell 
proliferation. In addition, the ECM provides mechanical sup-
port, along with resistance and elasticity to tissues.7 Collagen 
and elastic fibers form the scaffolding of the connective tissue, 
and proteoglycans and structural glycoproteins (fibronectin) 
have important roles in hydration, resiliency, and the adhesive 
properties of tissue.8 The ECM of skeletal muscle is organized 
in levels, with the endomysial ECM having the most intimate 
contact with the muscle cells.7,9 Tissue inflammation may sig-
nificantly alter ECM composition due to the expression of pro-
teases. The matrix metalloproteinases (MMPs) are involved 
in ECM degradation in several tissues, including the skeletal 
muscles.8 Modifications of the ECM composition or of its regu-
lators, either by inflammatory or genetic factors, may lead to 
the onset of pathologic processes.8 

Chronic vibration from snoring and prolonged pharyngeal 
collapse from apneas, which is associated with increased nega-
tive intrapharyngeal pressure in OSA, place the pharyngeal 
muscles under increased mechanical load.10 Beyond a certain 
threshold, the mechanical forces applied to a muscle may al-
ter the tissue structure.11 The myofibrils may bear most of the 
resting tension in human skeletal muscle,12 and overstretched 
sarcomeres may lead to an immediate drop in the tension-gen-

INTRODUCTION
There is mounting evidence that the lateral pharyngeal 

muscular wall plays a major role in the genesis of upper air-
way collapses in patients with obstructive sleep apnea (OSA). 
These patients have an exceedingly collapsible lateral pharyn-
geal wall during respiration, which is associated with a mus-
cle thickening at this region that narrows the pharynx in the 
lateral dimension.1 Moreover, surgeries that act on the mus-
culature of the lateral wall, such as lateral pharyngoplasty2 
and maxillomandibular advancement,3 are more effective in 
reducing OSA severity than surgeries that excise and recon-
struct tissues of the pharyngeal surface, such as uvulopala-
topharyngoplasty.4 The superior pharyngeal constrictor is a 
skeletal muscle that forms the deep lateral and posterior layer 
of the pharyngeal airway. Its activation is similar to that of the 
pharyngeal dilator muscles at the end of obstructive apneas.5 
Paradoxically, superior pharyngeal constrictor muscle may 
help dilate and stiffen the pharynx in response to increased 
airflow resistance, stabilizing the airway during expiration.6 
Hence, the actual action of a pharyngeal muscle depends on 
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tonsillectomy. No additional muscle resection was performed 
in any case.

Tissue Preparation
The removed tonsils were fixed in 10% buffered formalde-

hyde for 24 hours. Cross-sectional samples, 0.2 cm thick, of 
the palatine tonsils were made, creating multiple sections. After 
fixation, sections were dehydrated in progressively increasing 
(70%-95%) alcohol concentrations (ethanol and xylol), diapha-
nized, and paraffin-embedded. Blocks were subsequently cut 
into 4 µm-thick sections and stained with hematoxylin and eosin 
(H&E) to evaluate the adequacy of the specimen for the study. 
Adequate specimens had sufficient musculature for analysis and 
an absence of artifacts such as bleeding and cauterization ef-
fects. We analyzed the two best sections per case for each stain.

Histochemical Analysis
For identification of elastic fibers, the Weigert resorcin-

fuchsin stain technique with oxidation was used as described 
previously.15

Immunohistochemical Analysis
Collagen type I, collagen type III, MMP-1 and MMP-2, 

versican, and fibronectin were characterized by immunohisto-
chemical reactions.

The sections were incubated with the following primary 
antibodies: a rabbit polyclonal collagen type I antibody at a 
1:50 dilution (Biodesign International, Saco, ME), a monoclo-
nal collagen type III antibody at a 1:500 dilution (CP19 clone, 
Calbiochem, Darmstadt, Germany), a monoclonal versican an-
tibody at a 1:100 dilution (2-b-1 clone, Seikagaku CO, Tokyo, 
Japan), a monoclonal MMP-1 antibody at a 1:2000 dilution 
(41-1E5 clone, Calbiochem, Darmstadt, Germany), a mono-
clonal MMP-2 antibody at a 1:100 dilution (A-Gel Vc2 clone, 
Labvision, Fremont, CA), and a rabbit polyclonal fibronectin 
antibody at a 1:8000 dilution (Dako Cytomation, Glostrup, 
Denmark). Envision System secondary antibodies with rabbit 
and mouse Dual Link polymers (Dako Cytomation, Glostrup, 
Denmark) were used for collagen type I. The LSAB kit, with a 
biotinylated antibody and the rabbit and mouse HRP complex 
(Dako Cytomation; Glostrup, Denmark) was used for all other 
markers. The antibodies were visualized with the chromogen 
3.3’- Diaminobenzidine (Sigma-Aldrich, St. Louis, MO). All 
sections were stained during the same staining session using 
antibodies coming from the same batch. For negative control 
sections, the primary antibody was replaced by phosphate buf-
fer solution during the staining process.

Morphometric Analysis
The fractional areas of the different components of the ECM 

present in the endomysium of the lateral pharyngeal wall were 
quantified through image analysis using the Image-Pro® Plus 
4.1 for Windows® (Media Cybernetics, Silver Spring, MD) 
software connected to a digital camera (JVC TK-C1380 Col-
or Video Camera, Victor Company of Japan Limited, Japan) 
and to an optical microscope (Leica DMR, Leica Microsys-
tems, Wetzlar GmbH, Germany). We analyzed only the frag-
ments that contained sufficient transversally cut muscle tissue 
for histologic analysis (15 fields at a 400× magnification). The 

erating capacity,11 which could aggravate pharyngeal collaps-
ibility. Presumably, changes in the ECM of pharyngeal muscles 
could be regarded either as a contributor to pharyngeal instabil-
ity (e.g., a decrease in elastic fibers) or a consequence of me-
chanical load (e.g., an increase in collagen type I to make the 
muscle more load-resistant).13 In addition, an increase in colla-
gen type I might lead to an incomplete relaxation of the superior 
pharyngeal constrictor after the end of the expiratory phase,6,14 
which could also be a contributor to pharyngeal collapsibility.

The objective of this study is to determine and compare the 
proportional (fractional) area of collagen fibers, elastic fibers, 
proteoglycans (versican), fibronectin, and MMP-1 and MMP-2 
in the endomysium of the musculature of the lateral pharyngeal 
wall in control subjects and patients with OSA. We hypothe-
sized that alterations in the densities of specific ECM elements 
could be associated with OSA.

METHODS
We evaluated 51 adult patients (older than 18 yr) who un-

derwent blunt dissection palatine tonsillectomy in our institu-
tion between 2005 and 2006. The reason for the surgeries was 
either chronic caseous or repeated acute tonsillitis, without OSA 
or snoring (control group, n = 13) or palatopharyngoplasty plus 
palatine tonsillectomy due to OSA (OSA group, n = 38). Obese 
patients (body mass index (BMI) > 30 kg/m2) were excluded, 
as were patients with neuromuscular diseases, retrolingual ob-
structions, noncontrolled hypothyroidism or controlled hypo-
thyroidism present for less than 1 yr, Down syndrome, apparent 
syndromic or acquired craniofacial deformities, a past history 
of phlegmon or peritonsillar abscesses, or those who had under-
gone previous oropharyngeal surgeries. Patients with OSA were 
selected for surgical treatment because they had bulky lateral 
pharyngeal walls and had refused clinical treatments for OSA.

This study was approved by the Ethics Committee of our 
institution, and signed informed consent was obtained from all 
patients enrolled in the study. All patients underwent standard 
clinical evaluations, including a subjective daytime sleepi-
ness assessment, as evaluated by the Epworth Sleepiness Scale 
(ESS), and patients with scores greater than 10 on this scale 
were considered to have excessive daytime sleepiness.

Patients were divided into a control or OSA group according 
to clinical characteristics and supervised type I polysomnogra-
phy findings, which were performed within the 3 mo prior to 
surgery. All polysomnograms were performed in the absence 
of acute upper airway inflammation. The control subjects (13 
patients) had no history of snoring, with an apnea-hypopnea in-
dex (AHI) of less than 5 events/hr. OSA (38 patients) was con-
sidered to be present when the AHI was greater than 5 events/
hr, there was a history of chronic loud snoring, and there was 
excessive sleepiness (ESS > 10). There were 14 other patients 
who were excluded from our study: 9 had an AHI less than 5 
events/hr and presented with loud snoring (either as a complaint 
or during the polysomnography), 4 patients with OSA had a 
BMI > 30 kg/m2 at the time of their surgeries, and 1 control 
subject had insufficient muscle samples for the analysis.

We analyzed both the ECM composition and the presence of 
inflammation within the muscular fibers adhered to the tonsils, 
which are predominantly within the superior pharyngeal con-
strictor muscle and are typically present in a blunt dissection 



SLEEP, Vol. 35, No. 4, 2012 485 Extracellular Matrix of the Pharyngeal Wall—Dantas et al

connected the cells and connected them to the ECM (Figure 
2C). Versican (Figure 2D) and fibronectin (Figure 2E) were the 
most sparse ECM components in the endomysium of the supe-
rior pharyngeal constrictor and were present in thin, continuous 
pericellular distributions. MMP-1 expression in the muscle cells 
was variable, both within the same muscle fiber (Figure 2F) and 
between patients. MMP-2 was not seen in the skeletal muscle 
and therefore could not be quantified.

area of positive staining for each antibody within the superior 
pharyngeal constrictor was determined by color thresholding. 
For this purpose, we used different sections of a given antibody 
(6-8 cases per group) and negative controls to achieve the most 
adequate range of positive labeling in each case, and this was 
always verified by two experienced pathologists (L.F.F.S and 
T.M.) These procedures generated a file containing all color se-
lection data, which was then applied to all cases stained with 
the same antibody. Results were expressed as the area of the 
specific antibody staining divided by the total muscle area of 
the analyzed region (μm2/μm2) × 100 (%) (fractional area). The 
measurements were made by an examiner blinded to the study 
groups. The data were used to calculate the mean value of 15 
fields for each marker per patient.

In the H&E stained slides, two examiners, blinded to the 
study groups, assessed the presence of inflammatory cell in-
filtrations in a semi-quantitative analysis based on scores from 
0 (absent) to 4 (intense).

Statistical Analysis
Data were expressed as medians and interquartile ranges. 

Statistical analysis was performed with the SPSS software ver-
sion 15.0 (SPSS Inc.©, Chicago, IL). The distribution of the 
study variables was nonparametric, according to the Kolmogo-
rov-Smirnov normality. For comparisons between groups, a 
Mann-Whitney U test was used. To correlate the ECM com-
ponents with the clinical variables, a Spearman correlation co-
efficient was calculated. To study the interactions between the 
variables, whenever an ECM component and a clinical vari-
able were found to be significantly different between groups 
and were also significantly correlated between them, they were 
included as covariates in a logistic regression of the presence of 
OSA. The level of significance was set at 5% (P < 0.05).

RESULTS
The demographic, clinical, and polysomnographic character-

istics of the patients are shown in Table 1. The patients in the 
OSA group were significantly older than those in the control 
group (P = 0.002) and had a higher BMI (P = 0.024). Detailed 
data on the age range of the groups are displayed in Table 2.

H&E staining showed that the skeletal muscle bundles of the 
superior pharyngeal constrictor were localized adjacent to the 
tonsillar tissue and separated by a rim of connective tissue of 
variable thickness with small vessels. Semiquantitative analy-
sis demonstrated the absence of inflammatory cell infiltrations 
within the muscle tissue in all control subjects and patients with 
OSA (Figure 1). The median inflammation score for the control 
subjects was 0 and the interquartile range was 1, scores similar 
to those of the patients in the OSA group (P = 0.59). Tonsil-
lar tissue presented hyperplastic follicles in most instances, and 
there was no suppurative inflammation.

All the components of the ECM were sparsely present within 
the endomysium. Collagen was the most abundant component, 
specifically collagen type I, followed by collagen type III (Fig-
ure 2A and B). The collagen fibers presented as thin fibers in-
volving each muscle cell and as small bridges between cells or 
between a cell and the ECM. Histochemical analysis revealed 
that the elastic fibers were organized in slender fibers within 
individual muscle cells and existed as small bridges that inter-

Figure 1—Hematoxylin and eosin section. Skeletal muscle bundles of 
the superior pharyngeal constrictor were localized adjacent to the tonsillar 
tissue and separated by a rim of connective tissue of variable thickness with 
small vessels. Note the absence of inflammatory cell infiltrations. t, tonsil; 
c, connective tissue; v, vessel; spc, superior pharyngeal constrictor muscle.

Table 1—Demographic, anthropometric and polysomnographic data of 
the patients studied (data presented as median and interquartile range)

Control subjects
(n = 13)

OSA
(n = 38) 

P 
value

Male/female 6 / 7 25 / 13 –
Age, years 25.0 (12.0) 37.0 (18.0) 0.002*
BMI, kg/m2 23.1 (4.8) 27.0 (5.2) 0.024*
AHI, events/hr 0.8 (2.3) 16.4 (20.3) < 0.0001*
Minimum SaO2 % 89.0 (6.0) 86.5 (9.5) 0.064

AHI, apnea-hypopnea index; BMI, body mass index; minimum SaO2, 
minimum oxyhemoglobin saturation; OSA, obstructive sleep apnea. 
*Level of significance P < 0.05.

Table 2—Detailed age ranges of the control and OSA groups

Age group, yr
Control subjects

(n = 13)
OSA

(n = 38) 
18-20r 4 2
21-30 5 10
31-40 3 11
41-50 1 8
51-60 0 7

OSA, obstructive sleep apnea.
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after controlling for AHI, this correlation remained significant 
(r = 0.425, P = 0.001). Both collagen type I and age were in-
cluded as covariates in a logistic regression of the presence of 
OSA. We noted an additive effect of the increase of collagen 
type I and age with the presence of OSA (odds ratio (OR), 2.06; 
95% confidence interval (CI), 1.17-3.63, P = 0.012), when com-
pared with the effect of age alone (OR, 1.11; 95% CI, 1.03-1.20, 
P = 0.007) or the increase of collagen type I alone (OR, 1.02; 
95% CI, 0.81-1.43, P = 0.052).

We performed an age-stratified analysis that compared the frac-
tional area of collagen type I in the younger median split of our en-
tire casuistic (35 yr or younger). This younger age group included 
11 control subjects with a median (interquartile range) age of 24 

Histochemistry and immunohistochemistry data on the 
fractional area of each component of the ECM are depicted in 
Table 3. We observed a significant increase in collagen type I in 
the OSA group in comparison with control subjects (P = 0.02, 
Figure 3), whereas no significant difference was seen between 
groups in the remaining ECM components. There were no sig-
nificant correlations between the fractional area of the ECM 
proteins with sex or polysomnographic data (AHI and mini-
mum oxyhemoglobin saturation).

The amount of collagen type I correlated significantly with 
age (r = 0.432, P = 0.001, Figure 4) but not with the BMI. After 
controlling for the presence of OSA, collagen type I still cor-
related significantly with age (r = 0.327, P = 0.02). Likewise, 

Figure 2—Transverse histologic sections of endomysial extracellular matrix components in the superior pharyngeal constrictor muscle. (A) Representative 
immunohistochemical section (typical brown coloration) of collagen type I. (B) Immunohistochemical section of collagen type III. (C) Oxidized Weigert resorcin-
fuchsin staining showing the endomysial distribution of elastic fibers (slender fibers within individual muscle cells and small bridges [b] that interconnect 
the cells and connect them to the extracellular matrix). (D) Immunohistochemical section of versican. (E) Immunohistochemical section of fibronectin. (F) 
Immunohistochemical section of matrix metalloproteinase 1 (note the variability of expression in muscle cells). Scale bar = 50 µm.
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current study, we analyzed the composition of the ECM and its 
regulators in the endomysial region of the superior pharyngeal 
constrictor muscle in non-OSA and nonsnoring control subjects 
and in patients with OSA. Our data showed that the levels of 
collagen type I, the major component of skeletal muscle ECM,16 
were significantly higher in the OSA group than in control sub-
jects and increased with age. In the 18- to 35-yr age group (the 
younger median split of our data), the levels of collagen type I 
were already significantly higher in patients with OSA than in 
control subjects. The power of this study to detect collagen type 

(8) yr (range, 18-32 yr, 54.5% males) and 20 OSA patients with 
a median age of 28 (9) yr (range, 19-35 yr, 80% males). There 
was also a significant increase in collagen type I in this younger 
OSA age group (median fractional area, 7.6%; interquartile range, 
3.0%) compared with the younger control age group (median 
fractional area, 5.4%; interquartile range, 4.0%, P = 0.04).

DISCUSSION
The ECM composition of the muscle walls may play an im-

portant role in determining cell activity and function.8 In the 

Table 3—Fractional area of the endomysial ECM in the lateral pharyngeal 
wall in control and OSA patients (data presented as median and 
interquartile range)

ECM components

Fractional area (%)
Control subjects

(n = 13)
OSA

(n = 38)
P 

value
Collagen type I 6.1 (4.1) 7.9 (3.2) 0.02*
Collagen type III 4.1 (4.2) 3.7 (3.3) 0.46
Elastic fibers 0.6 (0.2) 0.6 (1.4) 0.86
MMP – 1 5.0 (7.3) 3.9 (6.7) 0.85
Versican 0.3 (1.1) 0.2 (0.1) 0.18
Fibronectin 0.6 (0.9) 0.8 (0.7) 0.55

ECM, extracellular matrix; MMP-1, matrix metalloproteinase 1. *Level of 
significance P < 0.05.

Figure 3—Representative immunohistochemical sections of collagen type I in the superior pharyngeal constrictor muscle (brown coloration). (A) OSA patient. 
(B) Control patient. There was a significantly higher expression of collagen type I in the OSA group than the control group (P = 0.02).

Figure 4—Correlation between collagen type I expression in the superior 
pharyngeal constrictor muscle and patient age. There was a significant 
positive correlation between age and the amount of collagen type I.
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a high prevalence of OSA in patients with Marfan syndrome, 
a genetic disease that causes marked muscle flaccidity and in-
creased collapsibility of pharyngeal muscles due to abnormal 
elastic fibers.29

Fibronectin and versican were present in small proportions 
in the endomysium of the superior pharyngeal constrictor of the 
groups in this study. MMP-1 in superior pharyngeal constric-
tor muscle cells showed a variable expression between patients 
and within muscular fibers and did not differ between groups. 
Changes in the amounts of these proteins in the skeletal muscles 
seemed to be related to pathologic conditions such as inflam-
matory and dystrophic myopathies and muscle denervation.30-32 
Our results suggested that these processes were not taking place 
at the pharyngeal constrictor muscle in patients with OSA.

Methodologic errors were kept to a minimum. To our knowl-
edge, this was the first study to include quantitative analyses of 
ECM components in the pharyngeal muscles of well-charac-
terized control and OSA patient groups. We have used image 
analysis to determine the components of the ECM in histologic 
sections, thus avoiding the subjectivity of a semiquantitative 
analysis. We have analyzed muscle fibers that adhered to the 
deep inner surface of surgically removed palatine tonsils.33,34 
The superior pharyngeal constrictor muscle is the major com-
ponent of the tonsillar fossa35; part of the palatopharyngeus 
muscle may have been present in a few samples, as this muscle 
may form part of the tonsillar fossa in some individuals.35 How-
ever, we took care to preserve this muscle in our surgical tech-
nique. We have not examined other muscular compartments, 
such as the perimysium and epimysium, of the superior pharyn-
geal constrictor. We believe that the endomysium, having the 
most intimate contact with the muscle cells, would have more 
influence on the functional and biologic properties of muscle 
cells. We excluded obese patients from this study to reduce the 
interference of obesity on the pharyngeal structure. There are 
reports suggesting that obesity modifies the turnover of colla-
gen in cardiac skeletal muscles and may alter muscle function.36 
Our patients with OSA were relatively young (median age = 37 
yr), which may decrease their acceptance or tolerance of a life-
time of required clinical treatments for OSA. In addition, only 4 
patients from the OSA group and 1 from the control group were 
smokers; this reduces the possible influence of tobacco on the 
ECM composition due to upper airway inflammation.

We have analyzed only transverse sections of our muscle 
samples. This provides a good basis for quantitative measures, 
because the relationship of the ECM and the muscle would be 
the most uniformly maintained. In contrast, longitudinally cut 
sections would have better shown the organization of the ECM 
components within the muscle fibers. However, in this type of 
section, an adequate orientation of the muscle fiber within the 
bundles could not be guaranteed, which would have introduced 
variations into our quantitative measurement. In general, col-
lagen fibers presented as thin fibers in each muscle cell and as 
small bridges between cells or between a cell and the ECM.

What are the clinical implications of our findings? For in-
stance, surgical procedures such as the uvulopalatopharyngo-
plasty aim not only to increase the airway space but also to 
produce fibrosis to reduce pharyngeal collapsibility, with vari-
able but usually poor results.37 Fibrosis due to uvulopalato-
pharyngoplasty may be an unorganized deposition of collagen 

I differences between control subjects (13 patients) and patients 
with OSA (38 patients) using the measured data was 93.8%. For 
the same measured data, this study has an 80% power to detect 
collagen type I differences of at least 18% between groups. To 
the best of our knowledge, this is the first study describing the 
ECM composition in the pharyngeal musculature.

Changes in collagen in the aging human skeletal muscles are 
not well known. There is no change with age in the endomysial 
collagen of the vastus lateralis muscle.17 In contrast, studies of 
the cardiac skeletal muscle have shown an increase in collagen 
type I18 and a decrease in collagen type III19 that is associated 
with increasing age. These changes, which lead to an increase 
in stiffness, might have functional consequences by impairing 
the ability of the muscle to contract (typically incomplete re-
laxation during early diastolic filling). Our study showed that 
collagen type I levels in the pharyngeal muscle increased with 
age and increased the risk of OSA.

The absence of inflammation in the superior pharyngeal con-
strictor muscle, located deep in the pharynx, suggested that the 
inflammatory effect of habitual snoring20 could primarily affect 
the tissues that line the upper airway, with minor consequences 
to the deeper layers. All of our surgical procedures were done 
during the morning period; even after a night of apnea episodes, 
we could not find significant inflammatory cell infiltrations at 
the superior pharyngeal constrictor level. Boyd and colleagues21 
observed an increase in inflammatory cells in the mucosal and 
muscle cells of the soft palate and of the tonsillar pillars in pa-
tients with OSA. In that study, the degree of inflammation at 
those more superficial muscle layers was only one fifth of the 
total inflammation within the mucosa. Oropharyngeal muscles 
with inflammatory characteristics in patients with OSA have 
been described by other authors21-23; these studies included tis-
sue layers that were more superficial than the superior constric-
tor, such as the uvula, soft palate, and tonsillar pillars.

Therefore, our data indicated that pharyngeal muscle inflam-
mation could not play a role in the increase of collagen type I 
in the superior constrictor seen in patients with OSA. There are 
other possible mechanisms that could explain this type of mus-
cle remodeling in the upper airway in patients with OSA. Rats 
submitted to skeletal muscle denervation showed an accumula-
tion of collagen type I and type III within muscular fibers,24,25 
and signs of denervation have already been demonstrated in 
the upper airway in patients with OSA.20 In addition, similar 
to what was observed in the lower airway,26,27 repeated stretch-
ing and contracting of the pharyngeal muscles might have in-
duced muscle remodeling in the absence of any inflammation. 
This could represent an attempt to prevent overstretching of the 
muscle fiber bundles.13

Elastic fibers are important tissue components that contain 
elastometric properties, which conserve the potential energy 
of deformed muscles (contracted or extended) and return that 
energy to conserve the muscle position.28 One qualitative study 
reported a disorganization of elastic fibers around the mus-
culus uvulae, which was more pronounced within the uvula 
mucosa, in patients with OSA. This finding did not have sig-
nificant, functional correlations with OSA.23 Although we have 
not detected quantitative alterations in elastic fibers, we could 
not exclude the possibility that alterations at the ultrastructural 
level could occur in OSA. Sullivan and colleagues described 
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types, in contrast to the kind of organization that we found. Our 
study showed that patients with OSA already had increased 
amounts of collagen type I at the lateral pharyngeal wall and 
that collagen type I also increased with age. Thus, the concept 
of increasing collagen type I at the upper airway to treat OSA 
could not be supported by our histologic findings.

The reasons for the increased passive collapsibility of the 
pharyngeal structure in OSA are not known. It is possible that 
OSA pathogenesis involves a genetic trait that affects muscle 
proteins that are related to contractility.38 One explanation could 
be alterations in the myofibrils, which may bear the passive 
muscle tension in human skeletal muscle.12 Contrary to what 
might be expected, we found a stiffening protein to be increased 
at that structure in OSA. We hypothesize that the increase in 
collagen type I could play a role in turning OSA into a pro-
gressive disease; in an attempt to make the muscle more load-
resistant,13 increased amounts of collagen type I could impair or 
delay the relaxation of the superior pharyngeal constrictor mus-
cle, similar to what happens at the myocardium.18 Because of 
the expiratory activation of the constrictor muscle when faced 
with increased airflow resistance,6,14 this incomplete relaxation 
could occur at the expiratory-inspiratory phase transition, when 
the pharyngeal lumen is the narrowest. These actions could fur-
ther reduce the airway diameter during a particularly collapsing 
ventilatory phase, which could aggravate OSA.

In summary, histologic analysis of the ECM composition of 
the lateral muscular pharyngeal wall of a large group of patients 
revealed that collagen type I was the major component of the 
muscle ECM and was increased with age and with the presence 
of OSA. Further studies describing the composition of the skel-
etal muscle contractile proteins and studies of the viscoelastic 
properties of soft tissues in vivo, using new techniques such 
as magnetic resonance elastography, could help to explain the 
pharyngeal muscle biomechanics and complement our histo-
logical findings.39
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