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Platelet-rich plasma therapy in dogs with
bilateral hip osteoarthritis
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Abstract

Background: Osteoarthritis (OA) is the most commonly diagnosed joint disease in companion animals, and hip OA
is commonly diagnosed in the canine population. The use of platelet-rich plasma has gained increasing interest for
the treatment of musculoskeletal conditions in companion animals. To evaluate the effect of the intra-articular
administration of platelet-rich plasma in police working dogs with bilateral hip OA compared to a control group,
twenty dogs were assigned to a control group (CG, n = 10) or treatment group (PG, n = 10), using the statistical
analysis software. PG received two intra-articular administrations of platelet-rich plasma, 14 days apart, while CG
received an intra-articular administration of saline, in the same moments. Response to treatment was determined
with the Canine Brief Pain Inventory, Liverpool Osteoarthritis in Dogs, Canine Orthopedic Index, and Hudson Visual
Analogue Scale, before treatment, + 8, + 15, + 30, + 60, + 90, + 120, 150, and + 180 days after initial treatment.
Kaplan-Meier estimators were conducted and compared with the log-rank test. Cox proportional hazard regression
analysis was performed to determine treatment survival, p < 0.05.

Results: The sample comprised 20 animals of both sexes (male n = 12, female n = 8), with a mean age of 8.4 ± 2.4
years and a bodyweight of 31.5 ± 5.7 kg. Joints were classified as moderate (13) and severe (7) according to the
Orthopedic Foundation for Animals grading scheme. No differences were found between groups at the initial
evaluation. Better results with the majority of scores were observed in the PG, in some cases lasting up to the last
evaluation moment. Kaplan-Meier estimators showed that PG produced longer periods with better results in all
scores compared to CG. Treatment was the covariate influencing all scores in the Cox regression analysis. OFA hip
score also influenced two dimensions of the Canine Orthopedic Index.

Conclusion: The intra-articular administration of platelet-rich plasma can improve pain and functional scores of
police working dogs with bilateral hip OA, compared with a control group. Its effects lasted for significantly longer
periods, and treatment was the main covariate affecting the improvements observed.
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Background
Osteoarthritis (OA) is the most commonly diagnosed
joint disease in companion animals, similarly to what
happens in human medicine [1, 2]. Hip OA is commonly
diagnosed in the canine population [3]. The disease leads
to reduced joint function and pain, its pivotal symptom
[4, 5]. There are still limited treatment options available,
and the therapeutic approach focuses mainly on alleviat-
ing pain, improve function, and possibly slow down dis-
ease progression [4, 5]. For that reason, there has been a
growing interest in autologous platelet therapies, as
platelets may contribute to tissue regeneration, a reduc-
tion in local inflammation, and the promotion of cartil-
age synthesis or inhibition of its breakdown [6]. These
effects are mediated by growth factors contained in
platelet’s alpha granules, and include insulin-like growth
factor, transforming growth factor-β, platelet-derived
growth factor, vascular endothelial growth factor, and
basic fibroblast growth factor [7, 8]. The efficacy of
platelet-rich plasma (PRP) systems vary, as they have dif-
ferent compositions and characteristics regarding plate-
let concentration, levels of leukocytes, and red blood
cells [9, 10]. The use of PRP has been described for the
treatment of different musculoskeletal conditions in
companion animals, both dogs [11, 12] and cats [13, 14].
OA is a complex disease and a multi-dimensional ex-

perience, including changes in limb function, in the abil-
ity to conduct daily activities, demeanor, and emotional
aspect [15]. To evaluate these multiple dimensions, sev-
eral clinical metrology instruments (CMI) have been de-
veloped, under a patient-centered approach [16]. Several
CMIs have been submitted to criterion and construct
validity testing in dogs, compared to ground reaction
forces [17]. The most commonly used are the Canine
Brief Pain Inventory (CBPI, divided into a pain severity
score – PSS, and a pain interference score - PIS) and the
Liverpool Osteoarthritis in Dogs (LOAD) [16–18]. Add-
itional validated CMIs are the Hudson Visual Analogue
Scale (HVAS), and the Canine Orthopaedic Index (COI,
divided into four different dimensions, stiffness, gait,
function, and quality of life – QOL) [19, 20]. Digital
radiography is also a staple in the assessment of OA,
and the ventrodorsal hip extended view is the most com-
mon pelvic radiographic projection used for the clinical
assessment of hip OA [21].
The goal of this study was to evaluate the effectiveness

of the intra-articular injection of PRP in the management
of dogs with bilateral hip OA. We hypothesize that it will
be able to reduce the clinical signs of OA and improve
considered CMI scores, compared with a control group.

Results
The sample included 20 police working dogs, of both
genders (12 males and 8 females), with a mean age of

8.4 ± 2.4 years, bodyweight of 31.5 ± 5.7 kg, and body
condition score of 4/9 (n = 14) and 5/9 (n = 6) in the
Laflamme scale [22]. Four dog breeds were represented:
German Shepherd Dogs (GSD, n = 10), Belgian Malinois
Shepherd Dogs (BM, n = 3), Labrador Retriever (LR, n =
3), and Dutch Shepherd Dog (DSD, n = 2). Considering
OFA hip grading, 13 animals were classified as moder-
ate, and 7 as severe. All patients were followed up to the
last evaluation moment (+ 180 days), and, during this
period, no additional treatment or medications were
administered.
The composition of the platelet concentrate and whole

blood are presented in Table 1. Preparation of PRP took
around 25min from blood collection to administration.
CMI scores in each group are presented in Table 2. No
significant differences were observed on treatment day.
Results in PG were significantly better than those in CG
in several evaluation moments, particularly PSS, HVAS,
and gait. Table 3 presents the results of the Kaplan-
Meier estimators with each score are presented in
Table 4, and Figs. 1 and 2 present Kaplan Meier plots
for PIS and LOAD, respectively. PG showed more ex-
tended periods with better results, with patients taking
longer to return to the initial evaluation score values.
Results of the Cox proportional hazard regression are
presented in Table 3. Treatment was the covariable that
contributed to the outcomes observed in all scores. In-
creasing body weight had a 1.06-fold probability increase
to baseline values. In the QOL and overall COI score,
dogs with severe OA had a 2.96 and 3.02-fold increase
probability, respectively, to return to baseline values
compared with dogs with a moderate hip grade. Post in-
jection increased lameness was observed in 5 patients in
PG and 3 in CG, which spontaneously resolved within
48-72 h.

Discussion
Osteoarthritis has a high impact on animal health and
welfare, with an estimated prevalence of 200,000 dogs in

Table 1 Mean values (±standard deviation) of the composition
of whole blood and platelet product

Parameter Whole blood Platelet concentrate

Mean Value SD Mean Value SD

Platelets (× 103/mm3) 299.10 84.21 1564.28 447.98

RBC (× 106/mm3) 6.40 1.00 0.38 0.06

WDC (×103/mm3) 10.52 4.19 8.94 3.56

Limphocytes (×103/mm3) 2.11 0.89 4.43 1.89

Monocytes (×103/mm3) 0.79 0.42 0.71 0.38

Neutrophils (×103/mm3) 7.13 3.41 0.93 0.34

Eosinophils (×103/mm3) 0.46 0.46 0.40 0.40

Basophils (×103/mm3) 0.03 0.03 0.00 0.00
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the United Kingdom, and over 14 million dogs in the
United States of America [1, 17]. Our results show that
the IA administration of PRP can reduce pain levels and
several scores of different CMIs in dogs with bilateral
hip OA.
Several reports present a positive effect of IA PRP in

the management of canine OA, but many are based on a
surgically induced model of OA [23–25]. In dogs with
naturally occurring OA, IA platelet products have shown
to be able to improve clinical signs at the 12-week evalu-
ation post-treatment [26]. IA PRP has also been able to
improve clinical signs and pain levels of dogs with stifle
OA due to non-stabilized cranial cruciate ligaments dis-
ease and hip dysplasia [27, 28]. Our results show that IA
PRP can have a beneficial effect in police working dogs
with bilateral hip OA, even in cases of severe OA. The
improvement was observed in all of the considered CMI
scores, in some cases starting at the first follow-up
(+15d). Many scores in PG were significantly better than
those of CG up to the +120d follow-up and, in the case
of PSS, up to the last follow-up (+180d). A similar long-
lasting effect has been described in dogs treated with
PRP for the management of hip dysplasia [29], but
shorter periods are presented for stifle OA [23–25]. A
possible reason for this wide range of reported efficacy
results of IA PRP may be related to the fact that hip OA
seems to be better compensated by animals when com-
pared to OA in other joints [30]. Also, working dogs
seem to be detected at an early stage of the disease,
when clinical signs and pathological changes may not be
as extensive and advanced [3]. On the other hand, from
our personal experience, working dogs tend to be stoic
and show a higher pain tolerance compared, compared
to pet dogs. An additional possibility to keep in mind is
that PRP products present significant differences, even
when obtained with commercially available kits, and
these can be reflected in the outcomes observed [10].

When comparing different reports, the administration
frequency has also to be considered, as the ideal fre-
quency of PRP administration does not exist for dogs or
humans [12, 31]. For that reason, we chose to follow the
manufacturer’s recommendation. High standard devia-
tions were observed in LOAD and overall COI, com-
pared with the remaining CMI scores. We attribute
these findings to two reasons. The first is the well-
established fact that OA clinical signs do not correlate
with radiographic findings and vary significantly between
individuals, even with the same hip score [32]. Also,
these are the CMIs with a wider range of scores (0–52
for both), while the remaining CMIs have a narrow
range (0–10 for HVAS, PSS, and PIS, and 0–12, 16, or
20 in the COI dimensions).
In all considered CMIs, the mean number of days that

animals in the PG took to return to the initial evaluation
levels was significantly higher than in CG. Still, patients
in CG did not return to their initial values at the first
follow-up, as can be observed in Table 3, and Figs. 1 and
2. This effect can be attributed to a possible positive ef-
fect of the removal of the cytokine-loaded synovial fluid,
followed by an administration of saline, which can fur-
ther dilute the remaining cytokines within the joint
space. In humans, a positive effect of saline injections
has been described as lasting up to 6-months [33]. The
model build with the Cox regression showed that treat-
ment was the covariate with greater impact over the ob-
served changes, as it had a significant difference over
control in all scores. Dogs in CG always had an in-
creased probability to return to the initial evaluation
levels, varying from a 1.82 (with PSS) to 10.72-fold (with
gait) probability for this event to occur. Few other covar-
iates had an impact on the model. With PSS, increasing
bodyweight corresponded to a slightly higher risk (1.06-
fold). It is known that large breed and heavier dogs are
more prone to develop OA earlier in life, and being

Table 3 Time (in days) to return to baseline values for CMIs, calculated with Kaplan-Meier estimators and compared with the Log-
rank test. * indicates significance

Clinical Metrology
Instrument

Log
Rank
test

Group

CG PG

mean SD 95% CI mean SD 95% CI

CBPI PSS 0.009* 53.1 20.2 13.4 92.7 139.5 20.3 99.8 179.2

PIS 0.001* 35.8 9.3 17.6 53.9 136.5 18.4 100.4 172.5

HVAS 0.000* 27.7 6.97 14.02 41.4 142.5 19.6 104.1 180.9

LOAD 0.004* 43.8 12.2 19.9 67.8 131.5 18.7 94.8 168.2

COI Stiffness 0.008* 36.9 13.0 11.4 62.4 120.0 22.7 75.6 164.4

Function 0.046* 69.2 16.4 37.1 101.4 124.5 18.6 88.0 160.9

Gait 0.002* 32.3 7.6 17.4 47.3 124.5 16.7 91.7 157.3

QOL 0.003* 46.2 16.2 14.4 77.9 130.5 17.5 96.2 164.8

Overall 0.004* 40.4 9.1 22.5 58.3 127.5 19.6 89.1 165.9
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overweight is a risk factor for OA [34, 35]. As the dogs
included in this sample had an ideal body condition
score, this increased probability can be attributed to in-
creasing body weight. OFA grading influenced the QOL
and overall COI scores, with dogs with severe OA show-
ing a 2.96 and 3.02 probability to return to the initial
values compared with dogs with moderate OA, respect-
ively. This finding stresses the relevance of early inter-
vention, as it leads to a better outcome. Also, the effects
of PRP are expressed by interacting with the different
types of joint’s cells and tissues, and in the case of severe
hip OA, where significant changes have already oc-
curred, these cells and tissues may not be as responsive
or even may not be present in enough number for a
more significative response to be observed [36]. Female
dogs showed a lower probability to have their overall
COI scores return to the initial value. This fact was not
observed with any other score, and the reason for it is
not clear. It may be related to the fact that male dogs
may show a tendency to carry more weight on the thor-
acic limbs, and therefore may show fewer improvements
when pelvic limbs are being treated [37].

Following intra-articular administrations, there are
some side effects documented and include mainly local
pain and local inflammation. These are usually self-
limiting and take 2–10 days to resolve, similarly, to what
we observed in both groups, with some patients showing
complaints following the administration, but that re-
solved without external intervention during the pre-
scribed rest period.
The study presents some limitations, namely the con-

venience nature of the sample and its size. All the con-
sidered CMIs have been validated, and the results of this
study are reinforced by the use of several CMIs, but they
can be more susceptible to bias, as is the case of the
caregiver placebo effect. This effect can be present in
both owners and assisting veterinarians and associated
with the variability in emotional and cognitive compo-
nents of OA, and with the wish for that animal to get
better [38, 39]. For that reason, future studies should in-
clude an objective evaluation, as Force Plate Gait Ana-
lysis or Stance Analysis. Future studies should also
evaluate the effect that different administration frequen-
cies have on clinical results.

Fig. 1 Kaplan-Meier curve demonstrating a significant difference between the control group (CG) and PRP group (PG) in time for the pain
interference score (PIS) of the Canine Brief Pain Inventory to return to baseline values (p = 0.00)
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Conclusions
The results of this study showed that the IA of PRP
could reduce pain and improve several functional scores
of police working dogs with bilateral hip OA, compared
to a control group. Its effects lasted for significantly lon-
ger periods, and treatment was the main covariate affect-
ing the improvements observed. The PRP used was safe,
and no additional medications were required during the
study’s follow-up period. For that reason, this PRP prod-
uct can be considered as a good therapeutic option for
OA management, even in more advanced cases.

Methods
To take part in this prospective, longitudinal, double-
blinded, negative controlled study, a convenience sample
of 20 patients was selected. Dogs were recruited based
on trainer complaints (difficulty rising, jumping, and
maintaining obedience positions, stiffness and decreased
overall performance), physical examination (pain during
joint mobilization, stiffness, and reduced range of mo-
tion), and radiographic findings (OFA hip scores of mild,
moderate or severe) consistent with bilateral hip OA.
Additional inclusion criteria included age > 2 years old,

bodyweight > 20 kg, and that no medications or nutri-
tional supplements had been administered < 6 weeks. If
the animal had any other confirmed or suspected ortho-
pedic, neurologic, or concomitant disease (ruled out
through physical examination, complete blood count,
and serum chemistry profile), it was excluded. All ani-
mals were evaluated before beginning active training and
work.
After selection, patients were randomly assigned with

the statistical analysis software to two groups, a control
group (CG, n = 10) or a treatment group (PG, n = 10).
CG received an intra-articular (IA) administration of 2
ml of 0.9%NaCl per hip joint, while PCG received a sin-
gle administration of 2 ml of PRP per hip joint, produced
with the commercially available CRT PurePRP® Kit
(Companion Regenerative Therapies, Newark, DE, USA),
according to the manufacturer’s instructions. Briefly, 50
ml of whole blood were collected from the jugular vein
of the patient, with an 18-gauge butterfly needle to a 60
ml syringe filled with 10ml of Anticoagulant Citrate
Dextrose Solution. The blood was loaded into a concen-
trating device and processed in the centrifuge (Executive
Series Centrifuge II, Companion Regenerative Therapies,

Fig. 2 Kaplan-Meier curve demonstrating a significant difference between the control group (CG) and PRP group (PG) in time for Liverpool
Osteoarthritis in Dogs (LOAD) to return to baseline values (p = 0.00)
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Newark, DE, USA) for 1 min at 3600 rpm. After the first
centrifugation, the platelet-poor plasm and buffy coat
were transferred to a second concentrating device, with
a 60 ml syringe, and spun for 5 min, at 3800 rpm. A 60
ml syringe was used the remove the platelet-poor
plasma, leaving 4 ml of plasma, and the concentration
device was swirled to resuspend the platelets at the base.
Finally, a 12 ml syringe was used to aspirate 4 ml of PRP,
which was administered without activation. PRP com-
position was determined and compared with whole
blood values. All samples were processed by an inde-
pendent contract laboratory.
All IA administrations and radiographic examinations

were conducted under light sedation, obtained with the
simultaneous intravenous administration of medetomi-
dine (0.01 mg/kg) and buthorphanol (0.1 mg/kg). Hips
were classified according to the Orthopedic Foundation
for Animals hip grading scheme at the initial evaluation,
on day 0 (treatment day) [21]. The procedure for hip IA
administrations has been described previously [40]. Dogs
were placed in lateral recumbency with the joint to be
accessed dorsal. With the greater trochanter in the cen-
ter, a 4x4cm window was clipped and aseptically pre-
pared. The limb was then placed by an assistant in a
neutral position, parallel to the table, and a 21-gauge
with 2.5″ length needle was then introduced just dorsal
to the greater trochanter, perpendicular to the limb’s
long axis until the joint was reached. In the cases where
this access to the joint is not possible, probably due to
bone remodeling, the assistant can externally rotate and
traction the limb, thus opening up the joint. The con-
firmation of correct needle placement was obtained by
collecting synovial fluid. If required, ultrasound guidance
was available to confirm the correct needle placement.
As much synovial fluid as possible was withdrawn, and
the respective substance was administered. On the same
day, the HVAS, CBPI, LOAD, and COI were completed
sequentially by the same handler, in a quiet room with
as much time as needed. According to the manufac-
turer’s recommendation, a second administration was
performed 14 days after the first treatment. After each
administration, animals were rested for three consecu-
tive days and examined by a veterinarian on days 1 and
3 post-procedure to determine signs of exacerbated pain,
persistent stiffness of gait, and posture changes. If no
complaints were registered, the animal was allowed to
resume its normal activity [41].
Scheduled follow-up evaluations were conducted at 15

(+15d, before the second IA PRP administration), 30
(+30d), 90 (+90d), 120 (+120d), 150 (+150d), and 180
(+180d) days after the initial treatment. At these mo-
ments, the HVAS, CBPI, LOAD, and COI were com-
pleted sequentially by the same handler. The result of
previous answers was not provided to the handlers, who

did not receive knowledge of their previous answers. All
sections and dimensions of the CMIs were considered in
the analysis. To facilitate result’s interpretation, HVAS
scores were inverted by subtracting the result from 10
(the higher possible range score), since an improvement
in HVAS scores consists of an increased score, while
with the remaining CMIs the opposite occurs. All proce-
dures were performed by the same researcher, blinded
to the dogs’ assigned group. If the dog exhibited a de-
crease in performance, showed any sign of pain during
exercise or manipulation, or had a decrease in the results
of the CMIs, leading to a return to the initial values, it
would be reevaluated as need, and rescue analgesia
would be instituted.
Normality was assessed with a Shapiro-Wilk test, and

results of groups in each evaluation moment were com-
pared using a Mann–Whitney U test. Kaplan-Meier esti-
mators were conducted to generate survival curves,
survival probability and compared with the log-rank test.
Cox proportional hazard regression analysis was carried
out to investigate the influence of the covariables known
to be of interest in OA (age, sex, body weight, breed,
and OFA score) on survival. The outcome considered
was a return to or drop below values recorded at the ini-
tial evaluation. With the CBPI, treatment success was
defined and set as a reduction of ≥1 in PSS and ≥ 2 in
PIS [42]. For that reason, with the CBPI the time for PIS
and PSS scores to drop below the defined level of reduc-
tion was evaluated. Patients with values or scores above
baseline values at the last evaluation moment were cen-
sored. All results were analyzed with IBM SPSS Statistics
version 20, p < 0.05.

Abbreviations
BM: Belgian Malinois Shepherd Dog; CBPI: Canine Brief Pain Inventory;
CMI: Clinical Metrology Instruments; COI: Canine Orthopedic Index;
DSD: Dutch Shepherd Dog; GSD: German Shepherd Dog; HVAS: Hudson
Visual Analogue Scale; LOAD: Liverpool Osteoarthritis in Dogs; LR: Labrador
Retriever; OA: Osteoarthritis; PIS: Pain Interference Score; PRP: Platelet-rich
plasma; PSS: Pain Severity Score; QOL: Quality of Life

Acknowledgments
The authors would like to thank Concessus, S.A. for the PRP systems used in
this study, and Dr. Manuel Pereira for the assistance in the statistical analysis
of the data.

Authors’ contributions
JCA designed the protocol, conducted treatments, and prepared the
manuscript. PJ and AS selected patients and conducted treatments. All
authors have read and approved the manuscript.

Funding
The authors of this paper do not have any financial or personal relationship
with other persons or organizations that could inappropriately influence or
bias the content of this paper.

Availability of data and materials
All data generated or analyzed during this study are included in this
published article.

Alves et al. BMC Veterinary Research          (2021) 17:207 Page 9 of 11



Declarations

Ethics approval and consent to participate
The study protocol was approved by the ethical review committee of the
University of Évora (Órgão Responsável pelo Bem-Estar dos Animais da Uni-
versidade de Évora, approval n° GD/32055/2018/P1), and complies with AR-
RIVE guidelines. All methods were carried out in accordance with relevant
guidelines and regulations. Permission and written, informed consent was
obtained from the Institution responsible for the animals (Guarda Nacional
Republicana, Portuguese Gendarmerie).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 18 February 2021 Accepted: 19 May 2021

References
1. Anderson KL, O’Neill DG, Brodbelt DC, Church DB, Meeson RL, Sargan D,

et al. Prevalence, duration and risk factors for appendicular osteoarthritis in
a UK dog population under primary veterinary care. Sci Rep. 2018;8:5641.
https://doi.org/10.1038/s41598-018-23940-z.

2. Vina ER, Kwoh CK. Epidemiology of osteoarthritis. Curr Opin Rheumatol.
2018;30:160–7. https://doi.org/10.1097/BOR.0000000000000479.

3. Alves JC, Santos A, Jorge P, Lavrador C, Carreira LM. Clinical and diagnostic
imaging findings in police working dogs referred for hip osteoarthritis. BMC
Vet Res. 2020;16:425. https://doi.org/10.1186/s12917-020-02647-2.

4. Meeson RL, Todhunter RJ, Blunn G, Nuki G, Pitsillides AA. Spontaneous dog
osteoarthritis — a one medicine vision. Nat Rev Rheumatol. 2019. https://
doi.org/10.1038/s41584-019-0202-1.

5. Minnema L, Wheeler J, Enomoto M, Pitake S, Mishra SK, Lascelles BDX.
Correlation of artemin and GFRα3 with osteoarthritis pain: early evidence
from naturally occurring osteoarthritis-associated chronic pain in dogs.
Front Neurosci. 2020;14. https://doi.org/10.3389/fnins.2020.00077.

6. Fukui N, Purple CR, Sandell LJ. Cell biology of osteoarthritis: the
chondrocyte’s response to injury. Curr Rheumatol Rep. 2001;3:496–505.
https://doi.org/10.1007/s11926-001-0064-8.

7. Cole BJ, Seroyer ST, Filardo G, Bajaj S, Fortier LA. Platelet-rich plasma: where
are we now and where are we going? Sport Heal A Multidiscip Approach.
2010;2:203–10. https://doi.org/10.1177/1941738110366385.

8. Nguyen RT, Borg-Stein J, McInnis K. Applications of platelet-rich plasma in
musculoskeletal and sports medicine: an evidence-based approach. PM&R.
2011;3:226–50. https://doi.org/10.1016/j.pmrj.2010.11.007.

9. Murray IR, Geeslin AG, Goudie EB, Petrigliano FA, LaPrade RF. Minimum
information for studies evaluating biologics in Orthopaedics (MIBO). J Bone
Jt Surg. 2017;99:809–19. https://doi.org/10.2106/JBJS.16.00793.

10. Carr BJ, Canapp SO, Mason DR, Cox C, Hess T. Canine platelet-rich plasma
systems: a prospective analysis. Front Vet Sci. 2016;2. https://doi.org/10.33
89/fvets.2015.00073.

11. Canapp SO, Leasure CS, Cox C, Ibrahim V, Carr BJ. Partial cranial cruciate
ligament tears treated with stem cell and platelet-rich plasma combination
therapy in 36 dogs: a retrospective study. Front Vet Sci. 2016;3. https://doi.
org/10.3389/fvets.2016.00112.

12. McDougall RA, Canapp SO, Canapp DA. Ultrasonographic findings in 41
dogs treated with bone marrow aspirate concentrate and platelet-rich
plasma for a supraspinatus tendinopathy: a retrospective study. Front Vet
Sci. 2018;5. https://doi.org/10.3389/fvets.2018.00098.

13. Chun N, Canapp S, Carr BJ, Wong V, Curry J. Validation and characterization
of platelet-rich plasma in the feline: a prospective analysis. Front Vet Sci.
2020;7. https://doi.org/10.3389/fvets.2020.00512.

14. Ferrari JT, Schwartz P. Prospective evaluation of feline sourced platelet-rich
plasma using centrifuge-based systems. Front Vet Sci. 2020;7. https://doi.
org/10.3389/fvets.2020.00322.

15. Cimino BD. What can we learn from osteoarthritis pain in companion
animals? Clin Exp Rheumatol. 2017;35(Suppl 1):53–8 http://www.ncbi.nlm.
nih.gov/pubmed/28967360.

16. Walton B, Cox T, Innes J. ‘How do I know my animal got better?’ –
measuring outcomes in small animal orthopaedics. In Pract. 2018;40:42–50.
https://doi.org/10.1136/inp.k647.

17. Walton MB, Cowderoy E, Lascelles D, Innes JF. Evaluation of construct and
criterion validity for the ‘Liverpool osteoarthritis in dogs’ (LOAD) clinical
metrology instrument and comparison to two other instruments. PLoS One.
2013;8:e58125. https://doi.org/10.1371/journal.pone.0058125.

18. Upchurch DA, Renberg WC, Roush JK, Milliken GA, Weiss ML. Effects of
administration of adipose-derived stromal vascular fraction and platelet-rich
plasma to dogs with osteoarthritis of the hip joints. Am J Vet Res. 2016;77:
940–51. https://doi.org/10.2460/ajvr.77.9.940.

19. Brown DC. The canine orthopedic index. Step 1: devising the items. Vet
Surg. 2014;43:232–40. https://doi.org/10.1111/j.1532-950X.2014.12142.x.

20. Hudson JT, Slater MR, Taylor L, Scott HM, Kerwin SC. Assessing repeatability
and validity of a visual analogue scale questionnaire for use in assessing
pain and lameness in dogs. Am J Vet Res. 2004;65:1634–43. https://doi.org/1
0.2460/ajvr.2004.65.1634.

21. Puckler K, Tellhelm B, Kirberger R. The hip joint and pelvis. In: Kirberger R,
McEvoy F, editors. BSAVA Manual of Canine and Feline Musculoskeletal
Imaging. Wiley; 2016. p. 212–231.

22. Laflamme D. Development and validation of a body condition score system
for dogs. Canine Pract. 1997;22:10–5.

23. Vilar JM, Manera ME, Santana A, Spinella G, Rodriguez O, Rubio M, et al.
Effect of leukocyte-reduced platelet-rich plasma on osteoarthritis caused by
cranial cruciate ligament rupture: a canine gait analysis model. PLoS One.
2018;13:e0194752. https://doi.org/10.1371/journal.pone.0194752.

24. Lee M-I, Kim J-H, Kwak H-H, Woo H-M, Han J-H, Yayon A, et al. A placebo-
controlled study comparing the efficacy of intra-articular injections of
hyaluronic acid and a novel hyaluronic acid-platelet-rich plasma conjugate
in a canine model of osteoarthritis. J Orthop Surg Res. 2019;14:314. https://
doi.org/10.1186/s13018-019-1352-1.

25. Yun S, Ku S-K, Kwon Y-S. Adipose-derived mesenchymal stem cells and
platelet-rich plasma synergistically ameliorate the surgical-induced
osteoarthritis in beagle dogs. J Orthop Surg Res. 2016;11:9. https://doi.org/1
0.1186/s13018-016-0342-9.

26. Fahie MA, Ortolano GA, Guercio V, Schaffer JA, Johnston G, Au J, et al. A
randomized controlled trial of the efficacy of autologous platelet therapy
for the treatment of osteoarthritis in dogs. J Am Vet Med Assoc. 2013;243:
1291–7. https://doi.org/10.2460/javma.243.9.1291.

27. Venator K, Frye CW, Gamble L-J, Wakshlag JJ. Assessment of a single intra-
articular stifle injection of pure platelet rich plasma on symmetry indices in
dogs with unilateral or bilateral stifle osteoarthritis from long-term medically
managed cranial cruciate ligament disease. Vet Med Res Reports. 2020;11:
31–8. https://doi.org/10.2147/VMRR.S238598.

28. Cuervo B, Chicharro D, Del Romero A, Damia E, Carrillo J, Sopena J, et al.
Objective and subjective evaluation of plasma rich in growth factors
therapy for the treatment of osteoarthritis in dogs. Osteoarthr Cartil. 2019;
27:S482. https://doi.org/10.1016/j.joca.2019.02.532.

29. Cuervo B, Rubio M, Chicharro D, Damiá E, Santana A, Carrillo JM, et al.
Objective comparison between platelet rich plasma alone and in
combination with physical therapy in dogs with osteoarthritis caused by
hip dysplasia. Animals. 2020;10:175. https://doi.org/10.3390/ani10020175.

30. Wilson L, Smith B. Canine lameness. In: CM MG, Goff L, editors. Animal
Physiotherapy: Assessment, Treatment and Rehabilitation of Animals. 2nd
ed: Wiley Blackwell; 2016. p. 112–26.

31. Berney M, McCarroll P, Glynn L, Lenehan B. Platelet-rich plasma injections
for hip osteoarthritis: a review of the evidence. Irish J Med Sci (1971 -). 2020.
https://doi.org/10.1007/s11845-020-02388-z.

32. Gordon WJ, Conzemius MG, Riedesel E, Besancon MF, Evans R, Wilke V, et al.
The relationship between limb function and radiographic osteoarthrosis in
dogs with stifle osteoarthrosis. Vet Surg. 2003;32:451–4. https://doi.org/10.1
053/jvet.2003.50051.

33. Previtali D, Merli G, Di Laura FG, Candrian C, Zaffagnini S, Filardo G. The
long-lasting effects of “placebo injections” in knee osteoarthritis: A meta-
analysis. Cartilage. 2020:194760352090659. https://doi.org/10.1177/1947603
520906597.

34. Riser WH, Cohen D, Lindqvist S, Mansson J, Chen S. Influence of early rapid
growth and weight gain on hip dysplasia in the German shepherd dog. J
Am Vet Med Assoc. 1964;145:661–8 http://www.ncbi.nlm.nih.gov/pubmed/
5896436.

Alves et al. BMC Veterinary Research          (2021) 17:207 Page 10 of 11

https://doi.org/10.1038/s41598-018-23940-z
https://doi.org/10.1097/BOR.0000000000000479
https://doi.org/10.1186/s12917-020-02647-2
https://doi.org/10.1038/s41584-019-0202-1
https://doi.org/10.1038/s41584-019-0202-1
https://doi.org/10.3389/fnins.2020.00077
https://doi.org/10.1007/s11926-001-0064-8
https://doi.org/10.1177/1941738110366385
https://doi.org/10.1016/j.pmrj.2010.11.007
https://doi.org/10.2106/JBJS.16.00793
https://doi.org/10.3389/fvets.2015.00073
https://doi.org/10.3389/fvets.2015.00073
https://doi.org/10.3389/fvets.2016.00112
https://doi.org/10.3389/fvets.2016.00112
https://doi.org/10.3389/fvets.2018.00098
https://doi.org/10.3389/fvets.2020.00512
https://doi.org/10.3389/fvets.2020.00322
https://doi.org/10.3389/fvets.2020.00322
http://www.ncbi.nlm.nih.gov/pubmed/28967360
http://www.ncbi.nlm.nih.gov/pubmed/28967360
https://doi.org/10.1136/inp.k647
https://doi.org/10.1371/journal.pone.0058125
https://doi.org/10.2460/ajvr.77.9.940
https://doi.org/10.1111/j.1532-950X.2014.12142.x
https://doi.org/10.2460/ajvr.2004.65.1634
https://doi.org/10.2460/ajvr.2004.65.1634
https://doi.org/10.1371/journal.pone.0194752
https://doi.org/10.1186/s13018-019-1352-1
https://doi.org/10.1186/s13018-019-1352-1
https://doi.org/10.1186/s13018-016-0342-9
https://doi.org/10.1186/s13018-016-0342-9
https://doi.org/10.2460/javma.243.9.1291
https://doi.org/10.2147/VMRR.S238598
https://doi.org/10.1016/j.joca.2019.02.532
https://doi.org/10.3390/ani10020175
https://doi.org/10.1007/s11845-020-02388-z
https://doi.org/10.1053/jvet.2003.50051
https://doi.org/10.1053/jvet.2003.50051
https://doi.org/10.1177/1947603520906597
https://doi.org/10.1177/1947603520906597
http://www.ncbi.nlm.nih.gov/pubmed/5896436
http://www.ncbi.nlm.nih.gov/pubmed/5896436


35. Kealy RD, Lawler DF, Ballam JM, Mantz SL, Biery DN, Greeley EH, et al. Effects of
diet restriction on life span and age-related changes in dogs. J Am Vet Med
Assoc. 2002;220:1315–20 http://www.ncbi.nlm.nih.gov/pubmed/11991408.

36. Alves JC, Santos A, Jorge P, Lavrador C, Carreira LM. Intra-articular injections
with either triamcinolone Hexacetonide, Stanozolol, Hylan G-F 20, or a
platelet concentrate improve clinical signs in police working dogs with
bilateral hip osteoarthritis. Front Vet Sci. 2021;7. https://doi.org/10.3389/
fvets.2020.609889.

37. Seibert R, Marcellin-Little DJ, Roe SC, DePuy V, Lascelles BDX. Comparison of
body weight distribution, peak vertical force, and vertical impulse as
measures of hip joint pain and efficacy of Total hip replacement. Vet Surg.
2012;41:443–7. https://doi.org/10.1111/j.1532-950X.2012.00957.x.

38. Conzemius MG, Evans RB. Caregiver placebo effect for dogs with lameness
from osteoarthritis. J Am Vet Med Assoc. 2012;241:1314–9. https://doi.org/1
0.2460/javma.241.10.1314.

39. Piel MJ, Kroin JS, Van Wijnen AJ, Kc R, Im HJ. Pain assessment in animal
models of osteoarthritis. Gene. 2014;537:184–8. https://doi.org/10.1016/j.
gene.2013.11.091.

40. Alves JC, Santos A, Jorge P, Lavrador C, Carreira LM. A pilot study on the
efficacy of a single intra-articular Administration of Triamcinolone
Acetonide, Hyaluronan, and a combination of both for clinical Management
of Osteoarthritis in police working dogs. Front Vet Sci. 2020;7. https://doi.
org/10.3389/fvets.2020.512523.

41. Alves JC, Santos A, Jorge P, Lavrador C, Carreira LM. A report on the use of a
single intra-articular administration of autologous platelet therapy in a naturally
occurring canine osteoarthritis model - a preliminary study. BMC Musculoskelet
Disord. 2020;21:127. https://doi.org/10.1186/s12891-020-3140-9.

42. Brown DC, Bell M, Rhodes L. Power of treatment success definitions when
the canine brief pain inventory is used to evaluate carprofen treatment for
the control of pain and inflammation in dogs with osteoarthritis. Am J Vet
Res. 2013;74:1467–73. https://doi.org/10.2460/ajvr.74.12.1467.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Alves et al. BMC Veterinary Research          (2021) 17:207 Page 11 of 11

http://www.ncbi.nlm.nih.gov/pubmed/11991408
https://doi.org/10.3389/fvets.2020.609889
https://doi.org/10.3389/fvets.2020.609889
https://doi.org/10.1111/j.1532-950X.2012.00957.x
https://doi.org/10.2460/javma.241.10.1314
https://doi.org/10.2460/javma.241.10.1314
https://doi.org/10.1016/j.gene.2013.11.091
https://doi.org/10.1016/j.gene.2013.11.091
https://doi.org/10.3389/fvets.2020.512523
https://doi.org/10.3389/fvets.2020.512523
https://doi.org/10.1186/s12891-020-3140-9
https://doi.org/10.2460/ajvr.74.12.1467

	Abstract
	Background
	Results
	Conclusion

	Background
	Results
	Discussion
	Conclusions
	Methods
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

