Muscle biopsy investigations on neuromuscular insufficiency
of the rotator cuff: A contribution to the functional
impingement of the shoulder joint
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The possibility that functional impingement results from
muscular imbalance has been discussed. This study
investigates whether disturbance of muscular coordina-
tion is reflected in a shift in the balance of fast-twitch
and slow-twitch fibers, as fasttwitch fibers enable a
rapid reaction or contraction and slow-twitch fibers
enable slow contractions and sustained performance.
The supraspinatus and deltoid muscles in 37 patients
with a supraspinatus syndrome and partial or com-
plete rupture of the rotator cuff underwent biopsy. All
three groups of patients showed a reduction in size,
increased variability, ond change in the frequency dis-
tribution of fiber cross sections. The fasttwitch fibers
were especially affected. These findings were con-
firmed objectively by morphometric measurements. It
might be concluded from the changes mentioned
above that disturbance in coordination of the muscula-
ture can cause a functional impingement. We ferm this
neuromuscular insufficiency of the rotator cuff. The me-
chanical factors relating to subacromial impingement
may only have a role in promoting its manifestation by

restricting the compensalory range of the joint. (J
Shoulder Elbow Surg 2003;12:422.6.)

The studies of Neer22 focused on subacromial im.
pingement instead of the inflammatory pathogenesis
described by Duplay (1872).¢ This simple and

raphic concept mainly led to @ mechanistic view of
ﬁ'le roblem.

I_nL3 recent years inferest has increasingly copcen-
trated on the neuromuscular system. Muscular imbal-
ance, instability impingement, and overuse are now
viewed as factors in the pathogenesis of the impinge-
ment syndrome.2:4.10,17,21.23
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Nirschl?? pointed out that recurrent overloading of
the supraspinatus muscle might lead to functional
impingement. In addition, other authors did not relate
the impingement syndrome to osseous narrowing.
They discussed it as a superior migration of the hu-
merus resulting from ir'|SI.J'?if:it-:nr:';'r of the rotator cuff
(ie, muscular imbalance).?.5.18

The importance of the neuromuscular system for
motion of the shoulder joint has likewise been de-
scribed in various reports dealing with propriocep-
tion.712.13.28 |n particular, studies on athletes per-
forming throwing or overhead sports led to the
concept of secondary or non-outlet impingement.'®
17.32

Until now, functional disorders have not been ad-
equately investigated at the muscular level. We de-
cided to investigate this problem, drawing on experi-
ence in neuromuscular disorders in the knee joint and
spine through muscle biopsy?®2¢ and an earlier in-
vestigation by Irlenbusch and Pieper'' on the shoul-
der joint,

In striated muscle two fiber types are distin-
guished.?.25.26.33 These can be demonstrated with
different frequency and distribution in the phasic and
tonic muscles. Slow-twitch (ST) fibers (type |} are
slowly contracting structures that are resistant to fa-
tigue. Fasttwitch (FT) fibers (type Il are rapidly con-
tracting elements that fatigue quickly. FT fibers are
able to produce brief sequences of explosive contrac-
tion. For this reason, they are of particular importance
for rapid fine adjustment of musculature to stabilize
|oints.,

The objective of this study is to establish the mor-
phologic changes in the supraspinatus muscle and in
the acromial part of the deltoid muscle in patients with
a supraspinatus syndrome and a partial or complete
supraspinatus rupture. Conclusions relating to the

athogenesis may be possible from changes in the
iber c?istribution pattern of the ST and FT fibers with
progression of the disease.

MATERIALS AND METHODS

Samples were taken exclusively by an open technique
because of strict criteria for biopsy.'42% In this way, arti-
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tacts from the accumulation of fluid during arthroscopy
were also avoided.3%

All patients with comorbidities such as myopathies, neu-
rologic diseases, chronic polyarthritis, and long-term steroid
intake were excluded. Taking biopsy specimens was asso-
ciated with different logistic problems [refrigerated trans-
port to the laboratory is required immediately after surgery).
For these reasons, biopsy specimens were taken in ofﬁy 58
of 142 patients.

The requested quality specifications for biopsy'4:2% re-
sulted in @ further reduction to 37 samples that could be
evaluated. The following criteria had to be fulfilled: no
artificial damage, muscle fibers cut exactly orthograde,
greater extensive and continuous parenchymatous tissue,
and clear contours of the indivfd[im| muscle fiber cross
sections. Especially in cases of long-standing ruptures, tech-
nically perfect preparations could not be obtained because
of marked retraction of the tendon stump and thus poor
accessibility of the muscle. In other cases fatty degeneration
of the muscle was far too advanced to permit evalua-
tion.8:20 In these cases the biopsy specimens were ex-
cluded.

A sample 3 x 3 x 5 mm in size was taken from the
anterior portion of the acromial part of the deltoid muscle
surgical access between the clavicular and acromial part
of the deltoid muscle] as well as from the supraspinatus
muscle about 1.5 to 2 em medial to the muscurcntendinous
junction. Details of the biopsy, fixation, and histologic
techniques of the material are given in the references men-
tioned above. The most important steps were freezing the
biopsy specimens in liquid nitrogen and preparing 8-um
thin crosscut sections with the cryostat at —9.4°F {—23°C).

In addition to hematoxylin-eosin and Gomori trichrome
staining, the nicotinamide adenine dinucleotide dehydroge-
nase reaction was used. It enables differentiation of muscle
fiber types. FT fibers were stained bright blue, and ST fibers
were stained deep blue/black.

For performance of measurements, all samples were
photographed and paper prints were made with a final
enlargement of 1:125. The fiber cross sections were later
determined with a semiautomatic image analysis system.
After manual marking of the areas, their contents could be
calculated automatically.

Age and sex distribution, right- or lefthandedness, af-
fected side, and disease duration before surgery in the 37
patients evaluated are shown in Table |.

RESULTS

The histologic samples showed greater changes
for FT fibers than for ST fibers. With increasing pro-
gression of the clinical picture, from the supraspinatus
syndrome to partial to complete rupture, a reduction
in fiber diameter and a relafive shiﬁ in the frequency
distribution of FT and ST fibers were observed. A
greater variability in fiber diameter was especially
conspicuous (Figure 1).

The observations were confirmed objectively by
morphometric investigations. Figure 2 shows the his-
tograms for the supraspinatus and deltoid muscles.
The average areas of FT and ST fibers for the three

Irlenbusch and Gansen 423

% s'n.ik*'-'

Figure 1 Sections through the supraspinatus muscle in a patient
with supraspinatus syndrome (A} and in a patient with complete
rotator cuff rupture (B) [magnification proportion 1:125, nicofin-
amide adenine dinuclectide staining); FT fibers (type Il] cppear
light and ST fibers (type |} dark. A, A case of supraspinatus
syndrome showing normal distribution of the fiber types with a mild
caliber variation and a decrease in fiber diameter for single fibers
B, A case of complete rotator cuff rupture. In contrast to A, marked
caliber variations are shown in both ST and FT fibers, in addition to
perivascular atrophy and intermuscular fibromatosis.

diagnostic groups are presented separately for each

muscle. On the basis of the investigations of Pon-

Erniz,” a Gauss distribution is to be expected for
ealthy probands.

For the deltoid muscle, an approximately normal
distribution of ST fibers was found in all diagnosis
groups. On the other hand, there was a left shift in the
case of the supraspinatus muscle, corresponding fo a
decrease in fiber diameter. There was a deviation
from the Gauss distribution, corresponding to a
higher variability in supraspinatus syndrome. On the
whole, the changes were more pronounced than in
the deltoid muscle.

A flattening and broadening of the histogram with
several peaks occurs in the early phase in FT fibers of
the deltoid muscle (ie, in supraspinatus 5yndromej.

The changes in FT fibers are more pronounced in
the supraspinatus muscle. In all diagnosis groups,
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Figure 2 Histogram of the fiber cross sections of FT and ST fibers for the deltoid muscle and the supraspinatus
muscle for the three investigation groups: supraspinatus syndrome, partial rotator cuff rupture, and complete rotator
cuff rupture.

Table 1 Age and sex disiribution, offected side. right or left handedness, and duration of disease prior lo the operation in the three disease

groups
Partial Complete
Supraspinatus rotator cuff rotator cuff
syndrome rupture rupture Total

Mumber 11 16 10 37
Mean age in years 49 47 54 49 (Min. 24, Max. 68|
Sex

male 6 11 8 25

female B 2 12
Affected side

right 6 10 9 25

lekt 5 o] 1 12
Handedness

right 11 15 9 35

left 0 ] 1 2
Duration of disease prior

to the operation in

months 19 7 Q 11
there was a distinct left shift, and in complete rupture,  variability already described (ie, simultaneous hypo-

this was combined with a multipeak histogram. This  trophy and hypertrophy).
was interpreted as a manifestation of the increased In summary, the variations from the norm were



J Shoulder Elbow Surg
Volume 12, Number 5

present in an early stage of the disease. They were
greater in FT fibers than in ST fibers. Furthermore,
more pronounced changes were found in the su-
praspinatus muscle in comparison with the deltoid.
Finoﬁy, a greater displacement to the left and greater
variability of fiber cross section were found in rotator
cuff rupture than in supraspinatus syndrome and in
partial ruptures.

DISCUSSION

This study demonstrates a disturbance of the mus-
cle fiber distribution in the deltoid and supraspinatus
muscles (especially in FT fibers) even at an early stage
of the disease—the supraspinatus syndrome. We in-
terpret this as a primary disturbance of muscular
coordination, as FT fibers are responsible for a rapid
reaction and thus the fine motor control of the joint.
Functional impingement develops as a consequence
of this imbalance.

Our results suggest that a large number of subacro-
mial syndromes have a functional origin. As a result
of this hypothesis, we generally s ea?( of neuromus-
cular iHEUEiCIEnC}f of the rotator cuﬁor of the shoulder
girdle in this stage of disease. The known anatomic
variations of the subacromial space (mechanical or
outlet impingement)'-3.5.18.19.24.31 \oy|d, therefore,
impair the o%iiiry to compensate.

The two most important factors that may interfere
with a neuromuscular mechanism are the reduction of
rotator cuff muscle strength and loss of precision in
coordination. In part, these changes can be seen
more precisely as an age-de engenr reduction in
fitness. With increasing age, there is a decrease in
functioning motor units and a prolongation in the
latency of monosynaptic reflexes. In the muscle sys-
tem, the FT fibers responsible for fine motor control
and rapid reaction are reduced in number.

In the shoulder girdle various disturbances of the
neuromuscular system are possible. In addition to
age-related changes, other disturbances such as a
cervical syndrome, whiplash trauma (acceleration
trauma of the cervical spine), thoracic outlet syn-
drome, or unilateral loading imbalances interfere
with shoulder motion. However, until now, we have
not been able to determine whether the muscular
changes are the cause or the consequence of the
tendon lesions.

Because we only examined the acromial part of the
deltoid muscle and the supraspinatus muscle, we must
limit our interpretation to these two muscles. Further
investigation is required to clarify whether muscular
imbalance also affects other muscles of the rotator cuff
as well as the extrinsic muscles of the shoulder girdle.

This study confirms the results of several earlier
publications that considered the functional compo-
nents of the impingement syndrome so that therapy in
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the early stages of the impingement syndrome should
focus on physiotherapy rather than decompression
the subacromial space. Therefore, more attention
should be given to training of muscle coordination
and proprioception, especially in the early stages of
the disease as well as after surgery.

So that our hypothesis of a neuromuscular insuffi-
ciency of the rotator cuff can be elucidated, the
disfur{mnces of muscular coordination should be mea-
sured with noninvasive methods. Various investiga-
tory techniques could be used in order to clarify the
role of exogenous impingement or instability impinge-
ment on the one hand and muscular imbalances on
the other.
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