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Abstract

The aim of this study was the assessment of hyaluronic acid and chondroitin sulfate association in the treatment of degenerative
joint disease (DJD) in dogs. Ten mongrel dogs underwent sectioning of cranial cruciate ligament, and after 21 days, development
of DJD was confirmed by arthroscopy. Arthrotomy substitution of cranial cruciate ligament was carried out in all animals. The
treatment started with hyaluronic acid (HA) plus chondroitin sulfate (CS) on five animals, while remaining five animals were used
as acontrol group. Gait was alternatively recorded for ninety days after cranial cruciate ligament substitution The animals treated
with hyaluronic acid and chondroitin sulfate showed lesser muscular atrophy, decrease in lameness degree and earlier return on
physical activity.
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Resumen

El objetivo del presente trabajo fue evaluar la asociacion de &cido hialurénico y sulfato de condroitina en el tratamiento de la
enfermedad articular degenerativa (EAD) en caninos. En diez perros sin raza definida se llevé a cabo la seccion del ligamento
cruzado craneal, y se confirmé el desenvolvimiento de la EAD después de 21 dias. El ligamento cruzado craneal se sustituy6
mediante artrotomia en todos los animales. El tratamiento se inicié con acido hialurénico (AH) y sulfato de condroitina (SC) en
cinco perros, el resto se us6 como grupo testigo. La deambulacion fue evaluada de manera alternada durante 90 dias posteriores
a la sustitucion del ligamento cruzado craneal. Los animales tratados con acido hialurénico y sulfato de condroitina mostraron
menor grado de atrofia muscular, disminucion del grado de claudicacion y retorno precoz a la actividad fisica.
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Introduction

he cranial cruciate ligament rupture of the
I knee represents the first cause of degenerative
joint disease (DJD) in the canine. The DJD is
a progressive alteration, usually seen in small animal
orthopedic clinic that leads to joint function loss.??
The main features of this affection are: synovitis, peri-
articular fibrosis, subchondral bone remodelation
and fibrillation with cartilage ulceration and eburna-
tion. Nevertheless, the DJD, in which the treatment
remains palliative in controlling pain and inflamma-
tion,? is classified as a non inflammatory disease, even
with the fact of low intensity inflammatory reaction.*

Recently, a trend towards a therapeutic use of
nutraceutics, like chondroitin sulfate, glucosamine
and hyaluronic acid (DJD modifiers or chondropro-
tectors) in the treatment of DJD, has increased.®”’
Hyaluronic acid and chondroitin sulfate are drugs
commonly used in equine and canine DJD control
and good clinical and histologic results in this spe-
cies have been reported.®®? However, hyaluronic acid
and chondroitin sulfate therapeutic use has always
been isolated, so that no reports on clinical response
and benefits showing therapeutic association of these
drugs have been found. Some studies suggest the asso-
ciation between nutraceutics in the canine DJD."?*%
The degenerative process cure or reversion is the
scope of this research to date. Hence, as individual
use of hyaluronic acid and chondroitin sulfate have
given favorable results, a synergic response is expected
when drugs are associated to DJD therapy.

The aim of this study is to evaluate the physical
performance of dogs with DJD as a result of cranial
cruciate ligament rupture and treated with hyaluronic
acid with the addition of chondroitin sulfate

Material and methods

Ten adult mongrel dogs from the Belo Horizonte city
hall pound (Brazil) were used (eight males and two
females). Weight variation was 17 to 25 kilograms.
The animals went through an adaptation period of
fifteen days after which clinical examinations, such as
hemogram and serologic tests for leishmaniasis were
carried out. Animals with the best clinical condi-
tion and which tested negative for leishmaniasis were
selected. Therefore, desparasitation and vaccinations
against rabies, parvovirus, leptospira, distemper and
canine infectious hepatitis were done.

The left hind limb was prepared in order to per-
form orthopedic surgery. With a previous 12-hour-
fasting period, pre-anesthetic medication using
atropin sulfate (0.044 mg/kg, SC) was administered
and after 15 minutes, xilazine chlorhydrate (2.0 mg/
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Introduccion

a ruptura del ligamento cruzado craneal de la

rodilla representa la primera causa de enfer-

medad articular degenerativa en caninos.! La
EAD constituye una alteracién progresivay comun en
la clinica ortopédica de pequefios animales, y resulta
en pérdida de la funcién articular.?® Sus caracteris-
ticas principales son: sinovitis, fibrosis periarticular,
remodelacion del hueso subcondral y fibrilacion con
ulceracion y eburnacion cartilaginosa. Sin embargo,
con la evidencia de reaccion inflamatoria de baja
intensidad, la EAD se clasifica como alteracion no
inflamatoria,* cuyo tratamiento es paliativo y consiste
en el control del dolor e inflamacion.?

Recientemente, el uso terapéutico de nutracéuti-
cos en el tratamiento de la EAD, como el sulfato de
condroitina, glucosamina y acido hialurénico, ha
cobrado interés, debido a que actian como agentes
modificadores de la osteoartrosis o condroprotecto-
res.>” El acido hialuroénico y el sulfato de condroitina
son agentes utilizados comunmente en el control de
la EAD en equinos y caninos, en los que se notifican
resultados clinicos e histoldgicos favorables®®# Sin
embargo, se han empleado generalmente de forma
individual, por ello en la literatura consultada no se
encontré informacién acerca de la respuesta clinica y
beneficios obtenidos con asociaciones terapéuticas de
estos farmacos en el perro. Algunos estudios sugieren
utilizar asociaciones de nutracéuticos para el manejo
de la EAD en esa especie.”?*?* La cura o reversion del
proceso degenerativo constituyen motivos de investi-
gacion actual. De esta forma, como el uso individual
de acido hialurénico o sulfato de condroitina ha mos-
trado resultados favorables, se espera una respuesta
sinérgica en los efectos benéficos cuando se asocian
los farmacos en la terapia de la enfermedad articular
degenerativa.

El objetivo de este trabajo es evaluar el desem-
pefio fisico de caninos con EAD de rodilla, inducida
mediante ruptura de ligamento cruzado craneal y tra-
tados con acido hialurénico y sulfato de condroitina.

Material y métodos

Se utilizaron diez perros adultos sin raza definida
(ocho machos y dos hembras), provenientes de la
perrera de la alcaldia Municipal de Belo Horizonte,
Brasil, con peso entre 17 y 25 kilogramos. Los ani-
males permanecieron por un periodo de adaptacion
de 15 dias, durante el cual se les realizaron exame-
nes clinicos, hemograma y pruebas serolégicas para
leishmaniasis. Se seleccionaron los animales en con-
dicion clinica favorable y negativos a la enfermedad,
luego fueron desparasitados y vacunados (rabia, par-



kg IM) was also administered. After ten minutes,
anesthetic induction was performed using sodic pen-
thobarbital 2.5% (12,5 mg/kg, 1V) and maintenance
was done with halothane. Thirty minutes before the
surgery, sodic cefalotin (30 mg/kg ,1V) was given in
order to perform antimicrobial chemoprophylaxis.
The animals were positioned in dorsal recumbent
position and synovial liquid was aspirated from the
left knee, the cranial cruciate ligament was transected
by arthroscopic means.* After twenty one days of
the ligament section, an arthroscopic evaluation was
made to confirm DJD development. The ligament was
substituted, performing an intra-capsular technique
reported by Schawalder® that uses autogenic fascia
lata. Lateral arthrotomy and fascia lata flap were per-
formed. The flap was inserted in the caudal region of
the joint capsule through the joint space. A diagonal
tunnel in the tibia was performed, starting at the point
of cranial cruciate ligament insertion and ending at
the tibial crest. The flap was sutured to the bone with
a polyglecaprone suture. The animals wore a Thomas
crutch after the surgery for fifteen days, and then were
randomly divided in two groups of five animals:
e Group 1 : control group: animals did not receive
chondroitin sulfate** and hyaluronic acid*** asso-
ciation.
e Group 2: formed by treated animals with chon-
droitin sulfate plus hyaluronic acid following this
protocol: 240 mg/dog (2 mL) of chondroitin sul-
fate, IM completing six applications and hyaluronic
acid 20 mg/dog 1V, in intervals of five days, totaling
three applications. The first application was carried
out the day of substitution of the cranial cruciate
ligament.

The animals were assessed daily, after removing
the crutch, with respect to clinical aspects, gait, clau-
dication severity and limb support based on classifica-
tions described in the literature*??” (Table 1).

The range of knee flexion and extension was deter-
mined using a plastic goniometer (femoro-tibio-patel-
lar angle, FTPA) (Figures 1lay b); the support pressure
of the operated limb by means of column mercury
displacement measured in millimeters (mm Hg) (Fig-
ures 2ay b) and the thigh girth with a measuring tape
(Figure 3). These tests were administered before the
arthroscopic section of the ligament (0 day), twenty
one days after section (21 day) and ninety days after
cranial cruciate substitution (90 day). The thigh
girth was measured on three locations: epipatellar
perimeter, proximal perimeter (approximately three
centimeters distal to the greater trocanter ) and the
midpoint between the proximal and epipatellar (Fig-
ures 3a, b and ¢ ). These perimeters were measured
in orthostatic position and lateral recumbence. Clini-
cal evaluation was exclusively registered for monitor-

vovirosis, leptospirosis, distemper, hepatitis infecciosa
canina).

El miembro posterior izquierdo fue preparado
para cirugia ortopédica; previo ayuno de 12 horas, se
continud con medicacion preanestésica con sulfato de
atropina (0.044 mg/kg, via subcutanea); 15 minutos
después se administrd clorhidrato de xilazina (2.0
mg/kg via intramuscular), y diez minutos mas tarde se
realizé induccidn anestésica con pentobarbital sédico
al 2.5% en dosis de 12.5 mg/kg de peso vivo via intra-
venosa y se mantuvo anestesia general con halotano.
Treinta minutos antes de la cirugia se realizé quimio-
profilaxia antimicrobiana con cefalotina sédica (30
mg/kg de peso vivo via intravenosa). Los animales
fueron colocados en decubito dorsal y se les extrajo
liquido sinovial de la rodilla izquierda, para realizar
la evaluacion artroscopica* y seccionar el ligamento
cruzado craneal. Veintian dias después de este pro-
cedimiento quirdrgico, se realiz6 nueva evaluacién
artroscopica, verificandose el desenvolvimiento de la
EAD. El ligamento se sustituyé por fascia lata aut6-
gena, siguiendo la técnica descrita por Schawalder.?®
Se realiz6 artrotomia lateral, divulsion y diseccion de
un retajo de la fascia lata. El retajo fue insertado por la
porcién caudal de la articulacién, atravesandolo hasta
la regioén intraarticular. Se realizé un tanel éseo de
forma diagonal en la tibia, partiendo desde la regiéon
de insercion del ligamento cruzado craneal hasta la
cresta. La fascia se fijé por medio de sutura de poligle-
caprone. Posteriormente a la cirugia se colocé muleta
de Thomas durante 15 dias y se distribuyeron los ani-
males de forma aleatoria en dos grupos de cinco inte-
grantes cada uno:

e Grupo 1: constituy6 el grupo testigo, cuyos ani-
males no recibieron la asociacion de sulfato de con-
droitina** y acido hialurénico.***

e Grupo 2: formado por animales tratados con sul-
fato de condroitina y &cido hialurénico segin pro-
tocolo a seguir: 240 mg/perro (2 mL) de sulfato
de condroitina, via intramuscular en intervalos de
cinco dias hasta completar seis aplicaciones, y 20
mg/perro de acido hialurénico, via endovenosa, en
intervalos de cinco dias, hasta completar tres aplica-
ciones. La primera aplicacion se realizo el dia de la
sustitucion del ligamento cruzado craneal.

Los animales fueron evaluados diariamente, des-
pués de retirada la muleta, en cuanto a aspectos cli-
nicos, caracteristicas de deambulacion, apoyo del
miembro y grado de claudicacién, con base en clasifi-
caciones descritas en la literatura?2%%" (Cuadro 1).

Se determiné la amplitud de flexién y extensién

*Storz, Karl Storz Endoscopy, artroscopio de 2.7 mm de
diametro con angulo de 30 grados.

**Artroglycan, Syntek, S.A.

***Legend, Bayer, S.A.

Vet. Méx., 38 (3) 2007 333



ing the animals. Variance analysis (ANOVA) in the
split plot configuration was applied. Animals were
the plots and the sub-plots were times of evaluation
(0, 21 and 90). Experimental groups were compared
through the T student test and statistical differences
were determined with error (type 1)probability infe-
rior to 5%. Two minimal significant differences were
obtained, one for group comparisons and another for
time comparisons. Numerical differences between
the times of each analyzed variable were determined
this way: day 0 (before ligament section) minus day
21 (21 days after ligament section), day 21 minus day
90 (ninety days after surgical substitution of the liga-
ment) and day 0 minus day 90. An ANOVA was done

del miembro (angulo fémoro-tibio-patelar, AFTP)
mediante goniometro de plastico (Figuras lay b); la
presion de apoyo del miembro operado, mediante des-
plazamiento de columna de mercurio en milimetros
(mm Hg) (Figuras 2a y b), y el perimetro del muslo
con cinta métrica (Figura 3). Las medidas se toma-
ron antes de la seccion artroscopica (dia 0), 21 dias
después de la seccion (dia 21) y 90 dias posteriores a
la sustitucion del ligamento cruzado craneal (dia 90).
El perimetro del muslo se midid en tres ubicaciones:
perimetro epipatelar, perimetro proximal (casi a tres
centimetros distal del trocanter mayor) y en el punto
medio entre las dos anteriores (Figuras 3a, by c ).
Esos perimetros se midieron en las posiciones ortoes-

Cuadro 1

CARAQTERiSTICAS DE LA CLAUDICACION EN GRADOS PARA EYALUACION
CLINICA DESPUES DEL TRATAMIENTO CON ACIDO HIALURONICO Y

SULFATO DE CONDROITINA

DEGREES FOR CLINICAL EVALUATION OF LAMENESS AFTER TREATMENT
WITH HYALURONIC ACID AND CHONDROITIN SULFATE

Lameness degree

Description

0 Normal limb weight bearing

1 Walks without lameness, normal in station, but sporadically lame
when running without elevating the limb

2 Intermittent lameness use of the limb with total weight bearing.

3 Lameness when walking, partial weight bearing and elevating
it when running

4 Non-frequent and intermittent use and limb weight bearing in
orthostatic position and when walking it does not support the weight

5 No limb use.

Figura 1: a) Goniometro utilizado para deter-
minacién del angulo fémoro-tibio-patelar;
b)determinacion del angulo fémoro-tibio-
patelar (AFPT) en decubito lateral.

Figure 1: a) Goniometer for stifle angle deter-
mination; b) determination of stifle angle
(AFTP) in lateral recumbence.
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Figura2: a) Medidor de presiony mano-
metro para determinacion de presion
de apoyo del miembro; bymedicion de
la presién de apoyo mediante despla-
zamiento de la columna de mercurio
(mmHg). Perro en posicion ortoesta-
tica apoyando el miembro posterior
izquierdo sobre la bolsa de aire.

Figure 2: a) Pressure gauge and mano-
meter for determination of limb weight
bearing pressure; b) measuring weight
bearing pressure by means of mercury
column displacement (mmHg) in a
dog in the orthostatic position and
supporting the left limb over the air
bag.

Figura 3: Deteriminacion de los peri-
metros del muslo decubito lateral:
a) epipatelar, b) proximal, ¢) punto
medio.

Figure 3: Measurement of thigh peri-
meters in lateral recumbence: a) epi-
C patellar, b) proximal, ¢) midpoint.

with the values of the differences and a Fisher test was
applied. The Mann-Withney non parametric test was
used to measure qualitative responses: “claudication
severity” .

Results

Table 2 summarizes the severity of claudication in
the treated and control groups. There was a signifi-
cant difference in gait throughout the postoperatory
period after removing the Thomas crutch between
treated animals and non-treated (P < 0.05). Treated
animals showed progressive improvement in walk-
ing, with a faster return to physical activity than non-
treated (P < 0.05) (Table 2). One of the animals in the
treated group and another in control group showed
an increase in the severity of lameness at the final
phase of evaluation, probably due to trauma.

In the muscular hypotrophy test, there were dif-
ferences between perimeters with regard to the posi-
tion of the animal, so that lateral recumbence yielded
an increase in values (Table 3). There were no sta-
tistically significant differences in thigh perimeters

tatica y decubito lateral. Las evaluaciones clinicas se
registraron solo para dar seguimiento a los animales.
Se realizo el andlisis de varianza para delineamiento
en parcelas subdivididas: los animales constituyeron
las parcelas y los tiempos fueron las subparcelas (0,
21 y 90). Se compararon los grupos experimentales
mediante la prueba “t” de Student y las diferencias
estadisticas se determinaron con probabilidad de
error tipo 1, inferior a 5%. Se obtuvieron dos diferen-
cias minimas significativas, una de ellas utilizada para
comparar los grupos, y la otra para comparar los tiem-
pos. También se obtuvo la diferencia numérica entre
los tiempos de cada variable analizada: dia 0 (antes de
la seccion del ligamento) menos dia 21 (21 dias des-
pués de la seccion del ligamento), dia 21 menos dia
90 (noventa dias después de la sustitucion quirargica
del ligamento) y dia 0 menos dia 90. Con los valores
de las diferencias se realizd un analisis de varianza,
aplicando la prueba de Fisher. Para la variable cuali-
tativa “grado de claudicacion” se empleo la prueba no
paramétrica de Mann-Withney .
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between groups when considering, individual evalu-
ation time (Tables 3 and 5). Nevertheless, there was
significant difference between perimeters in different
times (0, 21 and 90) under a specific treatment (Table
3). The epipatellar perimeter in the control group on
the orthostatic position showed significant atrophy on
day 21, but with a partial mass recuperation on day 90.
Same results were observed in the treated groups at
this position. Epipatellar perimeter in lateral recum-
bence in control group did not have significant atro-
phy on day 21; but on day 90 when compared to day
0, there was significant statistic atrophy. The treated
group did not show significant differences throughout
the evaluated times.

The proximal perimeters of control group in the
orthostatic position had significant atrophy on day 21
which was maintained up to day 90. There was no atro-
phy in the treated group throughout the evaluated
times. In lateral recumbence both groups presented
significant atrophy on day 21; both groups maintained
this degree of atrophy until day 90.

There was significant atrophy at the midpoint
perimeter of control group in orthostatic position on
day 21 which was maintained until day 90. Animals
in the treated group did not show significant atrophy
in orthostatic position during the evaluated times.
Measures in lateral recumbence of the control group
revealed significant atrophy on day 21 and even more
on day 90. In the treated group, atrophy was signifi-
cant on day 21 which was maintained up to day 90.

The values of FTPA in flexion and extension in
orthostatic position are presented in Table 4. In this
position, a significant difference between experimen-
tal groups was noticed at time 0, whereas there were
no differences at times 21 and 90. The FTPA in flex-
ion and lateral recumbence showed significant differ-
ences between control and treated groups, denotating
greater limb flexion in treated animals (Table 4). In
relation to the limb extension range, there was no
difference between groups at the evaluated times.
However, the behavior of each group, at times, was sta-
tistically different. The animals in the control group
showed an increasing resistance to limb extension on
days 0 and 21, followed by partial recuperation on day
90. The treated group showed statistical equivalence
in limb extension range, at all times throughout the
evaluation. This reflects lack of resistance to exten-
sion in this group.

The mean differences between values on days (0, 21
and 90) are presented in Table 5, which shows signifi-
cant difference between treatments in range of flexion
of treated animals (HA + CS). Comparisons between
days 0 and 90 in non-treated animals revealed an aver-
age decrease flexion of 3.2 degrees and a increase of
9.8 degrees in treated animals on day 90.
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Resultados

En el Cuadro 2 estan relacionados los grados de clau-
dicacion de animales tratados y del grupo testigo.
Después de retirar la muleta, hubo diferencia signifi-
cativa en la ambulacién de animales tratados y no tra-
tados. Durante el periodo posoperatorio (P < 0.05),
se evidencid mejora progresiva en la marcha de los
animales tratados, con retorno mas precoz a la activi-
dad fisica que los no tratados (P < 0.05) (Cuadro 2).
En uno de los animales del grupo tratado y en otro
del grupo no tratado, se observo aumento en el grado
de claudicacion casi al final del estudio, posiblemente
debido a un trauma.

En las determinaciones de hipotrofia muscular se
observo diferencia entre los perimetros, de acuerdo
con la posicién del animal, y se observaron valores
mayores en la posicion decubito lateral (Cuadro 3).
No hubo diferencia estadistica significativa entre los
grupos en cuanto a los perimetros del muslo en un
mismo tiempo medido (Cuadros 3y 5). Sin embargo,
hubo diferencia significativa entre los perimetros en
los diferentes tiempos 0, 21 y 90 bajo un mismo tra-
tamiento (Cuadro 3). En el perimetro epipatelar del
grupo testigo y en posicion ortoestatica, se observé un
grado de atrofia significativo el dia 21, y se recuperd
parcialmente la masa muscular el dia 90. En esta posi-
cion se observo igual comportamiento en el grupo tra-
tado. En decubito lateral y en el perimetro epipatelar
del grupo testigo no se mostrd grado significativo de
atrofia el dia 21; se observo atrofia estadisticamente
significativa el dia 90 con respecto al dia 0. El grupo
tratado no mostro diferencia significativa en los tiem-
pos evaluados.

En el perimetro proximal del grupo testigo y en
posicién ortoestatica, se observd atrofia significativa
el dia 21, el grado de atrofia se mantuvo hasta el dia
90. En el grupo tratado no se observd atrofia signifi-
cativa en los tiempos evaluados. En decubito lateral,
tanto el grupo testigo como el tratado mostraron atro-
fia significativa el dia 21, ambos grupos mantuvieron
el grado de atrofia hasta el dia 90.

En el perimetro del punto medio del grupo testigo
y en posicion ortoestatica, se observd atrofia signifi-
cativa el dia 21, la cual se mantuvo hasta el dia 90.
En el grupo tratado no se presentd atrofia significa-
tiva en los tiempos evaluados cuando se midieron los
perimetros en la posicion ortoestatica. Las medidas
en decubito lateral del grupo testigo revelaron atro-
fia significativa el dia 21 y aln mayor el dia 90. En el
grupo tratado hubo atrofia significativa el dia 21, que
se mantuvo hasta el dia 90.

Las medidas del AFTP en flexion, extension y en
posicién ortostatica se presentan en el Cuadro 4. En
la posicion ortoestética hubo diferencia significativa



Cuadro 2

GRADOS DE CLAUDICACION DE ANIMALES EN LOS GRUPOS TESTIGO Y

TRATADO CON ACIDO HIALURONICO Y SULFATO DE CONDROITINA
LAMENESS DEGREES FROM ANIMALS OF CONTROL AND TREATED WITH

HYALURONIC ACID AND CHONDROITIN SULFATE

Lameness degrees

HA + CS Group

Control group

Days after

animals

animals

substitution

*16

18
20
22
24
26
28
**30

32

34
36
38
40

42

44

46

48

50
52
54
56
58
60
62
64
66
68
70
72
74
76
78
80
82
84
86
88

90
*First day after withdrawing de Thomas crutch.

**End of treatment with HA+CS.

337

Vet. Méx., 38 (3) 2007



Cuadro 3

MEDIAS DE LOS PERIMETROS DEL MUSLO EN CENTIMETROS, EN TRES DIFERENTES
TIEMPOS QUIRURGICOS, EN POSICION ORTOSTATICA Y EN DECUBITO LATERAL, EN
PERROS NO TRATADOS Y TRATADOS CON ACIDO HIALURONICO Y SULFATO DE
CONDROITINA.

AVERAGE OF THIGH PERIMETERS IN CENTIMETERS, THREE DIFFERENT SURGICAL
TIMES, IN THE ORTHOSTATIC POSITION AND LATERAL RECUMBENCE OF DOGS
UNTREATED AND TREATED WITH HYALURONIC ACID AND CHONDROITIN SULFATE

Position Orthostatic Lateral recumbence
Perimeter Days 0 21 90 0 21 90
Epipatellar! Control 25.8aA 244bA  254abA  27.4aA  26.6abA  25.8bA
HA +CS 26.2aA 25bA 25.8abA  27.6aA 27.3aA 26.4aA
Midthigh? Control 32.2aA 28.8bA 28.2bA 38.4aA 31.8bA 29cA
HA +CS 31.6aA 30aA 30.2aA 34.4aA 32.5bA 32.4bA
Proximal? Control 36.4aA 33bA 34bA 38.4aA 34.8bA 34bA
HA + CS 37.2aA 35.8aA 36aA 40.6aA 37.2bA 37.2bA

Averages with equal very small letters in the rows and equal capital letters in the columns are statistically equal. CV in
orthostatic position of 1= 6.4% columns and 3.3% in rows, 2 = 9.4% columns and 4.9%in rows, 3 = 7.7% columns and 4.1% in
rows. CV in lateral position of 1 =7.9% columns and 3.5% in rows, 2 = 10% columns and 3.8% in rows, 3 = 8.0% columns and
5.2% in rows. dms in orthostatic position for comparison between groups of 1 =2.6, 2 = 4.5 and 3 = 4.3. In lateral recumbence 1 =
3.3,2=4.9,3=4.9. Dmin orthostatic position for comparison between times of 1 = 1.15, 2= 2.0 and 3 = 2.0. In lateral position

1=13,2=1.7,3=2.6.

Day 0 = Before section of cranial cruciate ligament.
Day 21 =21 days after ligament section.

Day 90 = 90 days after ligament substitution.

There was no statistical difference between treated
animals and non-treated with respect to the pressure
exerted by the limb. This fact was confirmed because of
the low F value in the table of time differences (Table
5). Nonetheless, there was a statistically significant dif-
ference inside each experimental group throughout
the times evaluated (Table 6). In the control group,
there was no significant decrease in limb pressure
from day 0 to 21, but a decrease between 21 and 90.
In treated animals there was significant decrease in
limb pressure from day 0 to 21 which was maintained
up to day 90.

Discussion

Observed results showed that animals treated with
hyaluronic acid (HA) and chondroitin sulfate (CS)
association had better physical and orthopedic per-
formance than animals only treated by means of sur-
gical stabilization. Similar studies accomplished by
Melo et al.,® which used separately HA or CS, did not
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entre los grupos experimentales en el tiempo 0, y no se
registré diferencia significativa en los tiempos 21y 90.
Las mediciones del AFTP en flexion y en la posicion
decubito lateral, mostraron diferencia estadistica-
mente significativa entre el grupo testigo y el tratado;
en los animales tratados se observé mayor flexion
del miembro (Cuadro 4). En cuanto a la amplitud
de extension no existié diferencia significativa entre
el grupo testigo y el tratado en los tiempos medidos.
Sin embargo, el comportamiento dentro del mismo
grupo en cada tiempo fue estadisticamente diferente.
El grupo testigo mostré aumento de la resistencia a la
extension del dia 0 al 21, con recuperacion parcial el
dia 90. El grupo tratado mostré equivalencia estadis-
tica en el grado de extension del miembro en todos
los tiempos, ello refleja ausencia de resistencia a la
extension.

La media de las diferencias entre los valores los
dias 0, 21y 90, se presenta en el Cuadro 5, que mues-
tra diferencia significativa entre los tratamientos en
cuanto a la magnitud de flexion en animales tratados



Cuadro 4

MEDIAS DE LOS ANGULOS DE FLEXION Y EXTENSION DE LA
ARTICULACION FEMORO-TIBIO-PATELAR EN POSICION
ORTOSTATICA Y DECUBITO LATERAL, DE PERROS NO TRATADOS
Y TRATADOS CON ACIDO HIALURONICO Y SULFATO DE
CONDROITINA

AVERAGE OF ANGLES IN FLEXION AND EXTENSION OF STIFLE
JOINT IN THE ORTHOSTATIC POSITION AND LATERAL
RECUMBENCE OF DOGS UNTREATED AND TREATED WITH
HYALURONIC ACID AND CHONDROITIN SULFATE

Position Group/ days 0 21 90
Orthostatic! Control 39.8aB 48.6aA 46aA
HA +CS 51.2aA 53aA 54.6aA
Lateral recumbence
Flexion? Control 141aA 138,8aA  137.6aB
HA +CS 140.4bA  138bA 150.2aA
Extension® Control 18.2bA 39.2aA  26.8abA
HA +CS 27.8aA 40.2aA 34.6aA

Averages with equal very small letters in the rows and equal capital letters in the
columns are statistically equal. CV of 1 = 14.6% columns and 16.7% in rows, 2 = 2.3%
columns and 3.9% rows, 3 = 27.8% columns and 36.2% filas. Dms of 1 for comparison
between groups = 13.8 and between times = 11. In lateral recumbence, dms for groups
comparison of 2 = 7.9, 3 = 17.7; comparison between times of 2 =7.6, 3 = 15.2.

Day 0 = Before section of cranial cruciate ligament.

Day 21 =21 days after ligament section.

Day 90 = 90 days afterligament substitution.

find significant differences between treated and non-
treated animals. In this study, the outcome suggests
favorable effects as a result of HA and CS association
in dogs’ gait with cranial cruciate rupture and DJD
development in the early and late post-operative term.
The results can be explained because of the benefits
reported by each drug.*819.21.22.28:31

The values of thigh perimeter are a result of limb
activity, when there is muscular hypotrophy, as con-
sequence of a decreased physical activity, for which it
is an indicator of performance and limb use in the
dog.*> The thigh perimeter with lesser influence, more
sensitive and appropriate in assessing the severity of
muscular hypotrophy was the midpoint thigh perim-
eter. This perimeter was measured around the more
prominent mass region of the thigh, where the syno-
vial capsule does not exist and the small movements of
the limb (flexion or extension) did not interfere with
the measurement.

Values from the midpoint thigh perimeter in ortho-
static and lateral recumbence positions revealed mus-

con AH + SC. Al comparar los resultados de los dias
0y 90 en animales no tratados, se observé reduccién
de la flexién de 3.2 grados en promedio, y en anima-
les tratados se observé aumento de la flexion de 9.8
grados, en promedio, con respecto al dia 0.

No se establecid diferencia estadistica entre ani-
males tratados y no tratados en relacién con el grado
de presiéon ejercida por el miembro operado, con-
firmado por el bajo valor de F en el cuadro de dife-
rencias entre los tiempos (Cuadro 5). No obstante,
se registré diferencia estadisticamente significativa
entre los tiempos dentro de un grupo experimental
cuando fueron evaluados aisladamente (Cuadro 6).
En el grupo testigo no hubo disminucion significativa
de la presion de apoyo del miembro entre los dias 0y
21, por lo que se establecié diferencia entre los dias 0y
90. En los animales tratados hubo disminucion signi-
ficativa en la presion de apoyo entre los dias 0y 21; la
diferencia estadisticamente significativa se mantuvo
hasta el dia 90.
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Cuadro 5

VALORES MEDIOS DE LAS DIFERENCIAS NUMﬁRICAS DE LOS PERIMETROS, DE LA
PRESION Y AFTP EN PERROS TRATADOS CON ACIDO HIALURONICO Y SULFATO DE
CONDROITINA Y NO TRATADOS, DURANTE LOS PERIODOS 0-21, 21-90 Y 0-90 DIAS

AVERAGES OF NUMERICAL DIFFERENCES OF PERIMETERS, PRESSURE AND AFTP OF

DOGS TREATED WITH HYALURONIC ACID AND CHONDROITIN SULFATE AND

UNTREATED IN TIMES 0-21, 21-90 AND 0-90 DAYS

Days

Orthostatic position 0-21 21-90 0-90

Variable C  HA+CS Fisher C HA+CS  Fisher C HA+CS  Fisher
Epipatellar perimeter 1.4 1.2 0.05 -0.2 -0.8 0.75 0.4 0.4 0
Proximal perimeter 34 1.4 1.88 -1 -0.2 0.33 2.2 1.2 1.13
Midpoint 34 1.6 2.13 0.6 -0.2 0.37 4 1.4 10.24
Goniometer -8.8 -1.8 0.66 2.6 2 0.02 -6.2 -34 0.13
orthostatic pos.

Pressure mm Hg 8.8 20.8 3.15 2.4 —-6.6 1.55 7.2 14.2 0.67

Lateral recumbence

Epipatellar perimeter 0.8 0.2 0.52 0.8 1 0.035 1.6 1.2 0.4
Proximal perimeter 3.6 34 0.02 0.8 0 0.15 4.4 34 0.33
Midpoint 2.6 1.6 0.89 2.8 -0.4 8.53 5.4 34 2.32
Goniometer flexion 22 24 0.002 1.2 -12.2 4.92 3.4 -9.8  11.02*
Goniometer extension -19 -12.4 0.33 12.4 5.6 0.80 -8.6 -6.8 0.05
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* = Significant in Fisher F test with error type 1 probability < 0.05
C = control group, HA+CS = hyaluronic acid and chondroitin sulfate treated group, Fisher = obtained value with Fisher test.

Cuadro 6
MEDIAS DE LA PRESION DE APOYO MEDIDA EN MILiMETRQS DE
MERCURIO EN PERROS NO TRATADOS Y TRATADOS CON ACIDO
HIALURONICO Y SULFATO DE CONDROITINA

AVERAGES OF PRESSURE WEIGHT BEARING MEASURED IN
DISPLACED MERCURY MILIMETERS OF DOGS UNTREATED AND
TREATED WITH HYALURONIC ACID AND CHONDROITIN SULFATE

Group/ days 0 21 90
Control 344aA  25.6abA  23.2bA
HA +CS 43.2aA 224bA  29bA

Averages with equal very small letters in the rows and equal capital letters in the columns are
statistically equal. . CV = 25.8% olumns and 26.8% in rows. Dms for groups comparison =
14.2, and between times = 10.7.

Day 0 = Before section of cranial cruciate ligament.

Day 21 =21 days after ligament section.

Day 90 = 90 days after ligament substitution



cular hypotrophy 21 days after arthroscopic section of
cranial cruciate ligament, probably as a consequence
of DJD development. Despite the non-significant
value obtained from the treated group in orthostatic
position, this value was located close to the inferior
numeric limit that confers statistical significance
between the times 0 and 21, showing atrophy. Ben-
efits using the drugs were verified when results from
the midpoint thigh perimeter were analyzed up to day
90. On this day, there was an increase in hypotrophy
in non-treated animals and maintenance in the extent
of muscle mass loss in treated animals. Similar results
were observed in the proximal thigh perimeter.

It must be taken into account that the perimeters
were influenced due to animal position, level of mus-
cular tension and presence of synovial capsule. In lat-
eral recumbence, the values increased due to muscle
relaxing. In the case of epipatellar perimeter and as
reported by Johnson et al.,*® it is probable that post
surgical thickening of the synovial capsule influenced
the measurement, leading to an apparent recupera-
tion of the thigh mass that was observed in both
experimental groups in orthostatic position.

Considering the variation coefficient and the
obtained minimum significant differences in this
study, it was observed that the degree of muscular
atrophy 21 and 110 days (day 90) after the section of
the cranial cruciate ligament was inferior to 10% and
20%, respectively. Clinically, the atrophy was more
evident in the contra lateral limb due to compensa-
tory hypertrophy. These results are similar to those
found by Campbell et al.,>* at which greater atrophy of
the member was noticed two to three months after the
rupture, without substitution of ligament. Neverthe-
less, the atrophy degree does not differ with the surgi-
cal substitution of the ligament, as it was observed in
this study and in studies made by Hoelzler et al.®? with
dogs with a ruptured ligament and underwent liga-
ment substitution.

The lack of significant difference between the mus-
cular perimeters in dogs treated and untreated in a
static time of evaluation, was due to the high variation
of the morphologic characteristics of the thigh in ani-
mals of each experimental group. This comparison
was not relevant to the objective of this study, since the
comparison of the perimeters is important when it is
made in the same animals and through the evaluated
times. The split plot statistic delineation was efficient
for this comparison.

In tests of flexion and extension, it was noticed that
animals treated with HA and CS did not show statisti-
callysignificant differences in the extension, due to the
high variation coefficient obtained in this variable; in
flexion, the animals of the control group showed resis-
tance. The results suggest a more favorable evolution

Discusion

Los resultados observados muestran que los animales
tratados con acido hialuronico y sulfato de condroi-
tina en asociacion, presentan mejor desempefio fisico
y ortopédico que cuando son sometidos Unicamente
a intervencion quirdrgica. En estudios similares
realizados por Melo ¢t al..® en los cuales los anima-
les fueron tratados con &cido hialurdnico o sulfato
de condroitina, no fue posible establecer diferencias
estadisticamente significativas entre animales trata-
dos y no tratados. En este estudio, los resultados de
la ambulacién de perros con ruptura de ligamento
cruzado y desenvolvimiento de EAD, tratados con
AH y SC, sugieren un efecto favorable cuando se
asocian los farmacos en el posoperatorio inmediato
y tardio. Los efectos benéficos como resultado de la
terapia con cada farmaco ya se han descrito en la lite-
r.atur.a.4,l8,19,21,22,28-31

Los valores de los perimetros del muslo resultan
de la actividad ejercitada por el miembro, cuando
hay hipotrofia muscular, como consecuencia de la
disminucion de la actividad fisica, por lo que es un
indicador de desuso y bajo desempefio.* El perime-
tro del muslo menos influido, mas sensible y mas ade-
cuado para determinar el grado de atrofia muscular
fue el perimetro del punto medio. Este perimetro fue
determinado en la regién mas prominente del muslo,
donde no se presenta capsula articular, y la masa mus-
cular no es alterada por las pequefias diferencias en la
posicion del miembro (flexion o extension).

Los datos obtenidos del perimetro medio del muslo
en la posicion ortoestaticay en decubito lateral mostra-
ron hipotrofia del miembro 21 dias después de la sec-
cion artroscopica del ligamento cruzado craneal, en
virtud del desenvolvimiento de la EAD. El valor obte-
nido en la posicion ortoestatica del grupo tratado no
fue estadisticamente diferente al dia 0. Sin embargo,
este valor fue cercano al limite inferior numérico que
establece diferencia estadistica significativa entre los
dos tiempos (0 y 21), denotando atrofia. El beneficio
obtenido con los farmacos se confirma al analizar los
resultados de perimetria muscular en el punto medio,
en los cuales se mostré aumento de la hipotrofia a los
90 dias, en los animales no tratados; el grado de atro-
fia muscular en los tratados se mantuvo. Resultados
semejantes a los del perimetro medio se observaron
en los datos del perimetro proximal.

Debe tomarse en cuenta que los perimetros fueron
influidos por la posicion del animal, el grado de ten-
sion muscular y la presencia de capsula articular.
En la posicion decubito lateral se observaron valores
incrementados como consecuencia del relajamiento
muscular. En cuanto al perimetro epipatelar es pro-
bable que los resultados hayan sido influidos por el
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for treated animals, since while observing in detail
the data and comparing the experimental groups, it is
verified that the behavior of the variables is better in
the treated group than in the non-treated.

Satisfactory performances in limb flexion and
extension, either surgically®® or therapeutically (HA
or CS) treated animals have been described in lit-
erature.58%38 The satisfactory results of treated
animals in flexion and extension parameters can be
explained by the regulation properties of articular
microhomeostasis, macrohomeostasis and miniho-
meostasis described in the viscosupplementation con-
cept reported by Balazs and Denlinger®® using HA, and
the reported analgesic and anti-inflammatory effects
using both drugs.®"%37 Arias et al.*® reported an
anti-inflammatory effect with the HA-CS association,
while finding absence of lymphoplasmocytic infiltrate
in synovial membranes of dogs treated with the asso-
ciation of drugs; however, progression of DJD was not
eliminated.

In both experimental groups, the results of the
FTPA in flexion and extension on day 0 were influ-
enced by the initial adaptation of the animals to the
experimental manipulation, resulting in smaller
values in flexion and larger in extension. On the
other days, values of flexion were also influenced by
the muscular atrophy, since the decrease of the mus-
cular perimeter of the thigh increased the degree of
flexion of the limb. It is probable that the greater value
obtained in flexion at day 90 in the treated group, may
be a consequence of the return in flexion limb nor-
mality. An improvement of limb flexion in untreated
animals at days 21 and 90, was also observed in this
study. This could be the consequence of the surgical
stabilization.

Several authors have suggested an increase in
limb weight bearing in animals treated with nutraceu-
tics.8.9374050 |0 this study, the results of animals under
medical treatment did not demonstrate significant
improvement of limb weight bearing in pressure test.
The value obtained from the control group between
days 0 and 21 was next to the bottom limit that estab-
lishes statistical significant difference between these
days. Thus a reduction of weight bearing in both
groups at day 21 was revealed, though without return
to normality. When making a correlation between gait
characteristics of treated dogs with degrees of pres-
sure exerted by the limb, it was evident that the car-
rying capacity of weight was not full in the last days of
observation. It is probable that the weight supported
by the operated limb was distributed by the others
as reported by Auer et al.*® and Gingerich et al.*° in
horses. This variable could be more accurate deter-
mined by means of measurement of the weight bear-
ing in force plate in future studies.
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engrosamiento posquirdrgico de la capsula articular,
como lo cita Johnson et al.,*® lo que llevé a una apa-
rente recuperacion de la masa muscular observada en
ambos grupos experimentales en la posicion ortoes-
tética.

Teniendo en cuenta el coeficiente de variacion y
las diferencias minimas significativas obtenidas en
este estudio, se observé que el grado de atrofia mus-
cular 21 y 110 dias (dia 90) después de seccionar el
ligamento cruzado craneal, fue inferior a 10% y 20%,
respectivamente. Clinicamente, la atrofia se mostro
mas evidente en el miembro contralateral, debido a la
hipertrofia compensatoria. Estos hallazgos son seme-
jantes a los encontrados por Campbell et al.,* en los
cuales se registré mayor atrofia del miembro dos a tres
meses después de la ruptura, sin sustitucion de liga-
mento. Sin embargo, el grado de atrofia no difiere
con la sustitucién quirdargica del ligamento, como se
observo aqui y como se constata en estudios de Hoel-
zler et al.*® en perros con ruptura de ligamento y some-
tidos a sustitucién ligamentaria.

La falta de diferencia significativa cuando se esta-
blece la comparacion entre los perimetros musculares
de animales tratados y no tratados en un tiempo esta-
tico de evaluacion, se debid a la alta variacion de las
caracteristicas morfolégicas del muslo en los animales
de cada grupo experimental. Esta comparacion no fue
de relevancia para el objetivo de este estudio, ya que la
comparacion de los perimetros es relevante cuando se
hace en los mismos animales y a través de los tiempos
evaluados. El delineamiento en parcelas subdivididas
se mostro eficiente en esa comparacion.

En las pruebas de flexion y extensidn se observo
que los animales tratados con AH y SC no mostraron
diferencia estadisticamente significativa en la exten-
sion debido al alto coeficiente de variacion obtenido
en esta variable; en la flexion, los animales del grupo
testigo mostraron resistencia. Los resultados sugieren
una evolucion mas favorable para los animales trata-
dos, ya que al observar en detalle los datos y compa-
rando los grupos experimentales, se verifica que el
comportamiento de las variables es mejor en el grupo
tratado que en el no tratado.

Estos desempefios satisfactorios en la flexion y
extension del miembro en animales tratados apenas
quirdrgicamente® o terapéuticamentecon AH 0 SC,ya
se han descrito en la literatura.®®*>3>%® |_os resultados
satisfactorios en los parametros de flexion y extension
de los animales tratados se explican por las propieda-
des de regulacion de la microhomeostasis, macroho-
meostasis y minihomeostasis articular descritas en el
concepto de viscosuplementacién relatado por Balazs
y Denlinger®® con AH, y por los efectos analgésicos y
antiinflamatorios citados en la literatura con el uso de
ambos farmacos.>*"2378 Arias et al.*® demostraron el



The results obtained in the tests suggest that the
physical performance and gait of treated animals are
better than those of untreated. The treated animals
could move better and had a faster return to physical
activities. However, there was no full recovery of the
muscle mass, which was probably due to the lack of
total support of the weight and DJD progression.

It is concluded that using HA-CS association in
dogs with stifle degenerative joint disease due to the
rupture of the cranial cruciate ligament led to a better
physical performance, lesser degree of muscle atro-
phy, decreased degree of lameness and a faster return
to function in the postoperative period in treated ani-
mals. The results of this study also suggest that there
is a clinical synergetic effect between the drugs when
they are used in association with canine stifle arthro-
sis.
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