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Abstract

Purpose More and more orthopedic procedures are per-
formed in an outpatient setting. A commonly used strategy
in pain management is the intra-articular injection of local
anesthetics. Recent attention has been drawn to their pos-
sible toxic effect on chondrocytes. Local anesthetics, and in
particular Lidocaine, are also used for diagnostic joint
infiltrations. A controlled laboratory study was performed
to investigate the possible toxic effect of Lidocaine on
human articular chondrocytes.

Methods Mature human articular chondrocytes were
harvested from the knees of human tissue donors or
patients undergoing total knee replacement. The cells were
exposed to Lidocaine 1 and 2% with and without epi-
nephrine and to a saline 0.9% control group, with variable
exposure times in different experiments. The activity and
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viability of the cells were assessed by lactate dehydroge-
nase activity, interleukin-6 production and a live/dead cell
count.

Results  After a 1-h exposure, devastating results were
seen for Lidocaine 1, 2 and 2% with epinephrine showing
cell death rates of 91, 99 and 97%, respectively, compared
with 26% in the saline control group (P-values of 0.004,
0.010, 0.006, respectively).

Exposing the chondrocytes to a 50/50 mixture of culture
medium and local anesthetics substantially decreased
cytotoxicity but still showed high toxicity when compared
with the saline group (90% dead cells for Lidocaine 2%,
P = 0.047). Lidocaine also showed a time-dependent
cytotoxicity with gradually more dead cells after exposure
for 15, 30 or 60 min.

Conclusion 1In vitro, local anesthetics containing Lido-
caine are significantly more toxic to mature human artic-
ular chondrocytes than a saline 0.9% control group. The
effect of Lidocaine on the viability of human chondrocytes
in vivo needs further investigation. However, based on our
in vitro results, cautious use of intra-articular Lidocaine in
clinical practice is recommended.

Level of evidence Prospective, comparative therapeutic
study, Level II.

Keywords Lidocaine - Chondrocytes - Toxic effect -
Intra-articular

Introduction

More and more orthopedic surgeries (knee, hip, wrist,
ankle and shoulder arthroscopies, arthroscopic anterior
cruciate ligament reconstructions and in some hospitals
even total knee arthroplasties) are being performed on an
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outpatient basis [8]. This increasing trend toward day care
surgery induced the development of new perioperative pain
management protocols, able to give the patient sufficient
comfort during his hospital stay. For several years, anes-
thesiologists used local anesthetics for that reason. Those
products are thought to provide an effective and reliable
postoperative pain control. Intra-articular injection is rou-
tinely used by orthopedic surgeons, mainly due to its
simplicity and low cost. It is assumed to be a safe proce-
dure [1, 2]. For the continuous delivery of local anesthetics
into the affected joint, pain pumps became available [5, 6,
28].

Single-shot injections of local anesthetics into a joint are
widespread in clinical orthopedic practice. Injections of
local anesthetics aid the orthopedic surgeon in making the
correct diagnosis and set up an efficient treatment. Lido-
caine is one of the local anesthetics most commonly used
for these diagnostic infiltrations.

Recently, questions were formulated about the safety of
local anesthetics [4]. Publications report on the use of local
anesthetics as a cause of postarthroscopic chondrolysis.
Concerns have arisen about the possible chondrotoxicity of
local anesthetics [15, 20]. Case reports of severe chon-
drolysis after the use of intra-articular pain pumps after
shoulder surgery have been published. Some patients ended
up with a total shoulder arthroplasty [20, 30]. Case series
showed that there probably are multiple factors responsible
for postarthroscopic glenohumeral chondrolysis; however,
large doses of intra-articular local anesthetics are strongly
discouraged [3, 24, 25]. Several publications reported a
toxic effect of local anesthetics on articular cartilage in
vitro and animal models [9-11, 13, 14, 17, 22, 26, 29, 31].
Chu et al. reported the extreme toxicity of bupivacaine on
human chondrocytes in vitro [10]. Publications investi-
gating the effect of Lidocaine are rare. Karpie and Chu in
2007 found a dose- and time-dependent cytotoxic effect on
bovine chondrocytes of Lidocaine, but less than bupiva-
caine [22].

Materials and methods

Human articular chondrocytes were harvested from two
different populations. Part of the chondrocytes were
obtained from patients undergoing total knee arthroplasty.
All patients signed an informed consent form. Periopera-
tively, only the intact articular cartilage was separated from
the subchondral bone, put in a sterile recipient with culture
medium (Dulbecco’s modified Eagle’s medium, DMEM,
GIBCO BRL, Grand Island, NY, USA) and transported to
the laboratory for further processing.

The second part of the articular cartilage, used in this
study, was harvested from human tissue donors. Informed

consent was obtained from the donor’s relatives by the
team of transplant coordinators. Thereafter, the bone prel-
evation team was informed, and during prelevation of the
bone, the articular cartilage of the femoral condyles was
separated from the subchondral bone, put in a sterile
recipient with culture medium (DMEM) and transported to
the laboratory for further processing.

The Institutional Review Board and the Ethics Com-
mittee of the Ghent University Hospital approved both
procedures.

Once in the laboratory, the articular cartilage was
minced into particles of 1 mm®. An enzymatic digestion
in three steps, using hyaluronidase, pronase and collage-
nase, was performed to isolate the articular chondrocytes
over a 2-day period. After isolation, the cells were
resuspended in a mixture of HBSS (Hank’s balanced salt
solution) and alginate gel (low-viscosity alginate from
Macrocystis pyrifera, Sigma) to a concentration of 5
million cells per milliliter. The alginate was polymerized
into alginate beads that were dripped into culture plates
that were placed in an incubator at 37°C and 5% CO,.
Culture medium was renewed every 3—4 days. The algi-
nate beads were cultured for a minimal of 7-10 days
before exposition to the test substances in order to
maintain their phenotype and to allow time for the
extracellular matrix to form [7, 27]. A detailed description
of this protocol can be found in previous scientific reports
[16, 19, 32-34].

Exposure and analysis

One day before exposure to the different test substances,
the beads were put into 12-well culture plates, each well
containing 10 beads and 2 ml of culture medium.

After exposure, the test substance was aspirated, the
beads were washed with phosphate-buffered saline (PBS,
GIBCO) for 5 min, and 2 ml of fresh culture medium was
added.

Twenty-four hours after exposure, a sample of 50 pl of
culture medium was aspirated to measure lactate dehy-
drogenase (LDH) concentration. Another sample of 200 pl
was aspirated and freezed at —20°C for later interleukin-6
(IL-6) concentration assessment.

For LDH measurement, the TOX-7 assay kit was used
(Sigma-Aldrich™, St. Louis, MO, USA). LDH values
represent a light absorption at 492 nm and could be
expressed as optical density, representing the number of
absorption units, indicating a relative concentration of
LDH in the medium surrounding the cells. The interleukin-
6 concentration was measured with enzyme-linked immu-
nosorbent assay (ELISA). ELISA analysis allowed us to
calculate the amount of IL-6 in the samples in picogram
per milliliter. Concentrations that were too low to measure
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were indicated by 2.34 pg/ml, this being the lowest con-
centration measurable with IL-6 ELISA.

At 48 h, the same procedure was followed, but at this
time point all of the remaining culture medium was aspi-
rated and freezed at —20°C and 2 ml of fresh medium was
added to the wells.

Seven days after exposure, samples for LDH and IL-6
measurement were obtained. Per well, all beads were
digested by adding 500 pl of sodium citrate. A 25-ul
sample of this cell suspension was used for staining with
Trypan Blue, and a live/dead cell count was performed by
an experienced and blinded investigator.

Experiments

Human articular cartilage was harvested from four human
tissue donors (3 men and 1 woman, between 64 and
70 years of age) and from three patients undergoing a total
knee arthroplasty (1 man and 2 women, between 65 and
68 years of age). Three experiments were conducted.
Experiment 1 exposed the wells to 2 ml of Lidocaine 1%
with and without epinephrine, to 2 ml of Lidocaine 2%
with and without epinephrine and to 2 ml of NaCl 0.9% for
the duration of 60 min. Experiment 2 exposed the beads to
a mixture of 1 ml of culture medium plus 1 ml of our local
anesthetics or saline 0.9% (same duration as in experiment
1). This experiment was set up to approach the in vivo
dilution with joint fluid more accurately. Because a lack of
nutrients may also cause cell death, culture medium was
added in this protocol. Experiment 3 exposed the beads to
our local anesthetics for the duration of 15, 30 and 60 min
to investigate a potential time-dependent effect.

Statistical analysis

A statistical analysis of the results was made using SPSS
version 17.0 (Statistical Package for the Social Sciences
Inc., Chicago, Illinois, USA).

The analysis of the results was done by means of non-
parametric Mann—Whitney U tests to compare the local
anesthetics individually to the control group (saline 0.9%).
The level of significance was set at P < 0.05.

Results
Experiment 1

At 24 h, higher values of LDH were noted for all different
Lidocaine products compared with saline 0.9% (Table 1).
All of these results were statistically significant.IL-6
measurements for Lidocaine 1% with epinephrine showed
statistically significant higher values than saline 0.9%
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Table 1 Results of LDH analysis in Experiment 1

Test product Median Mean SD P25-P75 P-value
LDH measurement 24 h

Lidocaine 1% 0.98 1.11 0.43 0.78-1.14 0.002%**
Lidocaine 0.67 0.67 0.25 0.52-0.78 0.035*
1% + epinephrine

Lidocaine 2% 0.87 093 0.30 0.75-0.92 0.002%**
Lidocaine 1.22 1.19 0.62 0.61-1.34 0.004**
2% + epinephrine

Saline 0.9% 0.41 043 0.06 0.38-0.47 -
LDH measurement 48 h

Lidocaine 1% 0.64 0.75 0.29 0.50-1.00 0.009%**
Lidocaine 0.46 048 0.21 0.36-0.69 n.s.
1% + epinephrine

Lidocaine 2% 0.55 0.64 0.24 0.48-0.76 0.009%**
Lidocaine 0.80 0.82 0.46 0.40-1.13 0.047*
2% + epinephrine

Saline 0.9% 0.34 0.34 0.04 0.30-0.36 -
LDH analysis at 7 days

Lidocaine 1% 0.33 042 0.18 0.29-0.57 n.s.
Lidocaine 0.38 0.52 0.26 0.34-0.67 n.s.
1% + epinephrine

Lidocaine 2% 0.27 032 0.11 0.25-0.31 0.047*
Lidocaine 0.32 0.39 0.18 0.28-0.40 n.s.
2% + epinephrine

Saline 0.9% 0.33 048 0.15 0.38-0.59 -

Experiment I: Median, mean, standard deviation (SD), interquartile
range (P25-P75) and P-value for LDH analysis after exposure of
chondrocytes to the test products

* Statistically significant (P < 0.05)
** Highly statistically significant (P < 0.01)

(P = 0.032). Concentrations for Lidocaine 1%, Lidocaine
2% with and without epinephrine were statistically lower
than saline (P = 0.003, 0.015, 0.002). The concentration of
Lidocaine 2% was too low to measure (Table 2).

The second evaluation at 48 h showed similar results for
LDH measurements as those at 24 h postexposure
(Table 1). All of our local anesthetics showed higher val-
ues than the saline control group. All were statistically
significant, except for Lidocaine 1% with epinephrine
(n.s.). Concerning IL-6 concentrations at 48 h, values for
Lidocaine 1%, Lidocaine 2% with and without epinephrine
at 48 h were still very low or undetectable. Lidocaine 1%
with epinephrine again showed higher values than Lido-
caine 1%: 189.76 vs. 3.71 (P = 0.005) (Table 2).

At 7 days postexposure, the LDH analysis showed only
a statistically significant difference for Lidocaine 2%,
which showed lower median values than the saline 0.9%
group (P = 0.047) (Table 1).

IL-6 measurements at day 7 confirmed the trend:
extremely low values for Lidocaine 1%, Lidocaine 2% with
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::al;;ii irllzelis)l(lll)t(:ri(:rfl:rll}_? Test product Median P25-P75 P-value
IL-6 concentrations 24 h
Lidocaine 1% 12.40 2.34-13.59 0.003**
Lidocaine 1% + epinephrine 333.96 105.36-367.26 0.032%*
Lidocaine 2% 2.34 2.34-2.34 0.0027%*
Lidocaine 2% + epinephrine 15.08 2.34-38.31 0.015*
Saline 0.9% 48.37 40.62-194.43 -
IL-6 concentrations 48 h
Lidocaine 1% 3.71 2.34-17.46 0.002%*
Lidocaine 1% + epinephrine 189.76 130.02-672.96 n.s.
Lidocaine 2% 7.03 2.34-8.02 0.012*
Lidocaine 2% + epinephrine 14.21 2.34-33.63 0.003%**
Experiment 1: Median. Saline 0.9% 74.68 69.70-440.20 -
interquartile range (P25-P75)
and P-value for IL-6 analysis Test product Median Mean SD P25-P75 P-value
after exposure of chondrocytes .
to the test products. IL-6 analysis at 7 days
Concentrations of IL-6 in Lidocaine 1% 5.81 8.18 9.22 2.34-10.08 0.004**
picogram per ml Lidocaine 1% + epinephrine 98.37 105.39 57.47 65.76-161.88 n.s.
* Statistically significant Lidocaine 2% 2.34 2.34 .00 2.34-2.34 0.0027*
(P <005 Lidocaine 2% + epinephrine 5.80 8.08 6.45 2.34-14.25 0.006%*
** Highly statistically Saline 0.9% 165.82 23250 19013 842437320 -

significant (P < 0.01)

and without epinephrine. Lidocaine 1% with epinephrine
showed values that were comparable to saline (Table 2).

The microscopic live/dead cell count after Trypan
Blue staining showed a survival of 74.26% of the cells
in the saline control group (interquartile range (IQR) =
55.74-85.19). For Lidocaine 1%, Lidocaine 2% with and
without epinephrine, nearly all cells were dead at 7 days
after 1-h exposure. The median percentage of viable cells
at 7 days was 9.22% (IQR = 0-14.63), 2.93% (IQR =
0-16.95) and 1.40% (IQR = 0-3.64), respectively. After
exposure to Lidocaine 1% with epinephrine, generally
more than 50% of the cells were still alive after 7 days in
culture medium (median = 61.99%, IQR = 43.14-66.04)
(Table 3).

Experiment 2

For LDH measurements, the differences that were seen
following experiment 1 were still present, but not as
apparent. At 24 h, none of the differences could be proven
statistically (P-values between 0.076 and 0.602). Lidocaine
2% showed a clear trend toward statistical significance
(P = 0.076). At 48 h, results for LDH were comparable to
those at 24 h. Lidocaine 2% gave statistically significant
higher values than saline: 0.53 versus 0.27, respectively
(P = 0.021). For Lidocaine 1%, a significant trend was
noticeable compared with saline (P = 0.081). LDH anal-
ysis at 7 days postexposure could not show any statistically
significant difference (Table 4).

IL-6 measurements at 24 h showed statistically signifi-
cant higher values for Lidocaine 1% with epinephrine
(P = 0.009). Lidocaine 2% with epinephrine, Lidocaine 1
and 2% showed higher values but with a wide spread and
without significant difference with the control group. At
48 h, Lidocaine 1% with epinephrine kept showing sig-
nificant higher values compared with saline (P = 0.009) At
day 7, only the values for Lidocaine 2% were significantly
lower than the saline controls (P = 0.047) (Table 5).

Staining with Trypan Blue at day 7 revealed a median
survival of 70% for the saline control group, comparable
with the survival of 68% of the cells exposed only to
culture medium (DMEM). The highest mortality was seen
after exposure to Lidocaine 2% with and without epi-
nephrine with cell death rates of 70 and 89.86% after a 1-h
exposure. Only the latter was statistically significant
compared with saline (P = 0.047) (Table 6).

Experiment 3

The longer the exposure to any Lidocaine containing
solution, the greater the number of dead cells at 7 days
postexposure. For Lidocaine 2%, nearly all cells were dead
after 7 days for all three exposure times (15, 30 and
60 min). All Lidocaine 2% values were statistically sig-
nificant lower than the saline group (P = 0.019, 0.028,
0.032). Fifteen-minute exposure to Lidocaine 1% already
resulted in 49% dead cells at day 7. This increased to 60
and 94% after 30 and 60 min of exposure time. Percentages
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Table 3 Results of Trypan Blue staining in Experiment 1

Test product Median Mean SD P25-P75 P value
Trypan Blue alive
Lidocaine 1% 9.22 8.74 7.86 0.00-14.63 0.004**
Lidocaine 1% + epinephrine 61.99 51.50 27.49 43.14-66.04 n.s.
Lidocaine 2% 1.40 10.96 23.75 0.00-3.64 0.010*
Lidocaine 2% + epinephrine 293 13.00 21.61 0.00-16.95 0.006%**
Saline 0.9% 74.26 72.24 17.33 55.74-85.19 -
Trypan Blue dead
Lidocaine 1% 90.78 91.26 7.86 85.37-100.00 0.004%*
Lidocaine 1% -+ epinephrine 38.01 48.50 27.49 33.96-56.86 n.s.
Lidocaine 2% 98.60 89.04 23.75 96.36-100.00 0.010*
Lidocaine 2% + epinephrine 97.07 87.00 21.61 83.05-100.00 0.006%**
Saline 0.9% 25.74 27.76 17.33 14.81-44.26 -

Experiment 1: Median, mean, standard deviation (SD), interquartile range (P25-P75) and P-value after staining with Trypan Blue at 7 days after

exposure of chondrocytes to the test products. Values in percentages
* Statistically significant (P < 0.05)
** Highly statistically significant (P < 0.01)

Table 4 Results of LDH analysis in Experiment 2

Test product Median Mean SD  P25-P75  P-value
LDH measurement 24 h
Lidocaine 1% 0.40 0.51 021 0.39-0.64 n.s.
Lidocaine 0.30 0.59 044 0.28-0.82 n.s.
1% + epinephrine
Lidocaine 2% 0.58 0.67 031 043-0.85 ns.
Lidocaine 0.48 053 0.15 046-0.52 ns.
2% + epinephrine
Saline 0.9% 0.35 041 0.10 0.34-0.53 -
LDH measurement 48 h
Lidocaine 1% 0.34 034  0.05 0.30-0.38 ns.
Lidocaine 0.29 030 0.08 0.23-0.36 n.s.
1% + epinephrine
Lidocaine 2% 0.53 0.58 0.16 0.48-0.69 0.021*
Lidocaine 0.41 038 0.08 0.33-043 ns.
2% + epinephrine
Saline 0.9% 0.27 027 0.04 0.23-031 -
LDH measurement day 7
Lidocaine 1% 0.40 049 0.27 0.36-0.41 ns.
Lidocaine 0.41 048 0.17 0.38-0.43 ns.
1% + epinephrine
Lidocaine 2% 0.36 046  0.27 0.34-0.37 ns.
Lidocaine 0.38 047 022 038042 ns.
2% + epinephrine
Saline 0.9% 0.40 0.52 030 0.35-0.69 -

Experiment 2: Median, mean, standard deviation (SD), interquartile
range (P25-P75) and P-value for LDH analysis after exposure of
chondrocytes to the test products and culture medium (50/50)

* Statistically significant (P < 0.05)
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of dead cells for Lidocaine 1% with epinephrine were
lower with 19, 27 and 50% after exposure for 15, 30 and
60 min. Lidocaine 2% with epinephrine resulted in 49, 30
and 98% dead cells for 15-, 30- and 60-min exposure.
Exposure to Lidocaine 1% with epinephrine appeared to
be the least toxic of all, indicating a possible positive effect
of epinephrine on the biology of human articular chon-
drocytes. There was a trend toward a significant difference
between 15 and 60 min of exposure (P = 0.083).

Discussion

The most important finding of the present study was the
devastating cytotoxic effect of Lidocaine on articular
human chondrocytes in vitro, which exhibited both a time-
dependent and dose-dependent effect.

As the technique of intra-articular injection of local
anesthetics is becoming more widespread, more and more
questions arise about the safety of these procedures on the
long term. Single-shot injection of local anesthetics into a
joint has mainly been thought of as safe with little side
effects being reported. One has to bear in mind that the
follow-up was usually limited to the first 48 postoperative
hours. As already stated above, recent literature describes
several case reports of severe chondrolysis after intra-
articular injection of local anesthetics weeks—months after
the initial surgery.

As this had, to our knowledge, never been tested before
on human tissue when we initiated the study, we set up a
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Table 5 Results of IL-6 analysis in Experiment 2
Test product 24 h 48 h Day 7

Median P25-P75 Median P25-P75 Median P25-P75
IL-6 concentrations
Lidocaine 1% 46.48 34.68-65.83 54.69 52.45-80.39 55.25 32.74-198.53
Lidocaine 1% + epinephrine 139.52 110.43-199.86 196.45 125.82-222.47 63.29 41.93-121.51
Lidocaine 2% 19.70 2.34-114.73 31.81 18.05-67.39 4.86 2.34-44.11
Lidocaine 2% + epinephrine 50.62 34.22-216.85 153.79 49.53-233.06 52.83 34.22-60.42
Saline 0.9% 30.35 23.70-45.97 34.52 33.56-75.91 109.73 49.62-217.62

Experiment 2: Median and interquartile range (P25-P75) for IL-6 analysis after exposure of chondrocytes to the test products and culture medium

(50/50). Concentrations of IL-6 in picogram per ml

Table 6 Results of Trypan Blue staining in Experiment 2

Test product Median Mean SD P25-P75 P-value

Trypan Blue alive
Lidocaine 1% 51.81 57.30 14.87 45.28-68.75 n.s.
Lidocaine 1% + epinephrine 63.16 60.26 9.31 56.25-65.12 n.s.
Lidocaine 2% 10.14 24.24 30.97 0.00-39.62 0.047*
Lidocaine 2% + epinephrine 30.00 36.12 25.48 21.31-46.34 n.s.
Saline 0.9% 70.11 67.87 13.81 65.79-75.00 -
DMEM + FBS 68.18 70.07 11.91 59.18-79.10 n.s

Trypan Blue dead
Lidocaine 1% 48.19 42.70 14.87 31.25-54.72 n.s.
Lidocaine 1% + epinephrine 36.84 39.74 9.31 34.88-43.75 n.s.
Lidocaine 2% 89.86 75.76 30.97 60.38-100.00 0.047*
Lidocaine 2% + epinephrine 70.00 63.88 25.48 53.66-78.69 n.s.
Saline 0.9% 29.89 32.13 13.81 25.00-34.21 -
DMEM + FBS 31.82 29.93 11.91 20.90-40.82 n.s.

Experiment 2: Median, mean, standard deviation (SD), interquartile range (P25-P75) and P-value after staining with Trypan Blue at 7 days after
exposure of chondrocytes to the test products and culture medium (50/50). Values in percentages

* Statistically significant (P < 0.05)

series of experiments to test a possible toxic effect of
Lidocaine on cultivated human chondrocytes.

In our experiments, LDH and IL-6 concentrations were
measured. The LDH assay is a means of measuring the
membrane integrity as a function of the amount of cyto-
plasmic LDH released into the medium [12, 23]. The more
cells die, the higher the concentration of LDH in the culture
medium surrounding the cells. In response to physiologic
and inflammatory stimuli, chondrocytes have been shown
to produce IL-6 [18, 21]. IL-6 is a regulator of inflamma-
tory and immunological processes. The higher the con-
centration of IL-6 found in the culture medium, the more
cells that had been biologically activated by exposure to
the local anesthetics.

In our first experiment, devastating results were found
for Lidocaine 2%, Lidocaine 2% with epinephrine and
Lidocaine 1% with statistically significant higher LDH
concentrations at 24 and 48 h and almost complete cell

death after Trypan Blue staining at 7 days. In other words,
they are highly cytotoxic to human articular chondrocytes
in vitro. Surprisingly, the results of Lidocaine 1% with
epinephrine were very different. Based on the results of the
other Lidocaine formulations, one would have expected a
high toxicity as well. Instead, we found a significantly
higher survival of chondrocytes after the 1-h exposure to
Lidocaine 1% with epinephrine. In the in vitro setting,
epinephrine seems to have a protective effect on human
articular chondrocytes, possibly by interacting with the
local anesthetic itself or with the chondrocytes or both.
For IL-6 after Lidocaine 1%, Lidocaine 2% with and
without epinephrine exposure, no concentrations could be
measured. This might be explained by the extreme cyto-
toxicity of those products, resulting in almost immediate cell
death after exposure, which left no cells behind to produce
IL-6. The addition of epinephrine to Lidocaine showed a
higher activation of chondrocytes, resulting in higher IL-6
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concentrations, further adding to the evidence that epi-
nephrine may activate human articular chondrocytes.

The exact implications of these chondrocyte reactions
should further be investigated to determine whether it is
beneficial and protective or a sign of inflammatory
response.

The second experiment was set up to mimic in vivo
dilution and presence of nutrients. The toxic effects of
Lidocaine 1%, Lidocaine 2% and Lidocaine 2% with epi-
nephrine, which were seen in the first experiment, were still
noticeable, but less apparent. High death rates were seen
for Lidocaine 2% with epinephrine and Lidocaine 2%, still
indicating a highly cytotoxic effect. Lidocaine 1% with
epinephrine did not show the same trend anymore and was
comparable to saline 0.9%. Intermediate cytotoxicity was
seen for Lidocaine 1%. IL-6 concentrations followed the
same trend. Of course, adding the culture medium not only
supplied the cells with extra nutrients but also halved the
concentrations of all LA, making them less toxic. On the
other hand, cell death rates of 70-90% were still seen with
Lidocaine 2% with epinephrine and Lidocaine 2%, which
still confirms their highly cytotoxic effects.

The third experiment did show a dose- and time-
dependent cytotoxicity with Lidocaine 1% being less toxic
than Lidocaine 2% and more cell death with longer expo-
sure times. A protective effect for epinephrine was also
observed. IL-6 analysis confirmed the results seen with
LDH assessment and Trypan Blue staining. The dose- and
time-dependent effects of Lidocaine 1% found by Karpie
et al. [22] were similar to the results found in this study,
although for Lidocaine 2% a much higher toxicity was
observed. The detrimental toxic effect of epinephrine
shown in literature was not reflected in the results of this
study. In contrary, Lidocaine with epinephrine showed
higher survival rates of chondrocytes compared with
Lidocaine without epinephrine, suggesting a protective
effect of epinephrine in vitro.

Taking a closer look at the origin of the chondrocytes,
we found that cells from patients undergoing TKA seemed
to be much more sensitive for the toxic effect of the local
anesthetic, although we could not show any statistical
significance. Nevertheless, this might implicate that using
local anesthetics in a joint with damaged or inflamed car-
tilage could result in higher chondrocytotoxicity.

The major shortcoming of this study is the in vitro set-
ting. On one hand, this setting allows to test all the sub-
stances in a reproducible and controlled matter; on the
other hand, it is not possible to easily extrapolate the results
to the in vivo situation. Another shortcoming is the small
sample size and high overlay between the values of the
different LA in some experiments and therefore the lack of
statistical significance in some experiments. However, the
different protocols in this study have been able to show

@ Springer

clear trends and significant differences between several test
substances and the control group.

Conclusion

In this study, we found that local anesthetics containing
Lidocaine are significantly more toxic to mature human
articular chondrocytes in vitro than a saline 0.9% control
group. A dose- and time-dependent effect was observed,
with a higher cytotoxicity after longer exposure times and
exposure to higher concentrations.

Further studies need to be done to investigate this effect
on chondrocytes in vivo. In the meanwhile, we believe that
the intra-articular use of Lidocaine in any concentration in
clinical practice should be discouraged.
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