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Abstract

samples.

Background: Long head biceps (LHB) degeneration, in combination with rotator cuff tears, can be a source of
chronic shoulder pain. LHB tenotomy reduces pain and improves joint function although the pathophysiological
context is not well understood. Tendon integrity depends on the extracellular matrix (ECM), which is regulated by
matrix metalloproteinases (MMP). It is unclear which of these enzymes contribute to LHB but we chose to study
MMP 1, 3, and 9 and hypothesized that one or more of them may be altered in LHB, whether diagnosed
preoperatively or intraoperatively. We compared expression of these MMPs in both LHB and healthy tendon

Methods: LHB samples of 116 patients with degenerative rotator cuff tears were harvested during arthroscopic
tenotomy. Patients were assigned to 4 groups (partial thickness tear, full thickness tear, cuff arthropathy, or control)
based upon intraoperative findings. Partial and full thickness tears were graded according to Ellman and Bateman'’s
classifications, respectively. MMP expression was determined by immunohistochemistry.

Results: MMP 1 and 9 expression was significantly higher in the presence of rotator cuff tears than in controls
whereas MMP 3 expression was significantly decreased. MMP 1 and 9 expression was significantly higher in
articular-sided than bursal-sided partial thickness tears. No significant association was found between MMP 1 and 9
expression and full thickness tears, and the extent of the cuff tear by Bateman’s classification.

Conclusion: Increased MMP 1 and 9 expression, and decreased MMP 3 expression are found in LHB degeneration.
There is a significant association between the size and location of a rotator cuff tear and MMP expression.

Background

Abnormalities of the long head biceps tendon (LHB) are
often associated with rotator cuff tears and may be a
reason for persistent shoulder pain [1,2]. Arthroscopic
tenotomy of the degenerated LHB usually improves
symptoms significantly [3,4]. LHB degeneration can be
diagnosed both clinically and radiographically by mag-
netic resonance imaging (MRI) [5,6]. While tendinopa-
thy has been studied extensively in the supraspinatus,
Achilles, patellar, and extensor carpi radialis brevis
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tendons, there is a paucity of information on LHB ten-
don degeneration [7-10].

The anatomy of the LHB is unique. The proximal part
of the tendon is intraarticular, so pathology is isololated
to the biceps tendon itself, or to the glenohumeral joint
and surrounding musculature [11]. The extraarticular
portion is protected under the pectoralis major, and
subjected primarily to tensional strain [12]. Studies on
the histopathology of the intraarticular LHB are rare.
Longo et al. demonstrated that ruptured tendons exhibit
marked histopathologic changes in comparison to cada-
veric tendons [13]. However, the molecular basis of ten-
dinopathy is not completely understood.
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Much attention has been focused on the matrix metal-
loproteinases (MMP) in tendinopathy [14,15]. MMPs are
a family of 24 zinc-dependent endopeptidases that col-
lectively degrade the extracellular matrix [16]. MMP 1
belongs to the group that cleaves most subtypes of col-
lagen, especially the fibrillar collagens, which provide
mechanical strength. MMP 3 is of the stromelysins,
broad-spectrum proteinases that also have regulatory
functions (such as activation of other MMPs). MMP 9 is
a gelatinase, which degrades smaller collagen fragments
released during collagenase activity [16]. When compar-
ing the histologic and molecular changes of the intraar-
ticular and extraarticular LHB after tenotomy, Joseph et
al. described increased MMP 1 and MMP 3 expression
associated with histologic signs of tendinopathy [17].

In our study, we aimed first to demonstrate an altera-
tion of MMP 1, 3, and 9 expression in degenerated LHB
compared with healthy controls. Secondly, we hypothe-
sized that there was a correlation between MMP expres-
sion in degenerated LHB and the extent of an
intraoperatively observed rotator cuff tear.

Methods
116 patients (55 male, 61 female) were included in our
study. Approval was granted by the ethics committee of
our institution and informed consent was obtained in all
cases. 108 patients had a rotator cuff tear requiring sur-
gery. LHB tissue specimens were harvested from the
mid-portion of intraarticular part of LHB by arthroscopic
tenotomy during arthroscopic shoulder surgery (per-
formed by MDS). The control group consisted of 8
trauma patients with humeral head fractures. In this
group, LHB samples were harvested during humeral head
prosthesis implantation. In every control, the rotator cuff
was visualized intraoperatively and confirmed to be nor-
mal; shoulder osteoarthritis was excluded radiologically.
Patients were divided into four groups, according to
the intraoperative findings, as follows: Group I: no
shoulder pathology (control group); Group II: partial
thickness rotator cuff tear; Group III: full thickness rota-
tor cuff tear; Group IV: cuff arthropathy. Cuff arthropa-
thy was diagnosed during arthroscopy of the shoulder
when a massive, irreparable rotator cuff tear combined
with complete chondral destruction was found [18]. Par-
tial thickness rotator cuff tears were classified according
to Ellman grade (I-III) and were categorized as articular-
sided ("A”) and bursal-sided ("B”) [19]. Full thickness
rotator cuff tears were graded according to Bateman’s
classification (grade I-IV) [20]. Additional file 1 gives a
detailed overview of the patient demographics.

Specimen preparation
LHB samples were immediately fixed in 4% formalde-
hyde for 24 hours, dehydrated in graded alcohol solution

Page 2 of 7

and cedarwood oil, and embedded in paraffin. Sections
were cut at 5 pm by a Leica-microtome RM2055 (Leica,
Wetzlar, Germany) 40° stainless-steel knife. Masson-
Goldner staining was performed (Merck, Darmstadt,
Germany) according to the manufacturer instructions.

Histology

Histomorphometrical analysis was performed at a pri-
mary objective lens magnification of 5x fold using a
Leica DM5000 microscope and Quips analysis software
(Leica) at 40x objective lens magnification. For differen-
tially stained slices, a 10x objective lens magnification
was used. Vessel number and size was determined by
counting and measuring the vessels in three separate
areas in each specimen. Cell counting was performed at
a 40x objective lens magnification and recorded by per-
centage (MMP positive cells per total number of cells
per slice).

Immunochemistry

Slices were rehydrated and incubated in citrate buffer
(pH 6) at 97°C for 10 minutes. After blocking with nor-
mal serum (horse serum for monoclonal antibodies,
goat serum for polyclonal antibodies; Millipore, Billerica,
MA, USA), slices were incubated overnight (4°C, humi-
dified chamber) with the antibody against the MMPs
(MMP 1: monoclonal antibody, dilution 1:750, MMP 3:
polyclonal antibody, dilution 1:100, MMP 9: polyclonal
antibody, dilution 1:250).

Immunostaining was performed either using a labeled
streptavidin-biotin method (Dako, Hamburg, Germany,
REAL Detection System Peroxidase/DAB+), the staining
reaction based on 3,3’-diaminobenzidine (DAB) or VEC-
TASTAIN ABC-AP Kit using Vector Red as substrate
(Vector laboratories Burlingame, Canada). The stained
slices were rinsed with distilled water and stained for
15 seconds with haemalaun as a counterstain. Lastly,
sections were rinsed with water and treated with gradu-
ated-density alcohol and xylol, as previously described
by Matsui et al. in 1998 [21].

Statistics

Analysis of variance (ANOVA) and modified least
square difference (Bonferroni) tests were used for statis-
tical analysis. Data are shown as the mean + standard
error of the mean (SEM). A p-value of < 0.05 was con-
sidered statistically significant. The Spearman’s rho test
was used to evaluate potential correlations.

Results

Group | (controls)

The control group consisted of 8 patients (4 male, 4
female). The exact values for MMP expression are
shown in Additional file 1 and Figure la-c.
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Figure 1 (a-c): Mean values for percentage of MMP 1
expression (a), MMP 3 expression (b) and MMP 9 expression
(c) for the different groups. Asterisks indicate statistical significant
differences.

Group Il (partial thickness rotator cuff tears)

There were 48 patients in this group, 33 of which are
Ellman grade I. Of these, 28 partial thickness tears were
“A” and 5 were “B.” 15 patients were Ellman grade II
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(7 “A,” 8 “B”). There were no Ellman III patients.
Compared with controls, both MMP 1 and 9 expression
was significantly increased whereas MMP 3 expression
was significantly decreased (p = 0.027 and 0.035, respec-
tively). Higher levels of MMP 1 and 9 were found in
“A” versus “B” partial thickness rotator cuff tears (p =
0.039, Figure 2a-b).

Group Il (full thickness rotator cuff tears)

There were 42 patients in this group. Demographic
information, Bateman grades, and MMP 1, 3, and 9
expression are shown in Additional files 1 and 2. MMP
1 expression was significantly higher in this group when
compared with controls (p = 0.021). Groups II and IV
showed no significant difference in MMP 1 expression.
MMP 3 expression was significantly decreased compared
to group I (p = 0.012), while no significant difference in
MMP 3 expression was seen in Groups II-IV. There was
no correlation between MMP 1, 3, and 9 expression and
increasing Bateman grade.

Group IV (cuff arthropathy)

In 18 patients (7 male, 11 female), cuff arthropathy was
diagnosed. Patient age was 70 (51-87) years in average.
MMP 9 expression was significantly increased in com-
parison to groups I, I and IV (p = 0.038). MMP 1
expression was significantly higher than in the control
group but not significantly augmented in comparison
with groups II and III (p = 0.025). MMP 3 expression
was significantly decreased compared to the control
group (p = 0.043) but there was no significant difference
compared to groups II and III.

No statistical correlation could be found between
expression of MMP1, MMP 3 and MMP 9 and the age
of the 116 included patients.

Examples for stained tendon sections with different
antibodies are given in Figure 3(a-d).

Discussion

We demonstrated that MMP 1 and 9 expression is
increased, and MMP 3 expression is decreased in degen-
erated LHB compared with healthy controls. MMPs play
an important role in tendon matrix, as they degrade col-
lagen and proteoglycans in both healthy and diseased
patients [22]. Repeated strain is considered to be the
major precipitating factor in tendinopathy [23]. MMP 3
has been viewed as a key regulator of extracellular
matrix degeneration and remodelling in normal tissue;
Jones et al. claimed that its downregulation limits MMP
activation within the tissue [24].

Joseph et al. were the first to describe increased levels
of MMP 1 and 3 in the intraarticular (compared to the
extraarticular) portion of the LHB [17]. In their rabbit
flexor tendon model, Asundi and Rempel described



Lakemeier et al. BMC Musculoskeletal Disorders 2010, 11:271
http://www.biomedcentral.com/1471-2474/11/271

Page 4 of 7

*

]

Tl

Elirman 24, Eliman 28

*

F

Eliman 18

T
& e

= K3
o S O

Mean MMP 1 expressionin %
e
o

=]

Ellman 14

thickness rotator cuff tears grade Ellman | and I1.

Figure 2 (a-b): Mean values for percentage of MMP 1 (a) and MMP 9 (b) expression in articular-sided (A) and bursal-sided (B) partial

.._,
=
-

Mean MMP 9 axpressionin %

Ellman 1A Ellman 18 Eliman 24, Ellman 28

MMP 3, but not MMP 1 inhibition [25]. Discrepancies
in MMP expression have been noticed when controls
were obtained from healthy tissue adjacent to the ten-
don, or from cadavers. Therefore, caution is required
when comparing studies that utilize different types of
control tissue [26]. However, multiple authors have con-
firmed our findings, of increased MMP 1 and 9 as well
as decreased MMP 3 expression in degenerated Achilles
tendons [26-28]. In this scenario, MMP 1 is considered
to be the predominant collagenase [27]. In addition, it
has been shown that increased MMP 1 activity occurs
in ruptured human supraspinatus tendons [24]. We
observed that its activity was highest in group II and
decreased with rising extent of shoulder pathology, but
this was not statistically significant.

The process of LHB degeneration and its relationship
with rotator cuff tears is not well understood. In a cada-
veric study comparing 7 shoulders with rotator cuff
tears with 7 healthy shoulders, Carpenter et al. could
not find any structural or histopathologic differences in
the LHB tendon [29]. Thus the authors assumed that
LHB retains its material properties in the presence of
rotator cuff tears. In contrast to these findings, Peltz et
al. demonstrated that LHB mechanical properties wor-
sened over time in a rat model [30]. They assumed that
the function of the LHB tendon as a humeral head sta-
bilizer is enhanced when the rotator cuff tendons are
weakened; that is, the LHB tendon is required to per-
form new functions which alters mechanical loading.

Previous histologic studies demonstrated inflammatory
infiltrates in degenerated LHB [31,32]. Increased levels of
MMP 9 were observed during aseptic tendon inflamma-
tion [24]. Karnousou et al. and Olesen et al. showed
increased collagen type 1 synthesis in the peritendineum
of Achilles tendons after prolonged mechanical loading
[33,34]. In vitro, MMP 9 expression can be enhanced by
attachment of collagen type 1 [35]. Both findings may
explain the presence of enhanced MMP 9 expression due

to altered LHB mechanical loading in the presence of
rotator cuff tears. Interestingly, in an experimental study
on cultured rat Achilles tendon cells published recently,
Tsai et al. could reveal an upregulated expression of
MMP 1, 8, 9 and 13 after incubation of the cells with ibu-
profen a common NSAID that is popular in the treat-
ment of degenerative tendon disease [36]. Likewise,
further studies are needed to understand the pathophy-
siology and the clinical impact of these observations.
LHB degeneration may be a result of age-dependent
shoulder pathology as it occurs in the presence or
absence of cuff tears. Rathbun and Macnab suggested
that vascular insufficiency at the entrance to the biceps
groove may be responsible for degeneration [37]. These
findings are supported by Refior and Sowa who also
described LHB degeneration in the bicipital groove of
cadavers [11]. However, the fact that MMP 9 expression
is enhanced as rotator cuff pathology worsens leads us to
assume that LHB occurs secondarily to injury. Our
assumption is supported by the work of Peltz et al. and
by the fact that full thickness rotator cuff tears are
responsible for distinctive glenohumeral instability. In
contrast, partial thickness tears cause dynamic instability,
especially in mid- and end-range of motion [18,30,38].

In the second portion of our study, we aimed to find a
correlation between the extent of rotator cuff tears and
MMP expression in the tendon. We demonstrated a sig-
nificant correlation between the presence of rotator cuff
tears and the MMP 1, 3, and 9 expression. In a recent
study, Ko et al. found that “A” tears are associated with
intrinsic pathologic changes of the shoulder joint, while
“B” tears are found in impingement syndrome, a milder
underlying condition [39]. Our findings confirmed these
observations, in that MMP 1 and 9 expression was sig-
nificantly higher in “A” versus “B” tears. Hence, it
appears that LHB degeneration may be secondary to
intraarticular pathological changes. Unfortunately, we
did not have any patients with Ellman grade III tears to
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Figure 3 (a-d): Examples for different stained tendon sections with different MMP antibodies. Forty-fold objective lens magnification. DAB
staining of MMP 1 (a) and MMP 9 (b). Vector red staining of MMP 3 in pathologic (c) and control specimen (d) (40x objective lens

magnification).

test this hypothesis. Biomechanical research should be
applied to elucidate this finding.

The reason for the development of rotator cuff tears is
still controversial. Some authors argue that cuff tears
develop from mechanical damage of the tendon caused
by subacromial impingement [40]. Others claim that
degeneration is due to partial tendon hypovascularisa-
tion or primary tendon degeneration [41]. The only con-
sensus is that partial thickness tears may develop into
full thickness tears. Gohlke showed that degenerative
full thickness rotator cuff tears were more likely to
occur in older versus younger patients, a finding we
confirmed in our study [42]. In addition, a full thickness
tear may progress to cuff arthropathy [43]. We showed
that MMP 9 expression increased with the degree of the
tear and was highest in group IV. Therefore, our find-
ings suggest that LHB degeneration is related to the
course of degenerative rotator cuff disease. While LHB
degeneration and degenerative shoulder disease may
develop concomitantly due to common etiological fac-
tors, we believe that LHB degeneration follows degen-
erative shoulder disease. This has not been previously
reported and further research is necessary for this asso-
ciation to be completely understood.

Full thickness rotator cuff tears may develop into
cuff arthropathy, so that many full thickness rotator

cuff tears are associated with osteoarthritis of the
shoulder. Osteoarthritis was not measured but might
influence MMP expression. Furthermore, every patient
in group IV had a massive rotator cuff tear, making it
difficult to differentiate between the two groups. This
bias could be balanced by the high density of patients
in each group.

Our study has several limitations. Our control group
is small in comparison to the other groups. As MMPs
play a pivotal role in the formation of certain tumors,
we had to exclude tumor patients who needed prosthe-
sis implantation or upper limb amputation. We chose to
obtain LHB samples of trauma patients with comminu-
ted humeral head fractures who required humeral head
prosthesis implantation. This indication is rare in young
patients and the operation is usually performed in the
elderly. We were able to include 8 patients with healthy
LHB tendon and rotator cuffs as controls. Although we
attempted to find controls that were matched for age
with the other groups, trauma patients are younger on
average. If LHB degeneration was a normal result of
aging, the age factor could partially explain our results.
As there was no significant statistical correlation
between age and MMP 1, 3, and 9 expression, we do
not think that would explain our findings. Furthermore,
the difference in age is relatively small between groups.



Lakemeier et al. BMC Musculoskeletal Disorders 2010, 11:271
http://www.biomedcentral.com/1471-2474/11/271

We demonstrated that MMP 1 and 9 expression is
increased, and MMP 3 expression is decreased in degen-
erated LHB compared with healthy controls. We also
showed a significant correlation between the presence of
rotator cuff tears and the MMP 1, 3, and 9 expression.
We also believe that LHB degeneration follows degen-
erative shoulder disease, a claim that has not previously
been reported. Further research is necessary to clarify
the role of the MMPs in the course of degenerative
LHB and rotator cuff disease.

Conclusion

LHB degeneration is associated with increased MMP 1
and 9 expression and decreased MMP 3 expression. It
appears that LHB degeneration is secondary to the
development of rotator cuff tears and is aggravated over
the course of degenerative shoulder disease.

Additional material

Additional file 1: Overview of patient demographics. Presentation of
shoulder pathology classification and mean MMP 1, 3, and 9 expression
among different groups.

Additional file 2: Overview of mean MMP 1, 3 and 9 expression.

Mean MMP 1, 3, and 9 expression for the different grades of full
thickness rotator cuff tears.

Acknowledgements

The authors thank the Kempkes-Foundation (Marburg, Germany) for
supporting this study financially. We did not receive any further financial
support.

Authors’ contributions

SL was the main composer of the manuscript. SAS, EAA and CF performed
histologic and immunohistologic testing. JRIP was involved in the study
design, the immunohistologic examinations, and statistical analyses. SFW
conceived the study and participated in its design and coordination. CDP
participated in the coordination of the study and helped to draft the
manuscript. MDS designed the study, performed the surgeries, and obtained
LHB samples. All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 28 June 2010 Accepted: 25 November 2010
Published: 25 November 2010

References

1. Chen CH, Hsu KY, Chen WJ, Shih CH: Incidence and severity of biceps
long head tendon lesion in patients with complete rotator cuff tears. J
Trauma 2005, 58(6):1189-1193.

2. Beall DP, Williamson EE, Ly JQ, Adkins MC, Emery RL, Jones TP,

Rowland CM: Association of biceps tendon tears with rotator cuff
abnormalities: degree of correlation with tears of the anterior and
superior portions of the rotator cuff. AJR Am J Roentgenol 2003,
180(3):633-639.

3. Boileau P, Baque F, Valerio L, Ahrens P, Chuinard C, Trojani C: Isolated
arthroscopic biceps tenotomy or tenodesis improves symptoms in
patients with massive irreparable rotator cuff tears. J Bone Joint Surg Am
2007, 89(4):747-757.

22.

23.

24,

25.

26.

27.

Page 6 of 7

Walch G, Edwards TB, Boulahia A, Nove-Josserand L, Neyton L, Szabo I:
Arthroscopic tenotomy of the long head of the biceps in the treatment
of rotator cuff tears: clinical and radiographic results of 307 cases. J
Shoulder Elbow Surg 2005, 14(3):238-246.

Tuckman GA: Abnormalities of the long head of the biceps tendon of
the shoulder: MR imaging findings. AJR Am J Roentgenol 1994,
163(5):1183-1188.

Erickson SJ, Fitzgerald SW, Quinn SF, Carrera GF, Black KP, Lawson TL: Long
bicipital tendon of the shoulder: normal anatomy and pathologic
findings on MR imaging. AJR Am J Roentgenol 1992, 158(5):1091-1096.
Scott A, Lian O, Bahr R, Hart DA, Duronio V: VEGF expression in patellar
tendinopathy: a preliminary study. Clin Orthop Relat Res 2008,
466(7):1598-1604.

Riley GP, Goddard MJ, Hazleman BL: Histopathological assessment and
pathological significance of matrix degeneration in supraspinatus
tendons. Rheumatology (Oxford) 2001, 40(2):229-230.

Maffulli N, Kenward MG, Testa V, Capasso G, Regine R, King JB: Clinical
diagnosis of Achilles tendinopathy with tendinosis. Clin J Sport Med 2003,
13(1):11-15.

Lakemeier S, Reichelt JJ, Timmesfeld N, Fuchs-Winkelmann S, Paletta JR,
Schofer MD: The relevance of long head biceps degeneration in the
presence of rotator cuff tears. BMC Musculoskelet Disord 11:191.

Refior HJ, Sowa D: Long tendon of the biceps brachii: sites of
predilection for degenerative lesions. J Shoulder Elbow Surg 1995,
4(6):436-440.

Warner JJ, Bowen MK, Deng XH, Hannafin JA, Arnoczky SP, Warren RF:
Articular contact patterns of the normal glenohumeral joint. J Shoulder
Elbow Surg 1998, 7(4):381-388.

Longo UG, Franceschi F, Ruzzini L, Rabitti C, Morini S, Maffulli N,

Denaro V: Characteristics at haematoxylin and eosin staining of
ruptures of the long head of the biceps tendon. Br J Sports Med 2009,
43(8):603-607.

Riley G: The pathogenesis of tendinopathy. A molecular perspective.
Rheumatology (Oxford) 2004, 43(2):131-142.

Fu SC, Chan BP, Wang W, Pau HM, Chan KM, Rolf CG: Increased expression
of matrix metalloproteinase 1 (MMP1) in 11 patients with patellar
tendinosis. Acta Orthop Scand 2002, 73(6):658-662.

Pasternak B, Aspenberg P: Metalloproteinases and their inhibitors-
diagnostic and therapeutic opportunities in orthopedics. Acta Orthop
2009, 80(6):693-703.

Joseph M, Maresh CM, McCarthy MB, Kraemer WJ, Ledgard F, Arciero CL,
Anderson JM, Nindl BC, Mazzocca AD: Histological and molecular analysis
of the biceps tendon long head post-tenotomy. J Orthop Res 2009,
27(10):1379-1385.

Ecklund KJ, Lee TQ, Tibone J, Gupta R: Rotator cuff tear arthropathy. J Am
Acad Orthop Surg 2007, 15(6):340-349.

Ellman H: Diagnosis and treatment of incomplete rotator cuff tears. Clin
Orthop Relat Res 1990, , 254: 64-74.

Bateman JE: The Diagnosis and Treatment of Ruptures of the Rotator
Cuff. Surg Clin North Am 1963, 43:1523-1530.

Matsui Y, Maeda M, Nakagami W, Iwata H: The involvement of matrix
metalloproteinases and inflammation in lumbar disc herniation. Spine
(Phila Pa 1976) 1998, 23(8):863-868, discussion 868-869.

Riley G: Tendinopathy-from basic science to treatment. Nat Clin Pract
Rheumatol 2008, 4(2):82-89.

Riley GP: Gene expression and matrix turnover in overused and
damaged tendons. Scand J Med Sci Sports 2005, 15(4):241-251.

Jones GC, Corps AN, Pennington CJ, Clark IM, Edwards DR, Bradley MM,
Hazleman BL, Riley GP: Expression profiling of metalloproteinases and
tissue inhibitors of metalloproteinases in normal and degenerate human
achilles tendon. Arthritis Rheum 2006, 54(3):832-842.

Asundi KR, Rempel DM: Cyclic loading inhibits expression of MMP-3 but
not MMP-1 in an in vitro rabbit flexor tendon model. Clin Biomech
(Bristol, Avon) 2008, 23(1):117-121.

Alfredson H, Lorentzon M, Backman S, Backman A, Lerner UH: cDNA-arrays
and real-time quantitative PCR techniques in the investigation of
chronic Achilles tendinosis. J Orthop Res 2003, 21(6):970-975.

Ireland D, Harrall R, Curry V, Holloway G, Hackney R, Hazleman B, Riley G:
Multiple changes in gene expression in chronic human Achilles
tendinopathy. Matrix Biol 2001, 20(3):159-169.


http://www.biomedcentral.com/content/supplementary/1471-2474-11-271-S1.DOC
http://www.biomedcentral.com/content/supplementary/1471-2474-11-271-S2.DOC
http://www.ncbi.nlm.nih.gov/pubmed/15995469?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15995469?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12591665?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12591665?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12591665?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17403796?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17403796?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17403796?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15889020?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15889020?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7976897?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7976897?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1566673?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1566673?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1566673?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18459027?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18459027?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11257166?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11257166?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11257166?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12544158?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12544158?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20799939?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20799939?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8665288?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8665288?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9752648?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18070808?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18070808?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12867575?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12553513?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12553513?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12553513?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19968600?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19968600?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19340876?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19340876?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17548883?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2182260?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14090198?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14090198?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9580952?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9580952?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18235537?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15998341?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15998341?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16508964?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16508964?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16508964?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17892905?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17892905?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14554207?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14554207?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14554207?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11420148?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11420148?dopt=Abstract

Lakemeier et al. BMC Musculoskeletal Disorders 2010, 11:271
http://www.biomedcentral.com/1471-2474/11/271

28.

29.

30.

31

32,

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Raleigh SM, van der Merwe L, Ribbans WJ, Smith RK, Schwellnus MP,
Collins M: Variants within the MMP3 gene are associated with Achilles
tendinopathy: possible interaction with the COL5A1 gene. Br J Sports
Med 2009, 43(7):514-520.

Carpenter JE, Wening JD, Mell AG, Langenderfer JE, Kuhn JE, Hughes RE:
Changes in the long head of the biceps tendon in rotator cuff tear
shoulders. Clin Biomech (Bristol, Avon) 2005, 20(2):162-165.

Peltz CD, Perry SM, Getz CL, Soslowsky LJ: Mechanical properties of the
long-head of the biceps tendon are altered in the presence of rotator
cuff tears in a rat model. J Orthop Res 2009, 27(3):416-420.

Murthi AM, Vosburgh CL, Neviaser TJ: The incidence of pathologic
changes of the long head of the biceps tendon. J Shoulder Elbow Surg
2000, 9(5):382-385.

Churgay CA: Diagnosis and treatment of biceps tendinitis and tendinosis.
Am Fam Physician 2009, 80(5):470-476.

Karousou E, Ronga M, Vigetti D, Passi A, Maffulli N: Collagens,
proteoglycans, MMP-2, MMP-9 and TIMPs in human achilles tendon
rupture. Clin Orthop Relat Res 2008, 466(7):1577-1582.

Olesen JL, Heinemeier KM, Gemmer C, Kjaer M, Flyvbjerg A, Langberg H:
Exercise-dependent IGF-I, IGFBPs, and type | collagen changes in human
peritendinous connective tissue determined by microdialysis. J App/
Physiol 2007, 102(1):214-220.

Kjaer M: Role of extracellular matrix in adaptation of tendon and skeletal
muscle to mechanical loading. Physiol Rev 2004, 84(2):649-698.

Tsai WC, Hsu CC, Chang HN, Lin YC, Lin MS, Pang JH: Ibuprofen
upregulates expressions of matrix metalloproteinase-1, -8, -9, and -13
without affecting expressions of types | and Il collagen in tendon cells.
J Orthop Res 28(4):487-491.

Rathbun JB, Macnab I: The microvascular pattern of the rotator cuff. J
Bone Joint Surg Br 1970, 52(3):540-553.

Steenbrink F, de Groot JH, Veeger HE, van der Helm FC, Rozing PM:
Glenohumeral stability in simulated rotator cuff tears. J Biomech 2009,
42(11):1740-1745.

Ko JY, Huang CC, Chen WJ, Chen CE, Chen SH, Wang CJ: Pathogenesis of
partial tear of the rotator cuff: a clinical and pathologic study. J Shoulder
Elbow Surg 2006, 15(3):271-278.

Saupe N, Pfirmann CW, Schmid MR, Jost B, Werner CM, Zanetti M:
Association between rotator cuff abnormalities and reduced
acromiohumeral distance. AJR Am J Roentgenol 2006, 187(2):376-382.
Lohr JF, Uhthoff HK: The microvascular pattern of the supraspinatus
tendon. Clin Orthop Relat Res 1990, , 254: 35-38.

Gohlke F: [Ultrasonographic appearance of the rotator cuff in elderly
subjects]. Orthopade 1993, 22(5):288-293.

Neer CS, Craig EV, Fukuda H: Cuff-tear arthropathy. J Bone Joint Surg Am
1983, 65(9):1232-1244.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2474/11/271/prepub

doi:10.1186/1471-2474-11-271

Cite this article as: Lakemeier et al.. Expression of matrix
metalloproteinases 1, 3, and 9 in degenerated long head biceps tendon
in the presence of rotator cuff tears: an immunohistological study. BMC
Musculoskeletal Disorders 2010 11:271.

Page 7 of 7

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

e Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BioMed Central



http://www.ncbi.nlm.nih.gov/pubmed/19042922?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19042922?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15621320?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15621320?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18924143?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18924143?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18924143?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11075320?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11075320?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19725488?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18425559?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18425559?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18425559?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16973813?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16973813?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15044685?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15044685?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19847888?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19847888?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19847888?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/5455089?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19450803?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16679225?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16679225?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16861541?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16861541?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2323147?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2323147?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8414487?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8414487?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6654936?dopt=Abstract
http://www.biomedcentral.com/1471-2474/11/271/prepub

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Specimen preparation
	Histology
	Immunochemistry
	Statistics

	Results
	Group I (controls)
	Group II (partial thickness rotator cuff tears)
	Group III (full thickness rotator cuff tears)
	Group IV (cuff arthropathy)

	Discussion
	Conclusion
	Acknowledgements
	Authors' contributions
	Competing interests
	References
	Pre-publication history

