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Aktuelle Traumatol. 1984 Dec;14(6):275-81.

Clinical experiences with a new gel-like wound dressing  
after skin transplantation.
Knapp U, Rahn HD, Schauwecker F.

Abstract

Free split skin grafting is now widely practised on a routine basis in accident surgery. All conventional wound dressing methods 
have considerable drawbacks, and this is one of the reasons why successful skin grafting is still an unsafe procedure even under 
the very best of conditions and quite often resembles an experiment more than a scientific procedure, with an unpredictable 
outcome. Today, however, we can command over a wound dressing, using the polyacrylamide agar hydrogel developed by the 
Max Planck Institute of Immunobiology at Freiburg and which is being marketed under the trade name of Geliperm. This dressing 
can maintain the physiological wound environment during the first few critical days following grafting; it enables conditioning 
of the wound; it protects the wound against bacterial invasion and prevents drying-out of the graft and the base of the wound; 
and it is capable of absorbing wound secretion to a certain degree. Healing chances of the graft can be considerably improved 
by the use of Geliperm. Thanks to its high measure of elasticity it can adapt itself to the wound surface without sticking to it. The 
transparent nature of the material enables to observe and assess the healing processes at any time and to recognize possible 
complications during healing. Failures are almost always due to prolonged deposition of the gel plates, but this can be safely 
avoided by regularly changing the deposit. Deposits inadvertently left for too long, so that they have started drying at the wound 
surface, can be detached without any trouble and painlessly without any risk of damaging the graft.

Biomaterials. 1986 Jan;7(1):67-72.

Chemical and physical properties of a hydrogel  
wound dressing.
Kickhöfen B, Wokalek H, Scheel D, Ruh H.

Abstract

Geliperm hydrogel provides optimal physiological conditions for wound healing. The material is composed of two interlaced 
networks, one of polyacrylamide and one of agar, and contains about 96% firmly bound water. It is supplied in smooth, elastic, 
transparent sheets which are impermeable to bacteria but permeable to gases, salts, metabolites and proteins. Geliperm is 
nontoxic and has no irritative properties. Mechanical properties, water retention and diffusion of dyes and proteins are reported. 
Bacterial size should preclude penetration of the gel. The hydrogel in granular form represents a coherent material which could be 
used in deep fissured wounds and for the treatment of injuries with a large amount of exudation and contamination.

Fortschr Med. 1990 Feb 20;108(5):94-6.

Wound management with split skin flaps--donor sites. 
Covering with the moist gel Geliperm.
Sattler G1, Hagedorn M.

Abstract

In 23 patients, donor sites of split-thickness skin grafts were treated with Geliperm Hydrogel, a swellable polyacrylamide agar. 
Healing duration, toleration, exudation and pain were all noted during the daily change of dressing. In 22 of the 23 cases, good 
healing was obtained after an average of 12.3 days. We feel that Geliperm is excellently suitable for covering the donor sites 
of split-thickness skin grafts.
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Biomed Mater. 2010 Dec;5(6):065014. doi: 10.1088/1748-6041/5/6/065014. Epub 2010 Nov 15.

Polycaprolactone diacrylate crosslinked biodegradable  
semi-interpenetrating networks of polyacrylamide and gelatin 
for controlled drug delivery.
Jaiswal M1, Dinda AK, Gupta A, Koul V.

Abstract

A biodegradable semi-interpenetrating hydrogel network (semi-IPN) of polyacrylamide and gelatin was prepared using 
polycaprolactone diacrylate (mol. wt  640) as a crosslinker. The drug-polymer interaction and IPN formation were investigated 
by attenuated total reflectance-Fourier transform infrared (ATR-FTIR) and thermal gravimetric analysis (TGA). Scanning electron 
micrographs of lyophilized matrices revealed porous internal structure with varying pore sizes under equilibrium hydrated 
conditions, depending upon formulation composition. pH-dependent swelling and degradation was enhanced with increasing 
gelatin content and decreasing crosslinker concentration (Cs). Compression modulus (CM) (at 20% strain) increased significantly 
from 23 ± 1.4 to 75 ± 2.7 kPa (p < 0.02) with increasing Cs (from 0.5 to 2.0 mol%), while it decreased from 162 ± 6.4 to 
23 ± 1.4 kPa (p < 0.05) with decreasing PAm/G ratio. Cell viability studies by MTT assay showed excellent cytocompatibility 
of matrices with fibroblast L929 cells. Curcumin, a hydrophobic phytochemical, was loaded by a diffusion method and its 
release profile was investigated in 4% w/v aqueous BSA solution at 75 rpm (at 37 ± 0.2 °C). Fitting of drug release data in 
the Korsmeyer-Peppas model suggested sustained release behavior up to 10 days with a combination of diffusion and erosion 
mechanism (0.5 < n < 1.0; M(t)/M( )  0.6). The newly developed porous, biodegradable and elastic semi-IPNs may serve as 
an ideal matrix for controlled drug release and wound healing applications. The possibilities can be explored for pharmaceutical 
and tissue engineering applications.
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Intensive Care Med. 2009 Mar;35(3):455-61. doi: 10.1007/s00134-008-1284-4. Epub 2008 Sep 23.

Randomised trial comparing ocular lubricants  
and polyacrylamide hydrogel dressings in the prevention  
of exposure keratopathy in the critically ill.
Ezra DG1, Chan MP, Solebo L, Malik AP, Crane E, Coombes A, Healy M.

Erratum in

Intensive Care Med. 2009 Mar;35(3):578.

Abstract

Purpose
To compare the cost and effectiveness of the two most popular 
forms of eye care in intensive care, ocular lubricant (Lacrilube) 
and polyacrylamide hydrogel dressings (Geliperm); for the 
prevention of exposure keratopathy in the critically ill.

Methods
A prospective randomised contralateral eye study was 
conducted at the Intensive Care Unit (ICU), Royal London 
Hospital, London, UK. Eighty eyes of 40 patients were 
recruited. Each patient received both Lacrilube and Geliperm 
allocated at random to different sides. A daily ophthalmology 
ward round was conducted. The outcome measures included 
the greatest palpebral aperture length, conjunctival oedema, 
and any exposure keratopathy.

Results
There was no statistically significant difference in the maximum 
corneal exposure score between the eyes treated with 
Lacrilube and Geliperm (P = 0.38). No significant difference 
in degree of chemosis or palpebral aperture was identified.

Conclusions
Our data suggest that Geliperm is as effective as Lacrilube 
in the prevention of exposure keratopathy in the critically ill. 
We also note that nursing staff must be fully trained in its 
application for eye care.

Br J Ophthalmol. 2005 Aug; 89(8): 1068–1069. doi:  10.1136/bjo.2004.062406

Preventing exposure keratopathy in the critically ill: a 
prospective study comparing eye care regimes.
D G Ezra, G Lewis, M Healy, and A Coombes

Microbial keratitis has been reported among critically ill patients and the need for effective eye care in the intensive care unit 
(ICU) has been recognised for some time.1 However, different eye care regimes are not always evidence based2 and there is no 
clear consensus defining the best form of eye care. A recent survey in the United Kingdom found that 75% of ICUs used Geliperm 
routinely as eye care, with 25% using ocular lubricants3 Although Geliperm was originally designed as a wound dressing and 
there is no evidence to support its use in eye protection. Lacrilube, however, has been shown to be effective in reducing exposure 
keratopathy in sedated and paralysed patients.4 This prospective comparative study aims to assess the prevalence of corneal 
surface disease in ICU and the effectiveness of two different eye care regimes at preventing corneal surface disease.

Methods

Three main types of eye care are instituted at the discretion 
of nursing staff: (1) simple eye toilet; (2) Lacrilube alone; (3) 
Geliperm alone.
Patients admitted over a 4 month period were examined at 
weekly ophthalmology ward rounds for signs of ocular surface 

disease. All patients who spent less than 3 days on the unit and 
with primary orbital injury were excluded. The type of eye care 
regime was recorded as well as greatest vertical diameter of the 
palpebral aperture (mm), conjunctival chemosis, and length of 
stay. The cornea was assessed by instillation of fluorescein and 
viewing with cobalt blue light using an indirect ophthalmoscope 
and 20 dioptre lens. Corneal damage was graded from 1–6 
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according to severity using a previously described grading 
system (table 1 1).). Conjunctival chemosis was graded from 
1–3 (table 2 2)) The sedation score and number of days that the 
patient were in the ICU were also recorded. Any patient found 
to have a compromised cornea was removed from the study and 
treated with prophylactic antibiotic ointment.

Results

Forty seven patients were recruited. A total of 24 were found to 
have exposure keratopathy (50%). These results are summarised 
in table 3 3.. Twenty four patients were identified who received 
basic eye toilet alone (no Lacrilube or geliperm). Of these, 
13 patients (54%) were found to have exposure keratopathy. 
Thirteen patients received Lacrilube as prophylaxis and two 
(15%) of these patients developed exposure keratopathy. Ten 
patients were treated with Geliperm alone and of these nine 
(90%) were found to have exposure keratopathy. In general, 
more severe keratopathy was seen in the Geliperm group. 
Statistical comparison of the three groups indicated that Lacrilube 
is a better prophylactic measure at preventing keratopathy than 
basic eye care alone (Fisher’s exact test p = 0.04), and more 
effective than Geliperm (Fisher’s exact test p = 0.001).

No significant variance was detected in the groups between 
sedation score (p = 0.45 Kruskal-Wallis) and number of days in 
the ICU (p = 0.09 Kruskal-Wallis). No skew in other ophthalmic 
variables, such as degree of conjunctival chemosis (Kruskall-
Wallis p = 0.056) and palpebral aperture was found, with no 
significant variance between the groups (Kruskal-Wallis p = 0.41)

Comment

Microbial keratitis is almost always preceded by compromise 
of the corneal epithelium. The immune defences of the eye 
are predominantly innate and consist of a combination of 
mechanical, anatomical, physiological, and barrier defence 
mechanisms. These include an intact corneal epithithelium and 
the constant blinking action of the eyelids. The tear film also has 
important antimicrobial components such as lactoferrin,  lysin 
and immunoglobulins.5

ICU patients are often sedated and paralysed leading to 
incomplete eyelid closure. Critical illness is frequently associated 
with capillary leak and fluid retention that causes peripheral 
oedema and conjunctival oedema. As a result, these patients 
are susceptible to exposure keratopathy.6 The breakdown of 
the innate ocular defences of the eye is known to predispose 
to opportunistic infection. There have been many reports of 
Pseudomonas and Acinetobacter infections causing microbial 
keratitis among the critically ill.7 It is thought that procedures 
such as endotracheal suctioning may lead to aerosol inoculation 
of the susceptible patients’ corneal surface by respiratory 
tract organisms.8,9 The need for effective eye care has been 
recognised for some time10 and although data exist to compare 
moist chamber treatments with ocular lubricants,11,12 no data 
exist to compare the efficacy of polyacrylamide Hydrogelt 
(Geliperm) and ocular lubricants. We also note that Geliperm 

has been designed as a wound dressing and does not have a 
devices licence for eye care.

Our data suggest that the use of Lacrilube is more effective than 
Geliperm or basic eye care. Further research is clearly needed 
in this area.
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lntra-articular use of polyacrylamide hydrogel as a treatment for osteoarthritis in the distal interphalangeal joint

Pferdeheilkunde 28 (2012) 6 (November/December) 650-656

lntra-articular use of Polyacrylamide hydrogel as a treatment 
for osteoarthritis in the distal interphalangeal joint: a case 
series of 12 horses
Imke Janssen1, Marc Koene1 and Christoph Lischer2

Veterinary Clinic for Horses, Lüsche1 and Freie Universität Berlin, Equine Clinic: Surgery and Radiology, Berlin2

Abstract

Treatment of osteoarthritis in the distal interphalangeal joint is a challenge when conventional methods of intra-articular treatment prove 
unsuccessful. The intra-articular use of polyacrylamide hydrogel offers a new treatment approach. This substance has been successfully 
used in human plastic and aesthetic surgery as a soft-tissue filler with a long-lasting effect. ln this case series, 1 mL of polyacrylamide 
hydrogel was injected into each of the affected distal interphalangeal joints of 12 horses. All of the horses had been suffering from 
chronic recurrent lameness — caused by osteoarthritis — in one or both of the forelimbs for at least three months. The horses had been 
previously and unsuccessfully treated at least twice with one or more conventional therapies (hyaluronic acid, glucocorticoids, autologous 
conditioned serum). The diagnosis of osteoarthritis was established on the basis of clinical findings, block anaesthesia and intra-articular 
anaesthesia, as well as radiographic and MRI examinations. Clinical follow-up examinations were carried out after one and six months. 
No adverse reactions were observed in any of the 12 horses treated. Six months after treatment, 8 horses were no longer lame, 2 horses 
showed an improvement in their condition, and no change was observed in 2 horses.

Keywords: Horse / osteoarthritis / lameness / MRI / distal interphalangeal joint / orthopaedics

Introduction

Osteoarthritis (OA) or arthritis (synonym) of the distal 
interphalangeal joint is one of the most common causes of 
chronic-intermittent and progressive lameness in the forelimbs of 
sport horses aged between 4 and 15 years (Lowe 1976, Pool 
et al. 1989, Wright 1993). OA of the distal interphalangeal 
joint is characterised by an increase in joint distension, synovitis, 
joint pain, subchondral bone remodelling and degeneration of 
the joint cartilage (Goldring and Goldring 2007, Hertsch and 
Maaß 2009, Hunziker 2001). The causes include acute or 
repetitive mechanical and traumatic factors, such as distortion, 
collateral ligament damage, unequal loading of the joint due to 
malpositioned hooves and/or limbs (Baxter et al. 2011, Raker et 
al. 1966) and joint infections. OA of the distal interphalangeal 
joint may also occur as a consequence of or in connection with 
aseptic podotrochlosis (Hertsch and  Maaß 2009).

Joint inflammation leads to synovitis and capsulitis (Howard and 
McIlwraith 1993) and, subsequently, to persistently elevated 
intra-articular pressure. It is also postulated that impaired venous 

blood flow and/or an enrichment in proteins with oncotic 
properties in the cancellous bone increases the intra-osseous 
pressure in the subchondral bone (Arnoldi et al. 1972, Arnoldi 
et al. 1979, Arnoldi et al. 1980, Bünger et al.  1983, Gronlund 
et al. 1984). These phenomena ultimately lead to irreversible, 
chronic degenerative changes in the joint cartilage (Blake et al. 
1989, Levick 1990). These pathophysiological changes result 
in a vicious circle, maintaining the joint inflammation.

Depending on its severity, lameness caused by OA of the distal 
interphalangeal joint may be stopped by low palmar nerve 
block. lntra-articular distal interphalangeal joint anaesthesia is 
useful for diagnosis if examination occurs within a few minutes of 
injecting approximately 5 mL of local anaesthetic. If left longer, 
of if higher doses of local anaesthetic are used, diffusion will 
render the results too imprecise.
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I. Janssen et al.

Dyson 1998, Rijkenhuizen 2001, Schumacher et aI. 2000).  
Measurement of increased joint pressure has been described 
as a diagnostic aid (Zuther and Hertsch 2004). However, this 
method has not yet been adequately validated.

The radiological signs of OA in the distal interphalangeal joint are 
sclerosis of the subchondral bone, osteophyte and enthesophyte 
formation, and a narrowing or complete obliteration of the joint 
cavity (Baxter et al. 2011). In the absence of any radiological 
evidence, cartilage changes, subchondral bone pathologies, 
increased joint distension and a thickened joint capsule can 
be revealed by magnetic resonance imaging (Baxter et al. 
2011, Bell et al. 2009, Sill 2007). Conventionally, the 
distal interphalangeal joint is treated with hyaluronic acid, 
glucocorticoids and  polysulphated glycosaminoglycan 
(PSGAG) (Ferris et al.  2011, Frisbie et al.  2009, Goldberg 
and Buckwalter 2005, Higgins and Lees 1984, Michon et al. 
2010, McIlwraith 2010). A newer therapeutic approach is 
the use of Autologous Conditioned Serum (IRAP®) (Hrahaet al. 
2011, Meijer et al. 2003). Surgical methods — neurectomy 
and arthrodesis — can be used as a last resort in the case of 
advanced and refractory OA of the distal interphalangeal joint 
(Fürst and Lischer 2012, Lischer and Auer 2012).

Intra-articular treatment with polyacrylamide hydrogel (PAAHG) 
offers an alternative treatment option. PAAHG (ArthramidVet®) 
is composed of 97.5% sterile water and 2.5% polyacrylamide 
polymer. This produces large and stable molecules with elastic, 
non-resorbable, non-toxic and viscous properties (Christensen et 
al. 2003, de Cassia Novaes and  Berg 2003). PAAHG has 
been successfully used for over 10 years in human plastic and 
aesthetic surgery as a soft-tissue filler with a long-lasting effect 
(Breiting et al. 2004, Yagi et al. 2009). Stress incontinence in 
women has been treated by transurethral injection of PAAHG; 
treatment was successful in 68% of the patients (Lose et al. 
2006). Because of its properties, the idea arose — during a 
discussion between a medical doctor and a veterinarian — of 
testing the use of PAAHG in horses with OA.

The objective of this pilot study was to investigate intra-articular 
PAAHG treatment in horses with chronic OA of the distal 
interphalangeal joint. The therapy was given exclusively to 
horses with a reliable diagnosis and in which therapy using 
conventional intra-articular medication had repeatedly proven 
unsuccessful.

Animals, Material and Methods

The horses treated were from the 2008 to 2011 caseload of 
the veterinary clinic for horses in Lüsche. Their average age was 
10 years, with an age distribution of 4 to 14 years (Table 1). 
The 9 geldings, 2 stallions and 1 mare were exclusively used 
for showjumping and were all warmbloods except for one pony.

Clinical investigation

Prior to treatment with PAAHG (ArthramidVet®), lameness was 
assessed when walking and trotting, both in a straight line and 
in a circle, and on hard and soft ground. The assessment was 
based on the MEP lameness grading system of the American 
Association of Equine Practitioners, which comprises 5 grades of 
lameness (Dyson 2011 ). Distal interphalangeal joint distension 
was graded from 0-4 (0 = absence; 1 = mild; 2 = moderate, 3 
= severe; 4 = massive joint distension). In one horse (case 10) 
with bilateral lameness, only the most severely lame limb was 
taken into consideration. Lameness improved by at least 50% in 
all of the horses following low palmar nerve block. The distal 
interphalangeal joint block performed the following day using 
5 mL of Mepivacain (Scandicain®) improved lameness by at 
least 50% after one minute.  The clinical investigation, treatment 
and follow-up were carried out by an experienced orthopaedic 
surgeon.  In the initial examination, two X-ray images were taken 
of the distal interphalangeal joint (lateral and dorsopalmar view 
of the pastern and coffin bones (Oxspring view)), and an MRI 
scan of the toes of both forelimbs was performed.

Table 1 Details of cases in the study

Case No. Age Gender Breed Limb Previous treatment of the distal interphalangeal joint

1 10 Gelding WB RFL Glucocorticoids; Hyaluronic acid

2 4 Gelding WB LFL Glucocorticoids; Hyaluronic acid

3 13 Gelding Pony LFL Glucocorticoids; Hyaluronic acid

4 6 Gelding WB LFL Glucocorticoids; Hyaluronic acid

5 14 Gelding WB LFL Glucocorticoids; Hyaluronic acid; ACS

6 8 Gelding WB LFL Glucocorticoids; Hyaluronic acid

7 12 Stallion WB LFL Glucocorticoids; Hyaluronic acid

8 11 Mare WB LFL Glucocorticoids; Hyaluronic acid; ACS

9 10 Gelding WB LFL Glucocorticoids; Hyaluronic acid

10 11 Stallion WB LFL+RFL Glucocorticoids; Hyaluronic acid; ACS

11 6 Gelding WB LFL Glucocorticoids; Hyaluronic acid

12 8 Gelding WB RFL Glucocorticoids; Hyaluronic acid; ACS

WB = warmblood; RFL = right forelimb;  LFL = left forelimb; ACS = Autologous Conditioned Serum (IRAP®).   
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Magnetic resonance imaging

The distal forelimbs were examined using a low-field MRI 
veterinarian limb scanner (0.27 Tesla), manufactured by 
Hallmarq (Guildford, England). The horses were sedated with 
0.02 mg/kg Detomidine (Cepesedan®) and 0.02 mg/kg 
Butorphanol (Torbugesic®). The following investigation protocol 
was selected: T1 3D Sagittal; T2*3D Sagittal; T1 3D Frontal; 
T1 3D Transverse; STIR Gradient Echo Sagittal; STIR Gradient 
Echo Frontal; T2*3D  Transverse; T2* Gradient Echo Transverse; 
T1 Gradient Echo Frontal High Resolution; T2 Fast Spin Echo 
Transverse; T2 Fast Spin Echo Frontal.

Inclusion criteria

All patients had been suffering from forelimb lameness for at 
least three months and had OA in the distal interphalangeal 
joint in one or both forelimbs, with significantly increased 
joint distension. The joints had been unsuccessfully treated at 
least twice with intra-articular injections of hyaluronic acid, 
glucocorticoids and/or Autologous Conditioned Serum (IRAP®). 
The initial treatment involved the fitting of an orthopaedic shoe, 
intended to shorten the toe, ensure a good rolled toe and correct 
any medial lateral imbalance. All patients were subjected to 
an MRI scan of both forelimbs. At least two of the following 
criteria had to be met:  significantly increased joint distension, 
subchondral bone changes, cartilage damage, bone cyst with 
joint involvement, increased fat-suppressed signal intensity in the 
subchondral bone of the distal pastern bone (Figure 1, a-c).

Exclusion criteria

Horses having developed OA as a result of a joint infection, or 
with skin diseases at or around the site of injection into the distal 
interphalangeal joint, were not included. Additional exclusion 
criteria were previous arthroscopy of the distal interphalangeal 
joint, and additional significant MRT findings, such as desmitis 
of the collateral ligament and/or tendinopathy of the deep 
digital flexor tendon.

Treatment

1 mL of ArthramidVet® was injected into each distal 
interphalangeal joint under sterile conditions. The skin was 
prepared by clipping or shaving, then washed with an iodine 
scrub (Degraseptin®) and disinfected with alcohol (Kodan®).

Instructions for post-treatment care

The horseshoe fitted during initial treatment was not changed. 
The horses were given 5 days of box rest, and were then walked 
for 20 minutes, twice daily for two weeks. The horses were then 
ridden at a walk and trot for 1 week. After the first follow-up 
examination, all of the horses were lightly exercised for a month, 
and the workload was then individually adapted to each horse. 
Joint distension and lameness were assessed one month and six 
months after the intra-articular injection of PAAHG.

Results

Before treatment with PAAHG, the mean lameness grade 
of the horses in a straight line was 1.8 (1-3), and the mean 
joint distension score was 1.75 (1-3) (Table 2).  In 2 horses, 
the radiological examination produced no findings. Half of 
the horses showed slight radiographic signs of OA, 3 horses 
moderate signs, and 1 horse advanced signs. In one horse 
(case 8), the Oxspring view allowed the diagnosis of a pastern-
bone cyst with distal interphalangeal joint involvement.

The MRI scan revealed increased distension of the distal 
interphalangeal joint in all of the horses. Subchondral bone 
changes were observed in 10 horses and cartilage defects 
in 11 horses. 3 horses had a pastern-bone cyst with distal 
interphalangeal joint involvement (Figure 1, a-c). The MRI scan 
revealed an elevated fat-suppressed signal intensity in the distal 
pastern bone (sagittal crest) in 4 horses (Table 2).

There were no problems injecting the hydrogel into the distal 
interphalangeal joint, and none of the horses suffered any 
undesirable effects.

Follow-up examinations

1. Follow-up examination (1 month)

One month after treatment, mean lameness had been reduced 
by one grade (initial: 1.8, min. 1, max. 3; 1 month: 0.8, min. 
0, max. 2).  Four horses (33%) were no longer lame, 3 had 
reduced lameness, and lameness remained unchanged in 4 
horses. The condition of one horse had deteriorated. Mean joint 
distension was also reduced (initial: 1.75, min. 1, max. 3; 1 
month: 1, min. 1, max. 1) (Table 2).

2.  Follow-up examination (6 months)

After six months, the mean lameness grade was 0.3, min. 0, 
max. 1. Eight horses were no longer lame and were by this 
time once again being used for showjumping. In two horses, 
there was a significant improvement in lameness, and lameness 
remained unchanged in a further two horses, one of which (case 
12) subsequently underwent neurectomy. Mean joint distension 
was 0.6, min. 0, max. 1.

Discussion

In this study, 8 of the 12 horses (67%) with OA in the distal 
interphalangeal joint, having been unsuccessfully treated with 
hyaluronic acid, glucocorticoids and/or ACS (IRAP®), were no 
longer lame six months after a single intra-articular injection of 1 
mL ArthramidVet®. Treatment success following the administration 
of intra-articular medication in horses with OA in the distal 
interphalangeal joint varies from 50% to 89%, depending on 
the study (Gutierrez-Nibeyroet al. 2010, Jöstingmeier 2009, 
Songkhla 1997).

Jöstingmeier (2009) compared a combination of sodium 
hyaluronate (Hylartil®) and betamethasone (Celestovet®) with 
ACS (IRAP®). Inclusion criteria for this field study were lameness 
of the forelimb with a positive response to low palmar nerve 
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block and/or a positive response to distal interphalangeal joint 
anaesthesia, as well as radiographic changes displaying OA 
in the distal interphalangeal joint. Six months after the initial 
treatment, 54 horses (76%) were no longer lame. In the sodium 
hyaluronate/betamethasone group (n=27), 63% of the horses 
were no longer lame after an average of 2.8 joint injections, 
whereas in the ACS group (n=27) 89% of the horses we no 
longer lame after an average of 3.3 injections.

In a retrospective study of 56 horses with foot pain, 20 horses 
were diagnosed with sinovitis/OA in the distal interphalangeal 
joint.  Following intra-articular treatment with triamcinolone (6 
mg/joint) and hyaluronic acid (20 mg/joint), 10 of these 20 
horses (50%) recovered full use within a year, and displayed 
no lameness for at least three months (Gutierrez-Nibeyroet al. 
2010). In an assessment of distal interphalangeal joint treatment 
with Hylartil® or combined Hylartil® and Celestovet® in 130 
horses, the success rate 6 months after the last injection was 
68.4%, with an average of 1.98 treatments per joint (Songkhla 
1997).

In contrast to the abovementioned studies, OA in the distal 
interphalangeal joint in the 12 horses of this study was 
diagnosed by means of complex clinical, radiographic and 
MRI examinations. This also made it possible to exclude horses 
from the study that were shown to have other lesions in the deep 
digital flexor tendon or in the collateral ligaments. These defects 
could not be taken into account in similar studies involving only 
clinical and radiographic examinations.

The clinically established treatment success rate after six 
months is all the more significant in comparison with the 
abovementioned studies, considering that all of the horses had 
received unsuccessful intra-articular treatment at least twice, and 
the MRI scan showed degenerative lesions in all of the distal 
interphalangeal joints. Despite the prognosis in the case of cysts 
with joint involvement being uncertain, the 3 patients with a 
bone cyst in the pastern bone with distal interphalangeal joint 
involvement were also surprisingly no longer lame in the last 
follow-up examination. Two of these three horses had the highest 
lameness grade (3/5) and the most severe joint distension (3/4) 
of this study.  Lameness had already disappeared in both horses 
within 1 month, and this remained the case up until the last 
clinical follow-up examination. This study raises the question as 
to whether PAAHG is capable of further improving the treatment 
success rate of existing synovitis, and, if so, for how long. 
However, it is also important to know what the exact indication 
for this form of therapy was, as two other horses in this study 
showed no improvement whatsoever.

The mode of action of PAAHG is unclear, since this drug has not 
yet been used in intra-articular therapy. An effect lasting over 2 
years — as a non-resorbable soft-tissue filler in plastic surgery 
— has been described in a study on 101 patients (von Buelow 
and Pallua 2006). Long-term results concerning PAAHG breast 
implants show the substance to be stable, nondegradable and 
resistant to diffusion (Christensen et al. 2003). The viscoelasticity 
of PAAHG may have a shock-absorbing effect in the joint, with 
the large and stable molecule acting to «cushion» the impact 
when the joint is exerted. A positive effect was also observed in 
some horses with pronounced cartilage damage. It is possible 
that the hydrogel covers the subchondral mechanoreceptors; 
this intra-articular «nerve coating» would explain the reduction 

in lameness. The mode of action of PAAHG in the area around 
the bone cyst may consist in the closure of the cyst opening by 
the hydrogel. Further penetration of synovial fluid is therefore not 

possible, resulting in a less pronounced pressure increase and 
significantly less inflammation in the cyst. Chemical curettage 
can probably be excluded as a mode of action, since PAAHG 
is completely inert.

In this study, no undesirable effects resulted from the intra-articular 
injection of PAAHG. This observation was also confirmed 
by repeated MRI and radiographic follow-up examinations.  
Compared with the initial examination, no reaction, subchondral 
bone changes or changes in the joint capsule were found in 
either of the two horses investigated, neither three nor six months 

lntra-articular use of polyacrylamide hydrogel as a treatment for osteoarthritis in the distal interphalangeal joint

Figure 1. Sagittal (T1 3 D Sagittal) (A) and Frontal (T1 3 D Frontal) 
(B) MRI scan of the distal  foot of the left  front limb show a bone cyst 
in the distal aspect of the second  phalanx with sclerosis, articular 
cartilage defect and  involvement with the distal interphalangeal joint  
(left=lateral). Fat-suppressed image (STIR Gradient Echo Sagittal) 
(C) indicates increased signal intensity in the second phalanx and 
significant distension of the DIP joint.
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after intra-articular administration of PAAHG.   For the time 
being, we conclude that PAAHG would not appear to cause 
any — or at least only very slight — tissue reactions. 

This observation can only be confirmed through histological examinations. The unchanged MRI findings would suggest that it remains 
a palliative therapy, but does not cure OA. This raises the question as to how the long the palliative effect lasts; in this study, it could 
be observed for 6 months.

The results of this study are encouraging. However, further controlled studies (double-blind studies) are necessary in order to investigate 
the treatment success in comparison to other drugs, the long-term effects and the mode of action. 
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Intra-articular polyacrylamide hydrogel for the treatment 
of 20 horses with non-responsive osteoarthritis of the 
interphalangeal joints: a prospective study
Andrew P. Bathe; Rachel Mercedes Read; Carly Briggs

Rossdales Equine Hospital, Newmarket, United Kingdom

Introduction
Polyacrylamide hydrogel (PAAG) is a novel treatment for 
osteoarthritis (OA), but many previous case series have 
poorly defined clinical inclusion criteria. The aim of this 
study was to determine the efficacy of PAAG in equine 
arthritic interphalangeal joints, which had not responded 
to previous intra-articular treatment with corticosteroids. 

Materials and Methods
Lameness was localized to the proximal/distal 
interphalangeal
joint by diagnostic analgesia; radiography/standing MRI 
was consistent with OA. After treatment with 1ml of PAAG 
(Arthramid Vet, Contura International) intra-articularly 
horses had 4 weeks of exercise restriction before a 
progressive return to ridden exercise. Follow-up was by 
re-examination and telephone survey. 

Results
20 horses met the inclusion criteria. All were adult sport 
horses with persistent lameness after previous treatment 

with corticosteroids. The average lameness duration was 
15mo and average lameness score was 3/10. 10 had 
arthritic changes evident radiologically. 18 underwent 
MRI examination and all had osteoarthritic changes. One 
horse was treated twice, and had a transient adverse 
reaction. Long term follow-up was available on 18 cases; 
with median follow-up of 12mo. 12/18 returned to full 
function; 3/18 to lower level and 3/18 failed to improve. 
Discussion/Conclusion: The success rate and long-term 
duration is encouraging given the case severity. A control 
group would have been preferable, but each case could 
act as its own control, as conventional treatments had 
already failed. The only significant difference in the 
management of each case was the PAAG treatment. The 
method of action of PAAG is uncertain, and further work 
is required to study this.
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Abstract

Regenerative and innovative joint medication in the horse - Part 2: Efficacy and adverse effects of joint medication in the horse - A 
review of the literature

The pathogenesis of osteoarthritis in the horse is a complex and incompletely understood process of joint degeneration. Many cases have 
proven to be refractory to intra-articular medication using conventional therapeutic agents. Over recent years this has encouraged the 
development of several new techniques using regenerative preparations. The potential advantage of the use of these therapies is that they 
should allow a more complete restoration of joint health. In the future it appears likely that gene therapy will permit the regrowth and repair 
of damaged cartilage along with healthy joint fluid. The objective of this research is to identify the clinically relevant information about 
regenerative and innovative intra-articular joint medications such as Pentosan polysulphate, Autologous Conditioned Serum, Platelet-Rich 
Plasma, Stem Cell techniques and Gene Therapy based on a review of current in vitro and in vivo studies.

Keywords: osteoarthritis, joint injection, evidence, autologous conditioned serum, platelet-rich plasma, stem cells, gene therapy

Introduction

Intra-articular treatment of OA in both the horse and in humans 
has been the subject of medical research for many years. The 
pathogenesis of OA is still not fully understood, and there are 
currently no successful therapies on the market (Carmona and 
Prades 2009, Bay-Jensen et al. 2010, Michon et al. 2010). 
In addition to
the conventional joint medication discussed in Part 1 of this 
literature review, this second part gives an evidence-based 
presentation of further intra-articular therapeutic methods, based 
on the fundamentals presented in the introduction to Part 1.

Autologous Conditioned Serum

After TNF- , IL-1 is the inflammatory mediator that plays the 
greatest role in the onset and perpetuation of a joint inflammation 
and the destruction of tissue. When IL-1 binds to the IL-1 receptor, 
MMPs, aggrecanases and PGE2 are activated (McIlwraith 
2010). The IL-1 receptor antagonist protein (IL-1Ra) also binds 
to the IL-1 receptors, thus reducing the influence of IL-1 in OA in 
the horse.

The incubation of autologous blood with borosilicate glass 
beads, whose surface has been treated with chromium sulphate, 
stimulates the monocytes to increase IL-1Ra production (Meijer 
et al. 2003, Hraha et al. 2011). The autologous conditioned 
serum (ACS), enriched with these factors, can be removed by 
centrifugation after 24 hours and injected into the synovial 
structures. The kit for manufacturing the serum is marketed in 
Germany under the name «irap®» (IRAP I) or «ABPS®» (IRAP 
II) and has also been authorised for use in human medicine, 
marketed as «Orthokin®».

The growth factor and IL-1Ra content of the serum has been 
determined in vitro for the various kits and with different 
incubation times.  The IL-1Ra content after 24 hours of incubation 
could be increased 93-fold using IRAP I, 119-fold using IRAP II 
and 82-fold in the control, for which a simple, untreated glass 
Vacutainer tube was used. In addition to IL-1Ra, the serum was 
also enriched with cytokines such as TGF-  (transforming growth 
factor beta) and IGF-1 (insulin-like growth factor 1) was also 
enriched. However, the content of the aforementioned factors 
in the serum was subject to strong individual variance (Hraha 
et al. 2011).

In horses with chip fractures of the scaphoid bone (EOFEM), a 
clinical improvement in symptoms was observed following ACS-
therapy (4x6 mL in weekly intervals). Significantly less synovial 
hyperplasia and haemorrhaging were observed compared with 
the placebo group, as well as less cartilage fibrillation (Frisbie 
et al. 2005/2007). 35 days after the last ACS treatment, an 
elevated concentration of IL-1Ra could be found in the synovial 
fluid. However, this result was obtained using mouse antibodies 
and not a horse-specific ELISA kit.

According to one clinical report, 262 horses with OA, having 
already been pre-treated with corticosteroids or HA, were 
given ACS-therapy. They were given 2-3 injections at 8-12 day 
intervals (2 mL ACS) into various joints. After 6 weeks, 199 
(76%) of the horses were no longer lame, and in 22 (8%) of 
the horses initial lameness was reduced (according to the AAEP 
score). 178 (68%) of the horses were also free of any limp at the 
12-week follow-up (Weinberger 2008).

In a recent human medical study involving 376 probands 
with OA in the knee joint, and in which 134 of the subjects 
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were treated with ACS, 135 with HA and 107 with NaCl, 
the patients injected with ACS experienced a significant 
improvement in clinical symptoms and an improved quality 
of life (Baltzer et al. 2009). Therapy with autologous blood 
should be well-tolerated, and the studies described above are 
promising.  No comparative academic studies are available on 
the success of synovial transplantation. However, in some cases, 
it is not possible to verify the growth factor and IL-1Ra content, 
which may explain the varying therapeutic success (Hraha et 
al. 2011).

Platelet-Rich Plasma

Platelet-Rich Plasma (PRP) that has been enriched with 
thrombocytes, growth factors and cytokines and is obtained from 
whole blood via centrifugation (plasmapheresis). The resulting 
PRP contains 2 to 8 times more platelets/µL than native blood 
plasma (1.1x106 platelets/µL) and is used for the treatment of 
wounds, tendinopathies, bone defects and OA (Gonshor 2002, 
Miller et al. 2007, Textor 2011, Anitua et al. 2012). A large 
number of growth factors, such as insulin-like growth factors 1 
and 2 (IGF-1/2), epidermal growth factor (EGF) and connective 
tissue growth factor (CTGF), are secreted by the -granules of 
the platelets (Marx 2004, Blair and Flaumenhaft 2009). By 
adding thrombin or calcium chloride, the platelets in the PRP can 
be activated. Through the release of coagulation factors, they 
then form an autologous platelet gel (APG) (Del Bue et al. 2008, 
Fortier et al. 2011).
 
In vitro studies conducted using pig and rabbit chondrocytes and 
human stem cells have shown that PRP promotes cell proliferation 
as well as the synthesis of proteoglycan and type II collagen 
(Akeda et al. 2006, Mishra et al. 2009, Lee et al. 2012). 
However, there have not yet been any scientific studies on the 
use of PRP therapy to treat OA in horses.

Up to now, in vivo studies and case reports on the horse mainly 
describe the successful use of PRP to treat tendon lesions or to 
promote the healing of wounds (Carter et al. 2003, Maia et 
al. 2009, Bosch et al. 2011, Iacopetti et al. 2012). An in-vivo 
model involving 15 sheep with defective cartilage in the knee 
joint concluded that a therapy combining microfracture surgery 
and PRP gel improved the outcome in the histological evaluation 
of the cartilage after 6 months, compared with microfracture 
surgery alone or combination with liquid PRP (Milano et al. 
2010).

In human medicine, PRP was initially most widely used in 
oral surgery. However, there are now more and more reports 
concerning PRP therapy for OA in humans, though there are still 
few evidence-based studies on the subject (Kon et al. 2011, 
Nguyen et al. 2011, Napolitano et al. 2012, Sánchez et al. 
2012, Spaková et al. 2012).

Besides the actual platelet content, the leukocyte content is also 
relevant in the practical use of PRP. Since leukocytes have the 
effect of catabolic enzymes, and their content can likewise be 
enriched during the manufacture of PRP, care should be taken 
when choosing products or a manufacturer of PRP, to opt for 
the highest possible platelet content and the lowest possible 
leukocyte content (McCarrel and Fortier 2009, Sundman et al. 
2011, Fortier et al. 2011).

Mesenchymal stem cells

In theory, multipotent mesenchymal stem cells (MSCs) are able 
to further develop into different cell types of a specific lineage. 
The aim of MSC therapy is not only to repair, but also to 
regenerate, i.e. scar-free healing of destroyed tissue (Koerner et 
al. 2006, Lee and Hui 2006, Frisbie and Smith 2010). MSCs 
for intra-articular therapy are generally obtained from bone 
marrow from the sternum or hip bone, or from subcutaneous fat 
tissue (Muschler et al. 2004). In both procedures, the MSCs 
obtained are processed in the laboratory prior to injection into 
the joint. Depending on the method used, this takes between 
2 days and 3 weeks. This cleans the substrate and allows the 
targeted proliferation of the MSCs, a process known as «culture 
expansion» (VetCell technique) (Pittenger et al. 1999, Gutierrez-
Nibeyro 2011).

The production of MSCs was studied in vitro for both procedures, 
both in terms of the number of MSCs and progenitor cells 
produced, as well as their tendency towards chondrogenesis 
upon the addition of growth factors. With the enrichment of 
bone marrow derived MSCs, a total cell count in the millions 
can be achieved, whereas that obtained using adipose tissue is 
only in the order of a few hundred thousand (Smith et al. 2003, 
Fortier 2005, Frisbie and Smith 2010, McIlwraith 2010). The 
observed cell-differentiation and chondrogenesis potentials of 
the cultivated adipose-derived MSCs were also lower than those 
of the bone marrow MSCs (Kisiday et al. 2008, Vidal et al. 
2008).

Current in vitro research focuses mainly on optimising isolation 
of the MSCs. While «culture expansion» is currently achieved 
via the adhesion and proliferation of the cells on the surface of 
tissue cultures, in the future it should be possible to isolate the 
MSCs more selectively with the aid of cell-surface antigens. In 
this way, fewer other cells, such as fibroblasts, will be cultivated 
and subsequently injected into the joint (Taylor et al. 2007 
Frisbie and Smith, 2010).

Based on the findings of the in vivo model (EOFEM) (Frisbie et 
al. 2009b), the authors do not yet recommend intra-articular 
MSC therapy. This model compared adipose-derived and bone 
marrow-derived stem cell therapy, concluding that the bone 
marrow-derived MSC therapy gave better results. However, 
even these were not significant enough for a treatment 
recommendation to be considered.

In vivo meniscectomies, carried out on 12 goats to induce 
OA, demonstrated the good regeneration potential of the 
menisci following intra-articular injection of MSCs (6 weeks 
after the meniscus was damaged), resulting in less pronounced 
secondary OA (Murphy et al. 2003). The positive effect of 
bone marrow-derived MSCs on the soft tissue of the menisci 
is also described in a case study in human medicine (Centeno 
et al. 2008). Based on these findings, the success of MSC 
therapy was studied in a prospective, multicenter trial, which 
focused particularly on meniscus damage in the horse (Ferris et 
al. 2009). After a follow-up examination at 21 months, 77% of 
the 39 horses treated with bone marrow-derived MSCs could 
be used again. 36% of the horses recovered or even surpassed 
their former level of performance (Ferris et al. 2009). Of the 39 
horses, the knee joint was affected in 29 cases, and 20 horses 
had arthroscopically diagnosed meniscus damage. Following 
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arthroscopy and stem-cell therapy, 60% of these horses were 
able to recover a certain level of performance, whereas the 
success rate following exclusively surgical therapy was only 
47% (Walmsley et al. 2003).

There is evidence that MSCs show tropism towards damaged 
cells (such as fibrillated cartilage or menisci) and that therapy 
after 14 days (see EOFEM) is probably too early (Luyten 2004, 
Fox et al. 2007, Frisbie and Smith 2010). Controlled in-vivo 
studies have however so far failed to demonstrate a significantly 
beneficial effect of MSCs on OA in the horse. On the basis 
of present knowledge, MSC therapy for OA in the horse may 
therefore not yet be recommended.

The use of MSCs in the surgical treatment of cartilage defects, 
directly following subchondral bone microfracture, gave much 
more promising long-term results (Fortier et al. 2011, McIlwraith 
et al. 2010 Frisbie, 2011). In an in-vivo model, 12 horses 
with cartilage defects in the knee joint were treated with either 
microfracture surgery alone, or with concomitant MSC therapy. 
Significantly better regeneration of the cartilage matrix was 
seen in the group of horses treated with MSCs, according to 
both the arthroscopy repeated 3 months after treatment, and 
the macroscopic and histological evaluations and magnetic 
resonance imaging after 8 months (Fortier et al. 2011, 
McIlwraith et al. 2010 Frisbie, 2011). The therapeutic success 
of arthroscopic microfracture surgery combined with the intra-
articular use of MSCs is therefore greater than for the injection 
alone.

Further therapeutic approaches

Gene therapy

Various institutions, such as the «Orthopaedic Research Society» 
and the «Orthopaedic Research Center» at CSU are committed 
to finding new strategies for the treatment of OA. One of the 
areas of current research is gene therapy.

For example, gene transfer increases the synthesis of IGF-1 and 
IL-Ra in equine synovioblasts. These cytokines have a beneficial 
effect on the treatment of OA, since they are able to inhibit 
inflammatory mediators such as IL-1 and TNF . (Frisbie 2005, 
Frisbie and McIlwraith 2005, Haupt et al. 2005, Nixon et al. 
2005, Goodrich et al. 2006a, Morisset et al. 2007).

In vivo, production of IL-Ra was increased via the synovioblasts, 
using a harmless adenovirus to introduce the genetic sequence 
of IL-Ra into the joint. This gene therapy, administered to 8 horses 
with chip fractures of the MCJ, led to a significant reduction in 
the initial lameness. Compared with other therapies that are also 
being investigated using the EOFEM model (corticosteroids, 
PSGAG, pentosan polysulphate, HA, shockwave therapy), the 
high IL1-Ra content allows the most effective reduction — in both 
macroscopic and histological terms — of both clinical lameness 
and the progression of the induced OA (Frisbie et al. 2002, 
Frisbie and McIlwraith 2005).

Furthermore, a comparable model involving 12 horses (24 
joints) showed that persistently elevated IGF-1 levels could be 
achieved intrasynovially by means of a viral vector (Goodrich 
et al. 2006a). This growth factor has an anabolic effect on 

cartilage metabolism, since it leads to gene activation in 
chondrocytes via specific receptors on the cell surface. A 
significantly higher level of IGF-1 mRNA was still found in the 
repair tissue 9 weeks after the transplantation of IGF-1-enriched 
chondrocytes into existing cartilage defects of the femoropatellar 
joint in 16 horses, compared with the transplantation of native 
chondrocytes. Furthermore, both in macroscopic and histological 
terms,
union of the defect occurred more rapidly and the type II collagen 
content was higher (Goodrich et al. 2007). The therapeutic 
success of combined anti-catabolic (IL-1Ra) and anabolic (IGF-
1) gene modulation has already been confirmed in an in vivo 
model (EOFEM) (Morisset et al. 2007).

However, no market-ready products will be available in the 
immediate future, as a vector is yet to be developed that does 
not trigger an intrasynovial immune response and that prompts 
faster gene expression (Goodrich et al. 2006b, Goodrich et 
al. 2009).

Pentosan polysulphate

The pentosan polysulphate (PPS) in PSGAG is a plant-based 
heparinoid, obtained from the hemicellulose of the European 
beech (Frisbie 2006). The sodium salt of PPS serves as an 
antithrombotic and antilipemic agent. A calcium derivative is 
also used for the treatment of musculoskeletal disorders (Little 
and Ghost 1996).

In vitro tests have shown the synthesis of hyaluronic acid in 
human synovioblasts to be stimulated by PPS (Costeseque et 
al. 1986). An anabolic effect on damaged human and equine 
chondrocytes and increased synthesis of proteoglycan following 
the administration of PPS were also demonstrated (Hutadilok 
et al. 1988, Frean et al. 2002). Since the immune response, 
fibrin and lipids impair microcirculation in the subchondral bone 
in OA, therefore increasing the risk of avascular necrosis, the 
antithrombotic and antilipemic effect of PPS in the treatment of 
OA is also beneficial (Ghosh et al. 1992, Cheras et al. 1993, 
Little and Ghost 1996). Oral, subcutaneous, intramuscular, 
intravenous and intra-articular administration of PPS in the horse 
have been described (Little and Ghost 1996).

An in vivo model involving sheep showed improved joint function 
and reduced histological cartilage damage in the knee joint after 
weekly intra-articular administration of PPS over a 4-week period 
(Ghosh et al. 1993). As yet, in the horse, only the intramuscular 
administration of PPS (3mg/kg IM, weekly for 4 weeks) has 
been investigated in vivo, using the EOFEM model (McIlwraith 
et al. 2012).  Compared to the placebo group, the treated 
joints showed significantly less cartilage fibrillation. However, 
an approved product is currently only marketed in Australia.

Polyacrylamide hydrogel

Polyacrylamide hydrogel (PAAG) consists of water (97.5%) and 
the polyacrylamide polymer (2.5%). It has been used in humans 
for several years to reinforce the subcutaneous tissue and to 
treat stress incontinence in women (Lose et al. 2006, Pallua 
and Wolters 2010). Human medical studies indicate good 
histocompatibility and a long-lasting effect, since the substance 
is assimilated into the soft tissue (Fernández-Cossio and Castano-
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Oreja 2006, Christensen et al. 2003, Christensen et al. 2008, 
Bello et al. 2007).

Successful treatment of refractory OA in horses has been reported 
in initial clinical experiences. The first signs of improvement in 
the clinical symptoms (degree of lameness) could already be 
seen 4 weeks after a single injection of Arthramid ® Vet (2 mL) in 
18 of the 19 horses treated (Ankorina-Stark and Koene 2011).

Conclusions

In equine medicine, unlike in human medicine, only very 
few controlled, randomised clinical studies exist that may be 
used to support the choice of treatment. Experimental in vivo 
models, such as the EOFEM of the midcarpal joint, therefore 
often provide the only alternative.  Apart from the quality of the 
model compared with naturally-occurring OA, the number of 
probands and the financing of the studies by the manufacturer 
are further important details that must be taken into consideration 
when reviewing this type of academic work (Richardson and 
Loinaz 2007). In the absence of evidence, it is necessary to fall 
back on in vitro studies, which evaluate the effects of medicinal 
products using cell cultures or explants.

The choice of the appropriate treatment for a disease is more 
often based on the veterinarian’s own experience than upon 
scientifically sound information (Ferris et al. 2011). This literature 
review summarises the latest scientific findings that have been 
published on the effectiveness of joint medication in order to 
provide the practising veterinarian with a substantiated scientific 
basis — from the available external evidence — for choosing a 
medical treatment for OA in the horse.
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CHAPTER 5

ALL PAAG ARE NOT THE SAME
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