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This systematic review aimed to determine the effects of intra-articular administration of mesenchymal stem cells
from adipose tissue in dogs with hip joint osteoarthritis (OA). Clinical trials were systematically reviewed, using
PubMed, EMBASE, Cochrane Library, LILACS, Web of Science, Scopus, Open Grey, Google Scholar, and ProQuest
Dissertation and Thesis without publication year restrictions. References were screened and selected based on
predefined eligibility criteria by two independent reviewers, according to PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines. Clinical outcomes were assessed quantitatively using clinical
pain scores, physical examination, imaging examination, questionnaire responses, pain in manipulation, gait
analysis, range of joint motion, and adverse effects. The risk of bias was assessed using the Joanna Briggs Institute
Critical Appraisal Checklist. Out of 1483 articles, six met the inclusion criteria for qualitative analysis, with two
randomized controlled trials and four before-and-after studies. All studies reported significantly better clinical
outcomes in the adipose tissue stem cells (ADSC) group with improvements in pain and function and decreased
evidence of hip OA. The risk of bias was categorized as high in the before-and-after studies and moderate to high
in the randomized studies. The studies were considered heterogeneous owing to clinical results and methodol
ogy. Because of this heterogeneity, it was not possible to perform meta-analysis. Assessments of ADSC reports
yielded positive clinical effects that showed improvements in pain and function and decreased evidence of hip
osteoarthritis. More high-level, larger-cohort dog studies that utilize standardized protocols are needed.

1. Introduction
Osteoarthritis (OA) is one of the most common hip joint diseases in
dogs, as well as knee, shoulder, and elbow and despite the extensive
research, the treatment is still limited (Little et al., 2016; Meeson et al.,
2019). Besides that, canine hip OA shares pathoanatomical character
istics with developmental dysplasia of the hip (DDH) in humans, and
therefore have been proposed as the best spontaneous animal model for
joint problems (Harman et al., 2016; Meeson et al., 2019). Although the

exact cause of OA is not known, it is associated with environmental and
genetic factors, such as obesity, age, and dysplasia (Marx et al., 2014).
OA is characterized by progressive degeneration of the articular carti
lage, synovial inflammation, insufficient repair response, joint space
narrowing, and, finally, joint destruction (Cuervo et al., 2014; Marx
et al., 2014; Srzentić Dražilov et al., 2018; Vilar et al., 2016; Vilar et al.,
2014). It is a major clinical problem, particularly for dogs, since it affects
around 20% of these animals (Guercio et al., 2012; Harman et al., 2016).
Severe OA causes chronic pain, stiffness of the joint, leading to
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significantly reduced joint function (Cuervo et al., 2014; Kriston-Pál
et al., 2017; Marx et al., 2014; Olsen et al., 2019; Pers and Jorgensen,
2013) with decreased quality of life (Shah et al., 2018). Since the
regeneration is limited, current therapeutic approaches are palliative
and include physical therapy, weight reduction, oral and injectable
medications (Marx et al., 2014; Shah et al., 2018).The diagnosis of hip
OA mainly depends on the detailed history of the patient (Cuervo et al.,
2014; Pers and Jorgensen, 2013; Rodríguez-Jiménez et al., 2012),
together with a complete physical examination (Agung et al., 2006; Vilar
et al., 2016). Complementary diagnostic tests can be performed when
the diagnosis remains uncertain with clinical features (Cuervo et al.,
2014; Marx et al., 2014; Srzentić Dražilov et al., 2018), imaging (Cuervo
et al., 2014; Marx et al., 2014; Shah et al., 2018; Vilar et al., 2016), and
laboratory testing (Marx et al., 2014). Pain intensity is difficult to
accurately assess in dogs, but veterinarians use scoring systems based on
various signals, including patient vocalization, activity level, degree of
lameness, and reaction to manipulation. In this sense, a variety of
multidimensional scales was created for animals from a library of words
that humans use to describe their experience of pain. However, in ani
mals, this language is described by the veterinarian and by the tutors’
observations after their examination using questionnaires and different
scores, and sometimes without standardization. These scales provide
quantitative assessments of clinical pain that can provide scores
considering the sensory and affective qualities of pain, lameness, and
joint movement, in addition to their intensity (Holton et al., 2001).
However, all of these signals are subjective and can be influenced by a
variety of external factors like fear and stress (Bernardo and Fibbe, 2013;
Cuervo et al., 2014; Harman et al., 2016; Mifune et al., 2013; Pers and
Jorgensen, 2013).
In cases of moderate and advanced hip OA, where palliative in
terventions are insufficient, surgical intervention, such as osteotomy, is
performed as the last approach. Novel therapeutic options have focused
on reversing the pathophysiology of OA, including cartilage repair. In
this sense, regenerative medicine, in particular, has brought new ap
proaches to repair damaged cartilage in joints, as demonstrated by
several research articles and clinical trials focusing on the role of
mesenchymal stem cells (MSC) and chondrocytes in treating OA (Cuervo
et al., 2014; Kriston-Pál et al., 2017; Marx et al., 2014; Srzentić Dražilov
et al., 2018). MSC have garnered significant attention because of their
self-renewal properties, multilineage differentiation potential, immu
nomodulatory capacity, and anti-inflammatory potential (Cuervo et al.,
2014; Harman et al., 2016; Olsen et al., 2019; Srzentić Dražilov et al.,
2018; Vilar et al., 2016). In veterinary medicine, previous studies have
shown clinical improvement in dogs with orthopedic conditions after
autologous and/or allogeneic adipose tissue stem cells (ADSC) therapy
(Harman et al., 2016; Vilar et al., 2014; Zuk et al., 2001). As a result,
ADSC have been characterized as promising for the treatment of OA
(Guercio et al., 2012; Jorgensen and Noël, 2012; Kriston-Pál et al., 2017;
Shah et al., 2018). Morever, a previous narrative review showed the
effectiveness that MSC in OA treatment and suggested their use for pa
tients resistant to standard treatments (de Bakker et al., 2013; Shah
et al., 2018). Therefore, establishing the start, duration and efficacy of
ADSC therapy in canine OA is important (Harman et al., 2016; Marx
et al., 2014; Vilar et al., 2016). Besides, this is the first systematic review
of in vivo studies concerning the therapeutic potential of single intraarticular administration ADSC in hip join OA in dogs.

(Shamseer et al., 2015).
2.2. Eligibility criteria
2.2.1. Inclusion criteria
The question was formulated using the acronym PICOS (Population,
Intervention, Comparison, Outcomes, Studies design) in which P) =
dogs with hip joint OA; I) = intra-articular administration of mesen
chymal stem cells from adipose tissue; O) = Effects (improvement in
gait, decreased joint pain, improvement in the quality of life); and S) =
observational, case series, clinical trials. Different therapies or ap
proaches were not used as a comparison (C) here. Primary articles were
included with an intra-articular application of mesenchymal stem cells
that originate from adipose tissue, autologous and/or allogeneic, in dogs
with the right, left, or bilateral hip involvement. No restrictions were
applied to dosage, breed, sex, age, and weight for either dog or donor.
Studies may contain autologous or allogeneic cells. The hip joint pa
thology of the OA evaluated in the studies may be secondary to joint
instability, fracture, or other condition. Clinical studies and observa
tional evaluations of the effect of adipose tissue stem cells on OA were
based on physical examination, imaging examination, clinical exami
nation, responses of veterinarians to questionnaires, pain during
walking, pain in physical manipulation, gait analysis, range of motion
(ROM) of the joint, inability to move, functional deficiency, quality of
life, adverse effects, inflammatory process (scales of numerical scores),
effects on behavior modification, gait modification, pain modification,
and modification of laboratory and imaging tests. A minimum follow-up
was conducted at thirty days. Only the Latin-(Roman) alphabet was
accepted. Recipient dogs may be of any breed, age, sex, or body weight.
Dosage may be varied. Donors of adipose tissue may be canines of any
breed, age, or sex.
2.2.2. Exclusion criteria
The following exclusion criteria were applied:
(1) Studies containing animals of other species;
(2) Studies with intravenous application or methods of application
other than intra-articular;
(3) Studies with sources of stem cells other than adipose tissue;
(4) Studies which do not report at least one of the predefined
outcome measures of this review;
(5) Articles not published in Latin-Roman alphabet;
(6) Studies with unavailable full-text copies;
(7) Studies without a minimum 30-day follow-up period; Literature
review, other systematic reviews, conference summaries, case
reports, technical papers.
2.3. Information sources
Both electronic and manual literature searches were performed,
using keywords in different combinations and Medical Subject Heading
(MeSH) (Dhammi and Kumar, 2014) terms (Table A.1). The searches on
main bibliographic databases (PubMed, EMBASE, Cochrane Library,
LILACS, Web of Science, and Scopus) were implemented on March 15,
2020, as were OpenGrey, Google Scholar, and ProQuest Dissertation and
Thesis without restriction in the year of publication. The data search
received assistance from of a librarian of the Federal University of Santa
Catarina Librarian. For all databases, an email alert was created for new
references that appeared after this initial search. Experts were also
consulted by one email every 15 days for one month to improve search
findings.

2. Methods
2.1. Protocol and registration
A systematic review protocol based on PRISMA-P was prepared and
registered in the International Prospective Register of Systematic Re
views (PROSPERO) under registration number CRD42020141513. This
systematic review was reported according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis checklist (PRISMA)

2.4. Study selection
The selection process was done in two phases. Two authors (DCO,
BLT) independently screened the titles, abstracts, and text of potential
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articles. First, they reviewed titles and abstracts (phase-1). If papers
were considered eligible for inclusion, a full-text reading was blindly
performed by the same reviewers (phase-2). Disagreements were
resolved after consultation with a third author (TSJ). Experts were also
consulted by one email every 15 days during one month to improve
search findings if data were missing. A reference manager (EndNote X7;
Thomson Reuters) was used to collect references and remove duplicates
and another (Rayyan) to perform phase 1.

of exposition (lesion size/degree), treatment characteristics (number of
cells, delivery method, source site, evaluation method, follow-up) and
outcome characteristics (functional improvement, pain, and quality of
life).
2.6. Risk of bias in individual and across studies
The risk of bias in individual studies was assessed by two blinded
reviewers (DCO and BLT) using the Joanna Briggs Institute Critical
Appraisal Checklist (Moola et al., 2017). The answers could be “yes”,
“unclear”, “no”, or “not applicable”. Decisions about the score were
agreed upon by all reviewers before the critical appraisal commenced,
and studies were characterized according to the following: (a) low risk of
bias, for studies with more than 70% scored of “yes”; (b) moderate risk

2.5. Data extraction
The following data were extracted for each included study: study
characteristics (author, country, year of publication, design); population
characteristics (sample size, age group, age, sex, weight); characteristics

Fig. 1. Flow Diagram of Literature Search and Selection Criteria1.
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of bias if for studies with “yes” score between 50% and 69%; and (c) high
risk of bias, if “yes” scores were below 49%. The figure of risk of bias was
generated using RevMan 5.3 software (Review Manager 5.3, The
Cochrane Collaboration). Clinical efficacy, such as improved quality of
life concerning pain and gait, was the main point assessed in the studies.

Fig. 2 and Table A.3 show the risk of bias and detailed information about
before-and-after and randomized clinical trial studies, respectively.
3.4. Results of individual studies
Cuervo et al. (2014) reported that patients treated with ADSC
exhibited pain relief (p < 0.05). The evaluation of the degree of OA after
six months of ADSC treatment revealed increased score (p = 0.004) and
enhanced joint mobility (p < 0.001). Regarding the efficacy of treat
ment, the quality of life was improved at six months post-treatment.
Harman et al. (2016) observed that owner client-specific outcome
measurement (CSOM) was statistically improved with the ADSC treat
ment (p = 0.0290). The veterinary score of pain on manipulation (p =
0.0170) and global veterinary score (p = 0.0085) were also statistically
improved. Authors concluded that the ADSC therapy is safe and poten
tially valuable for canine OA treatment.
Vilar et al. (2014) showed more-lame limb differences in the per
centage peak vertical force (% PVF) and percentage vertical impulse (%
VI) between day D0 and D30 of treatment (p-value < 0.001). Compared
with the control group, % PVF and % VI at D0, D90, and D180 were
significantly less reduced (p-value < 0.001). Less-lame limbs analysis
showed significant differences only when compared with the control
group in % PVF at D30, D90 and D180 (p-value < 0.001) and in % VI at
D30 and D90 (p-value < 0.001). Authors concluded that intra-articular
ADSC-therapy objectively improved limb function in dogs with hip OA.
Marx et al. (2014) observed a clear improvement in ROM and
lameness at trot and a marked decrease in pain during the first evalua
tion conducted by the veterinarian. Three of the patients that received
ADSC showed functional improvement on D15 and D30. Recovery in
ROM and lameness was also observed in one patient on the same
periods.
Vilar et al. (2016) reported a progressive improvement in lameness
six months after treatment with ADSC. A significant effect of time on
PVF (p = 0.001) was detected. In comparison with the control group, the
lame group showed significant differences in % PVF at D0 (p = 0.0228)
and D180 (p = 0.0052) and in % VI at D0, D90 and D180 (p = 0.0323, p
= 0.0437, and p = 0.0042, respectively). The subjective pain assessment
showed improvement after six months, but returned to the initial
lameness state.
Srzentić Dražilov et al. (2018) showed statistically significant
improvement, lameness at the walk (p = 0.010), lameness at trot (p =
0.004), pain on manipulation (p = 0.003), ROM of the joint (p = 0.007),
and functional disability (p = 0.011). Comparing baseline to the ‘1 year
+’ period, a significant improvement for lameness at trot (p = 0.046)
was observed, as well as ROM of the joint (p = 0.041). The results
demonstrate that the use of autologous ADSC is a successful approach to
canine OA therapy.

2.7. Summary of measures and synthesis of results
The main outcome assessed was the efficacy of one application of
ADSC in hip OA. The clinical outcome was based on veterinary assess
ment using questionnaires and the numeric rating scale. Pain on
manipulation was assessed by a combination of scores for palpation and
joint manipulation. ROM of the joint assessment involved the manipu
lation of the joint up to its physiological limits of mobility, gait analysis,
and radiology image.
3. Results
The studies were considered heterogeneous for clinical (differences
about participants, type of interventions and results) and methodolog
ical (design and risk of bias) reasons and therefore, the meta-analysis
was not justified. To clarify the qualitative results, studies were sepa
rated into “before-and-after” and “randomized controlled trials”.
3.1. Study selection
Following the database search, a total of 1483 articles were found.
After duplicates removing, 776 records remained for the title and ab
stract screening (phase-1). Subsequently, after applying eligibility
criteria and inclusion of articles from additional searches, phase-2
consisted of 15 articles. No studies were obtained from the Grey litera
ture. From these remaining studies, nine were later excluded
(Table A.2), and six were considered eligible to be fully assessed for
qualitative synthesis. An overview of the selection process is shown in
Fig. 1.
3.2. Study characteristics
Most of the articles included were before-and-after studies (Marx
et al., 2014; Srzentić Dražilov et al., 2018; Vilar et al., 2016; Vilar et al.,
2014), and two corresponded to randomized controlled trials (Cuervo
et al., 2014; Harman et al., 2016). Studies were carried out in four
different countries [Brazil (Marx et al., 2014), Serbia (Srzentić Dražilov
et al., 2018), Spain (Cuervo et al., 2014; Vilar et al., 2016, Vilar et al.,
2014), and the United States (Harman et al., 2016)]. The sample size
ranged from 4 (Srzentić Dražilov et al., 2018) to 18 patients (Cuervo
et al., 2014; Harman et al., 2016), totaling 64 participating dogs. Most of
the included studies applied pain assessment, amplitude of movement
and functional disability assessments (Cuervo et al., 2014; Harman et al.,
2016; Marx et al., 2014; Srzentić Dražilov et al., 2018; Vilar et al., 2016;
Vilar et al., 2014). Three studies also evaluated gait and trotting
(Srzentić Dražilov et al., 2018; Vilar et al., 2016, Vilar et al., 2014). In
addition, two questionnaires for assessing scores and post-injection
anamnesis were administered by the owner (Cuervo et al., 2014; Har
man et al., 2016) and three by the veterinarian (Cuervo et al., 2014;
Harman et al., 2016; Srzentić Dražilov et al., 2018). One study
mentioned that the owners evaluated, but did not present, the data
(Marx et al., 2014), and two studies did not apply questionnaires (Vilar
et al., 2016, Vilar et al., 2014). Detailed characteristics of the included
studies are provided in Table 1.

3.5. Synthesis of results
The heterogeneity of the studies did not justify the meta-analysis
considering the different methodologies used for diagnosing Hip OA in
dogs and assessing the clinical status of patients after treatment with
ADSC. The studies were grouped according to the type of studies and
outcomes.
3.5.1. Randomized studies
3.5.1.1. Clinical outcomes. The randomized studies reported improve
ments in clinical outcomes independent of the stem cell acquisition
methodology and applied dose (Cuervo et al., 2014; Harman et al.,
2016). One study compared ADSC with Plasma Rich in Growth Factors
(PRGF) and another with saline placebo. Both reported better clinical
outcomes in the ADSC animal group at the final follow-up (Cuervo et al.,
2014; Harman et al., 2016).

3.3. Risk of bias within studies
Most individual studies were considered as high risk of bias (Harman
et al., 2016; Marx et al., 2014; Srzentić Dražilov et al., 2018; Vilar et al.,
2016, Vilar et al., 2014), and one as moderate risk (Cuervo et al., 2014).
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Author (Yr)
Country
Study
Designs

Nº of
cases
(Study *)

Age
(Years)

Lesion size/degree

Concomitant
treatment*

Nº of cells
Delivery
method

Source
Site

Evaluation Method

Follow up

Scoring Systems

Outcome

Had mild (3) **
Moderate
◦
(2) **
Severe
(13) **

PRGF

3 x 107
ADSC

Adipose
Autologous

Radiographic OA degree
Functional limitation
Joint mobility
Muscle atrophy
Patient pain assessment
by the veterinarian and
owner, questionnaire

6
months

◦

VAS
0-100mm:
0= no pain
100= extreme pain
**BAS: �No signs, (0–2 points), mild (3–8
points), moderate (9–14 points), severe (+
14 points)

Adipose
Autologous

Lameness at walk�
Lameness at trot�
Pain on manipulation�
Range of motion of the
joint�
Functional disability
veterinarian�
questionnaire

30-60 and 90
days

�CES: normal (1), mild (2), persistent (3);
severe-weight bearing (4), severe nonweight bearing (5), cannot walk (6)

Safe
Effective
Improved physical
function
ADSC better than PRGF
at six months
after treatment
ADSC
should be considered
in the treatment of OA
Improvement in scores
for lameness
Improvement in range
motion
Functional, pain and
quality of life

Health assessments
Measurements of pain and
activity
Veterinary pain on
manipulation scoring
system
Owner and veterinarian
questionnaire
Clinical and X-ray
assessment
Pain on
manipulation,
Alteration of range of
motion, and functional
disability

60
days

Veterinary pain on manipulation and
CSOM: No problem (0), mildly
problematic (1), moderately problematic
(2), severely problematic (3), impossible
(4)

No adverse effect
detected
Significant clinical scores
Improvement
Treatment was
shown to be
efficacious

30
days

NS

Functional
Improvement, pain and
quality of life
Can be safely used to
inject acupuncture points
Improvement

Examination
Gait Analysis Scores in
Dogs with Bilateral Hip
Osteoarthritis
Lameness at walk
Lameness at trot
Pain on manipulation
Range of motion
Functional disability

180
days

NS

Improvement in first
three months

Weight
(Kg)
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Table 1
Summary of the descriptive characteristics of included articles (n = 6).

Sex
(F/M)
Cuervo et al.
(2014)
Spain
RCT

18

0.811.25
18.366.2

◦

1-Stage
Direct
Injection
Intraarticular

8/10

Srzentić
Dražilov
et al.
(2018)
Serbia
Beforeand-after
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Harman et al.
(2016)
United
States
RCT

Marx et al.
(2014)
Brazil
Beforeand-after

4/8/9/
10
NS

18

Lameness and
stiffness occur after
periods of sustained
activity (II)

0/4

Most pronounced
stiffness after periods
of rest (III)

7.8

NS

None

1-Stage
Direct
Injection
Intraarticular
CG

31.43
NS

5

6-12
Average
13.5

NS

SVF

4-8
44-56
4/5

12 x 106
ADSC

Adipose
Allogeneic

1StageDirect
Injection
Intraarticular
2 - 8 x105
ADSC

Adipose
Allogeneic

1StageDirect
Injection
acupoints
Intraarticular

4/1

9

3 x 107
ADSC

D-E

CG

15 X 106
ADSC
1StageDirect
Injection
Intraarticular

Adipose
Autologous

3.3 *** years
(1 dog)
2.2 *** years
(1 dog)

(continued on next page)
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Vilar et al.
(2014)
Spain
Beforeand-after

4
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1StageDirect
Injection
Intraarticular

15 X 106
ADSC
CG

4/6

46-65.2

D-E
4-9
10
Vilar et al.
(2016)
Spain
Beforeand-after

Sex
(F/M)

Weight
(Kg)

3.5.1.2. Safety assessments. The adverse event (AE) reported was not
related to or caused by, the administered stem cell product (Harman
et al., 2016). Another study (Cuervo et al., 2014) reported pain postinjection, which prolonged the non-steroidal anti-inflammatory drug
(NSAID) treatment for two days in the ADSC treated animals.

ADSC- adipose derived mesenchymal stem cells; PRGF- plasma rich in growth factors; SVF- stromal vascular fraction; AO- osteoarthritis; NS - not specified; M=male; F=female; D-deviation from the normal with evidence
of a shallow acetabulum, flattened femoral head, poor joint congruency; E-complete dislocation of the hip and severe flattening of the acetabulum and femoral head. CG-Group control. RCT- randomized controlled trial;
*
Only number of cases that received ADSC.
**
BAS - bioarth assessment scale score is an index of severity for hip mobility that includes subscales radiographic findings.
◦
VAS - visual analog scale.
***
Extended follow-up study; �CES - clinical evaluation scores. CSOM- client-specific outcome measures.

Improved limb function
in dogs
with hip AO
but the duration of the
improvement was
inferior to 6 months
VAS: “No
pain” on the left and “without support” on
the
right. A
higher value means more severe lameness
**Bioarth: The
scale ranges from lameness (0–23), joint
mobility (0-7), no-atrophy (0); mild
atrophy (1); severe atrophy (2)
180
days-six
months after
treatment
Radiographic
Examination Scores in
Dogs with Bilateral Hip
Osteoarthritis
Lameness at walk**
Lameness at trot**
Pain on manipulationº
Range of motion**
Functional disability**
Adipose
Autologous

Nº of cells
Delivery
method
Nº of
cases
(Study *)
Author (Yr)
Country
Study
Designs

Table 1 (continued )

Age
(Years)

Lesion size/degree

Concomitant
treatment*

◦

Outcome
Scoring Systems
Follow up
Evaluation Method
Source
Site
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3.5.1.3. Pain assessment. The success of CSOM (Harman et al., 2016)
was statistically improved in treated dogs (p = 0.029). Besides, the
veterinary score of pain on manipulation (92.76 versus 50.22%) and the
global veterinary score (86.89 versus 30.75%) were also statistically
improved in the ADSC treated animals. In the investigator’s pain
assessment (Cuervo et al., 2014), the patients treated with ADSC showed
pain relief after six months of treatment (p < 0.05).
3.5.1.4. Degree of osteoarthritis and functional limitation. Concerning the
degree of OA (Cuervo et al., 2014), both ADSC- and PRGF-treated animal
groups showed improvement in functional limitations during all evalu
ated period. Differences between groups at baseline were noted. Here,
PRGF-treated animals presented more limitations to normal life than the
ADSC group, and after six months, ADSC treated animals continued to
have a better score in functional limitation.
3.5.1.5. Joint mobility and muscle atrophy. For joint mobility, the ADSCtreated animal group displayed scores significantly higher than the
PRGF-treated animals (p < 0.001) at three and six months of treatment
and also significantly improved muscle assessments, compared with
baseline values, after one (p = 0.002), three (p = 0.048) and six months
(p < 0.001) (Cuervo et al., 2014).
3.5.1.6. Satisfaction with the treatment. Investigators manifested high
satisfaction level with the intra-articular injection of both ADSC or PRGF
(Cuervo et al., 2014). However, statistical differences between these
treatments were only observed after six months when the ADSC treated
animals scored higher (p = 0.028).
3.5.2. Before and after studies
3.5.2.1. Clinical outcomes. Four studies reported improved clinical
outcomes with animals treated with ADSC (Marx et al., 2014; Srzentić
Dražilov et al., 2018; Vilar et al., 2016; Vilar et al., 2014). Among them,
three studies (Marx et al., 2014; Srzentić Dražilov et al., 2018; Vilar
et al., 2016) reported better results at the final follow-up and one study
at initial follow-up (Vilar et al., 2014). Two studies reported better
clinical outcomes in the ADSC treated animal group compared with the
control group of sound dogs (Vilar et al., 2016, Vilar et al., 2014). The
studies do not present or discuss data on the safety factor.
3.5.2.2. Pain assessment. Srzentić Dražilov et al. (2018), revealed
improvement in pain scores after ADSC treatment (p = 0.003). Visual
analog (VAS) and VI evaluations (Vilar et al., 2016) were also con
ducted, showing progressive improved scores in ADSC treated animals.
However, Marx et al. (2014) reported that ADSC-treated animals dis
played lower improvement in the first evaluation of pain than the ani
mals treated with stromal vascular fraction (SVF).
3.5.2.3. Functional limitation. Srzentić Dražilov et al. (2018) showed
improvement for lameness at the walk (p = 0.010), lameness at the trot
(p = 0.004), and functional disability (p = 0.011). Regarding the
extended follow-up study, improvement with a large effect size was
detected for lameness at the trot (p = 0.046). Vilar et al. (2016) reported
progressive improvement in lameness scores and, in the functional
assessment, significant effect of time on PVF and VI at D30 (p = 0.0001,
p < 0.0001). In the Vilar et al. (2014) study of PVF, less-lame limb
analysis showed non-significant differences for all studied periods. The
% PVF in ADSC-treated animals at D30, D90, and D180 was greater than
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Fig. 2. Risk of bias results from before-and-after studies (a) and randomized studies (b) the Cochrane Collaboration’s tool for assessing risk of bias [Colour figure can
be viewed at wileyonlinelibrary.com].

the control as well as the analysis of VI at D30 and D90. Concerning the
clinical evaluation, Marx et al. (2014) reported functional improvement
in patients treated with autologous SVF and with ADSC at D15 and D30.

4. Discussion
OA is a degenerative disease with low repair capacity that might
affect all joint structures (Cuervo et al., 2014) and is a critical unresolved
clinical problem in veterinary medicine (Kong et al., 2017; Marx et al.,
2014; Shah et al., 2018; Srzentić Dražilov et al., 2018). Therefore, this
review aimed to investigate reliable published evidence to support the
efficacy of the use of ADSC for the treatment of dogs with hip OA. Six
articles that used intra-articular inoculation of these cells were evalu
ated. The study showed that although ADSC were very often associated
with favorable clinical outcomes in OA in reducing pain and improving
physical function, the clinical evidence was limited. Besides, the scores
of evaluations were not standardized, and cells were not properly
characterized among studies.
Some studies reported that, regardless of sex, age, and weight of
animals, a single intra-articular injection of ADSC was effective in
reducing pain and improving functional limitation and the quality of life
in dogs with hip OA (Cuervo et al., 2014; Harman et al., 2016; Srzentić
Dražilov et al., 2018; Vilar et al., 2016; Vilar et al., 2014). However,
assessing the severity of lameness and pain from OA is more challenging
in canine patients compared to human (Srzentić Dražilov et al., 2018),
and the authors used different scoring methodologies to assess it after
treatment with ADSC (Table 1). Clinical outcomes were enhanced at
short-term follow-up in many cases, reducing lameness, and providing
notable recovery of previously limited walking activities. Most studies
reported improved scores of claudication at trot and ROM (Black et al.,
2007; Cuervo et al., 2014; Guercio et al., 2012; Hudson et al., 2004; Vilar
et al., 2016; Vilar et al., 2014). VAS and Bioarth scales were used
(Cuervo et al., 2014; Marx et al., 2014) and also pain on manipulation
(Harman et al., 2016; Marx et al., 2014; Srzentić Dražilov et al., 2018).

3.5.2.4. Joint mobility and muscle atrophy. ROM of joint assessment
(Srzentić Dražilov et al., 2018) was improved from baseline at D90 of
ADSC-treatment (p = 0.007), as well as the extended follow-up (p =
0.041). Besides, the joint mobility and the muscle atrophy through PVF
was increased on D30 (p = 0.0001) by 7.04% of body weight (BW) in
this animal group (Vilar et al., 2016). The VI analysis revealed signifi
cant results at D90 and D180 of ADSC treatment (p = 0.0437/p =
0.0042). Scores of lameness were also progressive improved during the
studied period. Measurements of PVF and VI quantitatively demon
strated the efficacy of ADSC therapy in improving hip joint lameness
from OA (Vilar et al., 2014). Moreover, Marx et al. (2014) reported
enhanced lameness at the trot and functional improvement at D15 and
D30 in patients treated with autologous SVF and with ADSC.
3.6. Risk of bias across studies
The designs of before-and-after studies were significantly different
(Marx et al., 2014; Srzentić Dražilov et al., 2018; Vilar et al., 2016, Vilar
et al., 2014). The main methodological problems concerned animal se
lection, differences about participants, type of intervention evaluation,
and results before and after treatment. Therefore, these studies were
rated with a high risk of bias. Besides, one study did not present
appropriate statistical analysis (Marx et al., 2014), and the randomized
studies (Cuervo et al., 2014; Harman et al., 2016) differed in method
ology and analysis.
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However, this latter approach has limitations for canines considering the
complexity of OA pain, that is influenced by different sensations and
sensory experiences (Salaffi et al., 2014). Other limitations of the studies
were the small sample of patients, lack of blinding and properly
controlled trials (Black et al., 2007; Cuervo et al., 2014; Harman et al.,
2016; Marx et al., 2014; Srzentić Dražilov et al., 2018; Vilar et al., 2016;
Vilar et al., 2014). The complexity of the protocols makes it impossible
to blind the dog’s owner (Marx et al., 2014; Shah et al., 2018). More
over, in contrast to human medicine, functional assessment scales are
still not properly established in veterinary medicine, (Black et al., 2007;
Cuervo et al., 2014; Hudson et al., 2004; Srzentić Dražilov et al., 2018;
Vilar et al., 2016).
Furthermore, most of the analyzed articles evaluated only one joint
(Black et al., 2007; Cuervo et al., 2014; Marx et al., 2014; Vilar et al.,
2016; Vilar et al., 2014), at one side of the hip independent of the
member. While it may have been easier to evaluate dogs with only one
hip joint, one study discusses that allowing the evaluation of two joints
more accurately reflects the clinical condition of dogs with OA (Harman
et al., 2016). Besides that, this was the only of the included articles that
evaluated single-dose application safety, suggesting that repeated
dosing be evaluated with multiples of the target dose, and in a longer
time period for future studies.
In summary, ADSC administration was well-tolerated in all studies
(Cuervo et al., 2014; Harman et al., 2016; Marx et al., 2014; Srzentić
Dražilov et al., 2018; Vilar et al., 2016; Vilar et al., 2014). No adverse
effects were detected in any patient during the entire evaluation period,
and the clinical improvement was similar, using either autologous or
allogeneic ADSC (Cuervo et al., 2014; Harman et al., 2016; Marx et al.,
2014; Srzentić Dražilov et al., 2018; Vilar et al., 2016, Vilar et al., 2014).
Despite the veterinary assessment has historically been used as the
predominant evaluating method for physical functions and pain, in
recent years, owner-based subjective systems have been adopted since
they are more sensitives (Lascelles et al., 2008; Rialland et al., 2012;
Srzentić Dražilov et al., 2018). In this sense, in the analyzed studies, data
provided by the owners were used and revealed high degree of satis
faction of the owners with the treatment (Cuervo et al., 2014; Harman
et al., 2016; Hudson et al., 2004; Rialland et al., 2012; Srzentić Dražilov
et al., 2018).
Furthermore, radiology was commonly used for evaluating OA
because of its availability, accessibility, and effectiveness (Abzhanov
et al., 2003; Black et al., 2007; Cuervo et al., 2014; Harman et al., 2016;
Marx et al., 2014; Vilar et al., 2016; Vilar et al., 2014; Yu et al., 2003). Its
utility as a diagnostic method for the response to different treatments of
OA is, however, questionable (Braun and Gold, 2012). Among the
analyzed articles, one study used this method and the result was
considered inconclusive (Cuervo et al., 2014). Three other studies re
ported that it was a beneficial method, but no data were included to
support this information (Marx et al., 2014; Vilar et al., 2016, Vilar et al.,
2014). An additional study also used radiography to confirm hip OA
diagnosis but did not mentioned the results of ASDC-treatment (Harman
et al., 2016).
Moreover, despite the limited number of publications regarding the
effectiveness of the treatment with mesenchymal stem/stromal cells
(Jorgensen and Noël, 2012), the clinical use of ADSC in veterinary
practice for commercial purposes has dramatically increased in recent
years (Cuervo et al., 2014; Harman et al., 2016; Marx et al., 2014;
Srzentić Dražilov et al., 2018; Vilar et al., 2016, Vilar et al., 2014). Be
sides, most of the analyzed studies displayed small sample size, lack of
randomization and masking, and/or limited data of cell characterization
(Arnhold and Wenisch, 2015; Harman et al., 2016; Verbruggen, 2006).
Discrepancies were also observed concerning the periods of evalua
tion. Improvements in OA symptoms were reported after 30 days (Marx
et al., 2014) or after six months of evaluation (Cuervo et al., 2014).
Moreover, although all studies detected improved life-quality of animals
after a single application of autologous or allogeneic ADSC, the analyses
were not standardized and long enough for the complete evaluation of

functional clinical outcomes.
The lack of standardization was also observed concerning the doses
of ADSC administration (Cuervo et al., 2014; Harman et al., 2016; Marx
et al., 2014; Srzentić Dražilov et al., 2018; Vilar et al., 2016, Vilar et al.,
2014) that make it hard to identify the best cell concentration for the
optimal effect in hip OA treatment. Together these findings further
demonstrate the still limited clinical evidence of the use of ADSC for OA
treatment in dogs and suggest that further efforts should be done to
optimize the protocols.
4.1. Limitations
Care must be taken, since the sample sizes were small and, therefore,
do not allow to answer unequivocally the question of this systematic
review. Methodological techniques and their limitations must be
considered when discussing the results. Among the six reports included,
two did not conclusively assessed pain (Vilar et al., 2016, Vilar et al.,
2014). Only one study assessed the patient for more than six months
(Srzentić Dražilov et al., 2018), and only one article verified the safety of
cell therapy (Cuervo et al., 2014). The doses varied among all studies
(Cuervo et al., 2014; Harman et al., 2016; Marx et al., 2014; Srzentić
Dražilov et al., 2018; Vilar et al., 2016, Vilar et al., 2014). This het
erogeneity is a limitation in itself, including the inconsistency in the
final clinical evaluation, which leads to a serious risk of bias. To reduce
heterogeneity, future research should adopt a randomized method to
obtain more consistent results.
5. Conclusion
Autologous or allogeneic mesenchymal stem cells derived from ad
ipose tissue represent a very promising therapy for hip OA in dogs. The
studies analyzed here reported positive effects of ADSC, with improved
scores for lameness, pain, and range of motion with a single dose of cells.
However, the assessments were performed in a short follow-up period.
Therefore, treatment protocols need to include more randomized
studies, and results should be evaluated for an extended time.
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