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Hip dysplasia is one of the most common ortho-
pedic abnormalities in dogs, with an incidence
of up to 40% in some breeds."* Current treatment
strategies for osteoarthritis include weight loss and
exercise to decrease the magnitude of forces on os-
teoarthritic joints, hip replacement to palliate joint
discomfort, medications that modulate disease signs,
physiotherapy exercises, cryotherapy, therapeutic
ultrasound, low-level laser treatments, and electrical

ABBREVIATIONS

BCS Body condition score

CBPI Canine Brief Pain Inventory
IL Interleukin

MSC Mesenchymal stem cell
PRP Platelet-rich plasma

PSW Pressure-sensing walkway
PVF Peak vertical force

SVF Stromal vascular fraction
VAS Visual analogue scale

\1 Vertical impulse

OBJECTIVE

To evaluate effects of simultaneous intra-articular and IV injection of au-
tologous adipose-derived stromal vascular fraction (SVF) and platelet-rich
plasma (PRP) to dogs with osteoarthritis of the hip joints.

ANIMALS
22 client-owned dogs (12 placebo-treated [control] dogs and 10 treated
dogs).

PROCEDURES

Dogs with osteoarthritis of the hip joints that caused signs of lameness
or discomfort were characterized on the basis of results of orthopedic
examination, goniometry, lameness score, the Canine Brief Pain Inventory
(CBPI), a visual analogue scale, and results obtained by use of a pressure-
sensing walkway at week 0 (baseline). Dogs received a simultaneous intra-
articular and IV injection of SVF and PRP or a placebo. Dogs were examined
again 4, 8, 12, and 24 weeks after injection.

RESULTS

CBPI scores were significantly lower for the treatment group at week 24,
compared with scores for the control group. Mean visual analogue scale
score for the treatment group was significantly higher at week 0 than at
weeks 4, 8, or 24. Dogs with baseline peak vertical force (PVF) in the lowest
25th percentile were compared, and the treatment group had a significantly
higher PVF than did the control group. After the SVF-PRP injection, fewer
dogs in the treated group than in the control group had lameness confirmed
during examination.

CONCLUSIONS AND CLINICAL RELEVANCE

For dogs with osteoarthritis of the hip joints treated with SVF and PRP,
improvements in CBPI and PVF were evident at some time points, com-
pared with results for the control group. (Am J Vet Res 2016;77:940—
951)

stimulation. Pharmaceutical agents commonly used
to treat osteoarthritis include NSAIDs, which inhibit
prostaglandin E, via cyclooxygenase inhibition, and
nutraceuticals (eg, glucosamine and hyaluronan),
which may function via anti-inflammatory activity.
These agents do not target most of the proinflamma-
tory mediators, and they are unable to stop the cata-
bolic state found in osteoarthritic joints.

An ideal treatment modality would halt or reverse
the inflammatory cascade that causes osteoarthritis,
and treatment with MSCs can theoretically achieve
that goal. Mesenchymal stem cells can engraft into
host tissues and differentiate into target cells.® Pro-
posed mechanisms of action of MSCs in the treatment
of osteoarthritis include immunomodulation and re-
versal of the proinflammatory cascade, proangiogen-
ic and antiapoptotic effects, and decreased produc-
tion of scar tissue.” In vitro, the mechanism of action
for MSCs is both contact mediated (smaller effect) via
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an unknown mechanism and contact independent
(larger effect), which is mediated by immune-mod-
ifying chemicals. For example, MSCs secrete IL-1-
receptor antagonist, a potent inhibitor of IL-1.8 It has
been theorized that MSCs also inhibit tumor necrosis
factor-o. and produce the anti-inflammatory cytokine
IL-10.8-1° Mesenchymal stem cells inhibit activated
T-cell, B-cell, and natural-killer cell proliferation and
downregulate expression of major histocompatibil-
ity complex II on inflammatory cells>!° In addition,
MSCs can suppress dendritic cell maturation (which
leads to generation of T-regulatory cells) and suppress
macrophage activation.!'''? Mesenchymal stem cells
injected IV accumulate in areas of inflammation, in-
cluding joints, where they can then exert local anti-
inflammatory and immunomodulatory effects.!?

Injection of MSCs into joints with experimen-
tally induced osteoarthritis can decrease cartilage
destruction, osteophyte formation, and subchondral
sclerosis and even lead to regeneration of meniscal
and articular cartilage.'*"'7 Improved clinical out-
comes have been reported when MSCs were injected
intra-articularly into the joints of animals affected
by naturally occurring osteoarthritis.!®-22 Subjective
measures such as owner-perceived functional disabil-
ity and lameness and pain evaluation performed by
veterinarians have been used as outcome measures;
improvement has been reported for some or all of
these criteria for up to 7 months after treatment.!8-20
Quantitative outcomes measures (obtained by use
of a PSW) have been used to evaluate dogs with hip
joint osteoarthritis after MSC treatment.?'-?? Investi-
gators of these studies??? found an improvement in
PVF of the more lame limb of dogs at 3 months after
a single MSC treatment.

Two main concerns have prevented widespread
clinical use of MSC treatment. First, MSC treatment
requires in vitro expansion of cells to yield sufficient
numbers of cells. In vitro expansion of cells requires
Good Cell Manufacturing Processing protocols in a
US FDA-inspected facility to comply with FDA manu-
facturing requirements.?> Because of these restric-
tions, an alternative to expanded autologous MSCs
must be considered because it would not be feasible
or cost-effective to produce autologous MSCs in a
Good Manufacturing Practices facility. Second, the
safety of MSC treatment has been questioned, with
concerns including neoplastic transformation of the
cells, increased patient susceptibility to infection,
embolism of the cells, and acute or chronic immune
reactions to the cells.?! Investigators of 1 meta-analy-
sis*> of human studies that involved the use of MSCs
administered IV found that there was no increased
risk of adverse effects with MSC treatment, except
for an increased risk of transient fever. In a more
recent study,?® investigators found that mice had an
85% mortality rate (attributable to pulmonary throm-
boembolism) within 24 hours after receiving an IV
injection of 1.5 X 10> adipose-derived MSCs. The
authors of that study?® speculated that the MSCs ex-

pressed tissue factor, which stimulated the extrinsic
clotting cascade. Similar procoagulation effects were
found in vitro when human adipose-derived MSCs
were exposed to human blood or plasma.2° A few cas-
es of pulmonary thromboembolism associated with
MSC treatment of humans have been reported?”28; 1
case was fatal. The safety of MSCs delivered via al-
ternative routes and the safety of SVF have not yet
been assessed, although studies?*-3? conducted in do-
mestic animals revealed no adverse events. For these
reasons, we believed that autologous SVF that can be
harvested in a manner that meets the minimal ma-
nipulation criteria established by the US FDA should
be evaluated as an alternative source of autologous
MSCs for the treatment of osteoarthritis.

Adipose tissue can be easily harvested from most
dogs and is a rich source of MSCs. Human adipose
tissue contains 500 times as many MSCs per mil-
liliter as does bone marrow, the other source com-
monly used to obtain autologous MSCs.?> Although
techniques differ for SVF isolation, adipose tissue is
minced and then digested by enzymes to release SVF
in a procedure that takes several hours and requires
no in vitro culture or expansion.34 It is important to
mention that in addition to MSCs, SVF contains en-
dothelial precursor cells, monocytes, macrophages,
T-regulatory cells, pericytes, mast cells, preadipo-
cytes, fibroblasts, and smooth muscle cells.3>3° These
other cell types may enhance the beneficial effects
of MSCs. Endothelial precursor cells may secrete the
proangiogenic mediator vascular endothelial growth
factor, M2 macrophages may secrete IL-10 and IL-1-
receptor antagonist, and T-regulatory cells may help
to maintain the M2 phenotype of macrophages and
act in an immunosuppressive capacity.3>37-40

Autologous PRP has been used as a treatment
for osteoarthritis,*'#2 but it can also be coadminis-
tered with MSCs or SVE. Platelet-rich plasma contains
several growth factors, including vascular endothe-
lial growth factor, platelet-derived growth factor, fi-
broblast growth factor 2, and transforming growth
factor-B, that can enhance regenerative processes
and promote healing of intra-articular structures.i42
Coadministration of PRP and adipose-derived MSCs
to mice with experimentally induced osteoarthritis
led to enhanced proliferation of the MSCs as well
as improved joint function and cartilage regenera-
tion, compared with results after administration of
MSCs alone.?2 A study?? of dogs with osteoarthritis of
the hip joints that were treated with intra-articular
adipose-derived MSCs combined with PRP revealed
improvement for kinetic outcome variables at 30
days, compared with kinetic variables measured be-
fore treatment, although the improvement was sim-
ilar to that observed in a similar study?' conducted
with adipose-derived MSCs alone.

Treatment with SVF has become increasingly
available to veterinarians in the United States via
several commercially available platforms and pro-
cedures.?® The efficacy of SVF for treatment of ani-

AJVR *Vol 77 * No.9 * September 2016 941


thomas
Highlight


mals with osteoarthritis has been assessed.?*-3? In 3
of those studies,?*-3! a total of 27 dogs were evalu-
ated and had subjective improvements in joint range
of motion and owner-perceived functional outcome
for 3 to 6 months after a single treatment. The other
study?? included radiographic and histopathologic
data and concluded that SVF treatment had no ben-
efit over MSC treatment or placebo treatment for
horses with experimentally induced osteoarthritis of
the carpal joints. However, none of those studies in-
volved the use of objective kinetic data, such as that
obtained with a PSW, for outcome measures.

Therefore, the study reported here was con-
ducted to evaluate the safety and efficacy of au-
tologous intra-articular and IV administration of
SVF and PRP for treatment of dogs with naturally
occurring osteoarthritis of the hip joints. Primary
outcome measures were ground reaction force data
obtained by use of a PSW, lameness examination
score,? and a validated owner survey of pain.344
Secondary outcome variables were results of go-
niometry,® a VAS completed by a veterinarian,®
and radiographic analysis of affected joints. We hy-
pothesized that dogs receiving SVF-PRP injections
would have improvement in outcome measures,
compared with results for outcome measures ob-
tained before treatment. We also hypothesized that
SVF-PRP injections would be safe as defined by a
lack of adverse effects at the time of injection and
no increase in the incidence of adverse events dur-
ing the 6-month period after injection.

Materials and Methods

Animals

The study population consisted of client-owned
dogs with osteoarthritis of the hip joints. Participants
were recruited through email alerts as well as online,
print, and radio advertisements. Costs associated
with lameness evaluation and treatments were paid
by grant funds, and owners received no financial in-
centive. Owners provided informed consent for par-
ticipation of their dogs in the study. The study was
approved by the Kansas State University Institutional
Animal Care and Use Committee. The study was reg-
istered with the FDA for investigation of a new animal
drug (INAD registry No. 12457).

Eligibility criteria for participation of dogs in
the study included body weight > 15 kg, history of
lameness or dysfunction attributable to osteoarthritis
(decreased amount of activity, signs of pain, or inabil-
ity to rise from a lying position) as reported by the
owner, a difference in PVF (measured as a percentage
of body weight) = 5% between the 2 hind limbs (to
establish one limb as clinically worse than the other)
or PVF < 34% of the combined body weight on both
hind limbs on a PSW,* and radiographic evidence of
osteoarthritis of the hip joint of the lame limb. Dogs
could be receiving NSAIDs, drugs that modified
clinical signs of osteoarthritis, therapeutic diets, or

analgesics (except for corticosteroids); no changes
in medications or supplement-type products were
permitted for 2 weeks prior to enrollment or during
the 24-week study period. Exclusion criteria included
dogs with an unsuitable temperament, historical or
physical examination evidence of other pathological
processes in the hind limbs (conditions affecting the
stifle joint or tibiotarsal joint, or neurologic gait ab-
normalities), changes to analgesic medications with-
in the 2 weeks preceding study enrollment or dur-
ing the study, or evidence of systemic disease during
physical or hematologic examinations.

Dogs were allocated to treatment or placebo
(control) groups (1:1) at the time of evaluation for in-
clusion in the study (ie, prior to onset of the study).
Allocations to experimental groups were performed
with a random-number table.

Study design

A randomized, double-blind, placebo-controlled
prospective trial was conducted. An initial evaluation
of all candidate dogs was performed before onset of
the study. Dogs also were evaluated at week 0 (base-
line; which was prior to adipose tissue collection,
SVF isolation, and joint injection) and at 4, 8, 12, and
24 weeks after joint injection.

Initial evaluation

Dogs were examined by one of the investigators
(DAU) who was unaware of the experimental group
allocation for each dog. Initial evaluation included
determination of patient age, sex, breed, limb (or
limbs) affected, duration of lameness, history of prior
orthopedic surgery, and type and duration of current
pain medications or supplement-type products. Body
weight and BCS (scale, 1 [thin] to 5 [obese]) were
recorded. Complete orthopedic and neurologic ex-
aminations and a visual lameness examination were
performed. Lameness grade in accordance with a
previously described scoring system? was assigned
as follows: 1 = no lameness observed, 2 = intermit-
tent weight-bearing lameness, 3 = persistent weight-
bearing lameness, 4 = persistent non-weight-bearing
lameness, 5 = ambulatory only with assistance, and 6
= nonambulatory.

Owners were unaware of experimental group al-
location of their pets. Owners were required to com-
plete the CBPI survey (0 = no pain or interference and
10 = extreme pain or interference) at each evaluation.
The CBPI is a validated 2-part owner questionnaire
that evaluates pain severity (questions 1 through 4)
and interference of pain with daily activities (ques-
tions 5 through 10).%3:44

Goniometry of the affected (lame) hip joint was
performed by one of the investigators (DAU) using a
2-arm metal goniometer® with 1° increments, as de-
scribed elsewhere.®> Goniometry was also performed
on the contralateral hip joint. After the orthopedic
assessment was performed, the investigator (DAU)
completed a VAS, as described elsewhere. 4
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After the initial examination and goniometry
were completed, each dog was walked across the
PSW by 1 of 2 handlers. Dogs were walked across the
PSW until they appeared comfortable and acclimated
to the testing room; data were then collected. A valid
trial was defined as one in which a dog walked at
a steady pace and in a straight line along the entire
length of the PSW and in which each paw strike was
within the recording area of the mat. Five valid trials
were obtained for each dog. Data for these 5 trials
were analyzed by use of system-specific software,*
and stance time, stride velocity, PVF, VI, and maxi-
mum peak pressure were recorded.

After evaluation by use of the PSW was complet-
ed, dogs meeting inclusion criteria were sedated by
IV administration of hydromorphone? (0.08 mg/kg)
and acepromazine maleate¢ (0.02 mg/kg) and posi-
tioned for lateral and ventrodorsal extended-limb pel-
vic radiographs. A CBC and serum biochemical analy-
sis were performed on all dogs. Dogs were included
in the study if radiography confirmed osteoarthritis
of the affected joint and no major abnormalities were
detected during hematologic analysis.

Adipose tissue collection

Adipose tissue was harvested from each dog (re-
gardless of treatment group) within 3 months after
the initial evaluation. Dogs were sedated by IV ad-
ministration of hydromorphone (0.08 to 0.1 mg/kg)
and acepromazine (0.01 to 0.03 mg/kg). Anesthesia
was induced by IV administration of propofol’ (2 to 8
mg/kg), and dogs were placed in dorsal recumbency.
A venous blood sample (18 mL) was collected, which
was used for preparation of PRP. The ventral aspect
of the abdomen was clipped and aseptically prepared
for surgery. A 5-cm midline incision was made just
cranial to the umbilicus. The incision was extended
though the linea alba, and a minimum of 40 g of fal-
ciform adipose tissue was harvested and placed in a
sterile plastic container. The incision was closed in a
routine manner. Dogs were allowed to recover from
anesthesia; later that day, dogs received the injections
and then were released to their owners. Codeine sul-
fate# (1 to 2 mg/kg, PO, q 8 h for 72 hours) was ad-
ministered for postoperative analgesia. Duration of
anesthesia, duration of surgery, and postoperative
complications were recorded.

Adipose tissue and PRP processing

A standardized quantity of adipose tissue (enough
to fill a 40-mL container) was processed for each dog
immediately after collection. Samples were processed
by a trained technician, who used a commercial kit"
to yield SVF pellets.

Processing of PRP was conducted by use of a
validated method that has been found to provide a
platelet capture efficacy of 25%.%7 Each 18-mL ve-
nous blood sample was centrifuged (978 X g for 4
minutes), and plasma was harvested. The remaining
cellular material was centrifuged at 978 X g for 8 min-
utes to yield a platelet pellet. The platelet pellet was

resuspended in 4 mL of plasma, and platelets then
were lysed by the addition of 0.7 mL of solution G
contained in the commercial kit." Samples were incu-
bated for 25 minutes in a water bath at 37°C, which
allowed the solution to gel. Samples were allowed to
sit undisturbed for 1 hour, which allowed the gel to
retract. The liquid phase then was removed, which
yielded 3 to 4 mL of PRP.

The SVF pellet was suspended in 2 mL of autolo-
gous PRP and exposed to a light source for 20 min-
utes. A cell viability counter’ was used to determine
the number of live nucleated cells per milliliter and to
determine a live-to-dead ratio. The SVF was plated in
20% fetal bovine serum containing Dulbecco modi-
fied Eagle medium at a density of 30,000 live cells/
cm? and incubated (37°C, 90% humidity, and 5% CO,)
to allow determination of cell attachment and expan-
sion consistent with the MSC phenotype, and an ali-
quot was used to confirm MSC content after in vitro
expansion.

Injection of SVF-PRP or placebo
treatments

The SVF-PRP or a placebo (sterile saline [0.9%
NaCl] solution’) was administered the same day as
harvest of adipose tissue. Data obtained from the
baseline PSW trials were used to select the limb with
the lower PVF, which would receive an intra-artic-
ular injection. When both limbs had the same PVF,
1 limb was arbitrarily selected for intra-articular in-
jection. Dogs were sedated by IV administration of
hydromorphone (0.08 to 0.10 mg/kg) and aceproma-
zine (0.01 to 0.03 mg/kg). Hair was clipped from an
area overlying the hip joint to be injected, and the
area was aseptically prepared. Arthrocentesis of the
hip joint was performed by one of the investigators
(WCR) who was not aware of the treatment group for
each dog. Synovial fluid was aspirated (0.2 to 5.0 mL
was removed from the joint, if possible), after which
0.5 mL of SVF-PRP (treatment group) or 0.5 mL of ster-
ile saline solution (control group) was injected into
the joint. Simultaneously, 0.5 mL of SVF-PRP (treat-
ment group) or 0.5 mL of sterile saline solution (con-
trol group) was injected into a cephalic vein.

Follow-up evaluation

All dogs were assessed by one of the investiga-
tors (DAU) at 4, 8, 12, and 24 weeks after injection.
Dogs were evaluated as previously described, and
data (body weight, BCS, lameness score, and range
of motion for both hip joints) were recorded. At all
time points, the investigator completed a VAS (score,
0 to 10 cm) after orthopedic and neurologic exami-
nations were performed and ground reaction force
data were collected. At each assessment, the owner
who had completed the CBPI questionnaire previ-
ously was again requested to complete another CBPI
questionnaire.

After examinations and PSW evaluation were
completed at week 24, pelvic radiographs were ob-
tained by use of the same protocols described previ-
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ously. Radiographs from weeks 0 and 24 were scored
for osteoarthritis by a board-certified veterinary ra-
diologist (IJA) who was not aware of the treatment
group for each dog. Radiographs were scored as fol-
lows: 0 = anatomically normal joint, 1 = joint with ra-
diographic evidence of instability with no degenera-
tive change, 2 = joint with mild degenerative change
and a few osteophytes, 3 = joint with moderate de-
generative change including osteophytes and sub-
chondral sclerosis, and 4 = joint with severe degen-
erative change including osteophytes, subchondral
sclerosis, and bone remodeling.8

Statistical analysis

Statistical analysis was performed with a com-
mercially available software packageX Age, body
weight, duration of lameness, data obtained from
PSW analysis (stance time, stride velocity, PVF, VI,
and maximum peak pressure), and goniometric data
(maximum flexion, maximum extension, and range
of motion) were compared between treatment groups
by use of an independent group means test. Change
in body weight, PSW data, and goniometric data was
evaluated among time points within each treatment
group by use of a repeated-measures ANOVA for main
effects and interactions. Data for BCS, lameness ex-
amination scores, VAS, CBPI, and radiographic scores
were compared between treatment groups at each
time point by use of a nonparametric Mann-Whitney
U test. Data for BCS, lameness examination scores,
VAS, CBPI, and radiographic scores were compared
among time points within each treatment group by
use of the Friedman test for nonparametric repeated
measures.

The PVF at baseline was used to stratify data, and
a mixed-model ANCOVA was used to describe chang-
es from baseline for the objective variables.* An un-
equal variance model for time and a first-degree auto-
correlation were used to account for the correlation
among the weeks within a dog. Dog within treatment
group was used as a random effect. The baseline val-
ue and number of cells in the SVF were considered as
covariates. Covariate variables with nonsignificant ef-
fects were deleted from the model. An ANCOVA was
also used to compare changes between the treatment
and control groups for variables at all postinjection
time points, relative to the baseline value. A com-
mercially available software package' was used for all
computations.

A post hoc power analysis (00 = 0.05 and power
= 0.80) was performed for each variable by use of an
available program.™ Data were reported as mean * SD.
Significance was set at values of P < 0.05. Standardized
effect size was calculated by use of the Cohen d (the dif-
ference in the means of the treatment and control group
for each variable divided by the pooled SD).

Results

Sixty-eight client-owned dogs were initially eval-
uated for inclusion in the study. Of these dogs, 46

were excluded. Reasons for exclusion included fail-
ure to meet PSW criteria for PVF abnormalities (n =
25 dogs), pathological changes to the stifle joint (16),
hepatic disease (2), neurologic gait abnormalities (2),
and respiratory tract disease (1).

Thus, 22 (32.3%) dogs (11 males and 11 fe-
males) were enrolled in the study. Dogs ranged
from 1 to 14 years of age (mean, 8.0 years). Body
weight ranged from 15.8 to 58.3 kg (mean, 35.0 kg),
and BCS ranged from 2 to 5 (mean, 3.5). During
the study, 3 dogs received NSAIDs, 7 dogs received
glucosamine and hyaluronic acid products, 6 dogs
received opioids, and 1 dog received acupuncture
treatment. On the basis of results of PSW analysis,
11 dogs had a lower PVF in the right hind limb
and 10 had a lower PVF in the left hind limb. One
dog had the same PVF in both hind limbs with a
combined 34% of body weight, and the right hind
limb was arbitrarily selected to receive treatment.
Nineteen dogs were visibly lame during initial as-
sessment, and the remaining 3 dogs had signs con-
sistent with hip dysplasia (difficulty rising and bun-
ny-hopping gait) reported by the owners. Results
for a CBC and serum biochemical analysis revealed
no clinically important abnormalities. Twenty-one
dogs had radiographic evidence of bilateral osteo-
arthritis of the hip joints, whereas the remaining
dog had unilateral osteoarthritis.

Seventeen dogs completed the study. One dog
in the control group was euthanized because of a
splenic hemangiosarcoma approximately 2 weeks af-
ter placebo injection, and data for this dog were cen-
sored from the study. Two dogs in the control group
were withdrawn from the study after cranial cruciate
ligament rupture was diagnosed at the week 8 and
week 12 evaluations (1 dog at each time point). One
dog in the control group was lost to follow-up evalua-
tions after week 4, and 1 dog in the treatment group
was withdrawn from the study after the evaluation
at week 12 because the owner perceived worsening
signs of pain. Data for these dogs were included up
to the time of removal from the study. Final follow-
up evaluation for 2 dogs was performed at 32 weeks
instead of 24 weeks.

Apart from the aforementioned cases, no dogs
developed additional pathological conditions during
the study. There were no acute toxic reactions associ-
ated with SVF-PRP infusion or any adverse reactions
that could be attributed to SVF-PRP treatment. Two
dogs (1 in the control group and 1 in the treatment
group) had increased lameness and signs of pain on
manipulation of the hip joint for up to 1 week after
the injections. In both cases, signs of pain resolved
without additional treatment.

Mean live cell count for the SVF injection as de-
termined by use of a cell viability counter was 341
million cells/mL (range, 64 million to 584 million
cells/mL). We observed MSC-like cells in all SVF iso-
lates after culture for 7 to 10 days, and no bacterial
contamination was detected. No significant differ-
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ences were found in the viable cell count between
the control and treatment groups.

Mean * SD age did not differ significantly (P =
0.457) between the treatment (8.60 + 4.13 years) and
control (7.46 £ 4.27 years) groups. Similarly, mean body
weight at initial evaluation did not differ significantly
(P = 0.175) between the treatment (32.74 + 9.13 kg)
and control (37.25 + 12.39 kg) groups. Mean dura-
tion of lameness prior to enrollment in the study dif-
fered significantly (P = 0.035) between the treatment
(36.4 + 31.7 months) and control (49.9 + 31.7 months)
groups. There were no significant differences in body
weight between the groups at any time point dur-
ing the study, although the treatment group tended
to lose weight over time, whereas the control group
gained weight (Table I).

Goniometric data (maximum flexion, maximum
extension, and range of motion), VAS score, and BCS
were compared between treatment groups (Table 1).
Similarly, lameness score and CBPI scores were also
compared between treatment groups (Table 2). Ra-
diographic scores did not differ significantly between

the treatment and control groups at week O (treated:
median, 2 [range, O to 4]; control: median, 2 [range,
1 to 4]) or at week 24 (treated: median, 3 [range, O to
4]; control: median, 4 [range, 2 to 4]).

An ANOVA model was used to test main effects,
and no significant differences were found between
the treatment and control groups at any time point
for PVF, VI, stance time, stride velocity, or maxi-
mum peak pressure when treated or untreated (con-
tralateral) limbs were assessed (Table 3). When an
ANCOVA was used with the PVF value at baseline as
a covariate, both treatment and baseline PVF values
had a significant effect. When PVF data were strati-
fied, a significant difference was detected between
the treatment and control groups for dogs in the low-
est 25th percentile for PVF value (Figure 1). The
standardized effect size of dogs in the PVF 10th per-
centile was 0.38. The standardized effect size of dogs
in the PVF 25th percentile was 0.34.

The treatment group had a significantly (P =
0.036) lower BCS, compared with the BCS for the
control group, at 24 weeks; BCS did not differ sig-

Table 1—Mean + SD body weight, VAS score, and goniometric values at each time point for dogs that received simultaneous
intra-articular and IV injections of SVF-PRP (treated group [n = 10]) or a placebo (saline [0.9% NaCl solution]; control group [12]).

Time (Wk)*
Variable Group 0 8 12 24
Body weight (kg) Treated 3274 £9.13 3250 £9.17 3240 £ 9.26 32.17 £9.00 30.42 £9.26
Control 37.25 % 12.39 3691 £ 12.01 39.10 £ 11.53 39.96 £ 12.52 40.43 + 12.09
VAS (cm)t Treated 335+ 1.09 1.96 + 0.98 1.91 + 1.09 2.08 + 1.35 1.70 + 1.14
Control 4231224 243+ 151 281 +1.53 2.60 + 0.99 2.14 £ 1.60
Maximum flexion (°) Treated 4336 £7.36 4227 + 647 4091 + 831 43.64 £ 9.24 43.50 + 8.83
Control 42.46 + 8.38 44.55 + 10.60 42.22 +8.70 46.25 + 8.76 45.71 £ 4.50
Maximum Treated 137.27 + 16.64 145.00 + 7.75 146.82 + 11.89 148.64 + 9.77 143.30 + 13.70
extension (°) Control 136.09 + 15.07 142.27 £ 22.73 143.89 + 12.44 138.75 + 15.53 140.00 + 19.58
Range of Treated 9391 £ 19.18 102.73 + 6.84 10591 + 14.97 105.00 + 16.43 99.80 + 16.27
motion (°) Control 93.64 + 17.84 97.73 £ 2453 101.67 £ 16.20 92.50 + 20.53 94.29 +21.49

Values did not differ significantly (P < 0.05) between treatment groups at any time point.
*Injections were administered at week 0. 1The VAS was scored on a scale of 0 to 10 cm.

Table 2—Median (range) BCS, lameness score, and CBPI score at each time point for dogs that received simultaneous intra-
articular and IV injections of SVF-PRP (treated group [n = 10]) or saline solution (control group [12]).

Time (wk)*
Variable Group 0 4 8 12 24
BCSt Treated 4.0 (2.54.5) 4.0 (2.5-5.0) 3.0 (2.54.5) 3.5 (3.0-5.0) 3.0 (2.54.0)
Control 3.5 (2.0-5.0) 3.0 (2.0-5.0) 4.0 (2.5-5.0) 4.0 (2.5-5.0) 4.5 (3.0-5.0)°
Lameness scoret Treated 3.0 (1.0-3.0) 3.0 (1.0-3.0) 1.0 (1.0-3.0) 1.0 (1.0-3.0) 1.5 (1.0-3.0)
Control 3.0 (1.0-3.0) 3.0 (1.0-3.0) 3.0 (1.0-3.0) 3.0 (1.0-3.0) 3.0 (1.0-3.0)
CBPI§
Pain severity || Treated 4.75 (0.25-7.25) 2.50 (0-6.25) 1.75 (0-7.00) 1.00 (0-6.75) 1.75 (0-7.00)
Control 5.00 (0-7.75) 4.38 (0 6.35) 3.50 (0-5.35) 5.50 (0-6.25) 3.00 (0-8.75)°
Pain interference Treated 6.17 (0-8.67) 2.17 (0-7.50) 2.00 (0-8.00) 2.00 (0-8.83) 2.00 (0-8.00)
with activities]| Control 6.50 (0.17-9.67) 4.17 (0.17-9.50) 5.75(0.17-8.17) 6.33 (0.50-8.33) 4.67 (0-9.83)
1The BCS was scored on a scale of | (thin) to 5 (obese). fLameness was scored as follows: | = no lameness observed, 2 = intermittent weight-

bearing lameness, 3 = persistent weight-bearing lameness, 4 = persistent non—weight-bearing lameness, 5 = ambulatory only with assistance, and 6

= nonambulatory. §The CBPI was scored on a scale of 0 = no pain or interference to 10 = extreme pain or interference.
CBPI questions | through 4. [Represents results for CBPI questions 5 through 10.

2bWithin a variable, values with different superscript letters differed significantly (P < 0.05).

See Table | for remainder of key.
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Table 3—Mean * SD values for ground reaction force data obtained by use of a PSW at each time point for dogs that received
simultaneous intra-articular and IV injections of SVF-PRP (treated group [n = 10]) or saline solution (control group [12]).

Time (Wk)*
Variable Group 0 4 8 12 24
PVF (% of body Treated 3983 +£6.11 38.66 £ 5.05 3879 £ 5.51 40.17 £ 5.72 41.47 + 4.38
weight) Control 41.18 £ 7.41 39.17 £ 9.32 34.26 £ 8.60 38.46 + 6.45 40.86 + 11.01
VI (% of body weightes) Treated 1421 £ 3.15 13.56 £ 2.52 13.63 £2.82 13.78 + 3.00 13.47 + 4.00
Control 14.61 +2.78 12.98 + 4.60 12.10 + 4.89 14.76 + 2.87 14.70 + 3.39
Stance time (s) Treated 051 £0.11 0.49 £ 0.08 0.50 + 0.09 0.49 £ 0.09 0.50 + 0.08
Control 0.52 £ 0.11 049 £0.12 0.53+0.14 0.57 £ 0.12 0.56 £ 0.12
Stride velocity (cm/s) Treated 9141 £ 16.15 9851 £ 19.65 95.15 £ 18.47 96.59 £ 12.16 96.66 * 13.07
Control 94.13 + 14.98 100.61 + 13.41 93.74 £ 21.79 85.70 + 20.19 91.44 +21.32
Maximum peak Treated 1.66 = 0.54 1.54 £ 0.35 1.58 £ 0.36 1.59 £ 0.39 1.55 £ 0.42
pressure (kg/cm?) Control 1.71 £0.29 1.60 £ 0.41 1.48 + 0.47 1.77 £ 0.24 1.71 £ 0.36

Values did not differ significantly (P < 0.05) between treatment groups at any time point.

See Table | for remainder of key.
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Figure 1—Change in PVF from the value at week 0 (baseline)
for dogs with the lowest 25% of PVF. Dogs received simulta-
neous intra-articular and IV injections of SFV-PRP (treated
group) or a placebo (0.9% NaCl solution; control group). Re-
sults are reported for the untreated (contralateral) limb from
the control group (solid gray line), treated limb from the con-
trol group (dashed gray line), untreated (contralateral) limb
from the treatment group (solid black line), and treated limb
from the treatment group (dashed black line).

nificantly between groups at any other time point.
The treatment group had a significantly (P = 0.042)
lower score for the CBPI pain severity scores at week
24 than did the control group; these scores did not
differ between groups at any other time point. The
change from baseline values for the treatment group
was significantly greater for both the CBPI scores on
pain severity and interference of pain with activities
at all time points, compared with values for the con-
trol group; these values decreased significantly for
the treatment group. The standardized effect size for
CBPI scores for pain severity was 1.0 to 1.1. Similarly,
the standardized effect size for CBPI scores for inter-
ference of pain with activities was 1.0 to 1.3.
Assessment of dogs as lame versus nonlame re-
sulted in a significant difference between treatment
and control groups at all time points after joint in-

jection, with a greater number of lame dogs in the
control group. No significant differences were found
in VAS score, goniometric data, radiographic scores,
or CBPI scores for interference of pain with activities
at any time points.

No significant differences over time were de-
tected for either group with respect to body weight,
BCS, lameness score, goniometric data, radiographic
score, or CBPI score for interference of pain with ac-
tivities. The VAS score for the treatment group was
significantly greater at week O than at weeks 4, 8,
or 24 but not at week 12. No significant differences
were detected over time for VAS scores of the control
group. The CBPI pain severity score for the treatment
group was significantly (P = 0.011) greater at week O
than at week 12 but not at any other time point. No
significant differences were detected over time for
CBPI pain severity scores of the control group.

Results of an ANOVA revealed no significant dif-
ferences within groups at any time point with regard
to PVF, VI, stance time, stride velocity, or maximum
peak pressure of the treated limb. When evaluating
the untreated (contralateral) limb, PVF for the control
group was significantly (P = 0.009) higher at week
0 than at week 8. The VI for the control group was
significantly (P = 0.026) higher at weeks 0, 12, and
24 than at week 8. No significant differences for any
of these variables were detected for the treatment
group at any time point.

Post hoc power analysis (0. = 0.05 and power
= 0.8) was performed on the PSW data. It revealed
that the minimum number of dogs needed to detect
a significant difference between groups for PVF at
8 weeks was 41 dogs/group. Post hoc power analy-
sis performed on subjective criteria (VAS, CBPI, and
lameness score) revealed that the minimum number
of dogs needed to detect a significant difference be-
tween groups for lameness score at 12 weeks was 15
dogs/group. For a fully powered clinical study when
stratification of PVF data was used and only the low-
est 25th percentile was enrolled (eg, dogs with a
baseline PVF value < 38% of body weight), the mini-
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mum number of dogs needed to detect a significant
difference (o = 0.025 and power = 0.90) was 25 dogs/

group.

Discussion

In the study reported here, a combination of
SVF and PRP was evaluated for treating naturally
occurring osteoarthritis of the hip joint in dogs.
One aim of the study was to evaluate safety of the
SVE-PRP injection for hip joint osteoarthritis. In
the present study, the only adverse effect noted af-
ter joint injection was transient lameness and signs
of pain that resolved within 1 week. Because 1 dog
each in the control and treatment groups had this
complication, it was most likely an effect of joint
distention or inflammation caused by arthrocen-
tesis and injection of liquid into the joint and not
an effect of the SVF-PRP combination. No specific
diagnostic tests were pursued in dogs to rule out
de novo neoplasia, pulmonary embolism, or other
potential complications, but no dogs had any unex-
pected clinical signs during the 6-month course of
the study. One dog identified with hemangiosarco-
ma after inclusion in this study was in the control
group. On the basis of results for these 22 dogs, a
combination of SVF and PRP apparently was safe
for intra-articular and IV injection. Our safety end
point observations were similar to those reported
in previous studies?*3° of treatment of osteoarthri-
tis by use of SVF.

Objective gait analysis by use of force plates or
a PSW has become an accepted technique in both
human and veterinary medicine3%5! The most com-
monly used PSW variables are PVF (maximum force
applied by a limb perpendicular to the PSW during
stance phase of the gait) and VI (force applied per-
pendicular to the PSW during stance phase over
the stance time). Although objective gait analysis
may have a theoretical advantage over subjective
measures, the ability to determine the sensitivity or
specificity of any method used to detect lameness is
hampered by the lack of a criterion-referenced test
for comparison.>? Nevertheless, force plate or PSW
data have been compared to subjective criteria, but
there have been poor correlations between PSW vari-
ables and subjective outcome measures.’3>->> Although
the lack of correlation does not indicate superiority
of one method over another, the authors believe that
data collected objectively for a variable and generated
by the patient should be superior to data collected
subjectively for a variable and generated by an ob-
server. Objective variables lend themselves to more
powerful statistical approaches.

Results of an ANOVA indicated no significant dif-
ference in PSW variables of the treated limb between
the treatment and control groups. In contrast, use
of an ANCOVA that included the baseline PVF as a
covariate revealed significant treatment effects. This
finding underscores the importance of objective vari-
ables and the need to include baseline measures for

linear modeling in osteoarthritis, as has been men-
tioned elsewhere.>°

Changes in body weight can significantly influ-
ence ground reaction forces in lame dogs. Kinetic
measurements decrease with decreasing body weight
in dogs.>73% Investigators of another study® found
that dogs treated surgically or nonsurgically for crani-
al cruciate ligament disease did not have a significant
decrease in weight but did have a significant decrease
in body fat percentage. This correlates to results for
a study®® in humans in which it was found that loss
of body fat, but not weight, was related to symptom-
atic relief of osteoarthritis. In the study reported
here, dogs in the treatment group with the greatest
improvement in PVF were also the dogs that lost the
most weight. Whether the improvements in PVF de-
tected in the present study were attributable to de-
creased body weight is unknown. Because only body
weight and BCS were recorded at each time point,
but not a quantification of body fat percentage, the
reason for loss of body weight in the treatment group
is also unknown. It is possible that weight loss was
an unknown effect of SVF-PRP treatment, that dogs
in the treatment group had a decrease in pain and
were more active and thus lost body fat, or that dogs
in the treatment group did not improve and, in fact,
lost lean body mass. It is also possible that the ob-
servation that dogs in the treatment group lost more
weight was a type I error, especially because body
weight was never significantly different between the
groups.

The use of MSCs as a treatment for osteoarthritis
in laboratory or companion animals has been report-
ed.10-2242 Canine adipose-derived MSCs have been
harvested from retroperitoneal tissue; subcutaneous
tissue of the lateral thoracic area, gluteal area, and
inguinal area; and the falciform ligament.?! In the
present study, we chose to use the falciform ligament
because of the ease of access and concerns that other
areas may have led to transient lameness because of
their proximity to the thoracic or pelvic limbs. To
the authors’ knowledge, there have been no studies
in veterinary medicine conducted to compare these
sources of adipose tissue for MSC yield or differentia-
tion potential.

Previous studies*®3° of the use of SVF for the
treatment of osteoarthritis in dogs involved the use
of only subjective outcome measures, including score
for a lameness evaluation, signs of pain on manipula-
tion of the limb, subjective range of motion of the
joint, and functional disability score provided by the
owner. In an effort to compare results of the study
reported here with results of previous studies, sev-
eral subjective outcome measures (including lame-
ness score, VAS completed by a veterinarian, CBPI
completed by the owner, goniometric analysis, and
radiographic assessment of the pelvis [at weeks 0 and
24)) were evaluated.

Both the lameness scale?® and VAS#® have been
validated for use in assessing lameness and signs of
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pain in dogs. Although these evaluations can be per-
formed by owners, it has been found that the VAS
lacks validity when performed by individuals un-
trained in recognizing clinical signs of pain.®! In an
effort to avoid this complication, as well as to avoid
interobserver variability, all VAS and lameness scores
were provided by 1 investigator (DAU). Results of an
ANOVA indicated no significant differences in lame-
ness scores between groups. However, results of an
ANCOVA with the baseline PVF as a covariate indict-
ed a significant treatment effect for lameness score.
This underscores the importance of accounting for
the pretreatment baseline value during analysis of
osteoarthritis data. The VAS for the treatment group
was significantly greater at week O than at weeks 4,
8, or 24, but not at any other time points. This most
likely represented an effect of the treatment on signs
of pain in the treated dogs. The VAS was completed
after the investigator performed a physical examina-
tion and took into account lameness as well as signs
of pain during manipulation of the limb. Although
lameness severity may not have changed over time, it
is possible that the subjective amount of pain during
manipulation of the limb decreased in the treatment
group, which accounted for the significant difference
in VAS score. If this were the case, the SVF-PRP in-
jection was associated with a rapid reduction in VAS
that was evident by 4 weeks after treatment and that
persisted for 6 months after treatment. A similar pat-
tern was not found for the control group. Lack of a
significant difference between the baseline value and
the value at week 12 may have been a result of a type
II error.

In a previous study?® of SVF treatment for osteo-
arthritis of the hip joint in dogs, a nonvalidated own-
er survey indicated a greater percentage of improve-
ment for treated dogs, compared with improvement
for control dogs. In that study,? mean effect sizes
were significant (> 0.8) for pain (1.57), lameness at
a trot (1.36), range of motion (1.45), and composite
score (1.34). In the present study, a CBPI was used.
The CBPI has been validated as an owner assessment
of pain associated with chronic osteoarthritis.®344 It
is divided into a pain severity score that assesses the
magnitude of pain of an animal and a pain interfer-
ence score that assesses the degree to which pain
affects daily activities. The treatment group had a
significantly lower pain severity score at week 24,
compared with the score for the control group at
week 24, and the pain severity score for the treat-
ment group was significantly greater at week O than
at week 12. Change from baseline values was found
to be significantly different at all postinjection time
points for both pain severity score and pain interfer-
ence score, with the treatment group having a greater
decrease in these values. The standardized effect size
for pain severity score was 1.0 to 1.1, and the stan-
dardized effect size for pain interference score was
1.0 to 1.3. These effect sizes are lower than those of
the aforementioned study,? but this likely reflected

the use of different outcome measures (validated
owner survey vs lameness examination performed by
a veterinarian) and different measures of effect size
(mean scores vs Cohen d).

Recent evaluation of the ability of the CBPI to de-
tect significant improvement in osteoarthritic dogs
treated with carprofen found that a decrease in pain
severity score > 1 and a decrease in pain interference
score > 2 resulted in the most statistical power to pre-
dict whether a treatment would lead to a response in
an individual dog.#* In the present study, the mean
pain severity score decreased > 2.0 and the mean
pain interference score decreased > 2.8 for the treat-
ment group, compared with baseline scores. For the
control group, the pain severity score decreased > 1
at week 8, compared with the baseline score, but was
not significantly different at any other time points.
On the basis of the results of that previous report,4
the changes detected in the present study may have
indicated a positive response to treatment.

For comparison of the untreated (contralateral)
limb of the control group, PVF was significantly great-
er at week O than at week 8, and VI was significantly
greater at weeks 0, 12, and 24 than at week 8. We can-
not account for this observation, but it was readily
evident in the stratified PVF data (Figure 1). Dogs in
the study were predominantly affected bilaterally by
osteoarthritis in the hip joints. Because osteoarthritis
can have waxing and waning periods of severity, it is
possible that at week 8 the untreated limb caused clini-
cal lameness worse than that of the treated limb within
the control group. However, this phenomenon should
have been equally likely to affect the treatment group,
which had no significant differences over time. It was
more likely the result of a type I error attributable to
the small sample size. It was found that dogs in the con-
trol group typically had a lower PVF at week 8 than at
all other time points. Although these values did not dif-
fer significantly, the pattern was consistently observed
when dogs were stratified on the basis of baseline PVF.
The reason for this observation is unclear. It would be
expected that pain attributable to injection of saline so-
lution would resolve by week 8, and the PVF at week 4
was higher than that at week 8. No specific event oc-
curred between weeks 4 and 8 that would enable us to
explain this observation.

When the data were stratified into quartiles on
the basis of PVF, it was found that treated dogs in the
lowest 25th percentile (corresponding to a baseline
PVF < 38% of body weight) had a significant increase
in PVF at all time points, compared with values for
the control group. No significant differences were
seen for dogs in the 50th or 75th percentiles. This
may indicate that dogs with the lowest PVF, and pre-
sumably the worst osteoarthritis, had a more clini-
cally substantial response to treatment with SVF-PRP
injections. It is possible, however, that this phenom-
enon represented regression toward the mean, where
the most extreme values tend to become closer to the
mean with subsequent measurements.
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Dogs enrolled in the study were of multiple
breeds, ages, body weights, and BCSs. On the basis
of radiographic and clinical lameness evaluations, the
dogs had various degrees of severity of osteoarthri-
tis of the hip joints. A more homogenous population
of dogs would be ideal to decrease variance of PSW
analysis. Future studies will optimally involve a co-
hort of dogs of similar age, sex, body weight, breed,
and severity of osteoarthritis.

One goal for the study reported here was to de-
termine the size of effect necessary to design a fully
powered study for the primary outcome variables.
Enrollment of 22 dogs in the present study was not
sufficient to reduce type I error to the level expected
for fully powered clinical trials, but it was effective
for estimating effects and estimating the sample size
needed for such a trial. Results of a power analysis
(P < 0.025; power > 0.9) indicated that 25 dogs/
group were needed to detect significant differences
between PVF, CBPI scores, and VAS scores for dogs
with < 38% PVF at baseline. These estimates should
be used in the design of future studies.

The low number of dogs enrolled in the present
study also precluded analysis of the effect of sex, age,
or severity of osteoarthritis on response to treatment.
It is possible that dogs would respond differently or
not at all to SVF-PRP treatment depending on these
variables, but further studies with a larger sample
size are necessary to assess effects of those variables.

Other limitations of the study reported here in-
cluded IV injection of the SVF-PRP treatment in ad-
dition to intra-articular injection. Mesenchymal stem
cells may express receptors that allow them to me-
diate their response and migration to tissue damage
and inflammation.?> It is possible that the I'V-injected
SVF cells migrated to both hip joints in bilaterally
affected dogs and caused treatment effects in both
joints, which led to a symmetric improvement in
both joints that may have been responsible for the
lack of improvement detected by use of PSW analy-
sis. However, if this were the case, it would be ex-
pected that both hind limbs would have an increase
in PVF and the forelimbs would have a decrease in
PVF as weight shifted from the forelimbs to the hind
limbs. This was not observed. A study*' conducted
to evaluate the effect of PRP injected intra-articularly
into osteoarthritic joints in dogs found a significant
increase in PVF at 12 weeks after injection, compared
with pretreatment values. Similar significant findings
were not observed in the present study without data
stratification, although it is possible that significant
differences for VAS and CBPI values were attribut-
able to PRP and not to SVFE. To the authors’ knowl-
edge, this study was the first in which IV injection of
PRP to dogs has been reported. Because of the study
protocol, it was not possible to know whether IV ad-
ministration of PRP had an effect on osteoarthritis in
this population of dogs. The use of both SVF and PRP
was chosen because the commercially available pro-
tocol" involved use of both. Further studies with a

larger sample population would be needed to assess
whether SVF enhances or inhibits the effects of PRP
and whether PRP administered IV has any therapeu-
tic benefit for dogs with osteoarthritis.

One other limitation was the concurrent use of
NSAIDs and other disease-modifying treatments in
some dogs during the study. It is possible that use of
these treatments could have affected results. Ideally,
administration of analgesic medications would have
ceased, and there would have been a washout period
prior to study enrollment. We elected to allow dogs
to be continued on previous medical management to
avoid changes in lameness.

For the study reported here, intra-articular and
IV administration of SVF-PRP treatment to dogs
with osteoarthritis of the hip joints did not cause
adverse reactions during a 24-week observation
period. Subjective improvements in lameness and
CBPI were detected in dogs in the treatment group.
There was a significant treatment effect that was
consistent with results in previous reports. Use
of an ANOVA failed to reveal significant improve-
ments in PSW data in dogs treated with SVF-PRP for
osteoarthritis of the hip joints. However, use of an
ANCOVA with baseline PVF as a covariate revealed
a treatment effect for SVF-PRP injection. Specifi-
cally, for dogs with < 38% PVF at baseline, SVF-PRP
injection resulted in significant improvement in
PVF. Future studies with at least 25 osteoarthritic
dogs with < 38% PVF at baseline/group would be
needed to evaluate the effect of SVF on PVF in a
fully powered randomized clinical trial.
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Footnotes

a.  Hi-Rez Versatek walkway, Tekscan Inc, South Boston, Mass.
b. Robinson metal goniometer, 180° range, 6-inch legs, Lafay-
ette Instrument Co, Lafayette, Ind.

Tekscan pressure measurement system walkway software,
version 7.02, Tekscan Inc, South Boston, Mass.

Westword, Eatontown, NJ.

Vedco, St Joseph, Mo.

PropoFlo, Abbott Laboratories, North Chicago, I11.

Roxane Laboratories Inc, Columbus, Ohio.

Provided by Medivet Biologics LLC, Nicholasville, Ky.
Nexcelom Auto 2000, Nexelcom Biosciences, Lawrence,
Mass.

Veterinary 0.9% sodium chloride injection USP, Abbott Labo-
ratories, North Chicago, Ill.

WINKS SDA 6, version 6.0.93, Texasoft Inc, Cedar Hill, Tex.
PROC MIXED, SAS, version 9.4, SAS Institute Inc, Cary, NC.
G*Power, version 3.19.2, Franz Faul, Universitat Kiel,
Germany.
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