
Intra-articular changes precede extra-articular changes in the
biceps tendon following rotator cuff tears in a rat model

Cathryn D. Peltz, PhD, Jason E. Hsu, MD, Miltiadis H. Zgonis, MD, Nicholas A. Trasolini,
BS, David L. Glaser, MD, and Louis J. Soslowsky, PhD
McKay Orthopaedic Research Laboratory, University of Pennsylvania

Abstract
Background—Biceps tendon pathology is common with rotator cuff tears. The mechanisms for
biceps changes, and therefore its optimal treatment, are unknown. Our objective was to determine
the effect of rotator cuff tears on regional biceps tendon pathology. We hypothesized that
histological and compositional changes would appear before organizational changes, both would
appear before mechanical changes, and changes would begin at the tendon’s insertion site.

Methods—Sixty-five Sprague-Dawley rats received either detachment of supraspinatus and
infraspinatus tendons or sham surgery. Rats were sacrificed at 1, 4 or 8 weeks for regional
measurements of histological, compositional, organizational (1, 4 and 8 weeks) or mechanical
properties (4 and 8 weeks only).

Results—One week following tendon detachments, decreased organization and more rounded
cell shape were found in the intra-articular space of the biceps tendon. Aggrecan expression was
increased along the entire length of the tendon while all other compositional changes were at the
tendon’s proximal insertion into bone only. With time, this disorganization and more rounded cell
shape extended the length of the tendon. Organizational and cell shape changes also preceded
detrimental mechanical changes, as decreased modulus in the intra-articular space was found after
8 weeks.

Conclusions—Results support a degenerative component to pathology in the biceps tendon.
Additionally, changes resembling a tendon exposed to compressive loading occurring first in the
intra-articular space indicate that the biceps tendon plays an increased role as a load bearing
structure against the humeral head in the presence of rotator cuff tears.
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Introduction
Biceps tendon pathology is commonly encountered, especially in the setting of rotator cuff
disease.2,7 When pre-operative evaluation suggests that the long head of the biceps tendon is
the source for pain, performing a biceps tenotomy or tenodesis has become standard of care.
In cases where the biceps is noted to be flattened, widened and/or significantly frayed at the
time of rotator cuff repair5, the decision to release the intraarticular portion of the biceps is
straightforward.

In cases where treatment is aimed at rotator cuff repair, however, bicep tendon pathology
may be incidentally identified. Without an understanding of the mechanism of how this
pathology arose or the function of the intraarticular portion of the long head of the biceps,
the decision to tenotomize or tenodese the biceps is made based only on anecdotal
experience. After mechanisms of biceps tendon changes following rotator cuff tears are
identified, clinicians will be better able to make an informed decision about its best
treatment. For example, whether biceps changes will improve following rotator cuff repair
or whether releasing the biceps tendon is the best option will be informed.

Before we can address whether bicep tendon pathology improves following a rotator cuff
tear, we need a better understanding of the relationship between biceps tendon disease and
rotator cuff tears. Little is also known about the effect of rotator cuff tendon tears on the
regional properties of the biceps tendon over time, and therefore where these pathologic
changes begin. Determining the origin of these changes would help to identify the
mechanism responsible. For instance, changes including increased proteoglycan content and
disorganized collagen first near the humeral head would indicate increased compressive
loading1 while changes such as increased area first in the bicipital groove would indicate
inflammation.7,10 This could result when sliding becomes difficult as the tendon
hypertrophies. These questions are difficult to address in clinical studies due to the inability
to harvest the entire biceps tendon during surgery. Additionally, in clinical studies it is
difficult to evaluate the effect of time post-repair when the precise history, including the
exact instance of tear initiation, is often unknown. It would also not be possible to obtain
many specimens at time points soon after a rotator cuff tear occurs.

A previous study compared biceps tendons in the presence of rotator cuff tears to control
tendons from uninjured animals in a rat model.8 The bony anatomy of the rat shoulder is
very similar to the human and has previously been shown to be an appropriate model for
studies of the rotator cuff.11 In addition, anatomy of the biceps tendon is also very similar in
the rat and the human. In both the rat and the human, the long-head of the biceps tendon
originates at the superior aspect of the glenoid (referred to here as the tendon’s proximal
insertion into bone) and passes through the bicipital groove. This study evaluated only
biomechanical changes and found increased area after 4 weeks and increased area and
decreased modulus after 8 weeks in biceps tendons in the presence of rotator cuff tears
compared to uninjured controls.8 Assays focusing on biological changes at these and earlier
time points were not performed and the mechanism responsible for these changes remained
unknown.

However, when evaluating earlier time points, it is possible that there may be effects of the
surgical exposure itself which must be considered. Therefore, the objective of this study was
to determine the histological, organizational, compositional and mechanical changes in the
biceps tendon following a rotator cuff tear compared to a sham surgery at early, intermediate
and late time points in order to investigate the relationship of cuff tears to biceps changes.
Our hypotheses were that: 1) histological and compositional changes will appear before
organizational changes, and both will appear before mechanical changes and 2) changes in

Peltz et al. Page 2

J Shoulder Elbow Surg. Author manuscript; available in PMC 2013 July 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



all properties will begin at the tendon’s proximal insertion into bone and proceed along the
length of the tendon at later time points.

Materials and Methods
Sixty-five male Sprague-Dawley rats (400–450g) were used in this IACUC approved study
and separated into two treatment groups: supraspinatus+infraspinatus tendon detachments
(n=34) and sham surgery (n=31). Animals were sacrificed at 1, 4 and 8 weeks post-surgery
for histological analysis (n=4 or 5 per group and time point) and at 4 and 8 weeks post-
surgery for mechanical testing (n=8–10 per group and time point).

In both groups, a unilateral surgery was performed on the animal’s left shoulder. Briefly,
with the arm in external rotation, a 2 cm skin incision was made followed by blunt
dissection down to the rotator cuff musculature. The rotator cuff was exposed and the
tendons were visualized at their insertion on the humerus. The sham surgery ended here and
the overlying muscle and skin were closed. In the supraspinatus+infraspinatus detachment
group, the surgery continued with separation of the supraspinatus tendon from the other
rotator cuff tendons and sharp detachment at its insertion on the greater tuberosity using a
scalpel blade. The infraspinatus tendon was then detached in the same manner. Any
remaining fibrocartilage at the insertion was left intact. Detached tendons were allowed to
freely retract without attempt at repair, creating a gap ~4 mm from their proximal insertions
into bone. The overlying muscle and skin were closed and the animals in both groups were
allowed unrestricted cage activity.

Animals were sacrificed for mechanical testing at 4 and 8 weeks following surgery. The
scapula, long-head of the biceps tendon and associated muscle were removed and the
tendons were fine dissected under a microscope. Five Verhoeff stain lines were then placed
along the length of each tendon denoting the proximal insertion into bone (0–1.5mm), the
portion of the tendon in the intra-articular space (1.5–3.5mm), and the portion in the bicipital
groove (3.5–8.5mm). A fifth stain line was placed at 11.5mm to identify grip placement and
these stain lines were used to determine the distribution of strain along the length of the
tendon. These positions were determined using histology to identify the length of the
proximal insertion into bone and gross dissections to determine the portion in the bicipital
groove.8 Tendon geometry was measured in each tendon portion using a laser based
system.3

The scapula was then embedded in a holding fixture using polymethylmethacrylate
(PMMA) and inserted into a specially designed fixture. The proximal end of the tendon was
then held at the fifth stain line (11.5mm) in a screw clamp lined with fine grit sandpaper.
The specimen was then immersed in a 39°C PBS bath, preloaded to 0.1N, preconditioned
for 10 cycles from 0.1N to 0.5N at a rate of 1%/sec, and held for 300sec. Immediately
following, a stress relaxation experiment was performed by elongating the specimen to a
strain of 4% at a rate of 5%/sec (0.575 mm/sec) followed by a 600sec relaxation period.
Specimens were then returned to the initial preload displacement and held for 60 seconds
and ramp to failure was then applied at a rate of 0.3%/sec. Using the applied stain lines,
local tissue strain in each tendon portion was measured optically with a custom program
(MATLAB). Elastic properties, such as stiffness and modulus, were calculated using linear
regression from the visually determined linear region of the load-displacement and stress-
strain curves, respectively. Peak and equilibrium load were determined from the stress
relaxation test and percent relaxation was then calculated from these values.

Animals were sacrificed for histological analyses 1, 4 and 8 weeks following surgery. Cross-
sectional area was also measured along the length of the tendon in the 1 week specimens.
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Each tendon was analyzed in 4 locations: the proximal insertion into bone (0–1.5mm), the
intra-articular space (1.5–3.5mm), the proximal bicipital groove (3.5–6mm) and the distal
bicipital groove (6–8.5mm). Sagittal sections (7µm) were collected serially and stained with
hematoxylin and eosin. Quantitative polarized light microscopy was used to determine
collagen fiber orientations on these H&E stained sections.4 The angular deviation (AD) of
the collagen orientation, a measure of the fiber distribution spread, in each tendon location
for each specimen was then calculated as used previously.14

H&E stained sections were also analyzed for changes in cell shape and cellularity. Changes
in cell shape from the normal elongated phenotype to a more rounded cell shape may signify
a more compressive loading environment compared to the normal tensile loading
environment experienced by the biceps tendon. Increased cellularity may, for example, be
due to degeneration or infiltration of inflammatory cells; however, cell type was not
identified. Histological grading standards for cellularity and cell shape were produced by
first organizing images for each tendon location from either least to most cellular or most
elongated to more rounded cell shape. These images were then divided into four quadrants
and the middle image from each quadrant was chosen as the representative image for that
quadrant and assigned a grade of 0, 1, 2 or 3. Images were then assigned grades by 3 blinded
graders who compared each image to these standards for each location. The median grade
between the 3 blinded graders for each image was then assigned to that image.

Finally, the distribution of various extra-cellular matrix proteins was localized in the biceps
tendon using immunohistochemistry. The same specimens were used as for histological and
polarized light analyses and one section from each specimen was stained for collagens type
I, II, III and XII as well as proteoglycans aggrecan, biglycan and decorin (Table I). The
same 4 regions were analyzed for immunohistochemical staining as for polarized light
analysis and histological grading. Images were taken at 100× and evaluated semi-
quantitatively using a custom DAB intensity measurement program (MATLAB).12,15

Briefly, quartiles were produced for each tendon location using the total target DAB
intensity ranges for each protein target, which were determined as the difference between
the most and least stained specimens in each group. Each quartile was assigned a value of
undetectable (0), low (1), moderate (2) or high (3) and each image was assigned one of these
grades.

Mechanical testing parameters and angular deviation were compared between groups at each
time point using student’s t-tests and this data is presented as average +/− standard
deviation. For histological and immunohistochemical analyses, median grades were
compared for each tendon location between groups at each time point using a non-
parametric Mann-Whitney test and therefore, this data is presented as median and
interquartile ranges.

Results
After 1 week, area was unchanged at the proximal insertion into bone, intra-articular space
and bicipital groove in biceps tendons in the presence of a rotator cuff tear compared to
sham (Table II). However, at 4 and 8 weeks area increased at all locations (Table II).
Modulus was not different at any location 4 weeks post detachments and at 8 weeks
modulus was decreased in the intra-articular space compared to sham (Figure 1). There were
no differences in viscoelastic parameters at either time point.

Angular deviation was increased in the intra-articular space at both 1 (Table III, Figure 2)
and 4 weeks following rotator cuff tendon detachments (Table III, Figure 3). After 8 weeks,
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angular deviation was increased at all locations with cuff tears compared to sham surgery
(Table III, Figure 4).

Changes in cell shape and cellularity were seen with histological grading. At 1 week, a more
rounded cell shape was seen in the intra-articular space with rotator cuff detachments
compared to sham (Figure 2). Four weeks following detachments, cellularity was increased
and a more rounded cell phenotype was found along the entire length of the tendon with
rotator cuff tears compared to sham (Figure 3). Cellularity continued to be increased with
cuff detachments at all tendon locations at 8 weeks compared to sham. Further, a more
rounded cell shape was seen in the intra-articular space as well as proximal and bicipital
grooves in the presence of a rotator cuff tear compared to sham surgery (Figure 4).
Unfortunately, staining for cell type was not included in this study.

Changes in protein expression were found with immunohistochemical staining. At 1 week,
aggrecan was increased along the entire tendon length in the presence of a rotator cuff tear
compared to sham (Figure 5). Also at 1 week, biglycan and collagens I and XII were
increased compared to sham at the proximal insertion into bone (Figure 6). Four weeks
following detachments, aggrecan was increased in the proximal bicipital groove compared
to the sham surgery. Biglycan was increased in the intra-articular space and decorin was
increased in the intra-articular space and proximal and distal grooves with rotator cuff
detachment compared to sham. Collagens III and XII were increased in the presence of a
cuff tear at the proximal insertion into bone. Finally, 8 weeks post detachments, there were
trends for increases in aggrecan in the distal bicipital groove and in biglycan (Figure 7)
along the entire tendon length compared to sham. Decorin was increased with cuff
detachments compared to sham at the proximal insertion into bone and in the intra-articular
space. Collagen I was increased along the entire tendon length and Collagen XII was
increased at the proximal insertion into bone with rotator cuff tears compared to sham
surgery.

Discussion
This study defines the pathologic changes in the long head of the biceps tendons resulting
from a rotator cuff tear. Changes in both composition and organization were found at the
earliest time point investigated in this study. Results support the hypothesis that
organizational changes precede changes in mechanics, but do not support our hypothesis that
compositional changes would precede organizational change. More disorganized tissue was
seen in the intra-articular space at 1 and 4 weeks followed by a decrease in modulus in the
intra-articular space 8 weeks following detachment. Increased cellularity was not seen until
the 4 and 8 week time points, at which increases were seen along the entire tendon length.
However, it is possible that cellularity was increased after 1 week with both the sham and
rotator cuff detachment surgeries, which decreased in the sham animals but not in the
presence of detachments.

It is also interesting to note that changes in histological grading are consistent with changes
seen in organization, with more rounded cells present in disorganized tissue and more
elongated cells with increased organization. After 1 week, a more disorganized tendon was
seen in the intra-articular space. Also at this time point, there was a trend toward a more
rounded cell phenotype at this location. After 4 weeks, it seems that cell shape changes
precede organizational changes as again the tendon was only disorganized in the intra-
articular space but a more rounded cell shape was seen along the entire tendon length.
Finally, after 8 weeks decreased organization and a more rounded cell phenotype were
present along the entire tendon length. Unfortunately, the cell types present were not
identified in this study. Therefore, it is unclear if the more rounded cells found are new cells
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infiltrating the tendon or cells that were already present. This more rounded cell shape and
decreased organization are characteristics indicative of tendons more adapted to
compressive, rather than purely tensile, loading. Following a sham surgery, biceps tendons
resemble those adapted to purely tensile loading. With the most significant superior
stabilizers of the humeral head (supraspinatus and infraspinatus) detached, we speculate, as
supported by our results indicating tendons more adapted to a compressive loading
environment, that the biceps tendon is required to play a more significant role in humeral
head depression and stabilization. This theory is supported by the increase in aggrecan (a
proteoglycan found most often in cartilage) at 1 week post detachments. Biglycan, an ECM
protein associated with injury, was also increased at the tendon’s proximal insertion into
bone after 1 week. Increased biglycan expression progressed along the length of the tendon
with time as increased expression was seen at 4 weeks in the intra-articular space and at 8
weeks along the entire tendon length. This finding supports the theory there may be a
degenerative component to the tendon response following rotator cuff detachments, rather
than a purely inflammatory process as has been speculated previously.7 Collagen I, the most
prevalent collagen seen in tendons, was increased at the tendon’s proximal insertion into
bone at 1 week and along the entire tendon length at 8 weeks, perhaps indicating that the
tendon is trying to return its properties to normal by producing more collagen adapted to
tensile loading. While mechanical properties were not returned to normal by this time
point8, many tendon properties did improve at 16 weeks post detachment9, which may be
due to the increased collagen production found here at 8 weeks.

Immunohistochemical results support our hypothesis that changes begin at the tendon’s
proximal insertion into bone as, other than aggrecan, all changes at 1 week were only at that
location. However, histological grading and organizational results indicate changes may
begin in the intra-articular space. The lack of changes in organization seen at the tendon’s
proximal insertion into bone may be due simply to the fact that a disorganized collagen
matrix already exists at this location and further disorganization may be difficult to detect.
Following sham surgery, the organization is the same in the intra-articular space and
proximal and distal bicipital grooves whereas following rotator cuff detachments the intra-
articular space is more disorganized than the more distal locations, perhaps indicating it is
experiencing types of loading more like that seen at the tendon’s proximal insertion into
bone.

While not all changes occur first at the tendon’s proximal insertion into bone, it was
consistently shown that changes appear in the intra-articular portion of the tendon before the
extra-articular portion. These results are supported by recent work demonstrating the intra-
and extra-articular portions of the biceps tendon to be markedly different when in the
presence of rotator cuff tears.6 However, that study did not compare to uninjured tendons
and therefore there may be some differences in the intra- and extra-articular portions that are
inherent to the tendon and not a result of rotator cuff tears. In this study, it was possible to
compare to a sham surgery and therefore any changes seen are the direct result of the rotator
cuff tear.

This study is not without limitation. The rotator cuff tendon tears in this study were made
acutely. However, biceps tendon pathology occurs over time without surgical injury to the
tendon itself in this model. It is also possible that additional biological changes may be
taking place that were not detected with the immunohistochemical staining performed in this
study. A group of targets were selected that, according to previous studies12,13,15, would be
expected to show differences across both time and the length of the tendon and have been
extensively used for rotator cuff tendons in the rat model. Additionally, staining to identify
cell types present was not performed in this study and in the future could help determine the
source of increased cellularity found here. Future work with this model may include
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additional biological assays such as PCR or staining for targets involved in collagen
turnover or to determine cell types present. Additionally, the effect of altered loading
scenarios in addition to rotator cuff detachments on all properties measured here will be
investigated.

Conclusion
In summary, alterations in the balance of forces following a rotator cuff tear are detrimental
to surrounding tissues. A rotator cuff tear alone is enough to elicit changes in the long head
of the biceps tendon. It was shown here that organizational and compositional changes
precede changes in area, which in turn precede changes in mechanical properties. In
addition, it was shown that organizational and mechanical property changes begin in the
intra-articular space while most immunohistochemical changes began at the tendon’s
proximal insertion into bone. These results illustrate that changes in the biceps tendon occur
gradually over time and indicate a response to the presence of rotator cuff tears that may
have a degenerative component and is not purely inflammatory in nature. Finally, changes in
tendon properties indicating a more compressive loading environment occurring first in the
intra-articular space indicate the biceps tendon may play an increased role as a humeral head
depressor in the presence of rotator cuff tears.
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Figure 1.
Modulus was decreased in the intra-articular space 8 weeks following detachment compared
to sham. (* denotes p<0.05)
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Figure 2.
After 1 week, a more rounded cell phenotype was seen in the intra-articular space with SI
only (A) compared to sham (B). The median and inter-quartile ranges of the histological
grading is seen in panel C. Also notice the more organized fibers in the sham image at this
time point. (# denotes p<0.1)
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Figure 3.
Cell shape and cellularity were increased in the intra-articular space and proximal and distal
bicipital groove 4 weeks following detachments. Also note the more disorganized collagen
in the intra-articular space in the SI only group at this time point.
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Figure 4.
Cell shape and cellularity were still increased after 8 weeks in the intra-articular space and
proximal and distal bicipital groove compared to sham. Also note the more disorganized
collagen at all locations in the SI only images.
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Figure 5.
Aggrecan staining was increased along the entire tendon length 1 week following rotator
cuff detachments compared to sham.
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Figure 6.
After 1 week, biglycan, collagen I and collagen XII staining was increased at the tendon’s
proximal insertion into bone compared to sham.
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Figure 7.
Biglycan staining was increased along the entire tendon length 8 weeks following
detachment compared to sham surgery.
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Table II

Area along the length of the biceps tendon at 1, 4 and 8 weeks post rotator cuff tendon detachments. Area was
unchanged at 1 week but was increased with detachment along the entire tendon length at 4 and 8 weeks.

Time post
detachment

(weeks)

Group Insertion Site
Area (mm2)

Intra-articular
Space Area

(mm2)

Bicipital
Groove Area

(mm2)

1
Sham 0.55±0.04 0.48±0.07 0.63±0.07

Supra+Infra detach 0.58±0.27 0.42±0.16 0.58±0.15

4
Sham 0.83±0.18 0.71±0.15 0.66±0.18

Supra+Infra detach 1.09±0.21* 0.84±0.19# 0.85±0.20*

8
Sham 0.85±0.12 0.70±0.12 0.75±0.13

Supra+Infra detach 1.41±0.43* 1.16±0.22* 1.04±0.26*

*
denotes p<0.05 compared to sham,

#
denotes p<0.1 compared to sham
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