
Introduction

The long head of the biceps tendon has been sus-
pected as a source of clinically significant pathology
and symptoms [1]. The biceps tendon is often in-
volved in degenerative pathology in shoulder disor-
ders. Lesions of the long head of the biceps tendon
(LHB) are generally a component of a diffuse degen-
erative process involving the subacromial space in-
cluding the rotator cuff, bursa, biceps tendon, and
possibly the acromioclavicular joint [2, 3].
Murthi et al. found a significant relationship between
the glenohumeral arthritis and pathologic changes of
the LHB [3]. The extreme stress of the long head of
the biceps tendon is defined by its specific intra-artic-
ular anatomic course [4].

The function of the biceps brachii at the elbow
has been extensively studied, and it is well accepted
that this muscle is a supinator of the forearm and a
flexor of the elbow joint [5], while it is also known to
be a flexor of the shoulder joint [6]. Hitchcock and
Bechtol [7] have pointed out, that the LHB itself does
not slide; rather, the humeral head moves on the fixed
tendon during motion at the shoulder joint, an action
well known to represent the bicipital glinding mecha-
nism. The tendon of the long head of the biceps
brachii is a stabilizer of the humeral head in the
glenoid, especially in the abduction of the shoulder,
as well as the anterior joint of the capsule itself.

Moreover it is able to compensate for inadequate rota-
tor cuff function, which results in extreme stress of
the tendon [8]. The recurrent microtrauma resulting
from continuous mechanical loading in the critical
zones leads to degenerative changes in the tendon
structure, it means in the tendons tissue [9].

Tendons tissue histological type is connective tis-
sue. Connective tissue mechanical behavior is primar-
ily determined by the composition and organisation of
collagens. In tendons, type I collagen is the principial
structural element of the extracellular matrix, which
acts to transmit force between bones or bone and mus-
cle, respectively [10]. Other elements of the matrix are
the glycoaminoglycans and proteoglycans. Its function
is to separate and lubricate collagen bundles as they
move relative to each other during the motions.
Arnesen et al. [11] found in tendons the increase in
collagen cross linking and in total amount of collagen
during the ageing. It leads to a decline in both its flexi-
bility and its ability to heal after an injury [11]. The au-
thors described the decline of the fibroblast function
too during the ageing. It leads to increase of many age
underlying pathologies of the musculoskeletal sys-
tem [11], so this fact can explain the higher prevalence
of the shoulder pathologies in aged.

Degeneration alters the morphology and the me-
chanical properties of the tendon and it leads to its
gradual destruction and finally it leads to tendon rup-
ture [12]. Degenerative changes of the biceps tendon
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occurred in the distal bicipital groove and near to the
origin of the tendon from the superior part of the
glenoid labrum [12]. Biceps tendon tear is usually due
to impingement of the biceps and supraspinatus ten-
don in the area of the biceps sulcus. Biceps tendino-
pathy may be a result of an ongoing subacromial im-
pingement syndrome and rotator cuff disease [13].

Morphologic changes in the long head of the bi-
ceps were described in association with rotator cuff
diseases, yet mechanical significance of these
changes remains unclear [14]. Sakurai et al. [4] ana-
lysed the morphologic changes in the LHB in rotator
cuff dysfunction. They found in moderate cuff tears a
relative stenosis of the bicipital groove induced by en-
largement of the LHB. This relative stenosis can lead
to the mechanical overuse and to pathologic structural
conversion. Itoi et al. [15] revealed that LHB is wid-
ened in cuff deficient shoulders. Jarvinen et al.
showed, that from overuse ruptured tendons had sig-
nificant smaller diameter than normal tendons [16].
The mechanism of biceps laesion involvement in ro-
tator cuff tear shoulders has not yet been fully eluci-
dated, and we have found no previous studies about
the thermal consequences of the structural changes in
the biceps tendons.

Differential scanning calorimetric (DSC) exami-
nation allows to demonstrate the thermal conse-
quences of local as well as global conformational
changes in tissue elements. This technique has al-
ready proved to be applicable in the research of medi-
cal problems: pathology of human cartilage and verte-
brate discs [17–20], abnormalities of human leg skel-
etal muscles [21] and dog trachea [22]. Present au-
thors have already used DSC in the research of
shoulder pathology [23].

The purpose of this study was to establish the
thermal characteristic of the long head of the biceps
tendon in different states of the shoulder, and to com-
pare with its histological properties. After dissection
and macroscopic observation of the state of the rota-
tor cuff and the biceps tendon, the long head of the bi-
ceps tendon was removed for the analysis with differ-
ential scanning calorimetry and with histology. The
DSC results clearly proved that definitive differences
are present between the thermal caracteristic of the
tendons with normal and torn rotator cuff, which have
also been demonstrated by the histology.

Experimental

Materials and methods

Sample preparation

All samples were obtained during autopsy within 24 h
postmortem, with standard methods. We dissected the

shoulder and the rotator cuff carefully, the rotator cuff
laesions were evaluated, and the intraarticular portion
of the LHB near to the bicipital groove was removed to
the histology and the DSC examination. We dissected
32 cadaveric shoulders to analyse their biceps tendons.
This 32 tendons were divided in 4 groups. By group A
and B (16 cases) we found no sign of rotator cuff pa-
thology. 6 of them were from foetal cadavers
(Group A) and 10 were from adults (Group B, age
range 34–56 years, mean age: 37 years). In 8 cases we
found small rotator cuff tears, it means the tear was
smaller than 50 mm (Group C, age range 52–79, mean
age: 59 years). In 8 cases we found massive cuff tears,
it means they were larger than 5 cm (Group D, age
range 61–93 years, mean age: 81 years).

DSC measurements

For the DSC examination the samples were tendon
stripes with cc. 5×5×10 mm, and washed three times in
PBS (sterile phosphate-buffer saline, pH 7.4) in order
to eliminate tissue remnants. Samples were than put
into RPMI-1640 solutions (SIGMA) containing 10%
foetal bovine serum (HYCLONE Laboratories), antibi-
otic solution (1 U mL–1 penicillin, streptomycin,
gentamycin and fungisone, GIBCO Laboratories),
nonessential amino acids (GIBCO) and sodium car-
bonate. All the individual samples were stored sepa-
rately at 4°C, no longer than 24 h, before they were
subjected to calorimetric measurements.

The samples were monitored by a Setaram Micro
DSC-II calorimeter. All experiments were conducted
between 0 and 100°C. The heating rate was
0.3 K min–1 in all cases. Conventional Hastelloy batch
vessels were used during the denaturation experiments
with 850 �L sample volume (tendons plus buffer) in
average. Typical tendon wet weights for calorimetric
experiments varied between 200–250 mg (in case of
foetal samples between 70–100 mg). RPMI-1640 solu-
tion was used as a reference sample. The sample and
reference vessels were equilibrated with a precision of
�0.1 mg. There was no need to do any correction from
the point of view of heat capacity between sample and
reference vessels. The scan of RPMI-1640 solution
was used as baseline reference, which was subtracted
from the original DSC curve. Calorimetric enthalpy
(�H) was calculated from the area under the heat ab-
sorption curve by using two-point setting Setaram peak
integration.

Histology

For the histological examination the specimens were
fixed in 4% buffered formalin for a week. After fixa-
tion serial cross sections were cut and embedded in
paraffine, and cut to a thickness of 2 �m. The sections
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were stained with hematoxylin-eosin (HE) and picro-
syrius-red. HE staining was done according routin
histological protocols, picrosyrius-red staining is use-
ful for demonstration of collagen fibers [24]. The
histological analysis was performed with Nikon
Eclipse E400 light microscope (usual magnification
100×) to examine the changes of the tendon structure.
Our activities were done under the proper law para-
graphs and valid permission.

Results and discussion

In group A (foetal sample as intact reference) we
found macroscopically no sign of rotator cuff tear.
The articular surfaces are intact. The surfaces of the
biceps tendons are smooth, the cross sectional areas
are oval. Microscopically on the HE stained sections
(Fig. 1) we can see a healthy cellular fibrous tissue.
The tendinocytes squeezzed between the fibers.
Tendinocytes are elongated narrow, inactive cells.
We can see on this picture tendinoblasts in a great
number. Tendinoblasts are the active form of tendino-
cytes. They are larger basophilic cells with 3–4 pro-
cesses and with looser chromatin in the nucleus.
Tendinoblasts can proliferate and secrete collagen fi-
bers and any other matrix element. So the large
amount of the tendinoblasts indicate a great produc-
tion of new collagen bundles. On the picrosyrius-red
stained section we can observe the structure of the
collagen bundles. We can see the parallel orientation
of the bundles. This bundles are thicker (high water
content of the foetal tissue), but regularly arranged.

The DSC scan (Fig. 2) shows a tipical collagen
denaturation curve with a Tm~57�0.3°C and
�1.5�0.1°C half-width of melting temperature. The
calorimetric enthalpy change (�H) was
0.26�0.02 J g–1 (mean�s.d., n=6). It was normalised
for the total sample mass, because the precise mass of

components is unknown, and we were not able to re-
solve different thermal domains.

In group B we found normal anatomy in the dis-
section of the shoulder (Fig. 3). The rotator cuffs and
the articular cartillages were intact. The biceps ten-
dons were macroscopically normal too, with smooth
surface and oval cross section. On the HE stained sec-
tion we can see the basophilic nuclei of the tendino-
cytes, and homogen eosinophil collagen bundles. On
the picrosyrius-red stained section we can observe the
paralellly oriented, densely packed collagen bundles.
There is no sign of irregularity or rupture. The ther-
mal denaturation resulted in a well cooperative
endotherm with Tm�66�0.2°C and �1.2�0.1°C
half-width of melting temperature (�H=
1.8�0.06 J g–1, n=10), which is the sign of a densely
packed structure with greater heat capacity (Fig. 4b).

In group C we found dissections of the shoulder
tears of the rotator cuffs (Fig. 5). The size of the tear
varied between 18–38 mm (mean size: 26 mm).
The supraspinatus tendons were touched in these
cases. On the surface of the articular cartilage we
found same mild erosions. The biceps tendons were
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Fig. 1 Histological sections from the LHB of a foetal cadaver (Group A). Healthy cellular tendon tissue. a – Hematoxylin-eosin
stained, b – picrosyrius-red stained

Fig. 2 Thermal denaturation of a foetal cadaver LHB
(Group A)



softly widened and flattened, on the surfaces there
were mild scabrous erosions. On the HE stained sec-
tion we can see the tendinocytes and some
tendinoblasts. It can indicate the reparation of the
damaged collagen structure. On the picrosyrius-red
stained section we can observe the moderate irregu-
larity of the collagen fibres. In some areas we can see
there is early separation and minimal disruption of the

fibres. The thermal denaturation resulted in a less co-
operative endotherm a case of C with Tm�66.5�0.2°C
and �1.2�0.05°C half-width of melting (�H=
1.2�0.05 J g–1, n=8), which is the sign of a destructed
structure compared with B (Fig. 4c).

In group D we found in the dissections of the
shoulders massive rotator cuff tear (Fig. 6). The size
of the tear varied between 53–76 mm (mean size:
67 mm). The supraspinatus and the infraspinatus ten-
dons were touched in different magnitude. The articu-
lar surfaces were severe erodated. The biceps tendons
were progressively damaged, flattened and widened,
and there were hard scabrous erosions on its surface.
On the HE stained section we can see the desorgan-
ised collagen fibres and large mucoid deposits.
The tissue is hypocellular with more collagen than by
the others. On the picrosyrius-red stained section we
can better observe the desorganised collagen bundles
with decreased collagen fibre thickness. On this pic-
ture we can see severe damage of the tendon with
multiple disruption, separation and staining irregular-
ity and staining variation of fibers. The thermal re-
sults are the mirror of histologic pictures (Fig. 4d).
We have got a less cooperative denaturation
(half-width of melting is 2±0.04°C) with smaller Tm
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Fig. 3 Histological sections from the LHB of an adult cadaver without rotator cuff pathologies (Group B). Normal tendon struc -
ture. a – Hematoxylin-eosin stained, b – picrosyrius-red stained

Fig. 4 DSC scans of LHB from different (A–D) stages of rota-
tor cuff (see more in text)

Fig. 5 Histological sections from the LHB of an adult cadaver with rotator cuff tear (�50 mm, Group C). Moderate degenerated
tendon structure. a – Hematoxylin-eosin stained, b – picrosyrius-red stained



(63�0.3°C). The significant increase of the calorimet-
ric enthalpy (�H= 2.2�0.07 J g–1, n=8) correlate well
with the increased amount of collagen, and with the
incresed amount of secondary bindings between the
collagen fibres.

Recent biomechanical and clinical studies
[15, 25–28] have clarified the role in stabilizing the
humeral head in the glenoid during abduction of the
shoulder. Bicipital laesions are an important cause of
shoulder pain [1]. Codman [29] stated that supra-
spinatus lesions were the primary defect uncovering
the biceps tendon, allowing it to slip at the top of the
bicipital groove and become caught between the
tuberosity and the acromion. DePalma and
Callery [30], on the other hand, reported that bicipital
tenosinovitis was the most common reason of stiff
and painful shoulder. Indeed, many authors believe
that bicipital tendinitis occurs with rotator cuff tears,
most suggesting [31, 32] it to be secondary to a pri-
mary impingement syndrome. One of the present au-
thors [33] found, in a cadaveric study, that flattening
and degeneration of the LHB occurred in shoulders
with incomplete cuff tears and that these changes pro-
gressed in association with the extent of the cuff tear.
Sakurai et al. [4] found the decrease of the volume of
the LHB by full thickness cuff tears; which appear to
be due to tendon degeneration. It is well known that
the LHB is often flattened and widened in shoulders
with rotator cuff tear [34].

On the basis of these data, we can say that the
structure of the LHB pathologically transforms be-
cause of the cuff tear. DSC examination is a well-es-
tablished method for the demonstration of thermal
consequences of local and global conformational
changes in biological systems. We investigated histo-
logical changes and thermal consequences in the LHB
in shoulders of cadavers with and without rotator cuff
tear. We analysed the thermal consequences of the
structural changes of the LHB occurred by the cuff
tear. To our knowledge, there have been no such stud-

ies reported in the literature. With foregoing studies
authors have demonstrated the feasibility of DSC in
the investigation of the shoulder pathology [28].
The DSC results clearly proved that definitive differ-
ences are present between the tendons with normal
and torn rotator cuff, which have also been demons-
trated by the histology.

In group A, by the foetal LHB the histology
shows a normal cellular tendon tissue. Foetal tissues
have higher water content than the others from the
adults, which is demonstrated in the calorimetric
curve too (Fig. 1). The differences between the foetal
and the normal adult (group B) tendons in the total ca-
lorimetric enthalpy are presumably due to the differ-
ent ratio of collagens and proteoglycans and their
structure. The LHB from the adults (group B) have
morphologically more compact collagen bundles than
from the foetus, and in order to decompose its more
compact structure, significantly more energy is
needed; thus, it results in significantly higher
enthalpy changes (p<0.05; Table 1). As a result of the
degenerative process, characteristic changes can be
observed in the structure, composition and function of
the LHB especially in group C and D (Fig. 4). Repeat-
ing mechanical strain results the degradation of the
original structure of collagens and proteoglycans.
As a consequence, the LHB starts to disintegrate and
several different morphological changes develop.
Due to this changes the LHB lose the ability to trans-
mit forces between bone and muscle physiologically.
Presumably, due to mechanical overload and during
the ageing secondary bindings (intra- and inter-
molecular hydrogen bridges) develop in the disinteg-
rated structure [11]. Thus, the entire structure be-
comes more tightly ’packed’. For the disintegration of
this compact structure, extra energy was necessary,
thus the structural phase transformation began at a
higher temperature (Table 1). These changes reduce
the ability of the originally flexible tendon to bend in
the process of the physiological shoulder movements,
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Fig. 6 Histological sections from the LHB of an adult cadaver with massive rotator cuff tear (�50 mm, Group D). Severe degener-
ated tendon structure. a – Hematoxylin-eosin stained, b – picrosyrius-red stained



and this brittle tendon is less able to supply its func-
tion. The decrease of the enthalpy of this structure
along the degeneration is attributed to the loss of ther-
mal cooperation of the components (Table 1). It was
also supported by the thermal transition period and
the asymmetry of the curves themselves. The drop of
the main transient temperature in the degenerated ten-
dons is mostly due to the loss of the immensely hy-
drated proteoglycans (Table 1).

Conclusions

With our study, we would demonstrate that DSC is an
applicable method for the demonstration of thermal
consequences of local as well as global conformational
changes in the human LHB too, similarly in case of
other medical problems [35–37]. The DSC scans of the
LHB from different stages of the degeneration are very
characteristic for the actual functional and structural
state. It comes from the inherent nature of this method
that we can not assign any thermal event to any molec-
ular process directly, but our results suggest that defin-
itive differences exist between the stages of the LHB
degeneration in calorimetric measurements going ei-
ther on local or global level. By the application of addi-
tional biochemical and histological methods, compo-
nents of LHB responsible for the demonstrated
findings could be identified in the future, which could
be a molecular background of our thermal and histo-
logical data. Thus, revealing further details of the
pathomechanism of the degeneration procedures can
help in the surgical or conservative medical treatment
of the shoulder diseases.
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