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Neurogenic effects on the palatopharyngeal
muscle in patients with obstructive sleep apnoea:

a muscle biopsy study

Lars Edstr6m, Hakan Larsson, Lars Larsson

Abstract
Muscle biopsies from the palato-
pharyngeal muscle of eight patients with
obstructive sleep apnoea were performed
during uvulopalatopharyngoplasty. Con-
trol biopsies were performed during
tonsillectomy in seven control patients
with no history of symptoms suggesting
obstructive sleep apnoea. The diagnosis
was based on the patient's history and a
whole night recording of arterial oxygen
saturation and respiration movements.
The mean number of oxygen desatura-
tions >4% per sleeping hour was 39 (range
7-80) in patients with obstructive sleep
apnoea. In the control patients the occur-
rence of muscle fibre type and size rela-
tion between type I and type II fibres were
comparable to what is found in the quad-
riceps femoris muscle, but the mean size
of the fibres was < 25% ofwhat is found in
limb muscles.

All biopsies from patients with obstruc-
tive sleep apnoea showed abnormalities.
Atrophy with a fascicular distribution,
increased number of angulated atrophic
fibres, a twin or multiple peak distribution
of the fibre size spectra, and an abnormal
distribution of fibre types in many muscle
fascicles corresponding to "type group-
ing" all points to a neurogenic alteration.
This neurogenic lesion may be a primary
phenomenon or secondary to the trauma
of repetitive and prolonged stretching of
the pharyngeal structures during
apnoeas. A disturbance of the function of
the dilating muscles of the upper airway
may be important in causing the abnor-
mal airway collapse seen in obstructive
sleep apnoea.

(7 Neurol Neurosurg Psychiatry 1992;55:916-920)

The pathogenesis of obstructive sleep apnoea
still remains obscure, and only fragmentary
knowledge exists concerning the patho-
physiology underlying the closure of the upper
airway.' In normal subjects the activity of the
dilating muscles of the upper airway is coordi-
nated with the activity of the inspiratory
muscles. This activity of the dilating muscles is
considered vitally important in maintaining the
patency of the airway during inspiration, and a
dysfunction of these muscles may be of patho-
genetic imortance in obstructive sleep apnoea.
Some information is available on the

macromorphology of the uvular muscle in
patients with obstructive sleep apnoea2 but
there has been no structural evaluation at the
cellular or subcellular level.
To determine whether histopathological

changes were present in the pharyngeal mus-
cles in patients with obstructive sleep apnoea,
muscle biopsy specimens from the palatophar-
yngeal muscle were obtained in eight patients
with obstructive sleep apnoea undergoing
uvulopalatopharyngoplasty3 and in seven con-
trol patients undergoing tonsillectomy.

Material and methods
PATIENTS
Eight patients with obstructive sleep apnoea,
all male and with a mean age of 43 (range
28-54) years, were examined. One patient had
arterial hypertension and one had had a minor
cerebral infarction but with no remaining
symptoms. The diagnosis of obstructive sleep
apnoea was based on the patient's history,
clinical examination, and a whole night record-
ing of arterial oxygen saturation (Biox 3700,
earprobe) and of respiration and body move-
ments by means of a static charge sensitive
bed.4 This type of recording with diagnostic
criteria has previously been described in
detail.5 The oxygen desaturation index was
calculated from the sleep apnoea recordings as
the average number per sleeping hour, of
oxygen desaturations >4% below baseline
during periods with obstructive breathing pat-
tern. The mean oxygen desaturation index for
the eight patients with obstructive sleep apnoea
was 39 (7-80). The mean nadir arterial oxygen
saturation was 70% (47-85%). All patients had
normal results on spirometry and normal
arterial blood gas analyses during the daytime.
Holter electrocardiography was performed in
seven patients and all were normal. Thyroid
stimulating hormone concentrations were nor-
mal in all patients. No neurological evaluation
or investigations were undertaken in the
patients.
The controls were seven men with a mean

age of 39 (range 17-59) years and with no
history of snoring or other symptoms suggest-
ing obstructive sleep apnoea. Six were sched-
uled for tonsillectomy due to chronic tonsillitis,
and in one the tonsillectomy was performed in
a search for the primary tumour of a lymph
node metastasis in the neck; no tumour was
found in the tonsil or in the pharynx.
The patients with obstructive sleep apnoea

were more obese than the controls. The mean
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body mass index (weight (kg)/(length (m))2
was 31-9 (25 6-36&5) in the patients and 23-8
(18-7-28*1) in the controls.

BIOPSY PROCEDURE

Tonsillectomy was performed as a part of the
uvulopalatopharyngoplasty in all patients with
obstructive sleep apnoea and as the only
procedure in the control patients. After
removal of the tonsils the palatopharyngeal
muscle was identified and a piece from the
cranial part of the muscle about
10 x 5 x 5 mm was.removed. The specimens
were embedded in sterile cloths moistened
with 0 9% saline and immediately transported
to the laboratory.

MORPHOLOGICAL AND HISTOCHEMICAL TECHNIQUES
Most of each specimen was freshly frozen in
liquid freon-13, cooled by liquid nitrogen
(-190'G) and stored in a deep freezer at
-75'C, and a part was fixed in 2 5% glutar-
aldehyde in phosphate buffer.

All specimens were examined with light
microscopy. Freshly frozen material was cut in
a cryostat at - 25'C. Cryosections (5-15 ,um)
were stained with hematoxylin-eosin and mod-
ified trichrome for adnosine triphophatase
(ATPase) and NADH-TR.6
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Figure 1 Serial cross sections ofpalatopharyngeal muscle from control patient (a, b)
and patient with obstructive sleep apnoea (c, d). Control specimen was stained for
myosin-ATPase at pH 9 4 (a) and after acid preincubation at pH 4-6 (b). Arrow points
to two type I fibres, lightly stained by preincubation at alkaline pH and darkly stained at
acid pH. Fibres with different levels of staining in (b) correspond to subtypes of type II;
the unstained fibres are type IA and intermediate stained are type IIB.

The apnoea patient's specimen was stained for myosin-ATPase at pH 9 4 (c) and for
NADH-TR (d). Note dispersion offibre sizes in all sections and irregular muscle fibre
structure (d). Thick arrow points to three typical type Ifibres of large cross sectional area.
These fibres are of normal structure in b (NADH-TR) but surrounded by numerous
fibres with irregular staining deposits. The distinction between type I and type II fibres at
pH 9 4 (a) is not as clear cut as normal. Thin arrows point to some of the fibres with
intermediate staining.

Muscle fibre type nomenclature was based
on the ATPase content of fibres according to
Brooke and Kaiser.7 Thus fibres with a high
content of acid stable ATPase and a low
content of alkali stable ATPase were termed
type I, and fibres with the opposite staining
pattern were termed type II. Subtypes of type
II (A, B, and C) were also observed by using
different pH levels (4 3 and 4 6) for acid
preincubation.
Muscle fibre size-that is, the cross sectional

area and the "lesser diameter", was measured
directly from the microscope via a TV overlay
with the aid of a digitiser connected to a
computer (Videoplan, Konron Bildanalyse
GmBH, Munich). Measurements were made
on 100 type I and 100 type II fibres or as many
as possible in each biopsy (50-100 type I fibres
and 100 type II fibres were measured in each
patient). The form factor (fibre area x (7r4 x
maximum diameter x minimum diameter) -')
was calculated for each fibre. The form factor
for a circle and for an ellipse is 1 and for
irregular structures < 1.
For evaluation by transmission electron

microscopy (TEM), specimens fixed in glutar-
aldehyde were washed in buffer, cut into blocks
approximately 2 x 0 5 mm and post fixed in
osmium oxide in phosphate buffered saline,
dehydrated in alcohol, and embedded in Epon.
Semithin sections were stained in toluidine
blue and examined under a light microscope.
Areas of interest were selected and thin sec-
tions were cut on an LKB ultratome IV and
contrasted with uranyl acetate and lead citrate
before being examined in a JEOL 1200 EX
electron microscope.

STATISTICS

Means and standard deviations were calcu-
lated from individual values by standard proce-
dures. The Mann-Whitney U test was used for
comparing cross sectional areas, diameters,
and form factors because of non-Gaussian
distribution of these variables.

Results
NORMAL PALATO-PHARYNGEAL MUSCLES
In the muscle biopsies obtained from the
control group (fig la-b) a normal checker-
board pattern of type I and II fibres was seen
under light microscopy when the fibres were
stained for myosin ATPase at pH 9 4. When
the fibres were stained for ATPase at pH 4-6,
subtypes IIA and IIB were discerened as in
normal extremity muscles. No type IIC fibres
were observed at pH 4-3 (not illustrated).

MUSCLE FIBRE CHANGES IN SPECIMENS FROM

APNOEA PATIENTS
Most biopsy specimens showed differentiation
between type I and II fibres (fig lc-d) and type
IIA and IIB fibres could be identified. Numer-
ous type IIC fibres were also seen in the
specimen from one patient.

In all specimens from patients with obstruc-
tive sleep apnoea there was an increased size
dispersion with atrophic fibres alternating with
normal sized or hypertrophied ones. The
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Figure 2 Cross sections of
palatopharyngeal muscle
from different patients with
obstructive sleep apnoea
stained for myosin-ATPase
at pH 9-4 (a) and
NADH-TR (b, c).

Different sizes offibres
in different fascicles are
seen in (a). Note an
atrophic fascicle (x). The
muscle fibres show type
grouping.
Many fibres with

rounded clear zones (core
fibres) are seen in (b); one
is indicated by a thick
arrow. Some fibres have a
thin rim of increased
stainability adjacent to the
clear zone (target fibres).
An angulated atrophic
fibre is indicated by thin
arrows.
A detail from (b) is

shown at higher
magnification in (c). Note
that almost all fibres have
irregular stain deposits.

:~~~~~~~~~~~~~~~~~~~~~~.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 4'~~~~~~~~~~~~~~~~~~~~~~~~

'f~ v

....;.:.

....

.. .,.;N S.} A ,- \~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~t-

'Wit.

A-

4~~~~~P.

30

08Go

.0

E
z

atrophic fibres were rounded or angulated (figs
1c-d and 2b). Signs of fascicular atrophy and
slight type grouping (fibres of the same type
appearing in clusters, fig 2a) were also present
in all specimens from apnoea patients.
When the fibres were stained for NADH-TR

an irregular internal muscle fibre structure.was
commonly found (figs Id and 2b-c). "Moth
eaten" fibres and fibres with core formations,
including the appearance of "target fibres" (fig

Cross sectional area, diameter, andform factor offibres in
palatopharyngeal muscles from patients with obstructive
sleep apnoea and controls. Values are means (SD)

Patients with
obstructive sleep Controls
apnoea (n = 8) (n = 7)

Type I fibres:
Cross sectional area (rn) 970 (370) 1050 (350)
Diameter (um) 27-7 (6-1) 29-5 (4-3)
Form factor (um) 0-96 (0 01) 0 97

(0-01)
Type II fibres:

Cross sectional area (urn) 950 (260) 1130 (480)
Diameter (um) 27-0 (4-9) 30 7 (6 3)
Form factor (um) 0 95 (0 00) 0-96

(0-01)

disorders, were also found in all specimens
from apnoea patients. In some specimens most
fibres showed these changes.

MORPHOMETRICAL OBSERVATIONS
In the controls the muscle fibre size had a
Gaussian distribution but in the patients with
obstructive sleep apnoea there was a non-
Gaussian distribution with multiple peaks due
to an increased proportion of atrophic and
hypertrophic fibres (fig 3).When the size of the
smallest fibre was compared between different
individuals, the fibres in the apnoea patients
had a significantly smaller area (70 (SD 40)
pm2; p < 0 05) than did fibres in the controls
(250 (190) pm2). Fibres in the apnoea patients
also had a lower form factor (0-76 (0-1 1)) than
did fibres in the controls (0 90 (0 03);
p < 0 05), indicating that the atrophic fibres
in the apnoea patients were more angulated.
The mean cross sectional area, diameter,

and form factor in type I and II fibres did not
differ between patients with obstructive sleep
apnoea and controls, but these figures may be
deceptive due to the difference in fibre size
distribution between the two groups as shown
in figure 3. The mean values for cross sectional
area, diameter and form factor of type I and II
fibres in apnoea patients and controls are given
in the table.

2b) regarded as typical ot neurogenic muscle MUSCLE FIBRE ULSTRASTRUCTURE
A fibre size dispersion was obvious in the
cryosections evaluated by TEM. Structural
changes corresponding to the irregularities

Type I Type If seen under light microscopy were seen in
30 atrophic as well as in normal fibres. In someM__OSAS otherwise normal looking fibres there were

--Control enlarged triads. Structurally altered fibres
r L . showed myofibrillar loss, increased number of

20 - vesicles, and rough Z line material (indicating
myofibrillar abnormalities). An increase in the
number of ribosomes and polysomes was also
discerned, indicating that the muscle fibre

10\/\s8 g \ g / \_,:degeneration stimulates regenerative effort.
Dense bodies, autophagic vacuoles, and

//\>s/ .. lipofucsin bodies were common. Significant
0/,t . '0.. | o mitochondrial abnormalities were seen only in

0 20 40 60 so 0 20 40 60 so seriously damaged fibres.
Diameter (>.m) Diameter (>m)

Figure 3 Distribution of calibers (lesser diameters) of type I and type II muscle fibres in
a biopsy from a control palatopharyngeal muscle compared to one from a patient with
obstructive sleep apnoea. Note the Gaussian distribution of muscle fibre diameters in
control muscle and irregular fibre size distribution in apnoea patient's muscle.

Discussion
The size and stiffness of the upper airway
depends on the activity of the paired palatal,
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pterygoid, genioglossal, intrinsic pharyngeal,
and hyoid muscles. The separate contribution
of each of these muscles is not known and the
coordinated action is even more difficult to
define.' In this study we examined the palato-
pharyngeal muscle since it is well defined and
easily accessible by tonsillectomy and
uvulopalatopharyngoplasty.

In normal subjects the activity of the dilating
muscles of the upper airway is coordinated
with the activity of the inspiratory muscles. The
central regulation of this muscular activity is
modulated by chemoreceptors and vagal
input89 and also by local pressure receptors in
the mucosa of the upper airway.'0" The
activity of the dilating muscles of the upper
airway is vitally important in maintaining the
patency of the airway during inspiration, and a
dysfunction of these muscles may be of
pathogenetic importance in obstructive sleep
apnoea.

Obstructive sleep apnoea is strongly corre-
lated with obesity and therefore it is not
surprising that the patients had a higher body
mass index than the controls. However, the
pathological structural and ultrastructural
changes found in the muscle biopsies from the
apnoea patients in this study are not found in
obesity. 2
Data on the normal occurrence and appear-

ance of type I and II fibres in the palatophar-
yngeal muscle in humans have been lacking.
Our findings in the control group indicate that
the fibre type profile of this muscle, based on
staining for ATPase, is the same as in limb
muscles commonly used for muscle biopsy
studies.6 The occurrence of muscle fibre types
and the size relation between type I and II
fibres in our control biopsy specimens from the
palatopharyngeal muscle were comparable
with those of the quadriceps femoris muscle.
The mean size of the type I and II fibres,
however, was < 25% of the size of the type I
and type II fibres found in quadriceps femoris
and many other limb muscles."'

In all specimens from the eight apnoea
patients the structural, ultrastructural, and
histochemical data indicated abnormalities in
muscle fibre size, fibre type distribution, and
fibre structure. The changes observed were:
atrophy with a fascicular distribution and
increased number of angulated atrophic fibres;
a twin or multiple peak distribution of the fibre
size spectrum; and an abnormal distribution of
fibre types in many muscle fascicles corre-
sponding to "type grouping." All these chan-
ges indicate a neurogenic alteration.6 14 5-16
We found no evidence for a primary myopathy
affecting patients with obstructive sleep
apnoea.

Stauffer found an increased amount of
skeletal muscle and fat in the uvula of apnoea
patients as compared to control subjects from
an autopsy group.6 He speculated that
increased muscular exercise could result in
muscular hypertrophy in the pharynx, with
increased muscular mass leading to airway
obstruction. In this study we did not perform a
similar macromorphological analysis of the size
of the palatopharyngeal muscle or the tissue

composition in the pharynx. Our muscle
biopsy findings indicate a neurogenic muscular
lesion with atrophy of muscle fibres. We also
examined the uvular muscle of the first five
patients in the apnoea group. In two the uvular
muscle showed complete atrophy and in the
others we found the same pathological changes
with fibre atrophy as in the palatopharyngeal
muscle.
The mean muscle fibre size in our specimens

from the palatopharyngeal muscle in patients
with obstructive sleep apnoea did not deviate
from that in the control group. This is
explained by the quantitative data on muscle
fibre size showing that hypertrophy of some
fibres in the muscles balanced the atrophy of
others. It is known that hypertrophy may
develop in denervated muscle fibres as a result
of passive mechanical stretch. '7 Such mechan-
ical stretch takes place during each obstructive
event in the pharynx of patients with obstruc-
tive sleep apnoea. Stretch-induced hypertro-
phy of muscle cells may be combined with a
relative decrease of myofibrillar material and a
relative increase of sarcoplasm.'8 In fact we
found many non-atrophic fibres with myofi-
brillar loss.
The neurogenic myopathy found in the

palatopharyngeal muscle in this study may be a
primary manifestation in obstructive sleep
apnoea or a secondary phenomenon due to the
trauma of repetitive and prolonged stretching
of the pharyngeal structures during apnoeic
episodes. Multiple system atrophy with auto-
nomic failure may cause denervation of the
upper airway muscles'9 but it is a rare condi-
tion not occurring with increased incidence in
obstructive sleep apnoea, where there seems to
be a sympathetic overreactivity.20 A distur-
bance of motor regulation and also of the
muscle fibre properties in the dilating muscles
of the upper airway may be important in the
mechanisms which cause the abnormal airway
collapse seen in patients with obstructive sleep
apnoea.
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Early accounts of dystophia myotonica
In 1886 Erb reported his findings of electrical reactions
and histology of a number of families suffering from
Thomsen's myotonia congenita.' He remarked on
"genetic heterogeneity" but this embraced cases with
muscle wasting who may have been examples of
dystrophia myotonica, as were later cases reported as
"myotonia congenita with muscle atrophy". Hoffmann'
reported a 35 year old man with myotonia and wasting
of the facial, sternomastoid and forearm muscles. In
1900 he observed a brother and sister with facial,
sternomastoid and distal limb wasting, weakness and
myotonia. Other convincing examples were described
by Rossolimo, Nonne, Passler, and Curschmann.3 Of
less certain nosology is a case claimed by some as the
first by Danna.4 A man developed from the age of 20
myotonia, ptosis, impotence and mental symptoms; he
had no recognised facial weakness but a supinator
harpoon biopsy showed internal nuclei in the myofi-
brils.

Steinert described nine patients, three to the Leipzig
Medical Society in 1904, six (including two brothers) in
his paper.5 He was mistaken in attributing the muscle
atrophy he had noticed to myotonia. In addition to the
characteristic ptosis, facial and sternomastoid weakness
he remarked on the weak voice, areflexia and in four
patients-testicular atrophy. His one necropsy case
confirmed the atrophy of muscle spindles and normal

nerve fibres within muscles; he found dorsal column
atrophy in the cord-probably due to coincidental
tabes.

Batten and Gibb recognised the disease as an entity
distinct from myotonia congenita and their 1909 paper6
includes the first photograph unmistakeably portraying
the disease. It is curious that the association with
cataracts was not noted till Greenfield's account.'
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