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Osteoarthritis (OA) affects more than 20% of the ca-
nine population and is the most common cause of 

lameness in dogs older than 1 year.1 This prevalence is 
significantly increased in senior patients, increasing to 
almost 80%.2

The pathogenesis of canine OA involves changes in all 
tissues of the synovial joint: cartilage loss, abnormal sub-
chondral bone remodeling, and osteophyte formation.3

The most common clinical signs of OA in dogs 
include pain and lameness.3 The conventional thera-
peutic goal for this degenerative disease is the man-
agement of that pain with NSAIDs.4 However, NSAIDs 
can have deleterious systemic side effects5 and contra-
indications, which lead to very complex treatment for 
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senior animals suffering multiple pathologies like renal 
disease or liver failure.6

In recent years, mesenchymal stem cells (MSCs) 
have been postulated as a potential treatment for mus-
culoskeletal disorders and systemic diseases in dogs.7,8 
Several publications also support that stem cell therapies 
are effective for diminishing the symptoms and pain, 
thereby increasing the quality of life of dogs suffering 
OA when administered intra-articularly.9–11 The hypoth-
esis that MSCs are able to promote tissue repair through 
their immunomodulatory capacity is gaining traction.12 
When transplanted into diseased tissues, MSCs commu-
nicate with local cells through the secretion of a wide 
array of cytokines and growth factors.13

OBJECTIVE
To demonstrate the efficacy and safety of mesenchymal stem cells (MSCs) for xenogeneic use with intra-articular 
administration in dogs with osteoarthritis.

ANIMALS
80 client-owned dogs with naturally occurring osteoarthritis in elbow or hip.

PROCEDURES
A multicentric, double-blinded, parallel, randomized and placebo-controlled clinical trial was performed. After intra-
articular injection of equine umbilical cord MSCs, dogs were reexamined at weeks 4, 8, and 12 using a force plat-
form (gait analysis), orthopedic assessment, and validated owner questionnaire. Eighteen months after treatment, 
a long-term follow-up was done.

RESULTS
Best results were obtained 8 weeks after treatment, where 63% of the patients showed an improvement in the gait 
analysis. Also 8 weeks after treatment, 77% of the dogs improved in the orthopedic examination; 65% of the owners 
considered that the treatment improved their pet’s quality of life 8 weeks after treatment. The long-term follow-up 
revealed that 59% of the owners observed a duration of effect longer than 6 months after a single intra-articular 
injection of equine umbilical cord MSCs. No systemic or permanent adverse events were detected at any time point.

CLINICAL RELEVANCE
Results of this study demonstrated the safety and efficacy of intra-articular administration of xenogeneic MSCs for 
the treatment of canine osteoarthritis.
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MSCs can be considered in 3 categories, depend-
ing on the donor source and recipient. These categories 
include autologous (the patient receives its own MSCs), 
allogeneic (the patient receives MSCs from a donor of 
the same species), and xenogeneic (the patient receives 
MSCs from a donor of a different species).13

The autologous use of MSCs has been demon-
strated to be safe and efficacious.14 However, it has 
the handicap of exposing the patient to 2 different 
procedures (1 to take the tissue source of MSCs and 
1 to administer the MSCs) and also the waiting time 
in between for the culture and expansion of MSCs. 
Therefore, the process is more efficient for the recipi-
ent if the MSCs are taken from a donor, an important 
advantage of allogeneic and xenogeneic MSCs.

Several studies15,16 have demonstrated the pos-
sibility of allogeneic and xenogeneic MSCs use. MSCs 
are classically described as “immune-privileged” 
because of the absence of major histocompatibility 
complex class II on their surface. Major histocompat-
ibility complex class II is responsible for the initiation 
of the antigen-specific immune response.17–19 This 
immune-privileged status permits the safe and ef-
fective use of allogeneic and xenogeneic treatments.

MSCs can also be differentiated depending on 
the source. The most common sources for obtaining 
MSCs are bone marrow,20 adipose tissue,13,21 periph-
eral blood,11 and umbilical cord (UC).22,23

Umbilical cord stem cells are considered the best 
source of MSC for several reasons: noninvasive source 
(100% in line with animal welfare), higher proliferation 
capacity,24,25 greater immunomodulation capacity,26 bet-
ter immune-privileged status,27 and a more secure profile 
with fewer risks derived from possible cells mutations, vi-
ral agents, parasites agents, or other contaminants.28

However, the canine UC is not an ideal source of 
MSCs. It is almost impossible to obtain the canine UC 
immediately after natural birth, as the bitch’s instinct 
prompts her to ingest the placenta and UC; therefore, 
the only way to obtain the tissue would be after a C-
section surgery. Conducting a surgical procedure or C-
section solely to obtain UC for pharmaceutical develop-
ment purposes raises ethical concerns and is not aligned 
with animal welfare.29 For these reasons, the allogeneic 
use of canine MSCs from UC is not a suitable option.

Equine UC (EUC), on the other hand, is a good 
option because it is a tissue that is discarded after 
birth, as the mare does not instinctively ingest it. In 
addition, its size provides a substantial amount of 

tissue available for culture while maintaining all the 
aforementioned advantages of UC as a source of 
MSCs. Additionally, the immune-privileged status of 
MSCs may allow the possibility of a xenogeneic use 
of EUC-MSC in different species, with the advantage 
of a quick, nonharmful, safe, and effective treatment 
for canine OA compared with current autologous or 
allogeneic use of canine-derived MSC.

The xenogeneic use of MSCs is gaining traction 
because it allows a choice of tissue and donor spe-
cies without being limited by the recipient species. 
More and more authors are reporting the safety and 
efficacy of xenogeneic MSCs11,13 when administered 
locally13,30 and systemically.15,31

A force plate was utilized to quantitatively mea-
sure lameness and pain.32 Force plate was selected as 
primary end point because it allows the evaluation of 
the treatment’s efficiency in an objective way.14,33,34 
This permits us to measure something as complex as 
pain as objectively as possible.3,35–37

The aim of this study was to assess the efficacy 
and safety of EUC-MSCs for the treatment of canine 
OA in a controlled study with regulatory purposes.

Materials and Methods
Design

The present study is a multicentric, double-blind-
ed (owner and researcher), parallel-group, random-
ized, and placebo controlled trial. Patients were en-
rolled in 2 veterinary hospitals in 2 areas of Spain with 
different climatological and geographical character-
istics (Madrid and Barcelona). The same number of 
dogs was included for both groups in the 2 hospitals. 
It was carried out following the International Coop-
eration on Harmonization of Technical Requirements 
for Registration of Veterinary Medicinal Products for 
Good Clinical Practice (VICH guidelines). Approval 
for this clinical trial (428/ECV) was obtained from the 
regulatory authority in Spain (Agencia Española de 
Medicamentos y Productos Sanitarios) and satisfied 
national regulatory and animal welfare standards and 
requirements. Informed consent was obtained from 
dog owners prior to the inclusion.

On administration day (day 0), a screening was 
done to verify that the animals complied with the in-
clusion criteria (see Animal selection).

According to protocol (Table 1), following treat-
ment administration on day 0, patients were reexam-

Table 1—Study outline.

	 Day 0		  Week 4	 Week 8	 Week 12	 Long-term
Activity	 (Screening)	 Day 1	 visit	 visit	 visit	 follow-up (18 mo)

Hemogram and biochemistry	 x				    x	
Clinical assessment	 x	 x	 x	 x	 x	
Radiographs	 x					   
Product administration	 x					   
Orthopedic assessment	 x	 x	 x	 x	 x	
Gait analysis	 x		  x	 x	 x	
QoL owner questionnaire				    x	 x	
Long-term owner questionnaire						      x
Clinical trial completion					     x	
  and blind open
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ined on day 1, week 4, week 8, and week 12. Examin-
ing veterinarian assessment was performed on every 
visit. Furthermore, a long-term follow-up was carried 
out 18 months after the product administration date.

Each visit in every patient included clinical as-
sessment, orthopedic assessment, and gait analysis. 
Any abnormal health observations irrespective of 
their nature and severity made by either owner or 
veterinarian were recorded.

Since it is known that the onset of the efficacy 
takes time,10,38 the primary efficacy end point was 
fixed at 8 weeks after treatment.

According to protocol, at the end of the study, 
the animals in the placebo group (n = 40) received 
treatment with EUC-MSCs (unblinded) and followed 
up in the long-term follow-up study.

Animal selection
A total of 80 owned dogs (40 receiving EUC-MSC 

and 40 receiving placebo) were enrolled from March 
2019 to December 2020 in 2 Spanish veterinary hos-
pitals, receiving 1 intra-articular administration of 
EUC-MSCs or placebo in the selected joint.

Before inclusion on day 0, a full investigation 
was made consisting of an orthopedic assessment, 
a gait analysis, and radiographs of the affected joint 
to confirm the diagnosis and evaluate the OA grade 
in each patient. The radiographic score for OA was 
attributed to the target joint as described by Moreau 
et al4 by a European and RCVS specialist in diagnos-
tic imaging (RS). Blood samples were analyzed to be 
sure of the good health status of the patients.

The inclusion criteria were that the animals must 
be healthy apart from the OA, must be more than 15 
kg weight, and must be older than 1 year with nor-
mal hematology and biochemistry. Dogs also had or-
thopedic discomfort, uni- or bilateral in the elbow or 
hip joints without improvement for at least 3 months. 
Radiographic signs of mild to severe OA (according 
to Moreau et al4) in the coxofemoral or elbow joints 
were mandatory.

If more than 1 limb was affected, the treatment 
was administered in the limb with the most severe 
OA grading. OA grading was determined considering 
the gait analysis severity, orthopedic assessment, 
and radiographic signs.

One month prior to enrolment and during the 
study, no treatments that could interfere were al-
lowed (NSAIDs, corticosteroids, vaccinations, anal-
gesics, intra-articular treatments, etc).

Dogs had water ad libitum and were fed dry food for 
daily adult requirements according to body weight (g/kg).

Treatments
Dogs that met the inclusion criteria were allo-

cated to the corresponding group at the time of en-
rolment by use of a randomized block schedule that 
was produced in advance of the study. The treatment 
and placebo proportion was 1:1.

Dogs in the treatment group received 7.5 X 106 
EUC-MSC (DogStem; EquiCord) in 1 mL of vehicle 
intra-articular. EUC-MSCs and placebo were manu-
factured according to good manufacturing practices.

EUC-MSCs manufacturing
EUCs from 4 different donors were collected 

from concerted studs after the natural birth of the 
foal, and they were processed. EUC-MSCs were iso-
lated and expanded in culture and cryopreserved. At 
this first stage, cells were tested for genetic stability, 
equine viruses and protozoa, mycoplasma, morphol-
ogy, accumulative population doublings, and char-
acterization by flow cytometry.

After this process, the vials were thawed and ex-
panded until passage 4. After the expansion of the cells, 
the final product consisting of 7.5 X 106 EUC-MSCs/vial 
was tested for sterility, cell concentration, viability, 
morphology, endotoxins, accumulative population 
doublings, mycoplasma, and potency and character-
ized by flow cytometry.

Clinical assessment
To evaluate the systemic safety of the treat-

ment, a physical examination of the affected dog 
was performed on each visit (day 0, day 1, and 
weeks 4 and 8). The physical examination included 
temperature, heart rate, respiratory rate, overall 
status, color of mucous membranes, lymph nodes, 
and abdominal palpation.

Apart from the prescheduled visits, owners were 
aware that in case of an adverse event (AE) or com-
plication during the study, they should contact the 
researchers. Hospitals had 24/7 emergency service 
available for the owners if required.

Also, blood samples were taken prior to treat-
ment and at the end of the study to detect any possi-
ble abnormalities in the hemogram and biochemistry.

Gait analysis in plate force
Gait analysis (WE4; Walkway Evolution; Medi-

cal Sensor 3150QL; Tekscan) was performed on day 
0 (before product administration) and on weeks 4, 
8, and 12 to determine values of peak vertical force 
normalized to body weight from the target limb 
(PVF[%BW]). The same brand and model of force 
platform was available with the same calibration in 
both hospitals at every time point.

Before platform was used in every test, the cali-
bration files were uploaded. Before any data were re-
corded, the dog was leashed and walked by a trained 
person at least 3 times, from one end toward the 
other end of the walkway, to get the dog familiarized 
with the platform.

On day 0, dogs were allowed to move at the ve-
locity that was most comfortable for them. The ac-
cepted velocity range was between 0.7 and 1.8 m/s. 
For the following visits, dogs had to keep the same 
velocity as on day 0 ± 0.3 m/s.

To consider a trial valid, dogs had to walk (nev-
er trot) in a straight line, without hesitation or no-
ticeable distraction, with no overt head movement 
or visible acceleration or deceleration, and with no 
resistance or pull against the handler. A total of 10 
valid passes were obtained during each visit.

According to Conzemius et al,39 the therapeutic 
success for the primary endpoint has been defined 
as the percentage of dogs that have an increase for 
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PVF(%BW) ≥ 5% compared with day 0 in both treat-
ment and placebo groups.

Orthopedic assessment
Orthopedic examination in each dog was per-

formed by the same veterinary surgeon on day 0 be-
fore the administration of the treatment (considered 
baseline values), 24 hours after treatment, and after 
4, 8, and 12 weeks.

The scale used was based on the work from 
McCarthy et al.40

For animal welfare, no animals were included 
with 5 points in any of the parameters.

For the evaluation of the efficacy, only the pa-
rameters “pain on palpation” and “lameness” were 
assessed for being the most clinically significant.

The therapeutic success of this parameter was de-
fined as a decrease of at least 1 point on the total score 
(pain on palpation + lameness) compared with day 0.

Quality-of-life questionnaire
The owner’s opinion was registered using a 

questionnaire validated for reliability and validity 
(data not shown).

The questionnaire consisted of only 3 questions 
that were easy for the owner to understand and that 
they had to evaluate on an intuitive scale from 1 to 10. 
The questions are shown (Table 2). Owners filled the 
survey out only at 8 and 12 weeks after treatment.

The therapeutic success of this parameter was 
defined as a punctuation of at least 7 points for 
each question.

Long term follow-up
Eighteen months after EUC-MSC administra-

tion, owners were contacted by the researchers. This 
follow-up study was a nonblind and noncontrolled 
study that allowed us to obtain efficacy and safety 
data from a large dog population.

An online owner’s survey was completed to as-
sess long-term safety and efficacy. Owners indicated 
whether the treatment was effective, how long the 
effect lasted (if applicable), and in which aspects of 
the dog’s life they noticed improvement. They were 
also asked about the presence of any AEs not de-
tected during the trial.

The survey was sent digitally to the owners of 
all the dogs included in the treatment group plus the 
owners of the dogs that originally received placebo 

and were thereafter treated with EUC-MSC. A total of 
70 surveys were sent.

Statistical methods
Statistical analyses were carried out based on 

guidance from the European Medicines Agency.41

Data are presented as the percentage of dogs 
classified as therapeutic successes in both groups 
(EUC-MSC vs placebo).

All statistical decisions were performed consid-
ering 2-sided tests, and values of P < .05 were re-
garded as significant for all tests.

Differences between groups were tested by 
means of t tests or Mann-Whitney tests when the 
normality assumption was not met. For qualitative 
variables, differences between groups were tested 
by means of the χ2 test or Fischer exact test when 
the Cochran rule was not satisfied. Correlation be-
tween efficacy end points has been measured by 
means of Spearman correlation.

The sample size in this study was conducted 
based on superiority design with a significance level 
of 5% and a statistical power of 80%.

The hypothesis assumes a percentage of thera-
peutic success of 50% in the group treated with mes-
enchymal cells versus 15% in the control group.

Based on the above assumptions, a minimum of 
33 evaluable cases in each group must be obtained.

Therefore, and taking into account the dura-
tion of the study and the potential number of no-
nevaluable cases (eg, deviations, withdrawals by 
concomitant diseases, concomitant therapies un-
authorized) it is proposed to include a total of 40 
patients/group.

Results
Animals

Baseline homogeneity was seen in all the variables 
investigated (age, weight, sex, breed, treated joint, OA 
grade, orthopedic score, lameness, and PVF[%BW]) 
and is summarized (Table 3). Moreover, the majority 
of dogs enrolled were Retrievers (41%) and German 
Shepherds (13.8%), but dogs of 18 different breeds and 
also mixed breeds were enrolled. This was also homog-
enous in both groups (P value = .4128).

The effect of potential epidemiological variables 
was evaluated (age, gender, OA grade, joint treated, 

Table 2—Validated quality-of-life survey for owners.

Quality-of-life questionnaire

Rate from 1–10 the response to treatment in the following terms (as of today) where 1 is “no improvement” and 10 is “complete 
improvement” (circle the value chosen):

Q1: Improvement in the quality of life of your animal (general condition, appetite, mood, activity).
1	 2	 3	 4	 5	 6	 7	 8	 9	 10

Q2: Improvement in your perception of your animal’s general pain (lameness, difficulty in moving, inactivity, or discomfort).
1	 2	 3	 4	 5	 6	 7	 8	 9	 10

Q3: Improvement in mobility (degree of activity, desire to play, difficulty getting on and off the sofa, stairs, etc).
1	 2	 3	 4	 5	 6	 7	 8	 9	 10
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and severity [pain and lameness]). None of the co-
variates investigated demonstrated a statistical sig-
nificance in the prognosis of the treatment success 
(data not shown).

Gait analysis
Four weeks after treatment, 40.74% of the 

EUC-MSC treated dogs and 20.6% in the placebo 
treated animals showed a ≥ 5% improvement in the 
PVF(%BW). No statistically significant improvement 
(P = .1605) was identified.

Eight weeks after treatment (primary end point), 
62.86% of the EUC-MSC treated dogs showed an im-
provement in the plate-force ≥ 5% compared with 
8.00% in the placebo group, a statically significant (P 
< .0001) difference.

Twelve weeks after treatment, 48.27% of the 
EUC-MSC treated dogs showed an improvement in 
the plate-force ≥ 5% compared with 10.81% in the 
placebo group, a statically significant (P < .0054) dif-
ference (Table 4).

Orthopedic assessment
Four weeks after treatment, 69.7% of the EUC-MSC 

treated dogs and 40.5% in the placebo-treated  
animals decreased at least 1 point in the orthope-

dic examination; this difference was statistically 
significant (P = .0145)

At week 8 in the treatment group, 77.4% of the 
dogs improved by at least 1 point in the orthope-
dic exploration compared with 45.9% in the placebo 
group (P = .0082).

At week 12 in the treatment group, 79.3% of the 
dogs improved by at least 1 point in the orthope-
dic exploration compared with 43.2% in the placebo 
group (P = .0031; Table 4).

Quality-of-life questionnaire
A quality-of-life questionnaire (Table 2) for own-

ers was designed and validated for this study.
Eight weeks after the product administration, 

64.5% (20/31) of dogs in the treatment group com-
pared with 19.4% (7/36) in the placebo group scored 
7 points or more, demonstrating improved quality of 
life (P = .0002); 51.6% (16/31) of dogs in the treat-
ment group compared with 16.7% (6/36) in the pla-
cebo group expressed a clinically relevant improve-
ment in pain assessment (P = .0024); and 64.5% 
(20/31) compared to 16.7% (6/36) in the placebo 
group improved 7 points or more in mobility (P < 
.0001). Similar results were obtained 12 weeks after 
treatment (Figure 1).

Variable	 EUC-MSCs group	 Placebo group	 P value

Mean age (y)	 7.5	 7.6	 .6101
Mean weight (kg)	 33.6	 31.7	 .1248
Percentage of senior dogs (≥ 8 y)	 47.5%	 55%	 .4317
Males/females (%)	 63/37%	 50/50%	 .2056
Severe OA grade according to Rx (4; %)	 60%	 45%	 .2337
Elbows/hips (%)	 47.5/52.5%	 52.5/47.5%	 .5727
Orthopedic score (mean)	 10.95	 10.80	 .6573
Lameness grade (40)	 Grade 1: 15.4%	 Grade 1: 12.5%	 .5045
	 Grade 2: 38.5%	 Grade 2: 55.0%
	 Grade 3: 41.0%	 Grade 3: 27.5%
	 Grade 4: 5.1%	 Grade 4: 5.0%	
PVF(%BW) (mean)	 34.188	 37.035	 .3268

PVF(%BW) = Peak vertical force normalized to body weight from the target limb.

Table 3—Patient demographics at day 0. All the parameters showed basal homogeneity between equine umbilical 
cord mesenchymal stem cells (EUC-MSCs) and placebo groups.

Table 4—Results for the gait analysis in force-platform and orthopedic assessment at every time point (4, 8, and 12 
weeks after treatment).

	 Gait analysis	 Orthopedic assessment
Time								      
point	 Variable	 EUC-MSCs	 Placebo	 P value	 Variable	 EUC-MSCs	 Placebo	 P value

4 wk				    .1605 (NS)				    .0145*
	 n	 27	 34		  n	 33	 37
	 Efficacy	 40.74%	 20.6%		  Efficacy	 69.7%	 40.5%

8 wk				    < .0001**				    .0082***
	 n	 35	 37		  n	 35	 37
	 Efficacy	 62.86%	 8.00%		  Efficacy	 77.4%	 45.9%

12 wk				    .0054***				    .0031***
	 n	 29	 37		  n	 29	 37
	 Efficacy	 48.27%	 10.81%		  Efficacy	 79.3%	 43.2%

*P < .05, **P < .01, and ***P < .001, between EUC-MSCs and placebo groups.
NS = Nonstatistical significance.
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Long-term follow-up
Eighteen months after administration, a long-

term follow-up survey was sent to a total of 70 dog 
owners; 56 completed this questionnaire. Of these 
owners, 73% considered that the treatment was ef-
fective in treating their dog’s OA. The results of 
the duration of the treatment according to own-
ers are summarized (Figure 2). Of the owners, 36% 
observed a duration of the effect between 3 and 6 
months, 32% observed a duration of the effect be-
tween 6 and 12 months, 27% observed a duration of 
the effect > 12 months, and 5% affirm that the effect 
lasted < 3 months. In addition, the improvement of 
these dogs was observed by their owners in day-to-
day life such as changes in temperature or season 
(28%), playing with other dogs (27%), walks (60%), 
stiffness after a nap (42%), running, and stairs and 
other factors (21%).

Safety
Some abnormal results in both placebo- and 

EUC-MSC–treated groups were found in the clinical 

assessment at different visits, including damage to a 
nail, low heart rate, mild pain in deep abdominal pal-
pation, subcutaneous lipoma, mild skin infection in the 
clipped area for injection, and so forth. However, none 
of these results were considered clinically relevant.

In the laboratory tests performed, some casual 
findings were identified at both day 0 and the end of 
the study. Normal values were considered the refer-
ence values ± 10%. The clinical impact of abnormal 
values was investigated case by case. The abnormal 
findings were mainly an increase in AST or ALT. These 
findings were present in the placebo and treatment 
groups and at both time points; therefore, it was 
considered casual and not related to the treatment.

Adverse events and complications observed in 
each treatment group during the study were listed 
and investigated. During the study, some AEs oc-
curred that were classified by the veterinarian as 
“non–product related” (diarrhea, otitis, allergic out-
break [in an allergic dog], histiocytoma, dermatitis 
on the neck, etc).

Regarding the product-related AE, 7 dogs in the 
treatment group and 6 in the placebo group expe-
rienced increased lameness after the articular injec-
tion. This AE resolved with no need of rescue medi-
cation after 3 to 7 days in all patients of the placebo 
group and 3 patients in the treatment group. Four of 
the patients in the treatment group suffering from 
this AE required rescue medication.

Figure 1—Results of a quality-of-life (QOL) question-
naire for owners 8 (A) and 12 (B) weeks after treatment 
with equine umbilical cord mesenchymal stem cells 
(gray) or a placebo (white) represented as percentage 
of therapeutic success in both groups. Therapeutic suc-
cess is defined as percentage of owners that evaluated 
as 7 or more the different questions (Q1, Q2 Q3). **P < 
.01 and ***P < .001 with respect to placebo group.

Figure 2—Long-term follow-up results; 36% of the own-
ers observed a duration of the effect between 3 and 6 
months, 32% of the owners observed a duration of the 
effect between 6 and 12 months, 27% of the owners ob-
served a duration of the effect > 12 months, and 5% of 
the owners observed a duration of the effect < 3 months.
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Discussion
As hypothesized, EUC-MSCs have been shown 

to be safe and effective in xenogeneic use. Due to 
their mechanism of action through immunomodula-
tion, they not only reduce lameness and pain in dogs 
suffering from OA, as has been demonstrated in the 
present report and others,10,13,14 but also are able to 
slow down the progression of the disease, enhancing 
tissue regeneration through their immunomodulato-
ry capacity,12 something that is not currently offered 
by any of the treatments available on the market.

Thanks to the use of a completely objective vari-
able as the gait analysis and double-blinding, a very 
low placebo effect of only 8% on the primary variable 
has been achieved, allowing clear and objective re-
sults and eliminating the subjectivity of visual scales. 
To the best of our knowledge, this is the first study 
conducted with regulatory purposes that includes 
the plate force as an objective variable.

However, the use of the force platform has been 
challenging due to its high sensitivity. The dogs 
had to walk at a continuous speed, without sudden 
movements of the head or trunk, without accelerat-
ing or decelerating or without pulling on the lead.

A literature review shows that many research 
groups carry out the gait analysis trotting.1,36,37 This 
way allows detection of more subtle changes in 
lameness.39 In our case, this test was performed at 
walking for 2 reasons: first, according to the experts, 
studies of dogs with severe lameness are best under-
taken at a walk to avoid too many invalid trials and to 
decrease the coefficient of variation39; second, some 
of the patients included had such severe OA that it 
was impossible for them to trot.

In addition, a wide range of acceptable walking 
speeds (0.7 to 1.8 m/s) were used to allow each dog 
a comfortable speed regardless of the severity of their 
OA, size, or age. On day 0, the speed of each patient 
was set, and that same dog had to maintain that same 
speed (± 0.3 m/s) in the following visits as recommend-
ed in this type of study to minimize data variance.39

The technical error for the force platform is con-
sidered to be 2% PVF(%BW). For this reason, some 
authors establish this cutoff as the minimum value to 
consider a change clinically relevant.3,42

For Gagnon et al,3 to be considered as “respon-
dent” to a treatment, a patient needed an increase 
in PVF ≥ 2.0% body weight, since 2% is considered a 
technical error of the platform.

The present study was more restrictive, and the 
cutoff was an increase to 5% PVF(%BW). According to 
Conzemius et al,39 in dogs with OA over a period of < 
6 months, a change of 3.5% is the minimum value that 
can be considered clinically important. Conzemius et 
al established in their review a consensus statement 
that “[t]he number of dogs in each group that have 
a change greater than 5% is a good outcome mea-
sure.”39 In line with this international consensus, in the 
present clinical trial, 5% of PVF increase was chosen.

Apart from the primary variable, other secondary 
variables were examined to cover as much evidence as 
possible. The orthopedic scale published by McCarthy 

et al40 was used, and pain and lameness were extract-
ed from it, as these were the most clinically relevant 
parameters to show if the product was effective.

The cutoff for the therapeutic success was es-
tablished as a decrease of 1 point, which implies an 
improvement of at least 12.5%, as no dogs with a 
score of 5 in any of the parameters were admitted 
for animal welfare.

Although the scale is perfectly described and the 
same orthopedic surgeon (blinded) always assessed 
each dog, the placebo effect showed in this param-
eter was higher than the one observed in the primary 
end point. Nevertheless, the orthopedic assessment 
demonstrated statistically significant superiority of 
EUC-MSC at all time points.

In addition, a validated owner survey was includ-
ed. The survey scores the dog’s improvement after 
treatment in different aspects from 1 to 10. A score 
of 7 was considered a significant improvement to es-
tablish the cutoff for therapeutic success. It revealed 
a mean improvement of more than 60% in the 3 ques-
tions asked and both time points.

According to the results of this questionnaire, the 
efficacy profile of EUC-MSC treatment is superior to 
other products indicated in the treatment of OA, such 
as NSAIDs,43 for which the effectiveness shown in own-
er surveys was 51%, or monoclonal antibodies,44 which 
showed an efficacy of 43.5% in the owners’ survey. The 
questionnaire used was different in each case, but if we 
compare the owner questionnaire results in the 3 treat-
ments, it permits an approximate comparison.

Due to the mechanism of action of EUC-MSC, 
based on immunomodulation rather than blocking 
the inflammatory cascade,12 the biggest drawback 
of the treatment is the time it takes to show an ef-
fect. Based on the results, some dogs started to im-
prove as early as week 4 after treatment, but most 
demonstrated observable improvement from week 
8 onward, which is consistent with the bibliography 
as previously reported by Song et al, who observed 
the effects of MSCs at week 12 after implantation.45 
Nicpoń et al46 make the first time point at day 60 af-
ter autologous intra-articular administration.

One of the main advantages of MSC is the long 
duration of the effect.45,46 Our study revealed that, 
according to the owner, the product was effective for 
more than 6 months in 59% of the patients. For 27%, the 
effect persisted for greater than 12 months (more than 
52 weeks), and for 32%, this effect lasted between 6 
and 12 months. It is important to take into account that 
this long-term study was carried out in an uncontrolled 
and unmasked manner, which can lead to a certain bias 
of the results; however, it allows obtaining very long-
term data in a large sample, being to the best of our 
knowledge the longest study with the largest sample 
size reported on the xenogeneic use of MSCs.

Despite the fact that there are authors who claim 
that factors such as a younger age or male sex are as-
sociated with increased efficacy of MSCs,47,48 in the 
present work, the effect of covariates (age, gender, 
OA grade, joint treated, severity) was evaluated, and 
none of them showed an effect on efficacy outcome 
(data not shown).
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Four dogs suffered a local product-related side 
effect. This AE was described as an increase in pain 
and lameness after intra-articular administration that 
required rescue medication with anti-inflammatory 
drugs. However, this does not impair the efficacy of 
the product. Of the 4 dogs that experienced this AE, 
2 showed efficacy at week 8, while 2 did not. This is 
a very small number to make statistical calculations, 
but the tendency is the same as in the total popula-
tion, with efficacy being around 50%.

The mentioned reaction has already been de-
scribed in the literature associated with MSC ad-
ministration. In the work published by Song et al, 
11.1% of the infiltrated stifle joints suffered localized 
pain after injection, and 44.4% registered swelling at 
the injection site.45 Ferris et al49 reported joint flare 
(acute lameness and pain) in 9% of horses after MSC 
injection; however, this AE did not affect the efficacy 
of the MSCs in these cases. This is similar to the pre-
vious experience of the authors in the allogeneic use 
of EUC-MSC in equine OA.50 Finally, no systemic or 
permanent AEs were recorded at any time point of 
study in any of the patients included.

This clinical trial was conducted with regulatory 
purposes and following international guidelines. The 
study was conducted with minor protocol devia-
tions, the most significant of which was the variable 
number of dogs in each visit. This was variability 
occurred for different reasons (dogs owners locked 
down for COVID, incidence with the calibration files 
of the force platform at week 4, dogs’ withdrawal 
for reasons outside our study [nonrelated AE]). This 
made the sample size lower at weeks 4 and 12 com-
pared with week 8. Many dogs that were successful 
in week 8 were not available in week 4 or 12; this 
could explain the lower results in these 2 time points 
compared with the results at 8 weeks.

Withdrawals or dog absences can be important 
in long-term studies such as the present study. It is 
recommended to include an excess of at least 15% 
of animals with respect to those merely resulting 
from mathematical calculation, to compensate for 
this type of deviation. The authors would recom-
mend that, in long-term studies, the extra sample 
size be at least 20%, although it is also true that the 
context of the COVID-19 pandemic has had an im-
pact on the number of dogs that have lost visits, 
which may mean that in this specific study the num-
ber of absences is higher than would be expected in 
a normal study.

In conclusion, this clinical trial proves the safe-
ty and effective use of xenogeneic stem cells in the 
treatment of canine OA, representing a new thera-
peutic alternative with an innovative mechanism of 
action, superior efficacy to conventional treatments, 
and a wide safety profile.
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