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Intra-articular polyacrylamide hydrogel is being investigated for the treatment of osteo-
arthritis (OA) in multiple species. A 4% polyacrylamide hydrogel has been evaluated in
humans with positive results. A field trial using 4% intraarticular polyacrylamide hydrogel
in equine joints with naturally occurring OA is indicated to determine the effectiveness of
this therapy. The objective of this field trial is to investigate the effect of intra-articular 4%
polyacrylamide hydrogel in horses with naturally occurring OA. Horses were selected for
inclusion in the study based on a lameness examination including intra-articular locali-
zation and radiographic examination. Twenty-eight horses that met study criteria were
included in the primary outcome evaluation. For primary outcome, success was defined as
at least one grade decrease in lameness and/or a combined reduction of at least three
grades among the scores for pain, range of motion, and joint swelling from treatment to
day 45. There was a significant (P < .001) decrease in median (range) lameness score from
2 (1–4.5) to 1 (0–3) with 23/28 (82%) of the horses improved based on study criteria. In
addition, 21/28 (75%) of the horses met study criteria for success at day 90. Throughout the
study period, there were 43 injections of polyacrylamide hydrogel, which included eight
horses that had the material administered two times, and there were no adverse events
recorded in any horses. The limitation of this study was that there was no control group,
and the study follow-up was maximum 90 days.

� 2017 Elsevier Inc. All rights reserved.
1. Introduction

Polyacrylamide hydrogel is inert, viscoelastic, nonde-
gradable, and nonimmunogenic [1]. The material is
biocompatible and has been used in urologic, ophthal-
mologic, and dermatologic applications [2–4]. In humans,
polyacrylamide hydrogel is a safe and effective method to
decrease the clinical signs of osteoarthritis (OA) [5,6].
Polyacrylamide hydrogel has limited investigation in the
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horse. In 12 horses with proximal interphalangeal joint
OA, eight horses were sound 6 months after treatment [7].
A prospective study of polyacrylamide hydrogel for the
treatment of OA in 43 horses reported a significant
decrease in lameness, 82.5% of the 43 horses were sound
at the 2-year follow-up [8]. Both these studies used a 2.5%
polyacrylamide material designed to be a bulking agent.
Another polyacrylamide hydrogel being used in humans
with OA consists of 4% polyacrylamide and this polymer
was specifically designed to be minimally reactive in the
joint [5,6,9]. The objective of this study was to investigate
the effect of intra-articular three-dimensional 4% poly-
acrylamide hydrogel (Noltrex, RC Bioform LLC, Moscow,
Russia) in horses with naturally occurring OA.
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2. Materials and Methods

This study is a prospective, multicenter, noncontrolled
field trial to evaluate the efficacy of polyacrylamide
hydrogel following intra-articular administration in an OA
joint. Study sites were selected based on veterinarian
interest in participating and geographic and caseload
diversity.

2.1. Horses

To be included, horses needed to be 2 or more years of
age and less than 636 kg (1400 lbs). Horses with lameness
from a single site of OA in a distal interphalangeal, proximal
interphalangeal, metacarpo/metatarso phalangeal, radio-
carpal, or middle carpal joint, that were confirmed with
intra-articular anesthesia and radiographic evidence of OA
such as joint space narrowing, osteophytes, and sub-
chondral sclerosis were included. The lameness had to have
a minimum duration of 4 weeks and be positive to flexion
test of the affected joint.

Exclusion criteria were intra-articular therapy of the
affected joint within 4 weeks before study enrollment or
during the study period, systemic application of cortico-
steroids, NSAIDs or other pain medication, shock wave
therapy, acupuncture, or any homeopathic or oral supple-
ments within 4 weeks before study enrollment or during
the study period. Horses that had surgery within 90 days
before enrollment, multiple joint lameness, fractures, grade
5 lameness, or pregnancy were also excluded.

The horse owner had to agree to adherence to the study
protocol and sign an informed consent agreement. The
veterinarian had to agree to the study protocol and provide
all follow-up data. The study was approved by applicable
institutional animal care and use committees.

Horses that met enrollment criteria were assigned a
lameness score based on the American Association of
Equine Practitioners scoring system, scores at 0.5 in-
crements were accepted. Scores were given for flexion of
the affected joint, pain on manipulation, range of motion,
and swelling of the affected limb (Table 1).

Horseswereevaluatedby the investigatorat enrollment, at
21 (�3days), 45 (�5days), and90days (�5days). Clientswere
asked to contact the investigator if any suspect adverse events
were noted between veterinary examinations. At enrollment,
the client was given an exercise protocol relevant to the
management of the horse. Sport horses were hand walked
days 1–5, walked under tack for days 6–10, then could trot
Table 1
The scoring systems used at each time point for evaluation were categorical resp
Practitioners lameness grading scale was used and investigators were allowed to

Score Lameness Flexion Test Pain on Manipulatio

0 Not perceptible No change No response to firm
1 Not consistent, difficult

to observe
Positive Mild (avoidance)

2 Consistent under certain
circumstances

Very positive Moderate (limb wit

3 Consistent at a trot Severe (withdrawal
attempted manip

4 Obvious at a walk
under tackondays11–20 if serviceablysoundbeforereturning
to fullwork. Racehorseswere asked tohandwalk fordays1–5,
up to 20minutes on thewalker for days 6–15, then from 16 to
20 if serviceably soundwere allowed to jog up to amile a day
before returning to fullwork.Companionhorseswereaskedto
stay in a stall or small pen for days 1–10, then in a paddock
turnout for days 11–20 and they couldwalk under tack during
this time, after which they could return to regular use. Horses
wereallowed tobe removed fromthestudyby theownerafter
theday45 evaluation. If removed after 45days, the caseswere
evaluated at 90 days by the veterinarian when possible, but
were considered treatment failures at 90 days for the overall
study outcome. All radiographs obtained before enrollment
were evaluated and scored by one author (SM) in a blinded
format. The radiographic grading of OA was based on
standardradiographicprojections foreach joint (0¼no lesion;
1 ¼mild; 2 ¼moderate; 3¼ severe) at baseline only [8,10].

2.2. Injection Technique

The jointwastreatedwithasingle2.5mLdoseof4%three-
dimensional polyacrylamide using aseptic technique. The
material was at room temperature and a 19-gauge, 1.5-inch
needle was used for injection. Any synovial fluid that
flowed from the needlewas allowed to drain before injecting
the polyacrylamide. There was no antimicrobial nor cortico-
steroids allowed to be injected with the polyacrylamide.

2.3. Success Criteria

The primary study outcome was clinical improvement
at day 45. Improvement was defined as meeting at least
one of the following conditions: (1) reduction of at least
one lameness grade and/or (2) a combined reduction of at
least three among the scores for pain, range of motion, and
joint swelling. The secondary outcome is improvement as
defined above on day 90.

2.4. Statistical Analysis

Horses that were removed from the study or had any
additional intervention between 45 and 90 days were
considered failures at 90 days for statistical analysis. The
data from all study sites were pooled for analysis. Statistical
analysis was completed with a commercial software
program (SAS, version 9.2, SAS Institute Inc, Cary, NC). The
data for each time point are presented with descriptive
statistics. The difference in lameness score between day
onses as shown in the table. The standard American Association of Equine
use 0.5 increments for lameness only.

n Range of Motion Swelling

pressure Normal No swelling (<3%)
Slight reduction (<25%) Mild (3%–10%)

hdrawal) Moderate reduction (25%–50%) Moderate (11%–20%)

from
ulation)

Severe reduction (>50%) Severe (>20%)
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0 and day 45 was evaluated with a Wilcoxon signed rank
test. The binary outcome variables, success or failure at day
45 and success or failure at day 90, were analyzed using
logistic regression analyses. Univariate analyses were per-
formed to analyze the effect of each explanatory variable
alone. Multivariate analyses with all explanatory variables
(breed, age, sex, use, limb, joint, and the day 0 score for
lameness, flexion, pain, range of motion, and radiographs)
were also performed using the stepwise model selection
criteria. Significance was set at P � .05.
3. Results

There were 36 joints injected in 35 horses. From these
35 horses, four horses with five joints were subtracted
because of exclusion criteria (two horses with bilateral
disease, one intra-articular fracture, and one with no
radiographic evidence of OA). Therewere three horses with
unilateral stifle disease subtracted because the joint was
not included in the enrollment criteria because of the
disparity of size, multiple joint compartments, and poten-
tial for multiple ligamentous and meniscal injuries.

This resulted in 28 horses from 10 different study sites
meeting study criteria. There were 12 Warmbloods, nine
Quarter Horse/American Paint/Appaloosa type horses, five
Thoroughbred, one Haflinger, and one Saddlebred. The
horses were a median 11 years of age (range 3–23). There
were nine females, three intact males, and 16 geldings.
There were 20 sport horses, one racehorse and seven used
for light and/or pleasure riding.

There were six horses with carpal OA, two radial carpal
joints, and four middle carpal joints. There were 10 meta-
carpophalangeal joints and one metatarsophalangeal joint.
There were two forelimb and one rear limb proximal
interphalangeal joints and eight forelimb distal interpha-
langeal joints included in the study. The median radio-
graphic of the horses enrolled was two and the distribution
included eight with a score of 1, 12 with a score of 2, and
eight with a score of 3.

The overall success rate for the study was 82% (23/28) at
day 45 and 75% (21/28) at day 90. The response to treat-
ment appeared in the 21-day data with only limited
changes from day 21 to 45 (Figs. 1 and 2). The median
lameness score on day 0 was 2 (range 1–4.5) and was
reduced to 1 (range 0–3) on day 45.

The Wilcoxon signed rank test to evaluate the change in
lameness score from day 0 to 45 for the 28 horses that met
study criteria resulted in a significant (P < .001) decrease in
lameness score. The binary outcome of success or failure at
days 45 and 90 did not identify any significant variables
associated with outcome for the univariate or multivariate
modeling.
Fig. 1. Box and whisker plots for all 28 horses at enrollment (day 0) and days
21 and 45 are shown. *The day 90 outcome plots include only the 23 horses
that were not removed nor had additional intervention after day 45
resulting in a selected group of those with positive outcome. The box rep-
resents the interquartile range with the bars representing the data range.
The scores for pain, ROM, and joint swelling were combined for the sum
score.



Fig. 2. The data are divided into categories based on the lameness score
when enrolled in the study and the number in each group at enrollment are
shown. The mean lameness scores at the 21, 45, and 90-day evaluations for
each category show a similar trend in lower lameness scores over time. The
predominant decrease in lameness occurred between days 0 and 21.
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Five owners withdrew their horse from the study pro-
tocol after the day 45 examination. Three of them were
considered failures at 45 days and twowere successes, each
having improved one lameness grade from day 0 to 45. All
five clients were offered a second injection to determine if a
second dose of polyacrylamide would result in improve-
ment or further improvement in the lameness and all five
horses were administered a second injection. Evaluations
on day 90 were available for only three of these horses and
all the three would have been considered successful based
on the day 90 lameness scores. They were considered
failures for the study evaluation because of administration
of a second dose of polyacrylamide. One horse was
administered a second injection after the day 90 exami-
nation that was considered a success but remained grade 1
lame. It was reported by the veterinarian that the lameness
further improved and the horse has continued inwork. One
horse that had a medial femorotibial joint injected twice.

All 35 horses were observed throughout the 45-day
study period and 32 horses were available for the 90-day
follow-up irrespective of study inclusion for adverse
events evaluation. Overall, there were 43 polyacrylamide
injections in 35 horses. One horse had two different joints
injected at approximately a 60-day interval and seven
horses had the same joint injected twice ranging from 45 to
90 days between injections. There were no adverse events
associated with any of the intra-articular injections of
polyacrylamide in this study.
4. Discussion

There was a significant decrease (P < .001) in lameness
from enrollment to the 45-day evaluation. This coupled
with the lack of any adverse events indicate the potential
value of 4% polyacrylamide hydrogel for use in horses with
lameness from OA. The data from the 21-day evaluation
seen in Fig. 2 indicated that the response to therapy
occurred predominantly in the first 3 weeks of the study
and was sustained up to 90 days in 75% of the horses. A
second injection was administered in five of the horses
included in the study after the 45-day evaluation. Although
this resulted in exclusion of the horse from being consid-
ered a success at subsequent evaluations, it does indicate
that there is no sensitization or negative resultant effect
from serial injections.

In the 35 horses reported here, 43 horses reported by
Tnibar et al [8], and 12 horses reported by Janssen et al [7],
there have been no significant adverse events recorded. In
approximately 723 humans with 1–5 intra-articular
administrations of polyacrylamide hydrogel, there were
no serious adverse events [5]. In this study of human
patients, the most common adverse reaction not related to
disease progression was burning pain associated with
injection that occurred in 28 patients (6.8%) following
intra-articular administration into the knee [5].

The mechanism of action resulting in the decreased
lameness is not known. The viscosity of the polyacrylamide
hydrogel is similar to that of normal synovial fluid at 37�C
[11]. An increase in viscosity from the polyacrylamide may
help correct for the decreased viscosity of synovial fluid
seen in OA [12]. The polyacrylamide is not subject to
degradation by the metalloproteinases and could have a
prolonged effect when compared with the brief period of
increased viscosity from administered hyaluronic acid.
Along with the decrease viscosity of synovial fluid, a
decrease in lubricin has been seen in joints with OA [13].
Lubricin is a boundary lubricant in synovial fluid, that when
it is replaced in OA models had disease modifying effects
[14,15]. It is possible that the polyacrylamide may replace
the boundary lubrication lost in OA joints. In horses with
OA, the polyacrylamide may protect the cartilage surface to
allow for quality fibrocartilaginous healing [16]. In horses
with proximal interphalangeal joint OA, the horses with
radiographic evidence of subchondral disease improved
quickly [7]. It was suggested that the polyacrylamide may
seal the cysts and inhibit the ingress of synovial fluid
corresponding to an increase in pressure on the
subchondral bone and subsequent lameness.

The lameness scores, as seen in Fig. 2, declined consis-
tently, irrespective of the initial lameness score. It was
thought that the horses with the higher score and more
radiographically advanced OA, may not respond as well as
those with lower scores which was not the case. We did not
identify any variables that could be used to predict outcome
and direct future case selection for therapy with intra-
articular polyacrylamide.

There are some limitations when interpreting the
results of this field trial. Individual investigators selected
horses to be enrolled that met study criteria, performed
the follow-up examinations and were not blinded which
could result in bias. Furthermore, there were no control
horses included for comparison. The initial limited exer-
cise period could result in improvement in some horses. In
addition, an objective mechanism to evaluate changes in
lameness after therapy would remove the subjectivity.
However, in a field trial, the subjective scoring systems are
needed to provide a mechanism for veterinarians to assess
these horses in the field. In this study, we chose to obtain
follow-up data at 45 and 90 days. Because of the mobility
of horses in the United States, it can be difficult for the
same veterinarian to provide follow-up for prolonged
periods. At the 90-day follow-up, the horses had returned
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to work for 70 days which should provide a viable test
period for the polyacrylamide.
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