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Introduction: The pain of patellar tendinopathy (PT) may be mediated by neuronal glutamate 

and sodium channels. Lidocaine and tetracaine block both of these channels. This study tested 

the self-heated lidocaine-tetracaine patch (HLT patch) in patients with PT confirmed by physical 

examination to determine if the HLT patch might relieve pain and improve function.

Methods: Thirteen patients with PT pain of $14 days’ duration and baseline average pain 

scores $4 (on a 0–10 scale) enrolled in and completed this prospective, single-center pilot 

study. Patients applied one HLT patch to the affected knee twice daily for 2–4 hours for a total 

of 14 days. Change in average pain intensity and interference (Victorian Institute of Sport 

Assessment [VISA]) scores from baseline to day 14 were assessed. No statistical inference 

testing was performed.

Results: Average pain scores declined from 5.5 ± 1.3 (mean ± standard deviation) at baseline to 

3.8 ± 2.5 on day 14. Similarly, VISA scores improved from 45.2 ± 14.4 at baseline to 54.3 ± 24.5 

on day 14. A clinically important reduction in pain score ($30%) was demonstrated by 54% 

of patients.

Conclusion: The results of this pilot study suggest that topical treatment that targets neuronal 

sodium and glutamate channels may be useful in the treatment of PT.

Keywords: patellar tendinopathy, patellar tendinosis, heated lidocaine/tetracaine patch, topical 

analgesic patch, knee pain

Introduction
For professional and recreational athletes, painful patellar tendinopathy (PT), or 

“jumper’s knee,” is a condition that may interfere with performance and can even end 

an athletic career.1,2 While the etiology of PT is unclear, research suggests that tendon 

overuse without adequate rest causes repeated tendon microtrauma. A failed healing 

response leads to degeneration of the tendon, characterized by structural, cellular, and 

biochemical dysregulation; neovascularization; nerve proliferation; and, ultimately, 

the primary symptom of pain.1,3

The pain associated with PT has typically been treated conservatively with 

nonsteroidal anti-inflammatory drugs (NSAIDs) or cortisone injections,1 despite the 

fact that prostaglandin E
2
 is not present in PT, and thus, the pain associated with PT is 

most likely noninflammatory in nature.4 Several other hypotheses have been put forward 

regarding the source of PT pain, including neuropathy as a contributing factor.5 Recent 

research suggests that PT pain may have neurogenic origins, including identification 

of newly sprouted substance P-positive sensory nerve fibers,6 and the expression of 

the substance P receptor neurokinin-1 (in blood vessels, nerves, and tenocytes),7 as 

Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
565

O R I G I N A L  R E S E A R C H

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/JPR.S46239

Jo
ur

na
l o

f P
ai

n 
R

es
ea

rc
h 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

mailto:agammaitoni@nuvoresearch.com
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/JPR.S46239


Journal of Pain Research 2013:6

well as glutamate and its receptor, the N-methyl-D-aspartate 

(NMDA) receptor.4,8 Other mechanosensitive and voltage-

gated ion channels, such as TREK-1, a tandem-pore-domain 

potassium channel (2PK+), and voltage-operated calcium 

channels may also play a role.9,10

Glutamate–NMDA receptor signaling is known to 

have a role in neuropathic pain,11 and it thus may represent 

a novel target for pharmacologic treatment of PT pain. 

Recently, it was found that local anesthetics, in particular 

procaine and tetracaine, also block NMDA receptor 

channels.12–14 In addition, local anesthetics, such as lidocaine 

and tetracaine, are known to relieve pain by inhibiting the 

depolarization and firing of sensory nerve fibers through 

sodium channel blockade.15 Because of these properties, 

a local anesthetic containing both lidocaine and tetracaine 

could pharmacologically target two potential components 

of PT pain.

One approach to the treatment of PT pain may be a self-

heating topical patch that contains lidocaine 70 mg/tetracaine 

70 mg (hereafter referred to as the HLT patch). The HLT 

patch is effective for providing dermal analgesia for venous 

access and superficial dermatologic procedures.16 The use of 

heat has been shown to enhance drug penetration,17 decrease 

time to onset relative to other topical formulations such as 

lidocaine/prilocaine cream (EMLA®; APP Pharmaceuticals, 

LLC; Schaumburg, IL, USA),18 and improve the efficacy of 

topical applications of lidocaine and tetracaine.19 Application 

of the HLT patch has been shown to provide analgesic efficacy 

to an average depth of 8.22 mm from the skin’s surface and 

a duration of effect lasting at least 2 hours,20 suggesting 

that this patch may have utility for other conditions such as 

tendinopathies.

The objectives of this prospective, open-label, pilot study 

were: (1) to evaluate the HLT patch, which targets both 

sodium channels and NMDA receptors, for its ability to reduce 

pain associated with PT and to improve function; and (2) to 

evaluate the tolerability of the HLT patch when administered 

twice daily for 14 days in the treatment of PT.

Methods
This was a prospective, open-label, pilot study examining the 

effectiveness of the topical, self-heating lidocaine/tetracaine 

patch (Synera®; ZARS Pharma, Inc, Salt Lake City, UT, 

USA) for pain relief and functional improvement in patients 

with PT. Study approval was given by the local Institutional 

Review Board and informed consent was obtained from all 

patients prior to enrollment in the study. Patients were seen 

by a single practitioner at a single site.

Only patients with isolated PT were eligible for 

enrollment in the study. The diagnosis was suspected by a 

history of painful “push off ” activities such as jumping, stair 

climbing, or running that resulted in a painful debilitation. 

The diagnosis was confirmed by physical examination in 

which all patients exhibited significant pain with direct 

palpation to the inferior pole of the patella (proximal site 

of patellar tendon attachment) while the knee was fully 

extended, the quadriceps relaxed, and the superior pole 

of the patella subjected to a posterior force, the latter of 

which “delivered” the inferior patellar pole to the palpating 

clinician and reproduced the pain for which the patient sought 

treatment. Study inclusion required this clinical test to clearly 

reproduce the pain for which the patient sought treatment. 

Inclusion criteria for the study were age $14 years, PT pain 

for a minimum 2-week duration, and an average pain intensity 

score of at least 4 (scale 0–10, with 0 representing no pain 

and 10 representing the worst pain imaginable) over the past 

24 hours. If the patient had bilateral PT, the knee that was 

more painful was treated. Exclusion criteria included, but 

were not limited to, previous surgery in the affected knee, 

use of class 1 antiarrhythmic drugs, severe hepatic disease, 

pregnancy, or breastfeeding.

Patient data were collected during two onsite patient 

visits on days 0 and 14 (or upon early withdrawal) and by 

telephone on days 7 and 28. On day 0, informed consent 

was obtained, medical history and concomitant medications 

were recorded, and a medical exam and assessments were 

performed. Also on day 0, patients were instructed on proper 

use of the HLT patch, advised to avoid strenuous activity 

during the study, and given study diaries, study drug, and 

acetaminophen for minor conditions (eg, headache) or 

as rescue medication for acute episodes of PT pain. Patients 

who used acetaminophen for PT pain on 2 consecutive days 

were considered treatment failures. Drug compliance was 

assessed via a patient diary and by counting unused HLT 

patches and acetaminophen during the patient visit on day 14. 

No additional analgesics or topical treatments for PT were 

permitted in the study. Patients were instructed to record the 

following information each evening in their study diaries: 

average pain score (0–10 point scale) over the last 24 hours, 

the number of HLT patches used that day, and any use of 

the provided rescue medication. At day 14, diaries and any 

unused HLT patches and acetaminophen were collected, 

assessments were performed, and the skin at the drug 

application site was evaluated for erythema using a 0–4 scale: 

0 = no erythema, 1 = very slight erythema, 2 = well-defined 

erythema, 3 = moderate to severe erythema, and 4 = severe 
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erythema (beet redness) to slight eschar formations (injuries 

in depth) or other skin reactions. Adverse events (AEs) were 

recorded during onsite visits and phone interviews.

Patients were instructed to apply one HLT patch 

directly to the affected knee at home for 2–4 hours twice 

daily (morning and evening, separated by approximately 

8–10 hours). The drug supply for the entire study was 

dispensed to each patient at the baseline visit (day 0). The 

first HLT patch was to be applied on the evening of day 0 

and the final on the morning of day 14.

To assess pain, patients were asked to rate their average 

pain intensity during the previous 24 hours on a scale from 

0–10. To assess function, patients completed the PT-specific 

Victorian Institute of Sport Assessment (VISA),21 which 

rates pain interference of physical movements and general 

sport training on a scale from 0–100 (0 = most pain 

interference). Patient satisfaction was measured with the 

Patient Global Assessment of Treatment Satisfaction, which 

rates satisfaction on a scale from 0–4 (0 = very dissatisfied, 

1 = dissatisfied, 2 = no preference, 3 = satisfied, 4 = very 

satisfied).

For the purpose of analysis, patients who were considered 

treatment failures due to acetaminophen use had their baseline 

pain and VISA scores carried forward. For all analyses, 

descriptive statistical methods were used. The change 

from baseline of pain and VISA scores were examined 

with a Wilcoxon signed-rank test, and P-value , 0.05 was 

considered statistically significant. All data are presented as 

the mean ± standard deviation.

Results
Thirteen patients enrolled in and completed the study. The 

date of first patient enrollment was July 2010, and the last 

patient completed the study in April 2011. Demographic 

information for the patient population was collected 

(Table 1). The mean age of the patients was 35 ± 15 years, 

and the majority of patients were male (69%) and black or 

African American (54%). Three patients (23%) reported 

having undergone previous physical therapy for PT, and five 

patients (31%) were involved in a physical therapy program 

for PT during the study. Two patients were deemed treatment 

failures for using acetaminophen rescue for PT-related pain 

on $2 consecutive days, and one patient did not return the 

study diary. The mean daily compliance was 86% ± 12% 

(n = 12).

At baseline, the mean 24-hour average pain score was 

5.5 ± 1.3, and the mean VISA score was 45.2 ± 14.4. After 

14 days of HLT patch use, the mean 24-hour pain score 

improved to 3.8 ± 2.5 (P = 0.022), and the mean VISA score 

improved to 54.3 ± 24.5 (P = 0.075).

Overall, more than half of patients experienced 

improvement in pain (62% of patients [8/13]), and 54% 

(7/13) were either satisfied or very satisfied with treatment. 

A continuous responder analysis showed that about 54% 

(7/13) of patients had a clinically meaningful improvement 

in pain defined as a $30% reduction (Figure 1).

Posttreatment VISA scores for approximately 50% 

of patients (6/13 patients) had improved to the point 

where they were within the VISA score range for patients 

who do not have tendinopathy (VISA score $60),21,22 

with one patient scoring 100 (ie, similar to healthy 

volunteers).

Table 1 Demographics of patient population at enrollment

Variables

Sex, n (%)
 Male 9 (69)
 Female 4 (31)
Age
 n 13
 Mean (SD) 35 (15)
 Median 30
 Minimum, maximum 18, 66
Ethnicity, n (%)
 Hispanic or Latino 1 (8)
 Non-Hispanic, non-Latino 12 (92)
Race, n (%)
 Black or African American 7 (54)
 White 6 (46)

Abbreviations: n, number; SD, standard deviation.
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Figure 1 Patients showed improvement from baseline in 24-hour pain intensity 
after application of a heated lidocaine/tetracaine patch for 14 days.
Notes: Percent improvement in 24-hour pain intensity (0–10 scale; 0 = least pain) 
was calculated using baseline scores for each patient. Fifty-four percent (54%) of 
patients achieved a $30% improvement in pain intensity.
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Treatment-related AEs were mild and included 

application-site erythema (three patients), application-site 

dryness (one patient), and headache (one patient).

Discussion
The pathophysiology of the pain associated with PT is not 

completely understood but is likely not inflammatory. Recent 

basic research has suggested that tendon overuse leads to 

biochemical, structural, and cellular changes to the tendon 

that may cause PT,1,3 and these changes may provide new 

therapeutic targets for alleviating the pain associated with PT. 

Recent studies suggest that the pain of PT may be neurogenic 

in origin,4–8 and several neurotransmitters and their receptors 

may represent potential targets for treatment. Two of 

these targets include voltage-gated ion channels located 

on substance P-positive sensory neurons and glutamate 

signaling via NMDA receptor-1. We therefore conducted 

this hypothesis-generating, open-label pilot study to explore 

whether the delivery of local anesthetics via the topical HLT 

patch could improve patient-reported pain and function by 

targeting both sodium and NMDA channels. We found that 

a twice-daily application of the HLT patch for 2 weeks led 

to a clinically meaningful improvement in pain in 54% of 

patients and further improved function by at least 20% for 

approximately 50% of patients. These data appear to support 

basic research observations that biological targets other than 

inflammation may play a role in the clinical presentation of 

pain in the PT patient population.

Until recently, a patient history of pain localized to a 

tendon would have been referred to as a tendonitis, indicating 

that the primary cause of pain was inflammation.23 What 

has become evident from basic research studies is that PT is 

not an inflammatory process. Surgical biopsies have shown 

that inflammatory cells are absent,4,24 and a microdialysis 

study showed no increased levels of prostaglandin E
2
 in 

samples from PT patients versus controls.4 The absence of 

an inflammatory mechanism calls into question the routine 

use of NSAIDs and corticosteroid injections to treat the pain 

associated with PT, especially since NSAIDs have been shown 

to be no better than placebo,25 and corticosteroid injections 

do not provide intermediate or long-term benefit.26 Because 

NSAIDs have no inflammatory target in tendinopathy, yet 

have associated gastrointestinal and cardiovascular risks, 

they are a suboptimal therapeutic choice for treating the pain 

associated with PT.

Instead, research has shown that PT and other 

tendinopathies are more likely a degenerative failed healing 

response to injury. This tendon degeneration is characterized 

by collagen loss and disorganization; fibroblast proliferation 

and fibrosis; increased ground substance;27 changes in 

matrix metalloprotease and metalloprotease-disintegrin 

expression;28 abnormal tenocyte morphology;23 hypoxia 

leading to increased levels of lactate, hypoxia-inducible 

factor, and vascular endothelial growth factor (VEGF);3,29 

increased neovascularization;30 decreased sympathetic and 

increased sensory nerve growth;6,31 as well as changes in other 

matrix and signaling molecules.28 However, it is unclear if 

these degenerative processes themselves cause pain. More 

recently, a neurogenic model of PT pain has been proposed.5 

The results of the present study, in which treatments aimed at 

interfering with glutamate signaling and blocking of voltage-

gated ion channels significantly reduced pain due to PT, 

appear to support the neuropathic pain model of PT.

The only PT therapy that has been repeatedly shown 

to be successful in controlled studies is eccentric strength 

training.32,33 Pain due to PT was significantly reduced after 

12-week and 8-week exercise programs, although strength 

gains in the latter study were likely prevented by pain 

during training.34,35 While pain during eccentric exercise is 

allowed in proven rehabilitation programs and under current 

guidelines,1 it is likely to be unpleasant for the patient and 

may limit the exercise’s therapeutic potential. It may be that a 

combination of eccentric training and analgesic therapy using 

the topical HLT patch may improve outcomes by facilitating 

compliance with an eccentric exercise program; however, 

this hypothesis requires further study.

In our study, we found that repeated application of a single 

HLT patch applied for 2–4 hours twice a day was generally 

well tolerated, with no apparent systemic toxicity. A recent 

pharmacokinetic study examining the use of multiple HLT 

patches (up to four HLT patches) during a single application 

showed that lidocaine and tetracaine levels remained far 

below toxic levels.36 For example, Marriott et al36 showed 

that the plasma C
max

 of lidocaine during application of four 

HLT patches was 18.2 ± 5.1 ng/mL for a 2-hour application 

and 25.7 ± 5.9 ng/mL for a 4-hour application, whereas toxic 

and fatal plasma concentrations of lidocaine are reported 

to be 1000-fold higher (5–31 µg/mL).37,38 Noninvasive 

topical therapies, such as the HLT patch, offer the potential 

advantage of reduced systemic drug exposure and, hence, 

a reduced risk of systemic AEs. The most common AEs 

observed in this study were application-site reactions.

This study has substantial limitations. First, the lack of a 

placebo control and the open-label nature of the trial do not 

allow one to assess the degree to which placebo response 

contributed to the findings of the study. Second, the fact 
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that patients with only 2 weeks of pain were permitted in 

the study presents the possibility that patients with a more 

acute PT pain course were included in the study, and that 

their pain may have resolved spontaneously. Similarly, no 

medical imaging procedures were performed to confirm 

the diagnosis of PT, thus raising the possibility that patients 

with other pain conditions may have been included. Finally, 

the small size of the study population precludes rigorous 

statistical analysis and generalizing these results to a larger 

PT population.

The goal of this pilot study was to provide initial insights 

in a clinical setting of a hypothesis generated by the basic 

research literature: that local therapy targeted to block 

sodium channels and NMDA receptors could reduce pain in 

patients with PT. The results of this clinical study suggest 

that targeting newly identified neurogenic pain mechanisms 

with the HLT patch may provide clinically important pain 

relief in patients with PT and improve function. Clearly, 

larger, adequately controlled trials are required to more fully 

investigate these effects.
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