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Abstract

Objective:

Arthroscopic rotator cuff repair generally provides satisfactory result, in terms of decreasing shoulder pain,
resulting in improvement in range of mation, Unfertunately, imaging studies have shown that after surgical
repair re-rupture rate is potentially high. Literature data indicate that each of the components present in a
commercial supplement sold in Italy as Tenosan*(arginine L-alpha-ketoglutarate, methyisulfonylmethane,
hydrolyzed type | collagen and bromelain} have a potential role in tendon healing and mitigating the pain due
to tendonitis. We evaluated the clinical and MR resufts of rotator cuff repair with and without the
employment of this orat supplement in patients with a large, postero-superior rotator cuff tear (RCT).

Research design and methods:

We enrolled 90 consecutive patients who had a large, postero-superior RCT. All the lesions were managed
with-an arthroscogic repair. Patients were randomized and treated either with (Group |) or without (Group Il)
the supplement: The primary outcomes were the difference between the pre- and post-operative Constant
score and repair integrity assessed by MRI according to Sugaya’s classification. The secondary outcome
was the pre- and post-operative Simple Shoulder Test

Results:

No statistically significant differences were identified between the two grou ps for each considered variable,
except for shoulder pain (follow-up: 6 months) and repair integrity (final follow-up). Intensity of shoulder pain
was fower in the Group | patients (p<0.001). Analogously, in Group |, the percentage of patients with a
better repair integrity result was significantly higher than Group II.

Conclusion:

The use of the supplement for 3 months after Cuff repair decreases shoulder post-operative pain and leads
to a slight improvement in repair integrity. This improvement does not seem to correlate with an better
objective functional outcome. However, these effects could facilitate and abbreviate the post-operative
rehabilitation program and reduce re-rupture rate. The main limitations of this study are the relative short
follow-up period and small number of patients studied.

Introduction

Rotator cuff tear is a common shoulder pathology affecting the adult population
that may compromise shoulder function, health status and patient-related

*Tenosan is a registered trade name of Agave farmaceutici, Bologna, ltaly.
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quality of life'. Degenerative changes in the cuff tissue
are considered the main causes responsible for the tendon
tears’. When conservative treatment fails to relieve the
symptoms of a torn rotator cuff, surgery is considered.
Rotator cuff repair typically provides satisfactory results
in terms of decreased shoulder pain and improved range
of motion’. Unfortunately, imaging studies have shown
that, with arthroscopic single-row repair, the re-rupture
rates vary from 30 to 94%%’, with a higher percentage of
failure among patients with massive cuff tears.
Arthroscopic double-row repair does not appear to lower
the re-tear rate. In fact, in three different prospective
series, with a mean follow-up of 2 vyears, the rate of re-
tears was 11%, 15% and 17%, respectively™ 10,
Furthermore, it was has been observed that the re-tear
rate was higher in patients with larger tears'®. Recent
biomechanical studies demonstrate that although the
double-row repair has a high ultimate load to failure,
failures usually occur at the muscle~tendon junction or
where the medial suture anchors were placed!!*2,
Rotator cuff failure is attributed to age and intrinsic over-
loading rather than to an extrinsic impingement' >4,

Information on a possible role of dietary supplements,
to be taken following rotator cuff repair, with the aim of
reducing post-operative shoulder pain and improving the
repair integrity, is still a subject for discussion. Of the pos-
sible supplements, L-arginine is commonly used"’. It has
been demonstrated that it is an essential amino acid
required by the constitutive enzyme, endothelial NO
oxide synthase (eNOS), to produce NO and that the
latter is an important paracrine substance released by the
endothelium to regulate vasomotor tone. NO is responsi-
ble for the vasodilation of the blood vessels, The more NO
is released, the greater the increase in vessel diameter,
which allows an increased blood flow. Kharitanov'® and
Bode-Boger'® observed that production of NO is directly
related to arginine plasma concentration. One possible
explanation of arginine function is that it restores endo-
thelial function in patients with atherosclerosis, in whom
there are elevared levels of asymmetric dimethylarginine,
an endogenous inhibitor of eNOS!7, Fitzpatrick et al.'®
observed that extracrs of grape seeds and skins, grape
juice, and many red wines exhibit endothelium-dependent
relaxing (EDR) activity in witro. This EDR activity
involves endothelial nitric oxide (NO) release and subse-
quent increase in cyclic GMP levels in the vascular smooth
muscle cells.

Murrel et al.'” have demonstrated that inhibition of
NO synthase activity with oral administration of
N,nitro-L-arginine methyl ester (L-NAME) resulted in
a significant reduction in cross-sectional area and failure
load of the healing Achilles tendon constructs. Rars fed
with the same regimen of the enantiomer of L-NAME,
(D-NAME) had normal tendon healing. Therefore,
the authors concluded rthat NO synthase is induced
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during tendon healing and inhibition of NO synthase inhi-
bits this tendon healing. In three randomized clinical
trials, it has been shown that NO delivered via a transder-
mal patch enhances the subjective and objective recovery
of patients with different tendinopathies?® 22,

Yuan et al.?® observed that NO-flurbiprofen promoted
better collagen reorganization during tendon healing, The
enhanced tendon healing by NO-flurbiprofen is likely due
to the release of NO from the compound. Finally, Paoloni
et al.*? observed that topical glyceryl trinitrate treatment,
whose mechanism of action is through the production of
NO, significantly improved pain scores, range of motion
and muscular force in patients with supraspinatus tendino-
pathy. Furthermore, the authors added that NO donation
may stimulate wound fibroblasts to increase collagen syn-
thesis and remodeling.

Aiyegbusi et al.* investigated the effects of bromelain
on tenocyte proliferation and tendon malondialdehyde
(MDA) levels in the early stage of healing in a
crush injury of the Achilles tendon in rats and concluded
that bromelain given once daily in acute tendon
injury promoted healing by stimulating tenocyte
proliferation.

These new findings have led the authors to undertake a
study to determine whether the oral intake of arginine
L-alpha-ketoglutarate, methylsulfonylmethane, hydro-
lyzed type I collagen and bromelain might mitigate shoul-
der pain and improve repair integrity of rotator cuff tear of
the shoulder after arthroscopic repair. These components
are all contained in a commercial supplement sold in Italy
as Tenosan. Therefore, we performed a prospective ran-
domized study to assess the clinical and MRI results of
single-row arthroscopic rotator cuff repair with and with-
out the employment of this supplement in patients with a
large postero-superior rotator cuff tear.

Materials and methods

A power analysis was performed based on the effects of the
oral supplement on shoulder pain and integrity repair.
Power analysis indicated that a toral sample size of 128
patients would provide an 80% power (B8=0.2,
2 =0.05), assuming an effect size of 0.5 (mean difference
of 5 points and standard deviation of 10 points) to analyze
pain using a VAS test. Power analysis indicated that a total
sample size of 55 patients would provide an 80% power
(B=0.2, x=0.05), assuming an effect size of 0.5 (mean
difference of 5 points and standard deviation of 10 points)
to analyze Constant score and the Simple Shoulder Test. A
post hoc power analysis was performed.

We enrolled 90 consecutive patients with a full-thick-
ness large postero-superior rotator cuff tear who met the
inclusion criteria. Recruitment started in September 2009
and was completed in April 2011. All patients accepted

www.cmrojournal.com  © 2012 Informa UK Ltd
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Table 1. Inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria

Patients with large
postero-superior
repairable full-thickness
rotator cuff tear

Patients able to complete
serial MRI examination

Age =70 years partial thickness
rotator cuff tear

Small or massive full-thickness
rotator cuff tear

Subscapularis tear

Traumatic rotator cuff tear

Long head biceps pathologies

Labral pathologies

Os acromiale

GH joint degenerative arthritis

Autoimmune or rheumatological
diseases

Previous surgery in the same
shoulder

Intolerance to oral
integrator

to enter the study and signed a specific informed-consent
form according to the Declaration of Helsinki. The ethics
committee of our institution approved all procedures
described in this study. In all patients the lesion was pre-
operatively confirmed with a non-arthrographic MRI.
Oblique sagittal, oblique coronal, and axial T2-weighted
spin-echo MRI scans were obtained (repetition time 3200
milliseconds; echo time 85 milliseconds). We employed
T2-weighted, gradient-echo spectral  presaturation
inversion recovery (SPIR) sequences in true axial scans
and T1-weighted, gradient echo SPIR sequences in obli-
qQue coronal planes that are parallel to the course of the
supraspinatus muscle and oblique sagittal planes that are
parallel to the glenoid articular surface. MRI findings
represented the main criteria that we used, prior to surgery,
for including patients in the study. A radiographic series
(true antero-posterior, axillary and outlet views) was used
to document radiographic signs of degenerative arthritis.
The inclusion and exclusion criteria are summarized in
Table 1. Fatty degeneration of rotator cuff muscles was
documented on MRI and classified according to
Goutallier et al.” and Fuchs et al.2® (grade 0, no fatty infil-
tration; grade 1, some fatty streaks: grade 2, more muscle
than fat; grade 3, as much muscle as fat; grade 4, less muscle
than fat).

We confirmed patients’ inclusion at the time of arthros-
copy, after verifying the dimension of the cuff tear.
We consider as large a full-thickness tear encompassing
the entire supraspinatus, with minimal retraction of
the tendon ends and measuring Z—4cm (types CII
and CIII according Snyder’s classification®”). These cres-
cent-shaped tears are relatively short and wide.
The medial-to-lateral length of these tears is less than
the anterior-to-posterior width. The mean time that
elapsed from the beginning of the symptoms to the
operation was 9 months (from 2 to 16 months).

© 2012 Informa UK Ltd Www.cmrojoumal.com

Pre- and post-operative clinical evaluations, relative to
the current study, were performed by two of the authors
who had expertise in shoulder surgery but who were not
directly involved in the operation. In all cases, evaluations
were carried out preoperatively and after 6 (VAS: visual
analogue scale: 0 =no distress; 10 =unbearable distress)
and 12 months (Constant score®s; Simple Shoulder
Test®) postoperatively. Strength measurements were per-
formed using the micro FET2 Force Evaluation and
Testing device (Hoggan Health Industries, West Jordan,
UT, USA) that measured the maximum strength in
pounds after 5seconds of contraction in the affected
arm. Three measurements were taken at 90° of elevation
in the scapular plane; successively the three measurements
were averaged. MRI studies were performed in all patients
preoperatively and 12 months after repair. All scans were
evaluated independently by two expert musculoskeletal
specialty radiologists who had no knowledge of the
patients’  clinical  details or surgical  history.
Disagreements were discussed in a consensus meeting,
where the scans were re-evaluated and a final decision
was taken®’, Images were acquired for structural and qual-
itative assessment of the rotator cuff and repair integrity
was determined according to Sugaya’s classification!®!,
This distinguishes five repair categories with the use of
oblique coronal, oblique sagittal and transverse views of
T2-weighted images. Type I indicates a repaired cuff that
has sufficient thickness with homogeneously low intensity
on each image; type II, sufficient thickness associated with
a partial high-intensity area; type I1I, insufficient thickness
without discontinuity; type IV, the presence of a minor
discontinuity in more than one slice of each image, sug-
gesting a small tear; type V, the presence of a major dis-
continuity on each image, suggesting a large tear. All
operations were performed by one surgeon (SG), with
patients in the beach chair position under general anes-
thesia and interscalene block. A standard arthroscopic
pump was used in all cases and standard posterior, lateral,
antero-lateral and mid glenoid portals were used to per-
form a thorough diagnostic examination. After the intra-
articular evaluation, the scope was placed in the subacro-
mial space. Subacromial bursa was removed to gain a clear
view of the rotator cuff tear. The footprint area of the
greater tuberosity was prepared; successively, using a full
radius resector, bleeding of this area was induced. The
anchors were placed within the footprint of the rotator
cuft. Twinfix Ti 5.0 mm Suture Anchors with #1 preloaded
ultrabraid suture were used for this study (Smith &
Nephew, Inc., Andover, MA, USA). Each suture was
passed through the tendon approximately 15 mm medial
to the tear margin. When sutures had been placed, they
were sequentially tied in a simple configuration with a
sliding SMC knot (Samsung Medical Center)*? followed
by three alternating half-hitches. The number of anchors
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used varied from two to three (mean: 2.63). Subacromial
decompression was performed in all cases.

Postoperatively, all patients used a sling in internal
rotation. Under supervision, passive range of motion was
initiated in the first week. The sling was removed 28 days
after surgery. Active assisted motion was started after 4
weeks postoperatively and full active range of motion
was allowed from 6 to 8 weeks. Strengthening exercises
were delayed for 15 weeks. None of the patients took
pain medication after surgery.

Randomization lists were generated for treatment
assignment; a sealed envelope contained 45 cards on
which was printed “WITH-GROUP [” and other 45
cards on which was printed “WITHOUT-GROUP II".
Patients were randomized and assigned to one of the two
groups of 45 cases each. Randomization was performed 3
days before surgery. Group I consisted of patients who took
the oral integrator (two sachets daily for 3 months starting
from the first postoperative day); Group II was those who
did not take the oral integrator. Surgeon and patients were
informed about the randomization the day after the
operation.

Ten patients were excluded from the study during the
arthroscopic evaluation because they had massive (two
tendons involved — type CIV: seven cases) and small
(<lcm - type CI: three cases) rotator cuff tears. Three
other patients were excluded because they had diarrhea
in the postoperative period (during this time no other
drug was administered). The diarrhea ceased after the sus-
pension of the integrator. The cards of these 13 patients
were put back into the sealed envelope and another 11
consecutive patients were recruited into the study.

Statistical analysis

The comparison between the two groups for each variable
was carried out using Student’s t-test and the chi-square
test for the continuous quantitative and for qualitative
variables, respectively. The Mann-Whitney test was
used for skewed quantitative data. Fisher's exact test was
used for nominal data. The analyzed variables were: age,
gender, dominance, fatty degeneration, VAS, Constant
score and SST.

A two-tailed analysis of mean (Student’s t-test) was
used to investigate the difference between pre- and post-
operative pain factors. Constant score and SST were eval-
uated with the Mann-Whitney test for non-parametric
skewed values.

To evaluate if repair integrity between the two groups
was influenced by age, Student’s t-test was used.

To test the hypothesis that the use of the oral integrator
provided superior clinical results in terms of repair integ-
rity, a chi-square test was used.
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Cohen’s kappa coefficient was used to assess inter-
observer agreement with respect to rotator cuff repair
integrity on MRI. K-values >0.8 represent almost perfect
agreement. For significance level, a p-value was set at 0.05.
Statistical analysis was carried out using SPSS 19 staristical
software.

Results

Although the number of enrolled patients do not corre-
spond to preliminary power analysis, post hoc power anal-
ysis suggests that the difference relative to 38 patients does
not compromise the validity of our outcomes.

Patient flow through the stages of the study is depicted
in Figure 1.

Three patients were lost to follow-up after 1 year; one
belonged to Group 1 and two to Group II. Unfortunately
we do not know the cause of their lack of follow-up par-
ticipation. The final evaluation was thus carried out on 87
patients, 42 males and 45 females. The age ranged between
47 and 69 (mean age 62) years. The mean age was 60 for
Group [ (range: 53-69) years and 62 for Group Il (range:
47-69) years.

The mean values relative to pre- and post-operative (6
months) subjective shoulder pain (VAS) in the two groups
are summarized in Table 2. Group I patients had, at the
intermediate follow-up, a shoulder pain intensity lower
with respect to that registered in Group Il (p<0.001;
effect 1.6; 95% Cl: 1.29-2.59).

No statistically significant differences were identified
between the two groups for each considered variable,
except for repair integrity. Results are summarized in
Tables 3, 4 and 5.

Decrease in pain level, after 1 year from surgery,
between the two groups was not statistically significant
(p=0.312; effect 2.9; 95% CI: 41.31-46.76) (Table 3).

After 1 year from the surgical repair, MRI showed for
the Group [ patients, 27 cases (61.4%) with a type I repair,
11 (25.0%) with a type 11, four (9.1%) with a type III, two
(4.5%) with a type IV, and none with a type V repair. In
Group I there were 17 shoulders (39.5%) with a type |
repair, ten (23.2%) with a type 11, 12 (27.9%) with a type
I11, three (7.0%) with a type IV and one (2.3%) with a type
V (Table 5). The two groups were significantly different in
terms of type of repair (type I, Il and III), with a p-value
equal to 0.045 (chi square = 6.218; df = 2). Percentage of
re-rupture was 4.5% in Group I and 9.3% in Group II
(p=0.111). The age of the six patients with re-rupture
was: 54, 61, 64, 65, 65, 67 (average =62.6). The mean
age of the remaining patients was 61.2. The final mean
Constant score of the six patients with re-rupture was
lower (61) than that calculated for the remaining patients
of Group I and II. No statistically significant difference in

www.cmrojournal.com  © 2012 Informa UK Ltd
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hypotheses that the NO and/or bromelain have a role
during the phase of inflammation which characterizes
the initial process of tendon healing*. Although the ben-
efit is transient, it permits an assisted and self-managed
rehabilitation program to be performed with less appre-
hension, improving the status of patient satisfaction.
Moreover, if the patient has less pain, recovery times are
shortened and the cost for rehabilitation is lowered.
Although our follow-up was short, we observed only six
cases of re-rupture (6.9%) in the two groups. Although
number of cases with re-tears is low, failures occurred
more frequently in the group thayt did not take the oral
supplement (p =0.714). We were surprised to verify such a
low incidence of rotator cuff re-tears. However, we believe
that this could be attributed to the short follow-up period
and to the fact that in our study we did not consider
patients with massive tears. Furthermore, our data suggest
that cuff re-tears do not seem to be influenced by patient
age. The percentage of patients with type [-II repair integ-
rity (according to Sugaya’s classificarion’ ') was 86.4% in
the group which took the oral supplement and 62.7% in
the group that did not rake it (p<0.05). However, this
improvement in tissue healing did not correlate with an
improved functional outcome. In fact, the two groups had
similar pre- and post-operative Constant scores and Simple
Shoulder Test. Kluger et al.*” believe that the vast majority
of cuff repair failures occurred atraumatically in the first 3
months; however 14% of the re-ruptures might occur 2-5
years postoperatively and can be related to sport activities
or direct trauma. Therefore, a higher percentage of type I-
II repair integrity, achieved by taking oral supplements,
could reduce the number of cases of cuff re-ruptures after
a long follow-up period. In conclusion, our study suggests
that use of a supplement containing arginine L-alpha-keto-
glutarate, methylsulfonylmethane, hydrolyzed type I colla-
gen and bromelain for 3 months after operation decreases
shoulder pain during the first 6 post-operative months and
leads to a slight improvement in repair integrity of large
rotator cuff tears involving the supraspinatus tendon. This
improvement does not seem to correlate with a better
objective functional outcome. These effects could facili-
tate and shorten the post-operative rehabilitation program
and reduce the percentage of re-ruptures after a long
follow-up period. However, many aspects of this study
still have to be elucidated and further research is necessary
to determine the exact mechanism by which the oral sup-
plement modulates shoulder pain and facilitates the
tendon healing.

We are aware that the main limitation of this study is
the relative short follow-up period, even though we believe
that clinical outcome observed 1 year after surgery should
not deteriorate in a medium-term follow-up period.
Another limitation is the relative small number of studied
patients.

© 2012 Informa UK Ltd  www.cmirojoumal.com
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