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ABSTRACT

Background: This study was conducted to evalu-
ate the effects of commonly used injection medica-
tion combinations on supraspinatus tenocyte cell
viability and tissue metabolism.

Methods: Twenty adult dogs underwent ultra-
sound guided injection of the canine equivalent of
the subacromial space, based on random assign-
ment to one of four treatment groups (n=5/group):
normal saline, 1.0% lidocaine/methylprednisolone,
1.0% lidocaine/triamcinolone or 0.0625% bu-
pivacaine/triamcinolone. Full-thickness sections
of supraspinatus tendon were harvested under
aseptic conditions and evaluated on days 1 and 7
post-harvest for cell viability and tissue metabo-
lism. Data were analyzed for significant differences
among groups.

Results: Tendons exposed to 1% lidocaine/
methylprednisolone had significantly lower cell
viability at day 1 as compared to all other groups
and control. All local anesthetic/corticosteroid
combination groups had decreased cell viability at
day 7 when compared to the control group.

Conclusions: This study demonstrated signifi-
cant in vivo supraspinatus tenotoxicity following
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INTRODUCTION

Peri-articular injections are commonly performed for
diagnostic and therapeutic purposes when managing
acute and chronic soft tissue conditions about the shoul-
der and other joints.! Many different combinations and
dosages have been used, based on the condition being
treated and individual surgeon preference.? Injection of
local anesthetic, corticosteroid, or combination agents
may improve diagnostic accuracy and provide short-term
pain relief for a variety of acute inflammatory and chronic
degenerative soft tissue conditions.*® Despite widespread
clinical use for rotator cuff pathology, the long-term
consequences and potential toxicity of subacromial injec-
tion on supraspinatus tenocytes and other peri-articular
structures has not been fully elucidated. Numerous in
vitro studies have demonstrated the damaging effects
of local anesthetics, corticosteroids, or combination
agents on intra-articular chondrocytes.?>*'> Several in
vitro studies have confirmed similar toxicity to tenocytes,
demonstrating decreased cell proliferation and viability
following even single exposure to these agents.!?! Previ-
ous in vitro supraspinatus tendon explant studies have
demonstrated significant toxicity of various concentra-
tions of lidocaine, bupivacaine, and several cortisone
derivatives on tenocyte viability and metabolism.!71822

Despite growing concern, there has been a paucity
of in vivo studies investigating these effects on supraspi-
natus tendons. There exists a disparity between the ap-
parent clinical safety of routine combination subacromial
injections and the detrimental results reported from in
vitro models. It has been postulated that the extracel-
lular matrix of the intact tendon may provide protection
for tenocytes, thus mitigating the damaging effects ob-
served using in vitro monolayer cell culture models.!¢152
Therefore, the purpose of the present study was to use
a translational in vivo model to investigate the effects
of a single subacromial injection of local anesthetic/
corticosteroid on supraspinatus tenocyte viability and
cell metabolism. Our hypothesis was that there would be
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Figure 1 - Image from a canine in this study showing ultrasound
guided injection. A 1.5-inch 22 gauge needle (N) is used to inject the
respective injectate (I) immediately superficial to the supraspinatus
tendon (SST) 1 cm from its insertion on the greater tuberosity.

toxic effects of local anesthetic/corticosteroid injectates
on supraspinatus tenocytes following single peri-tendon
injection in this in vivo model.

METHODS
With Institutional Animal Care and Use Committee
(TACUC) approval, adult purpose-bred dogs (n=20; mean
weight = 28.6 kg) were sedated (medetomidine 0.04 mg/
kg) and prepared for aseptic injection of the left supra-
spinatus tendon. Each dog (shoulder) was randomly
assigned to one of four groups (N=5 per group):
e Control = 5 ml of 0.9% saline
e L/M =4 mlof 1% lidocaine (pH 6.5) + 1 ml of 40
mg/ml methylprednisolone (pH 6.5)
e L/T =4 ml of 1% lidocaine + 1 ml of 40 mg/ml
triamcinolone (pH 7.0)
e B/T =4 ml of 0.0625% bupivacaine (pH 6.5) + 1
ml of 40 mg/ml triamcinolone
The dosage of 40 mg corticosteroid was selected as
it is the recommended dose for the human wrist, which
would be similar in size/volume to the canine shoulder.
Additionally, the recommended clinical veterinary dose
for the canine shoulder is 30 mg to 40 mg. For each
treatment, a 1.5-inch 22 gauge needle was inserted to
be immediately superficial to the supraspinatus tendon
1 cm from its insertion on the greater tubercle and just
distal to the acromion, verified by ultrasonography (GE
Logiq i portable ultrasound machine with 10-14 MHz
linear transducer; GE Healthcare, Milwaukee, WI, USA)
(Fig. 1), and then used to deliver the entire volume of the
respective injectate into the area. The dogs were recov-
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ered from sedation and allowed full activity in their runs.
The dogs were euthanatized 24 hours after injection as
part of another IACUC-approved study. The injected
tissues were aseptically harvested and full-thickness
sections from the supraspinatus tendon were placed in
sterile closed containers filled with tissue culture media,
transported to the laboratory, and assessed immediately
(day 1) or processed for tissue culture.

Tissue Culture

Two 4 mm diameter explants per canine were asepti-
cally prepared from the harvested tendon tissue using a
dermal biopsy punch (Fray Products, Buffalo, NY). One
explant was used for day 1 assessment of tissue viability,
and the other explant was placed in a well of 24-well tis-
sue culture plates (Becton Dickinson Labware, Franklin
Lakes, NJ) containing 1 ml Dulbecco’s modified Eagle’s
medium with high glucose (Gibco, Invitrogen, Carlsbad,
CA) supplemented with 1% ITS, penicillin, streptomycin,
amphotericin B, L-ascorbic acid, L-glutamine, and nones-
sential amino acids. Explants were cultured in dedicated
incubators at 37°C with 5% CO2 at 95% humidity, and the
media was changed on day 1 and 3 of culture.

Toxicity Assessments

Tendon explants were assessed immediately after
harvest (day 1) and on day 7 of culture. Cell viability
was determined using a live-dead cell assay (Invitrogen,
Carlsbad, CA). Tissues were incubated with Calcein
AM (live cell stain) and Sytox Blue (dead cell stain)
using manufacturer’s instructions and then assessed by
fluorescent microscopy to determine the number of live
and dead cells in each section. Images of each section
were captured using commercially available software
(Microsuite, Olympus, Tokyo, Japan), and a subjective
assessment of viability was performed by 6 investigators
blinded to treatment. Each tendon tissue explant was
given a score from 0 (0% viability) to 5 (100% viability).
The scores from all observers were averaged to give a
mean tenocyte subjective viability score (VS) for each
explant.

Tissue metabolism was assessed on day 1 and 7 of
explants cultured for 7 days using the resazurin (Sigma-
Aldrich, St. Louis, MO) fluorescent metabolic assay.
Resazurin is converted to a fluorescent compound
(resorufin) by metabolically active cells. The degree of
fluorescence detected in the media provides a quantita-
tive measure of the number of viable cells in tissue.*
For day 1 testing, 100 uL of resazurin reagent was added
to 900 uL of media of each tissue section and incubated
overnight at 37°C. Fluorescence was measured (Ex: 530,
Em: 590) on a 200 uL sample of the media the following
day using a Synergy HT plate reader (BioTek, Winooksi,
VT). After testing on day 1, the media was removed from



In vivo Toxicity of Local Anesthetics and Corticosteroids on Supraspinatus Tenocyte Cell Viability and Metabolism

A Day 1 Subjective Viability Scores
5
45
4
35 *
3
25
2
15
1
05
0
NC /M B/T uT

B Day 1 Tissue Metabolic Assay
2000
1800
1600
-
:=j 1400
9 1200
L1
S 1000
E
< 800
S 600
b
400
200
0
NC /M B/T Ut

Figure 2 — Day 1 (24 hours after intra-articular injection) Subjective viability score (SVS) (a) and tissue metabolic activity (b) for tendon explants
in each treatment group. Tendon tissue exposed to L/M (*) had significantly (p=0.006) lower SVS compared to the saline injected control. No
statistically significant differences in tissue metabolism levels were noted between groups.
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Figure 3 - Day 7 Subjective viability score (SVS) (a) and tissue metabolic activity (b) for tendon explants in each treatment group. Tendon tis-
sue exposed to L/M (p=0.001), L/T (p=0.041), and to B/T (p=0.004) had significantly (*) lower SVS compared to the saline injected control.
No statistically significant differences in tissue metabolism levels were noted between groups.

the tissue, the tissue explant was washed twice with
clean supplemented media, and the tissue explant then
placed in a fresh 1 ml of media for culture as described
above. On day 6 the media was removed and a fresh 900
uL of media and 100 uL of resazurin stain was added to
the tissue explants and tested as described above.

Statistical Analysis

Tendon VS and metabolic assay fluorescence data
were assessed for statistically significant differences
among groups at each assessment time point using a
one-way ANOVA with Holm-Sidak post-hoc analyses.
Significance was set at p < 0.05.

RESULTS
At day 1 (24 hours after injection) the viability score
for tendon tissue exposed to L/M was significantly
(p=0.006) lower than the saline injected control (Fig.
2a). However, the resazurin assay did not identify a

statistically significant (p=0.28-0.69) difference in tissue
metabolic activity among groups at the day 1 time point
(Fig. 2b). After 7 days of culture, tendon tissue exposed
to L/M (p=0.001), L/T (p=0.041), and B/T (p=0.004) all
had significantly lower viability scores compared to the
saline injected control (Fig. 3a). No statistically sig-
nificant differences in tissue metabolism among groups
were identified by the resazurin assay on day 7 (Fig. 3b).

DISCUSSION

The results of this study using an in vivo model dem-
onstrate that a single injection of local anesthetic/cortico-
steroid into the subacromial space had deleterious effects
on supraspinatus tenocyte viability when compared to a
saline control. Compared to saline, all treatment groups
showed decreased cell viability at days 1 and 7, with the
1% lidocaine/methylprednisolone group reaching statisti-
cally significant lower levels at post-injection day 1. This
confirmed our hypothesis that there would be significant
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toxic effects of these injectates on supraspinatus teno-
cytes after a single peri-tendon injection.

In a systematic review, Dean et al. found significant
negative effects of corticosteroids in both in vitro and in
vivo tendon studies.? In vitro findings included reduced
cell viability, cell proliferation, and collagen synthesis;
and in vivo studies showed increased collagen disorgani-
zation and necrosis in the limited series.?> Many labora-
tory studies demonstrate tenotoxicity at the cellular level
with use of these agents, and clinical studies suggest
increased risk of delayed tendon healing or tendon rup-
ture 218212428 Specific to local anesthetics, Scherb et al.
showed reduced tenocyte proliferation after bupivacaine
exposure and Piper et al. demonstrated incrementally
damaging effects of lidocaine on bovine tenocytes.'6!
Similarly, our study showed decreased cell viability
at day 1 for lidocaine, and at day 7 for both lidocaine
and bupivacaine. Regarding independent corticosteroid
use, Wong et al. and Scutt et al. both showed that dexa-
methasone reduced tenocyte collagen synthesis and cell
proliferation and viability.'®% In an in vivo study, Dean
et al. compared histological and immunohistochemical
effects of glucocorticoid injection versus surgical rotator
cuff repair for rotator cuff tendinopathy.? They noted
increases in cell proliferation, vascularity and hypoxia
inducible factor la after the surgical repairs but not
after the injections, and concluded that further tendon
damage may result after glucocorticoid injection. Simi-
lar to these studies, our studies showed decreased cell
viability with both dexamethasone and triamcinolone
at day 7. Our study did not show significant effects of
the triamcinolone group at day 1, however. Another
difference from previous studies was that our study did
not show significant differences in cellular metabolism
in any of the study groups. A potential reason for this
could be that the specimens were tendon explants, thus
limiting the release of matrix metalloproteinases that
could influence metabolism. We attempted to mitigate
this factor by preserving the extracellular matrix and cell
heterogeneity of the tendon itself.

Previous in vitro studies have shown tenotoxicity
to a single exposure with the individual injectates 1%
lidocaine, methylprednisolone, bupivacaine, and triam-
cinolone.'? Most injections administered clinically are
given in combination, however. Data from previous in
vitro results, along with common clinical combinations,
provided the rationale for the combination injectate
groups used in this in vivo translational study. Based on
data from previous screening studies, number of dogs
available, and a pre-study power analysis, three local
anesthetic-corticosteroid combinations were chosen:
1%L/M as the “worst case scenario”, 0.0625%B/T as the
“best case scenario”, and 1%L/T as the “mismatched”
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group to help determine whether local anesthetic or
corticosteroid might be most influential in terms of in
vivo effects. Dosage and volume of subacromial injec-
tate was chosen to directly correspond to those used in
human patients, as well as current standard of care in
veterinary medicine.

In general, physicians often utilize combination injec-
tions in clinical practice. The local anesthetic provides
initial pain relief and allows the practitioner to perform
a Neer’s Impingement Test to differentiate the injected
subacromial space as a major pain generator or not, while
the corticosteroid is included to decrease inflammation
so that the patient may rehabilitate effectively. Piper et
al. investigated the effects of independent usage of local
anesthetic and cortisone versus combined use. They
found that longer acting ropivacaine alone was not found
to have significantly negative toxic effects, but short act-
ing lidocaine was noted to have dose dependent toxic
effects. More importantly, they demonstrated that when
both anesthetics were combined with dexamethasone,
there was noted to have significantly increased toxicity
to tenocytes.'® Previous in vitro data demonstrates simi-
lar independent toxicity with lidocaine and less toxicity
with longer acting dilute anesthetic (i.e., 0.0625% bupiva-
caine).? Similar to results from Piper et al., however, this
study exhibited that the combination of agents that may
be safe in isolation (i.e., bupivacaine), remain a signifi-
cant concern when used in combination. The synergistic
and deleterious mechanism of action for tenotoxicity is
unknown and should be the subject of future research,
but our results are nonetheless potentially valuable to
the clinician. Unfortunately, limitations in number of
animals did not allow for independent testing of local
anesthetic or corticosteroid injection alone in this study.
Future study is warranted, particularly to answer whether
agents such as triamcinolone and dilute bupivacaine are
safe when used in isolation, as they have been shown to
be in some in vitro studies.!$%

Based on the current study and the available data in
the literature, the authors have now discontinued the use
of lidocaine in our practices for both intra-articular and
peri-tendinous injections. We now use low dose (0.0625%)
bupivacaine sparingly for diagnostic purposes only. Our
data and others also support potential toxicity with the
use of methylprednisolone or dexamethasone, which
we also avoid for subacromial injection. Data regarding
triamcinolone is mixed, with some studies demonstrating
toxic effects only when used as a combination agent and
others demonstrating no long-term negative effects of
independent injection.#2°# [n all of the intra-articular and
subacromial in vitro and in vivo studies conducted at our
institution, we have demonstrated no deleterious effects
of independent usage of triamcinolone versus negative
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control. Based on the available data, the authors now
clinically use isolated triamcinolone with a normal saline
carrier for intra-articular and subacromial injections.

Financial and ethical limitations dictated the number
of specimens for this study and prohibited the use of
more canines and potentially more treatment groups.
Treatment groups of local anesthetic-corticosteroid pairs
were chosen based on previous in vitro studies evaluat-
ing each substance alone, prior peer reviewed literature,
pre-study power analysis, and the common clinical
practice pattern of combination injections. Future in vivo
study should investigate these and other substances (i.e.,
ropivacaine, dexamethasone) individually to control for
variables that may have influenced the results. In this
study, saline injection was used as negative control, as
the contralateral shoulder was unavailable and being
utilized for a different study. While it can be argued that
saline injection is not equivalent to an untouched normal
shoulder, our results in the saline group consistently
demonstrated high viability and metabolic function for
all samples at all time points. This profile compares
favorably with results from historical controls using
normal canine tenocytes. When financial and/or ethical
considerations limit use of research animals, placebo or
sham controls are preferred over unaltered or normal
controls and are considered adequate for hypotheses
testing. In fact, placebo or sham controls (e.g., saline
injection as in the present study) are required by most
regulatory bodies, whereas unaltered, normal controls
are not. Regarding the potential issue involving the use of
the canines for multiple simultaneous studies, it is noted
that this was IACUC approved and addresses the NIH
mandate of “Reduce, Refine, and/or Replace.” Canines
did not experience lameness or dysfunction in the 24
hours of study duration and the other study involving the
contralateral shoulder joint did not involve any systemic
treatments. As such, we do not think this in any way
effected the study results.

Other limitations include the use of normal non-
pathologic canine supraspinatus tendons. While the
canine shoulder is very similar to its human counterpart
in terms of pathophysiology and clinical treatment—in-
cluding injections—differences do exist and should be
taken into account when applying the results to a hu-
man patient population. Moreover, the use of healthy
tendons may not replicate the exact biologic responses a
pathologic subacromial space might have to an injection,
but we believe the use of normal tendons shows even a
stronger impact of the potential damaging effects of the
medications tested. Nonetheless, these results should be
replicated in a model of tendon pathology before defini-
tive treatment recommendations can be made. Another
limitation could be the use of only two early time points.

While significant effects on cell viability were noted at
these time points, there were not significant differences
noted in cell metabolism. It is possible that further time
points could exhibit differences between groups. It is
also possible that the methodology employed for the
metabolism assay influenced these results. Overnight
incubation of the explants in the indicator dye resulted
in high-metabolism samples reaching the maximum level
of fluorescence, such that relative differences among
these samples could not be distinguished. Therefore,
shorter incubation times may be used for ongoing
studies. However, cell viability and cell metabolism
can, and often are, uncoupled, especially with respect
to anabolism versus catabolism. As such, cell viability
was considered the most important factor for clinical
applicability in the present study and therefore was the
primary outcome measure.

The negative effects on viability at even these early
time points, however, raises concern that long-term
clinically significant toxicity is possible and should be
investigated prior to recommending routine use of the
combinations shown to be toxic in this study.

This study demonstrated significant in vivo supraspi-
natus tenotoxicity following a single injection of combi-
nation local anesthetic/corticosteroid when compared
to saline controls. This data raises significant concern
regarding the clinical use of combination peri-tendinous
injections near supraspinatus tendons.
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