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Introduction

Ineressing numbers of adult
patients with shoulder tendinapathies
are presenting worldwide and latest
advances in imaging techniques afford
a better characterization of these
patients, however, understanding of the
pathophysiology of rotator cuff diseases
remaing incomplete. Recent reporls
have been focused on the biology of
rotator cuff responses to selective
treatment with cytokines [1,2,3], while
others analyze the pathological findings
with better study protocals [4,5.6],

In recent years Extracorporeal
Shoclowave treatment for this
condition has been applied with
inereasingly mnproved results
[7,8,9,10]. Our aim is fo dain more
knowledge of the biological response
af the shoulder rotator cuff to this
new therapy, including vibrational
spectroscopy analysis [11,12).

Patients and Methods
Froam January 2004 to August 2008,
we attended 40 patients (symptomatic
rofator cudl tears (38 patients) and
caleified tendinopatiy (2 patients)} thal
unclerwen open surgical treatment. Owver
the same time period, shockwave therapy
wats applied for Caleiled Shoulder
Tendinosis (electro-hydraulic device, 4000
pulses, 083mdAomm?, single session,
without anesthesia, outpatient procedure)
sl the sarne treatrnent profocol weas
offered to patierts with rolator lears who
had not previous surgery, Ten such
patients acoepted the treatment, Patienls
received full disclosure concermning the
different medical and surgical treatment.
options available to them and inlormed
consent about technical procedhres and

biopsy freatments. Fifly-three biopsies
(Group A, all open surgery, 40} initial
surgical patients, 10 patients with 3W pre-
op, 3 patients who underwent surgical
resolution afer SW-fied treatmernt, for
{Calrified Tendinopathy) were collected,
nndergning standard laboratory
procedures for preservalion ad slaming
(hasmatoxylin-eosin technique), and
examingd under light microscope (Nikon-
Eclipse E2000, We used Riley's
histopathological classification and semi-
quantitative analyses for all 53 H-E stains,
examining and photographing 3
microscopic Gelds (x10-objective);
mteresting findings were reviewed with
b and x100-objectives and also were
photographecd.

Twelve biopsies (non-3W treated,
Group B) and 13 SW-reated (Group C)
underwent immunohistochernical
procedures (monoclonal anfibodies and
technimques for PCNA, od34+, cdld+, D2-
40, Col I, Col 111, Tenasein-C) and sermni-
cuantitative analyses were done for
countahle stain on formed structures in
cases of PONA, DE2-40 {lyrophatic
marker}, cd34+ and cdid+ (endothelial
cell marker), We reviewed 5
photographed microscopic fields (x10-
objective) for each antihody, 2pplying a
grille 10x10 (100 chambers), and
ohtaining a total nmmmber and percentage
{absent: 0%, low: up 1o 20%, regular: up
to TO%, mtense: S0% to 1009 ).

In the case of Col I, Col I and
Tenascin-C the photographed Gelds
received a grille 525 (25 chambers),
characterzing the stain distribution
comparing intensities over the analyvzed
area (low: up to 200 (5 chambers):
regular up to 40% (ten chambers),
intense: all the rest). For-both groups (B

and ), interesting
histological findings
were reviewed with
=40 and x100-
ohiectives and were
phiotographed.

Binpsies of (Groups
B and © recoived
spectroscopie
probocals for this kand
of analysis. The tools
selected for our
sludies are Raman
spectroscopy and the
ultrasensilive
analytical technigue
of Surface-enhanced
Haman scattering
(SERS). Here we
report structural
Information obtained
fram 1016 SERS
spectra of 52 biopsies of tendon tissues
o1l Ag nanoparticles.

Resulis
Histopathological analysis

Macroscopic featires of biopsies
nelude: (1) the edge of the tom rolator
cuff with 2 to 3 mms of medial portions
a single piece; (2) sample of hone with a
cartilage border (4-Frms wide, B-Tmims
long)), corresponding to the area of normal
insertion of supraspinatus muscle.

For 53 histological sheervations {Group
A H-E sections), the distribwution accornding
10 Rifewy Classification indicates 4 cases
grading tvpe [1, 37 cases grading type I
and 12 cases grading type IV, exarmined in
order from medial to lateral edge. For
Group C (5W) the Riley distrihution was 7
cases type I aned 6 cases type TV,

A careful examination of the vascular
aspect in tendinopathic non SW-treated
population showed that roaty vascular
beds comprise damage of pericyle cells
that ervelope endothelial cells in
nascent neg-angiogenesis and this area
tends Lo develop micro-hasmarrhagic
instances (fig.1a, b). Chondroid
metaplasia was seen much more in
cases of Riley type IV, which ccouples
zones related to the torm edge. These
areas evidence profound vascular
metaplasia where non proper
morphological features of vessels cotdd
be identified and also shows many
acelhidar fields (fig.1c)

Biopsies of patients treated with SW
demonstrates areas of Ghroblastic
repairs that tend to appears in chisters
{more over the medial portions of
specimens) and include definite signs of
active neo-blood vessels with
hypertrophic areas correspondmng to
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pericytes envelope (increased in number) Chypermmscularized
neo-vessels”, fig. 2ab,e). These "nodes” show areas close to
veszels, stain like disorganized new collagen and resemble native
collagen (fig, 3a,b), but disappear in areas of chondroid
transformation of the tissue (chondroid metaplasia). Biopsies of
patients with [ailed-5W treatment in Caleified Tendinosis also
dernonstrated development of mphatic channels aleng which
granular portions of calciom were being removed (fig, 3c,d,e).

Vibrational Speetroscopy analysis

The SERS spectra are dominated by signals corresponding to
the collagen molecular system m the 1300-1200 em* spectral
region. Bands corresponding to the amide 11 mode shiff in
frecpaency and mtensity m the Hssues before and after shockwae
treatment. This result is interpreted in terms of a conformational
change in the collagen induced by shoclowaves. However the
mcreased intensity of the band at 1246 cm’ could be also related
to an increasing of the amount of the shockwave inducetd new
conformalion. This is supported by the spectral behaviour of the
maost abundant amino acid proling; in fact two of the most tense
proling bands al ahoul
840, 1080 and 1410 e drastically change in intensity. The
collagen nesw conformation impaoses a different analyte substrate
interaction. The disappearance by shockwave effect of the type I
collagen SERS band at 1609 cm” eould be related to the relative
decreasing of such species by shoclowaye treatment.

SEME Dageantale Tivdue
A SESTAD LY [EW]

M e

SERS DASINEIRIE Tivnae
C EDEOAT L

Iy, B

T T : . — . — :
T e [ 1980 I ving 15k0 1600
woavenan per. on !

Discussion

It hias been described that 2 to 3% of the volume area of
a normal tendon should be ocoupied by blood-vessels
[13,14]. It our histological review for tendinosis, we found
that the volume area was enlarged up to 15% in tendinosis
grade 11 and 1. This sponfaneous reparative effort includes
vessels with damage on the pericytes envelope-sheath with
probabilities for micro-hemorrhages, a significant percentage
of which appear Lo be inactive, non-containing red blood
cells. The tatal umber of vessels and volhime area
percentage lessen significantly in tendinosis grade IV, where
chondroid metaplasia predominates in many areas along the
torn edge. Also on those type IV tendinosis
SW-treated we did not find neo-blood vessels close to
chendroid metaplasia.

In Group C we identified specific features: clusters of
active neo-vessels occupying up to 23-28% of volume areas,
theilr hypermuscularized aspect correspond to hyperplasia of
pericytes surrounding endothelial cells {probably due ta
imbalance for more active than inactive forms of PDGF that
exisls in tendinopathic matrix), metabolic activity in these
areas shows a precise augmented stain for Col I, Col I and
Tenascin-C, suggestive of repair matrix behavior [15].

Recovery of FCNA and Tenascin-C from "low™ Lo "regular
or intense” suggests an improvement of repair capabilities in
the SW-treated population. Also the recruitment for
cd14+/534+ from “low/regular” to “intense/intense” is
ndicative of activation of blood-supply on those areas of
neo-blood vessels[16],

In sumnmnary, according to our results we suggest that SW
treatment induces an improvement of metabolic and
intrinsic repair capabilities on tendinopathie rotator cuff of
the shoulder: & multi-center investigative effort will
ascertain the real meaning of these findings.

Figures:

Fig. 1A, tendinosts dype 1, 2one of initiel and spondanesus angiofhroblastic vesponse shois damoge qf periculs shvelop of nascent
vessels (oo and femorefigic zone (otton i) 18, tendinosis fype 1, simdiar areng depiol hanporrhagie aspeat, 10 tendinosis
g £V apith chowdvoid aress showing vasculoy melaplosic areds, not possible o recegnie pascwlor eadetfelivm (orrews LEH-E stain ),

Fig, 24, SWrentsd cose, showdng inoregssd wamber of inciced seo-flood vessely (o0 ofgective . 28 andd 80, ot Group © prelienls
shoring hypermaselorind aepest depending ok the deslopmeant of pericytes (58 and 20, mognifcation 2I00-okfective, (-8 stain ).







