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Abstract: The use of autologous orthobiologics is an emerging area of interest in veterinary 
medicine. In this retrospective study, we reviewed the clinical results achieved using two 
orthobiologics devices to address orthopedic injuries and tissue repair. Leukocyte (White 
blood cell)-rich platelet-rich plasma (L-PRP) devices produce outputs containing high con-
centrations of growth factors from venous blood. The Autologous Protein Solution (APS) 
device produces an orthobiologic containing high concentrations of growth factors and anti- 
inflammatory cytokines. L-PRP has commonly been used to address soft tissue injuries. APS 
has been injected into the joint to address osteoarthritis. In the last five years, our practice has 
treated 35 dogs (38 treatments) with L-PRP and 98 dogs (108 treatments) with APS. Our 
group has used L-PRP and APS to address orthopedic conditions including osteoarthritis, 
bursitis, tendinitis, tendon/ligament rupture/repair procedures, post-surgical femoral head 
osteotomy/tibial-plateau-leveling osteotomy tissue repair, lumbosacral stenosis, patellar luxa-
tion, joint laxity, and osteochondral dissecans. The results achieved with L-PRP and APS 
have been favorable (observed pain improvement and minimal adverse reactions), but some-
times have not achieved complete pain relief or tissue repair. The most common application 
for L-PRP was patellar luxation and the most common application for APS was injection 
post-ACL surgery. Canine OA has been successfully managed in several patients with repeat 
injections of APS over the course of several years. Future studies on specific conditions are 
ongoing and including efforts to further characterize these products in canine medicine. 
Keywords: APS, PRP, canine, anti-inflammatory, orthopedics, osteoarthritis

Introduction
There has been a growing unmet need in veterinary medicine to provide solutions that 
do more than just address symptoms. To address this unmet need, autologous devices 
which process and concentrate a patient’s own blood have been explored. While some 
have called this area of practice “regenerative medicine” we prefer to use the term 
“orthobiologics” as it more accurately describes the devices and their outputs. Whole 
blood contains growth factors and cytokines which play a role in inflammation, tissue, 
and joint healing. There are distinct classes of blood concentrating devices in veter-
inary medicine including Platelet-Rich Plasma (PRP),1 Autologous Conditioned 
Serum (ACS),2 and Autologous Protein Solution (APS) devices.3 They isolate and 
concentrate different factors from blood and have been historically used for varying 
applications. Traditionally, PRP has been used for tendon and ligament disease or 
injuries in human and veterinary medicine.4–7 PRP devices have been explored and 

Correspondence: William King  
Owl Manor, 720 E Winona Ave, Warsaw, 
IN, 46580, USA  
Tel +1 574 267 4391  
Fax +1 866 602 5275  
Email william.king@owlmanormedical. 
com

submit your manuscript | www.dovepress.com Veterinary Medicine: Research and Reports 2021:12 53–65                                                   53

http://doi.org/10.2147/VMRR.S286913 

DovePress © 2021 King et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Veterinary Medicine: Research and Reports                                          Dovepress
open access to scientific and medical research

Open Access Full Text Article

V
et

er
in

ar
y 

M
ed

ic
in

e:
 R

es
ea

rc
h 

an
d 

R
ep

or
ts

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0001-8991-8632
mailto:william.king@owlmanormedical.com
mailto:william.king@owlmanormedical.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com


used in canine medicine for the longest time period, parti-
cularly in dental reconstruction research.8–10 ACS devices 
were introduced for injection into the joint to address 
osteoarthritis (OA).11,12 In typical ACS device processing, 
blood is clotted with glass beads in an incubator for up to 24 
hours. The device is then processed in a centrifuge and the 
serum is extracted. ACS devices have been extensively 
explored in large animal medicine, and a study characteriz-
ing the cytokines in canine ACS has recently been 
published.13 ACS clinical impressions in equine medicine 
have been disappointing and now it appears that ACS is 
mainly used as a “maintenance” injection in mild lameness 
and performance problems.14 The APS device was designed 
to address the inflammation associated with osteoarthritis. 
The APS device has been adopted in large animal medicine, 
notably equine, and a more recent addition to the canine 
veterinarian’s tool-kit.3,15–18 We have incorporated leuko-
cyte-rich PRP (L-PRP) and APS devices into our practice 
since 2012 with good clinical outcomes for a variety of 
orthopedic applications.

PRP in canine medicine is produced by commercial 
devices or laboratory centrifuge tubes to concentrate plate-
lets in a small volume of plasma. Some devices also con-
centrate white blood cells (leukocytes).19–21 PRP is a catch- 
all term that could include many different formulations. 
Using these different cell separation systems, PRP provides 

growth factors to aid in tissue repair by stimulating cell 
proliferation, migration, differentiation, and blood vessel 
growth. Platelets deliver more than just growth factors: 
they also deliver chemokines which recruit white blood 
cells. Inflammation is part of the wound healing process 
and the first step of tissue repair involves platelets releasing 
their growth factors and cytokines to recruit white blood 
cells as the next step in tissue healing (Figure 1).22

Several cell culture in vitro studies have suggested that 
L-PRP could contain inflammatory cytokines.23–27 

However, these in vitro studies have not translated to 
adverse clinical outcomes in human28–30 or veterinary 
clinical studies.18,31,32 In human clinical studies, OA 
patients who had higher concentrations of WBC in their 
autologous concentrates were more likely to be 
OMERACT-OARSI high pain responders indicating they 
had the most improvement.33 Some PRP systems in canine 
medicine market that they make a “pure” PRP (P-PRP) 
containing only platelets. However, removing neutrophil 
and monocytes from PRP actually lowers the concentra-
tion of anti-inflammatory cytokines like interleukin-1 
receptor antagonist (IL-1ra or IRAP).34 This is because 
IL-1ra comes from monocytes and neutrophils.35 Indeed, 
studies have shown that P-PRP does not have high con-
centrations of IL-1ra because it does not contain WBCs.36 

IL-1ra is present (in high concentrations) in formulations 

Figure 1 The timing and cell types involved in wound repair demonstrating the role of WBC (including neutrophils, macrophages, and lymphocytes) in successful healing. 
Note: Adapted from King W, Toler K, Woodell-May J. Role of White Blood Cells in Blood-and Bone Marrow-Based Autologous Therapies. BioMed Res Int. 2018;2018. 
Creative Commons license and disclaimer available from: http://creativecommons.org/licenses/by/4.0/ legalcode.22
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containing leukocytes (L-PRP21 and APS) or from ACS 
devices in which leukocytes are cultured with glass beads 
for 6–24 hours to stimulate the production of IL-1ra.37 

There currently is no correlation between platelets or cell 
concentrations and clinical outcomes known in canine 
medicine. Research should seek to characterize the rela-
tionship between the concentration of platelets and cells in 
canine medicine.

The L-PRP device we use in our clinic was designed to 
capture a high concentration of platelets and white blood 
cells to aid in the tissue repair process (Restigen® PRP 
Device, Owl Manor, in veterinary medicine; GPS III® 

Platelet Concentration System, Zimmer Biomet, in human 
medicine). This device has been used in human medicine 
since 2007 and is the most clinically studied PRP.38 The 
concentrations of growth factors in PRP are lower than their 
recombinant forms in drug products and are thought to still 
induce tissue repair by their combinatorial effect. Key 
growth factors in PRP are shown below in Table 1.

PRP has been explored in small animal medicine for 
a wide variety of applications including surgical bone 

repair,39,40 soft tissue repair,41 osteochondral injuries,42 

and osteoarthritis.43,44 Although PRP has had an excellent 
safety profile in these studies, the efficacy of PRP across 
different indications have been mixed. These mixed clin-
ical results could be attributed to the varying outputs of 
different devices, patient-to-patient differences, and differ-
ent biochemical requirements for different diseases and 
injuries. Most small animal studies are also limited by 
a small number of study subjects (< 25). Therefore, 
a goal of this manuscript was to compile our clinical 
experience with L-PRP to provide evidence to small ani-
mal veterinarians about areas we have had clinical success 
and to suggest areas of future research for randomized and 
controlled clinical studies.

OA was traditionally thought of as a purely mechanical 
disease. The last 20 years of research has shown that there 
is a strong biochemical component of OA driven primarily 
by inflammation. Inflammation in canine OA can be 
induced by trauma or genetics. Inflammatory cytokines 
bind to cells in the joint and induce the secretion of matrix 
metalloproteases (MMPs). MMPs degrade extracellular 
matrix (ECM) in the joint. The resulting ECM fragments 
bind to cells in the joint and induce the secretion of even 
more inflammatory cytokines. This creates a destructive 
feed-forward cycle that drives osteoarthritis.45,46 A tool to 
address this feed-forward cycle would require both anti- 
inflammatory cytokines and growth factors.

The APS device was designed to rapidly produce anti- 
inflammatory cytokines and growth factors to block the 
inflammatory cycle that drive OA (Pro-Stride® APS 
Device, Owl Manor, in veterinary medicine; nSTRIDE® 

APS Kit, Zimmer Biomet, in human medicine). APS con-
tains anti-inflammatory cytokines in addition to the growth 
factors from PRP (Appendix Table 1). APS has been 
shown to block the release of MMPs from 
chondrocytes,15 inflammatory cytokines from 
macrophages,17 and prevent ECM molecule release in 
inflammatory cell-culture conditions.16 In a rat meniscal 
tear OA model, APS decreased collagen and cartilage 
degeneration, resulting in a significantly improved total 
joint score compared to saline control.47 APS has shown 
to decrease osteoarthritis pain in canine,18,32 equine,31 and 
human28–30,33 clinical trials. In summary, APS has blocked 
inflammation in cell culture in vitro studies, experimental 
animal studies, and decreased pain in clinical trials.

There have been three randomized and controlled trials 
using APS in veterinary medicine. In the first trial, 40 
horses with naturally occurring OA were injected with 

Table 1 Growth Factors and Their Proposed Functions in PRP

Name Abbreviation Proposed Function in PRP

Transforming 

Growth Factor- 
Beta

TGF-β Combined with PDGF and IGF: 

Chemotaxis for stem cells and 
osteoblasts, angiogenesis, bone 

matrix formation, and collagen 

synthesis64

Vascular 

Endothelial 
Growth Factor

VEGF Endothelial cell proliferation65

Hepatocyte 
Growth Factor

HGF Mediates anti-inflammatory 
effects66

Fibroblast 
Growth Factor

FGF Prolonged endothelial cell 
growth65

Epidermal 
Growth Factor

EGF Enhances angiogenesis67

Platelet- 
Derived 

Growth Factor

PDGF Alone, chemotactic for 
macrophages. Combined with 

TGF-β assists in bone 

mineralization64

Insulin-like 

Growth Factor

IGF Combined with PDGF and TGF- 

β: Chemotaxis for stem cells 
and osteoblasts, angiogenesis, 

bone matrix formation, and 

collagen synthesis64
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either APS (n = 20) or saline control (n = 20). Two weeks 
post-injections, APS treated horses had statistically signif-
icant reductions in lameness compared to saline controls. 
The 20 horses originally injected with saline received APS 
and then all 40 horses were sent home. These horses still 
had statistically improved lameness, according to owner 
surveys, one year after APS injection.31 In the first canine 
clinical trial of APS, 21 dogs with OA and single limb 
lameness in their stifles or elbows were injected with 
either APS or saline. Compared to pre-treatment values, 
APS treated dogs showed a significant improvement in 
pain scores, lameness scores, and peak vertical force 12 
weeks post-injection.18 In the second canine APS clinical 
trial, five dogs with bilateral hip dysplasia were injected in 
one hip with APS and in the contralateral hip with saline. 
One month after injection, hips treated with APS improved 
significantly in their total pressure index and put signifi-
cantly more weight than the hips treated with saline indi-
cating pain relief.32 Later in this manuscript we will 
describe our clinical experience with APS to address dif-
ferent orthopedic conditions to encourage further research 
in canine medicine.

Materials and Methods
Lameness Evaluations
In this study, lameness evaluations were performed by 
reviewing a patient’s pertinent medical history including 
the following survey given to owners below in Table 2.

In this study, physical examinations were performed 
using the steps in Table 3 as well as neurological 
examinations.

Neurological conditions were discerned from ortho-
pedic conditions if there appeared to be no nerve deficits 
and loss of proprioception. Diagnostics such as radio-
graphs, CT/MRI scans were used to determine the origin 
of the condition. Radiographs, MRI and CT scans were 
used to look for bone and soft tissue involvement. 
Bloodwork was used to help diagnose tick borne dis-
eases, and infections. Biopsies were used to help diag-
nose types of masses that could have caused lameness. 
Each limb was evaluated, as dogs can present with 
lameness in more than one limb.

Synovial fluid was evaluated by sending the fluid to the 
laboratory. The technician observed the thickness of the 
fluid, color, and evaluated the white and red blood cells 
(RBC) under a microscope. The presence of crystals or 
bacterial infections were also evaluated. Nucleated cell 

counts, RBC, glucose, proteins, uric acid, and lactic dehy-
drogenase were measured.

Blood Draw and Device Processing
Autologous blood was obtained by performing 
a peripheral blood draw mixed with anti-coagulant citrate 
dextrose solution A (ACD-A) (Citra Labs, Braintree, MA). 
The blood draw volume was based on the technology used, 
technique, and output volume desired. For canine patients 
in this study, blood draws were either 30 or 60mL (based 
on the device used).

Blood was drawn by clipping an area over the jugular vein 
and then the skin was aseptically cleaned. The ACD-A anti- 
coagulant was pre-loaded in a syringe and connected to 
a winged-blood collection needle-tube set. The anti-coagulant 
was drawn down the syringe and then up to the tube so that all 
blood contacting surfaces had been coated with anti-coagulant. 

Table 2 Survey for Canine Owners at Beginning of Lameness 
Evaluations

Step Lameness Evaluation Owner Questions

1 What limb is the patient favoring?

2 How did the owner perceive that the injury/lameness 
occurred?

3 When did the injury/lameness occur?

4 Has the owner noticed any swelling, heat, sores, or wounds 
on the limbs?

5 Is the lameness getting worse or improving?

6 What % of the time is the patient using the leg?

7 Is the owner administering any type of pain or anti- 

inflammatory medications?

7a What medication(s) are they using, what dose are they giving 

and how frequent are they administering the medication(s), 

and how long have they been administering the 
medication(s). (incl. CBD oil, essential oils, and other 

supplements)

8 Has the patient been seen previously for this injury/lameness 

in the past?

8a If so, how long ago did the injury/lameness occur?

8b Did the treatment plan work at that time?

8c If so, for how long did the patient stay comfortable?

8d Were any diagnostics performed at this previous injury/ 

lameness evaluation?
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The syringe was gently inverted while pulling blood and after 
removing the needle to prevent clotting. If possible, sedation 
was performed after the blood draw to maintain the patient’s 
blood pressure. One technician drew the blood and one tech-
nician held and comforted the patient (Figure 2). Canine 
patients were sedated using 5 μg/kg Dexmedetomidine 
(Zoetis, Parsippany-Troy Hills, NJ) and 0.2 mg/kg of 
Butorphanol (Zoetis, Parsippany-Troy Hills, NJ) administered 
intravenously while the device was processed. A pain free and 
immobile patient was required.

30mL or 60mL devices (Restigen® PRP Device, Owl 
Manor, Warsaw, IN) were used to prepare L-PRP. The 
amount of blood and ACD-A anti-coagulant was decreased 
when blood was drawn from patients who were less than 
10kg. The APS device (Pro-Stride® APS Device, Owl 
Manor, Warsaw, IN) was only available in a 60mL version. 
The PRP device took 15 minutes to process (Figure 3) and 
the APS device used an additional 2-minute processing 
step. The 60mL L-PRP device output 6mL of PRP. The 
30mL L-PRP device output 3mL of PRP. The APS device 
processed 60mL of blood through a two-step procedure that 
produced 2.5mL of APS (Figure 4). Both devices are pro-
cessed using the Owl Manor Centrifuge (Owl Manor, 
Warsaw, IN). The entire process from starting a blood 
draw to being ready to use the PRP or APS took about 30 
minutes and was performed by veterinary technicians in our 
practice.

The volume of L-PRP used depended on the size of the 
joint. Very commonly we divided the output of the kit to 
address multiple joints (ie bilateral stifles, bilateral elbows, 
elbow and a shoulder, etc).

The volume of APS used per condition was chosen by 
the volume of the joint and the number of joints injected. 
For most bilateral OA, the output of the APS kit was 
divided in half and half was injected in both joints. In post- 
surgical applications, the surgery was completed and the 
APS was injected right before final bandaging.

Table 3 Physical/Neurologic Examination Steps

Step Physical/Neurologic Examination Steps

1 Physical exams started with a technician taking down notes 
on weight, temperature, and the diet that that was being fed 

to the patient. The technician also recorded medical history 

from the owner.

2 The doctor then reviewed the information collected by the 

technician and then began the rest of the physical exam.

3 Head: On the head we looked at ears, eyes, nose, mouth, 
and teeth, and any cranial nerve damages. We checked for 

discharge from the eyes and nose, normal appearance of 

structures, detailed oral exam to evaluate condition of the 
patient’s teeth, character of the mucous membranes to 

assess hydration and blood circulation. Sometimes tools such 

as otoscopes and ophthalmoscopes were used to get more 
detailed information for the ears and eyes.

4 Skin and Coat: We took notes on the condition of the coat 
and skin. Finding ticks, and lumps was important because 

ticks can transmit diseases that can cause shifting lameness in 

our patients and lumps can grow in locations that can put 
pressure on nerves and muscle tissues that could also cause 

lameness. Dehydration was also accessed using skin tent 

techniques during this portion of the exam. Looking for 
wounds, sores, and or swelling was also helpful with 

diagnosing reasons for injuries/lameness.

5 The Chest: Listening to the heart and lung with 

a stethoscope helped in diagnosing heart conditions such as 

murmurs and lung complications. Circulation was also 
evaluated by checking pulses to make sure they were in sync 

with the heart rate.

6 Orthopedic: The orthopedic portion of the exam included 

a variety of steps: Assessing the symmetry (or lack thereof) 

of the musculature, observing how the pet moved/ambulated, 
and physically manipulating limbs and their joints. 

Manipulation limbs and joints allowed us to access the range 

of motion and laxity of the joints. During this portion of the 
exam, it was important to be mindful of swelling and heat 

over joints and long bones as this could indicate reasons for 

injuries/lameness. The spine was assessed individually, feeling 
down every intervertebral junction to identify painful spots.

7 The Abdomen: When palpating the abdomen, abdominal 
masses, abnormal organ sizes, and the condition of the 

gastrointestinal and urinary tracts were felt for. The patient’s 

body score condition for obesity were also evaluated.

8 Lymph Nodes: The lymph nodes that are easily palpated 

such as the submandibular, popliteal, and prescapular for 
enlargement were checked, as these could indicate disease 

processes.

(Continued)

Table 3 (Continued). 

Step Physical/Neurologic Examination Steps

9 Neurologic: Reflexes were checked for delayed or absent 
responses. When there were severe neurologic deficits, the 

toes were pinched and assessed for withdraw. Tests were 

also performed on the subjects to check for appropriate 
proprioception.
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Joint Injections
Gloves were worn and the injection site was prepared 
like surgery. The joint was entered with an appropriately 
sized needle attached to a syringe (Table 4). Placement 
in the joint was always confirmed by aspiration of all 
available joint fluid which was submitted for laboratory 
testing if desired. While the needle was still in the joint, 
the first syringe was replaced with a second syringe 

containing the L-PRP or APS. The injections were 
smooth and without resistance. For intra-articular (IA) 
injections approaches we followed guidance from 
Fossum et al.48 Owners were instructed to restrict the 
patient’s activity for 5–7 days post-injections before 
resuming normal activity level. We also recommended 
an NSAID (Carprofen, Deracoxib, or Meloxicam) for at 
least 7 days post-injections.

Figure 2 Blood draw process from canine patients. (A) Blood draw sites were prepared by clipping area over the jugular vein and then the skin was aseptically cleaned. (B) 
The needle was inserted into the jugular vein and the syringe was slowly pulled back to check for a flash of blood to confirm needle placement. (C) The blood was slowly 
drawn while rocking syringe to ensure mixture of blood and anti-coagulant.

Figure 3 Representative pictures of 60mL L-PRP device processing: 1) a 18-gauge needle was attached to a 60mL syringe and 5–8mL of ACD-A was withdrawn. 2) The cap 
was unscrewed on center port of the L-PRP device and the green packaging post was discarded. Blood was slowly loaded into the center port. The syringe was removed and 
the tethered cap was attached to its port. 3) The L-PRP device was placed into the centrifuge and balanced with a counterbalance. 4) The L-PRP device was spun in 
centrifuge at 3200 RPM for 15 minutes. 5) The yellow cap was removed on the side port and a 30mL syringe was connected. The device was tilted at an angle, avoiding 
inverting to keep top blue vent dry, and all of the platelet-poor plasma (PPP) was removed. The yellow cap was replaced. 6) The red cap was removed on the side port and 
a 10mL syringe was connected. 2mL of PRP was withdrawn and syringe was left attached. With the 10mL syringe attached, the PRP was suspended by gently shaking L-PRP 
device for 30 seconds. The remaining PRP suspension was extracted into the attached 10mL syringe.
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Tendon/Ligament/Subcutaneous Injections
Tendon or ligament cases started with tendons or liga-
ments that had mechanical integrity but were not compro-
mised beyond general use. Patients who received tendon/ 
ligament injections failed standard treatments like rest, 
physical therapy, or NSAIDs. For subcutaneous (SQ) 
injections the skin was palpated and anatomical landmarks 
were used to locate the soft tissue to inject (the areas of 
maximal tenderness). The skin was prepared for injection 
and then the tissue was locally blocked. The PRP or APS 
was then slowly injected using either a 22 or 25-G needle 
using a peppering technique in which small volumes of 
PRP or APS were placed in the tendon or fascia covering 
the tender area. Owners were instructed to restrict patient’s 
activity for 5–7 days post injections before resuming nor-
mal activity level. It was also recommended for patients to 
take an NSAID (Carprofen, Deracoxib, or Meloxicam) for 
at least 7 days post-tendon/ligament/SQ tissue injection. 
Owners were given post-surgical discharge sheets to 
follow.

Over the reviewed period, 5 years, L-PRP and APS 
devices have been used in 146 treatments on 133 dogs. 

Before treatment with L-PRP or APS owners were coun-
seled on expected outcomes and rehab procedures, as well 
as the importance of compliance with post-injection pro-
tocols. From February – March 2020 medical records were 
reviewed and owners were followed-up with. Results 
reported in this study were based on veterinarian and 
owner evaluations (See Appendix Tables 2–3). Outcomes 
were segmented as: 1) the patients were doing “well” 
(complete improvement), 2) had “mixed results” 
(improvement but still on non-steroidal anti-inflammatory 
drugs (NSAIDS) after the transient post-injection period), 
or 3) had unsatisfactory results (no improvement). The 
safety profile of L-PRP and APS was also evaluated with 
owners by asking if their dogs had any short-term or long- 
term complications post-treatment. Clinical success was 
evaluated in these cases by performing a follow up call 
on all patients 24–48 hours after surgery as well as 
a recheck exam 6–8 weeks post operatively to access 
how the patient was recovering. Owners were contacted 
periodically, including at suture removal in 2 weeks, to get 
updates early on and further out to record how long the 
clinical benefits of the injections last.

Figure 4 Representative pictures of APS device processing: 1) The APS Concentrator device was gently shaken to ensure beads were evenly distributed across bottom of 
top chamber. The yellow cap was unscrewed on the APS Concentrator device and filled with the output of L-PRP device from the 10mL syringe. The 10mL syringe was 
removed and the tether cap on port was attached. The paddle was spun until the cell solution was fully mixed with beads. 2) The concentrator was placed into the 
centrifuge. The centrifuge was balanced with a counterbalance. The concentrator device was spun for 2 minutes at 2000 RPM. 3) The APS was gently resuspended in the 
bottom of the APS Concentrator. The red cap was unscrewed and connected to a sterile 10mL syringe. The APS was extracted.
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Results
We have used L-PRP in our clinic for a broad spectrum of 
orthopedic conditions listed below in Table 5. The aver-
age age of patients treated with L-PRP was 6.4 ± 3.5 years 
old (Range 0.5–12 years old). Of the patients treated with 
L-PRP, 15 were spayed, 16 were neutered, 1 was female, 
and 3 were male. Our most common applications for 
L-PRP included IA and SQ injections for patellar luxa-
tion, lumbosacral pain, ACL surgery (lateral imbrication 
surgery), and bicipital tendonitis. Post ACL surgery, both 
stifles were injected with APS to reduce pain and 

inflammation, improve healing time, and return to func-
tion quicker, as well as minimize the chances of the 
opposite stifle from tearing its anterior cruciate ligament. 
We do the same process for our patients who have TPLO 
surgery to reduce pain and inflammation and help with 
healing of the TPLO site. While the number of cases 
presented here are relatively small per condition, many 
of these are the first published cases using an orthobiolo-
gic in canine medicine. The data presented in this manu-
script could be used to statistically power randomized and 
controlled trials.

Table 4 Procedures Used During Canine Joint Injections

Joint Common Indications Limb Position Needle Gauge, 
Length

Typical Volume 
(mL)/Product

Stifle Arthritis, ACL Surgery, TPLO Surgery, Patellar 

Luxation

Slightly Flexed 22g, 1.0” 1.0 - APS

Elbow Arthritis Slightly Flexed 22g, 1.0” 1.0 - APS

Hock OCD Surgery Deep Flexion 22g, 1.0” 3.5- PRP

Lumbosacral Arthritis Normal Standing 22g, 1.5” 6.0 - PRP

Carpus Arthritis Flexed 22g, 1.0” 0.3 – APS

Shoulder Bicipital tendinitis Slightly Flexed 22g, 1.5” 1.3 - APS

Hip Arthritis, FHO Repair Apply traction and external 
rotation

22g, 1.5” 1.0 - APS

Table 5 Frequency of L-PRP Applications in Our Practice Including Tendon/Ligament Applications, OA, and Joint Applications

Disease/Treatment Cases Volume (mL) Injection Locations Outcomes

+ ± - ND

Tendon/Ligament ACL Surgery 4 3.0 −3.75 IA, SQ 4 0 0 0

Bicipital Tendonitis 4 4.8–6.0 SQ 0 0 2 2

Patellar Luxation 7 1.0–6.0 IA, SQ 5 0 0 2
Capsule Thickening 1 ND ND 1 0 0 0

Femoral Head Osteotomy 1 ND SQ 0 0 0 1
Achilles Laceration 1 7.0 Tendon Area 1 0 0 0

OCD Lesion Surgery 3 2.5–7.0 SQ 2 0 1 0

Torn ACL 1 3.0 IA, SQ 1 0 0 0

Osteoarthritis/Joint Lumbosacral Pain 7 5.8–6.9 SQ 3 2 2 0

Shoulder 3 1.0–4 SQ 1 0 2 0
Elbow 3 2.5–4 IA, SQ 0 1 1 0

Carpal Pain 2 2.0–3.4 SQ 1 0 2 0

Stifle 3 0.5–3.0 IA 3 0 0 0
Hip 2 2.5–3.5 IA, SQ 1 0 1 0

Tarsus Pain 1 7.0 SQ 0 0 1 0

Notes: Outcomes: + indicates satisfactory clinical outcomes, ± indicates mixed clinical outcomes, and – indicates unsatisfactory clinical outcomes. 
Abbreviations: IA, intra-articular; SQ, subcutaneous; ND, no data; ACL, anterior cruciate ligament; OCD, osteochondral dissecans.
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In the cases with unsatisfactory outcomes, patients 
typically presented with severe pathologies. L-PRP injec-
tions have been able to “tighten” soft tissues with SQ 
injections. There has been limited success in the distal 
limbs with SQ tarsus and carpal injections (Table 5). 
L-PRP has had positive clinical outcomes for tendon/liga-
ment applications including patellar luxation and after 
ACL surgery. Repeat injections have been performed on 
some patients. For example, in one patient, L-PRP was 
injected SQ around both stifles which produced satisfac-
tory results for 21 months before the patient was injected 
again. In a separate patient with bilateral stifle OA, satis-
factory results were observed for 13 months before 
a second injection of L-PRP.

The average age of patients treated with APS was 6.8 ± 
3.3 years old (Range 1.3–15 years old). Treatments were 
performed on, 48 spayed, 44 neutered, 3 female, and 3 male 
patients. The most common applications for APS included 
injection post-ACL surgery (lateral imbrication surgery), 
bilateral hip OA, and bilateral stifle OA (Table 6). In 
some cases, repeat injections have been performed on the 
same patient. One 3 year-old patient with bilateral hip OA 
was injected with APS and responded well. Over time more 
NSAIDs were required and a second injection was per-
formed 6 months later. One 11 year-old patient with bilat-
eral stifle OA was injected with APS and responded well for 
15 months and was re-injected with APS. In another case, 

starting at age 4, a patient received yearly APS injections in 
its stifles to manage its OA for the last 4 consecutive years 
(Table 6).

In general, L-PRP and APS treatments were well- 
tolerated with transient inflammation that resolved over 
several days without intervention. No serious adverse 
events including infection or complications that required 
surgical intervention were recorded.

Discussion
The results of this case series suggested that L-PRP and 
APS have been clinically beneficial for OA in canine 
joints, tendon/ligament repair, and in post-surgical applica-
tions based on the number of positive owner-reported 
performance and safety outcomes. In general, a year or 
more of durable pain relief is seen after treatment with 
L-PRP or APS. Although there has been published 
research on L-PRP with the system used in this retro-
spective study in large animal medicine,4,5 this is the first 
study to characterize clinical outcomes in canine medicine. 
Historically, L-PRP has been used successfully in tendon/ 
ligament applications.4,5 The results of this case series 
indicate that L-PRP is beneficial in tendon/ligament appli-
cations like patellar luxation and post-TPLO surgery. The 
data from this case series could be used to statistically 
power a randomized and controlled clinical trial with 
better defined endpoints.

Table 6 Description of APS Use in for a Variety of Orthopedic Conditions Including Tendon/Ligament Applications, OA, and Joint 
Applications

Disease/Treatment Cases Volume Used Injection Location Outcomes

+ ± − ND

Tendon/Ligament ACL Surgery 43 0.25–2.8 IA 39 2 1 1
ACL Tears 6 0.25–1.25 IA 5 0 1 0

Bilateral ACL Tears 6 1.1 −1.3 IA 6 0 0 0

ACL Partial Tear 5 0.2–1.2 IA 4 0 0 1

Osteoarthritis/Joint Hip OA 3 2.1–3.0 IA 0 0 2 1

Bilateral Hip OA 11 1.0–1.3 IA 6 0 4 1
Hip Dysplasia 5 1.2–1.5 IA 5 0 0 0

Stifle OA 5 0.3–4.0 IA 5 0 0 0

Bilateral Stifle OA 10 0.5–1.7 IA 9 1 0 0
Elbow OA 2 1.0–2.0 IA 2 0 0 0

Post-TPLO 6 1.0–3.0 IA and SQ 5 1 0 0

Bilateral Post-TPLO 2 1.3 IA 2 0 0 0
Stifle Bursitis 1 1.1 IA 1 0 0 0

Hip Laxity 1 2 IA 1 0 0 0

Notes: Outcomes: + indicates satisfactory clinical outcomes, ± indicates mixed clinical outcomes, and – indicates unsatisfactory clinical outcomes. 
Abbreviations: IA, intra-articular; SQ, subcutaneous; ND, no data; ACL, anterior cruciate ligament; OCD, osteochondral dissecans.
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Previous APS research has shown its positive short- 
term clinical benefits in addressing canine OA.18,32 Our 
case review shows that APS may have longer-term bene-
fits in canine OA with patients with mild to moderate OA; 
with some cases receiving repeat injections yearly to man-
age symptoms. This mirrors the year-long benefit observed 
for equine subjects in a randomized and controlled study 
of APS.31 Although mostly successful, there have been 
some cases where APS has not produced clinically suc-
cessful results. In most of these unsuccessful cases, 
patients presented with severe OA, as was noted in the 
records of 3/4 unsatisfactory bilateral hip patients. Similar 
results have been observed in horses,31 suggesting that 
APS is best suited for patients with mild to moderate 
OA. Additional studies are indicated to determine if 
these modalities are superior to other clinically relevant 
treatments and better define the durability of L-PRP and 
APS in longer-term randomized and controlled trials.

The management of canine OA with NSAIDs is stan-
dard practice for many veterinarians. However, their con-
tinued use is not without drawbacks. Common adverse 
effects are associated with the gastrointestinal (GI) tract, 
renal and hepatic adverse effects have been reported less 
frequently, while lethargy and inhibition of coagulation 
have been infrequently reported.49 Long-term NSAID use 
requires routine blood tests to check for these side effects. 
Studies reporting long-term safety data are lacking and 
adverse event reporting may be incomplete.50 These con-
cerns have been cited as a barrier to their use by veter-
inarian surgeons.51 Furthermore, veterinary surgeons have 
described difficulty in recognizing, managing, and avoid-
ing adverse events associated with NSAIDs.52 Survey data 
has indicated that there is a link between owner safety 
concerns and poor compliance.53 There are pragmatic con-
cerns on the oral delivery of medications including palat-
ability concerns by the patient and therefore, challenging 
delivery of the medication for the owner.54 These com-
bined drawbacks have motivated many to seek alternative 
treatments to NSAIDs for canine osteoarthritis. L-PRP and 
APS do not require daily delivery of an oral medication, 
blood tests, and they have had an excellent safety profile in 
clinical trials. Although there have not been any head-to- 
head studies comparing the safety and effectiveness of the 
L-PRP or APS, we have had clinical success using these 
autologous orthobiologics as alternatives to NSAIDs. 
Future statistically powered clinical trials will be required 
to ultimately determine the differential safety and efficacy 
of the different modalities available to veterinarians.

There have been efforts to provide standardizing 
nomenclature to classify the outputs of orthobiologics 
devices. Most standardization systems classify products 
based on their centrifuge processing parameters (ie hard 
vs soft spin), if the product is clotted, platelet concentra-
tion, and white blood cell concentration.55–57 The outputs 
of orthobiologic devices can be altered with freezing, 
sonication, and other mechanical disruption methods.58 

Further confounding classification, device output from 
the same individual can vary from the same patient if 
they have been exercising,59 have underlying health 
conditions,3 or have been taking medications.60 The pro-
ducts discussed in this paper were L-PRP, ACS, and APS 
devices. The L-PRP device in this study produces an out-
put with a high concentration of platelets and WBC with 
a normal concentration of plasma proteins.61,62 ACS 
devices produce an output of a serum that contains plasma 
proteins and the WBC secretome when incubated in a clot 
with glass beads. ACS devices contain very little/no plate-
lets or WBC.13 APS devices produce outputs with concen-
trated platelets, white blood cells and plasma proteins.62 

Each one of these products contain different concentra-
tions of different cells, cytokines, and growth factors.

There are a few limitations to our review. First, this 
study was a retrospective analysis of the procedures per-
formed using L-PRP and APS in our practice over the last 
5 years and was not a prospective or controlled study. 
Also, the evaluation was not quantitative but rather based 
on our evaluation and owner feedback. The time from 
treatment to follow-up varies from months-years in our 
review and is not standardized. For many of the conditions 
we used L-PRP or APS there are limited case numbers 
which makes it challenging to perform statistical analysis. 
Low sample number comparisons are susceptible to bring-
ing people to incorrect decisions across disciplines.63 For 
some of the conditions we injected IA, SQ, or both 
depending on pathology. Finally, although most patients 
were instructed to stay off NSAIDs and other medications 
it is possible owners had their dogs on non-prescription 
medications we were unaware of during follow-up, started 
seeing different veterinarians, or moved. Despite these 
limitations, we feel this retrospective analysis adds addi-
tional information about the clinical application of L-PRP 
and APS in canine medicine.

Conclusion
This retrospective case series study demonstrated that 
L-PRP and APS have had beneficial clinical outcomes in 
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canine medicine. The logistics of performing blood draws 
and joint injections are relatively simple and could be 
adopted into many small animal veterinary practices. In 
several patients OA has been managed with yearly injec-
tions of APS. Future randomized and controlled studies 
will be required to demonstrate the superiority of L-PRP 
and APS to other clinically relevant options in canine 
medicine.
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