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a B S t r a c t
BacKgrOuNd: this open registry study evaluated improvements in symptoms associated with osteoarthrosis (Oa) 
managed with a standardized liquid supplement (arborvitae®, australia [aBV]).
MetHOdS: two comparable groups of subjects using standard management (SM) for Oa were evaluated: one with SM 
only and another using SM and supplemented with arborvitae® 100 ml/day for 8 weeks followed by 60 ml/day for 4 
weeks. arborvitae Supplement® contains pycnogenol®, papain and, as accessory components, aloe Vera, procyanidins, 
and honey. SM was an evaluation reference. The aim of this study was the evaluation of the efficacy of Arborvitae® 
supplementation on signs/symptoms, particularly pain while walking and in reducing the need for rescue medications in 
osteoarthritis patients.
reSultS: the two groups were comparable at inclusion. Sixty subjects completed the study: 30 in the SM group as 
controls and 30 in the arborvitae® group. No tolerability problems or side effects were observed during the observation 
period. At 3 months, the walking distance was significantly higher in the ABV group in comparison with the control group 
(p<0.05). the Karnofsky Scale in the supplemented subjects improved more in the aBV group at 3 months (p<0.05); 
blood oxidative stress was lower with aBV in comparison with controls (p<0.05). the increased temperature of the knee 
(measurable by thermography) was decreased more with the supplement (p<0.05) considering the maximum temperature 
of the area and the average temperature of the skin over the affected knee (p<0.05). the use of rescue medications was 
significantly lower in the ABV group.
cONcluSiONS: this registry indicates that aBV may be an effective supplementary management in controlling mild-
moderate signs/symptoms associated with Oa in otherwise healthy subjects.
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Osteoarthrosis (Oa) of the knee is one of the 
most common clinical conditions affecting 

patients over 50 years of age, often overweight 
but it can also be present in younger, otherwise 
healthy subjects regularly practicing traumatiz-
ing sports. Several causes are associated with 
this condition that shows a significant variabil-
ity in signs and symptoms. the association with 

other preclinical or clinical conditions (i.e. dia-
betes, obesity, consequences of previous trauma) 
may affect the clinical picture, symptoms and its 
evolution, particularly in older subjects.1-4 gen-
erally, in subjects with a painful knee, forced to 
relative immobilization or reduced physical ac-
tivity for prolonged periods, borderline, subclini-
cal conditions (hyperglycemia, hypertension, 

Th
is

 d
oc

um
en

t i
s 

pr
ot

ec
te

d 
by

 in
te

rn
at

io
na

l c
op

yr
ig

ht
 la

w
s.

 N
o 

ad
di

tio
na

l r
ep

ro
du

ct
io

n 
is

 a
ut

ho
riz

ed
. I

t i
s 

pe
rm

itt
ed

 fo
r p

er
so

na
l u

se
 to

 d
ow

nl
oa

d 
an

d 
sa

ve
 o

nl
y 

on
e 

fil
e 

an
d 

pr
in

t o
nl

y 
on

e 
co

py
 o

f t
hi

s 
Ar

tic
le

. I
t i

s 
no

t p
er

m
itt

ed
 to

 m
ak

e 
ad

di
tio

na
l c

op
ie

s 
(e

ith
er

 s
po

ra
di

ca
lly

 
or

 s
ys

te
m

at
ic

al
ly,

 e
ith

er
 p

rin
te

d 
or

 e
le

ct
ro

ni
c)

 o
f 

th
e 

Ar
tic

le
 f

or
 a

ny
 p

ur
po

se
. 

It 
is

 n
ot

 p
er

m
itt

ed
 t

o 
di

st
rib

ut
e 

th
e 

el
ec

tro
ni

c 
co

py
 o

f 
th

e 
ar

tic
le

 t
hr

ou
gh

 o
nl

in
e 

in
te

rn
et

 a
nd

/o
r 

in
tra

ne
t 

fil
e 

sh
ar

in
g 

sy
st

em
s,

 e
le

ct
ro

ni
c 

m
ai

lin
g 

or
 a

ny
 o

th
er

 m
ea

ns
 w

hi
ch

 m
ay

 a
llo

w
 a

cc
es

s 
to

 th
e 

Ar
tic

le
. T

he
 u

se
 o

f a
ll 

or
 a

ny
 p

ar
t o

f t
he

 A
rti

cl
e 

fo
r 

an
y 

C
om

m
er

ci
al

 U
se

 is
 n

ot
 p

er
m

itt
ed

. T
he

 c
re

at
io

n 
of

 d
er

iv
at

iv
e 

w
or

ks
 fr

om
 th

e 
Ar

tic
le

 is
 n

ot
 p

er
m

itt
ed

. T
he

 p
ro

du
ct

io
n 

of
 r

ep
rin

ts
 fo

r 
pe

rs
on

al
 o

r 
co

m
m

er
ci

al
 u

se
 is

 n
ot

 p
er

m
itt

ed
. I

t i
s 

no
t p

er
m

itt
ed

 to
 r

em
ov

e,
 

co
ve

r, 
 o

ve
rla

y,
 o

bs
cu

re
, 

bl
oc

k,
 o

r 
ch

an
ge

 a
ny

 c
op

yr
ig

ht
 n

ot
ic

es
 o

r 
te

rm
s 

of
 u

se
 w

hi
ch

 t
he

 P
ub

lis
he

r 
m

ay
 p

os
t 

on
 t

he
 A

rti
cl

e.
 I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
fra

m
e 

or
 u

se
 f

ra
m

in
g 

te
ch

ni
qu

es
 t

o 
en

cl
os

e 
an

y 
tra

de
m

ar
k,

 lo
go

, 
or

 o
th

er
 p

ro
pr

ie
ta

ry
 in

fo
rm

at
io

n 
of

 t
he

 P
ub

lis
he

r.



Hu   Oa MaNaged WitH arBOrVitae®

118 MiNerVa OrtOpedica e trauMatOlOgica September 2020 

limited symptoms. another comparable group of 
subjects using the standard management for this 
condition was considered as a comparative refer-
ence. previous registries had indicated the good 
tolerability of the supplement and its efficacy in 
improving walking and decreasing pain.

Materials and methods

this study included into an open, controlled reg-
istry, subjects with symptoms associated with 
knee osteoarthrosis supplemented with ‘arborvi-
tae® drink Supplement® (arborvitae Health and 
W. Bankstown, NSW, australia). the supple-
ment use (in association with SM) was compared 
to standard management (SM) for this condition 
(control group) for its effects in controlling/de-
creasing pain, in reducing the need for rescue 
medications, for its action on oxidative stress 
(OS) measured as plasma reactive oxygen me-
tabolites and considering its effects on inflamma-
tory markers.

included subjects were otherwise healthy 
subjects with mild-moderate symptoms of knee 
osteoarthrosis (KOa), predominantly associated 
with knee arthrosis lesions documented by X-
ray. the study included subjects within the age 
range between 40-65 years.

all subjects were followed and managed with 
the SM and a group of 30 subjects used liquid 
aBV in addition to SM as a supplement. the 
subjects drank 50ml of aBV each morning and 
evening - for the first 8 weeks of the registry and 
then 60 ml per day for the remaining 4 weeks.

the total follow-up and registry lasted 3 
months. all patients were fully re-evaluated at 1 
month and at 3 months (end of the study).

Subjects with KOa (without surgical indica-
tions) in the age range of 40-65 years and with-
out any other clinical or risk conditions were 
included.

exclusion criteria were acute or systemic dis-
ease, use of drugs or other supplements, recent 
fracture or surgery and osteopenia.

Study description

Sixty selected subjects with KOa received either 
SM or SM+aBV and the 2 groups were compa-
rable.

hyperlipidemia, increased thrombogenicity, etc.) 
tend to evolve into specific conditions eventually 
leading to the need of management with drugs or 
other medical and surgical interventions.1, 2

On the basis of the Merck Manual,2 the stan-
dard management (SM) of Oa in these patients 
without other clinical problems is based on 
controlling concomitant risk conditions (excess 
weight, sedentary life, chronic traumatic condi-
tions, postural problems).

Mobilization, physiotherapy (when and if pos-
sible) and the use of anti-inflammatory agents 
(generally NSaids on demand) are considered 
the core medication. corticosteroids are almost 
never used unless there are indications of a se-
vere, acute inflammation in progress. Most knee 
osteoarthrosis (KOa) in subjects in adults has 
degenerative or post-traumatic (i.e. repeated run-
ning of hard surfaces) causes.

potential adverse effects may be associated 
with acute or prolonged medication with anti-
inflammatory drugs (NSAIDs) or corticosteroids 
that may be considered an easier management 
option for symptomatic KOa.2, 3

Other management plans are widely used in-
cluding supplementary treatment of Oa.4

all management measures – particularly in 
the most acute phases – cause increasing costs.

complementary therapy is rarely effective.2, 4-10 
Supplementation with highly standardized sup-
plements of natural origin has improved the self-
management of many patients with several condi-
tions associated with arthrosis including Oa.

Standardized supplements of natural origin 
have been recently tested in several clinical ap-
plications concerning inflammation showing 
great safety and efficacy.5-9 Supplementation 
decreases the need of potentially more danger-
ous anti-inflammatory agents.10 pycnogenol® has 
been successfully used in Oa in several clinical 
and supplement studies with good results on ef-
ficacy and tolerability even in prolonged stud-
ies.10-19

the aim of this open, registry study was to 
evaluate the efficacy of Arborvitae® supple-
mentation on signs/symptoms, particularly pain 
while walking/running and on the efficacy of 
aBV in reducing the need for rescue medica-
tions in osteoarthritis patients with minimal or 
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the mood was evaluated with a BMiS Scale. 
it was within normal range at inclusion and dur-
ing the study. the walking distance was evalu-
ated as the distance in meters that patients could 
walk without pain and the furthest distance they 
were able to walk with the pain before they had 
to stop. a treadmill (at 3 km/h with a 10% in-
clination) was used after briefing and an initial, 
instructive test.

thermography measured the average area 
temperature and the maximum temperature at the 
anterior surface of the most affected knee (Figure 
1) with the patient standing at rest.

an additional parameter was the evaluation 
of the need for the rescue medication during the 
observation period. the rescue medication sug-
gested was oral diclofenac (50 mg on demand).

Finally, the Karnofsky Scale (expression of 
global fitness) was measured at inclusion and 
end-study.

Supplement studies25-29 define the activ-
ity of supplements and preventive, preferably 
non-clinical applications. they are organized 
with the full participation of the patients. the 
best fields of application for supplements are 
preclinical, borderline applications or the man-
agement of some risk conditions. Supplements 
are not generally used for primary treatment of 
signs/symptoms or clinical conditions unless 
there are specific claims. Supplement registries 
produce supplementary data to be compared to 
background, historical data (best available man-
agement) or to other management plans. in this 
registry, supplementation was used according 
to the following rules: 1) the use of the supple-
ment was suggested to the registry subjects; the 
supplement use was not prescribed but presented 

as indicated by the producer, the bottle was 
shaken before drinking to blend the ingredients 
every time before pouring the measured dose 
into the glass.

arborvitae Supplement® contains pycno-
genol® 2.6 g/l, papain 2.4 mg/l, aloe Vera 300 
mg/l and honey.

in this study the following parameters were 
considered: change in pain (visual analogue 
score), walking distance, the use of the rescue 
medication and safety issues.

In addition, oxidative stress and inflammatory 
markers were assessed. also, we evaluated pos-
sible changes in knee superficial perfusion with 
ultrafast thermography (Flir 440, Flir, Swe-
den).

the evaluation of oxidative stress is performed 
with a spectroscopic system measuring the level 
of pFrs (plasma free radicals) in a drop of blood 
(from fingers), a method validated in previous 
studies.20 the d-rOMs test allows to determine 
the blood concentration of reactive oxygen me-
tabolites (rOMs). in this test the rOMs concen-
tration is proportional to the intensity of the red 
coloration, photometrically evaluated. the test is 
evaluated in carr units. Normal values are 250 
to 300 carr units; above 300 carr units, there is 
oxidative stress. the range between 301 and 320 
carr units is considered borderline.

all subjects were screened and evaluated to 
exclude any vascular problem.21-24

Methods of evaluation

the severity of pain was evaluated with a visual 
analogue scale line (VaSl) ranging from 1 to 10.

the quality of life was evaluated with a sim-
plified F-35 questionnaire (range 1 to 10).

Figure 1.—thermography patterns showing thermal asymmetry at the symptomatic knees.
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correction) was used to compare the differences 
between baseline and end-registry values. the 
correlation coefficients were also determined 
among walking distance and anthropometric/lab-
oratory variables with the ellipse analysis. On the 
basis of previous studies, it was considered that 
at least 20 subjects were necessary to overcome 
the spontaneous inter-individual variability in 
each management group.

Results

the registry groups resulted comparable for age 
and symptoms distribution (tables i, ii) at inclu-
sion. in all subjects, blood pressure was normal 
— with all main physiological parameters — at 
inclusion and at the end of the study: also, rou-
tine blood tests, were within normal values at in-
clusion and at the end of the study.

No side effects were observed, and no toler-
ability problems were reported.

Oxidative stress was significantly decreased 
in the aBV group in comparison with controls 
after 1 and 3 months (p<0.05) (table ii). eSr 
and cpr (slightly increased in a small number of 
patients), were significantly decreased with ABV 
in comparison with controls; p<0.05).

Pain (VASL) was significantly decreased and 
controlled with the supplement after 1 and 3 
months (p<0.05) compared to controls.

Walking distance without pain was signifi-
cantly improved with the supplement at 1 and 
3 months in comparison with controls; the total 
walking distance (Table II) was also significantly 
increased (p<0.05) with aVB at 1 and 3 months 
in comparison with controls.

Knee thermography showed a significantly 
more important decrease in the number of sub-
jects with higher knee temperature at the more 
affected knee with aBV at 1 and 3 months 
(p<0.05).

as an option, possibly capable of improving the 
management of Oa; 2) the supplement was only 
used on top of what was considered at the time 
to be the best-management/care available for that 
condition; 3) the use of the supplement should 
not have interfered with any other treatment or 
preventive measure; 4) the period of follow-up is 
considered variable, according to the needs and 
availability of registry subjects. the observation 
period could be therefore variable, not prefixed. 
ideally, the supplement administration should be 
used as long as needed to see results or changes; 
5) the type of evaluation for these studies is al-
ways a registry; 6) the supplement is available 
in the market, does not need a prescription, and 
may be voluntarily acquired by the study sub-
jects. a quantity of product is made freely avail-
able for underprivileged subjects; 7) the evalu-
ation of the compliance concerning the use of 
the supplement is a significant value indicating 
how many subjects are actually willing to use the 
product; 8) there is no defined group allocation, 
no randomization organized by the monitors; 9) 
subjects decided, on the basis of the initial brief-
ing, the management group they wanted to join 
including the control (non-supplement) group. 
No placebo was used.

this study was a small-scale, independent, 
pilot, registry study; the evaluation product was 
not prescribed but recommended. this type of 
registry is more corresponding to real, practical 
conditions than most clinical studies that artifi-
cially select groups of patients in very selected 
conditions, often not corresponding to an epide-
miological reality.

Statistical analysis

For all the data the average and dispersion vari-
ables were calculated. T-test for interdependent 
data was calculated to compare baseline values 
versus 3 months. the aNOVa (with Bonferroni 

Table I.—� Details of subjects (no drop outs: all included subjects completed the registry). Inflammatory markers 
were increased in a limited number of subjects (ESR and CRP).

group Number age;Sd range Sex tolerab compliance

SM+aBV 30 51.3;2.3 46-61 12 females Optimal >97% of iNc
Increase infl. markers 6 correct dosing
SM 30 50.2;2.1 46-60 10 females Optimal
Increase infl. markers 7
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genol® supplementation with an important level 
of efficacy in improving walking distance and 
in decreasing or controlling pain.17 the present 
pilot registry on this new liquid formulation in-
cluding pycnogenol® indicates that it is possible 
to control most moderate-mild symptoms due to 
KOa with aBV, without using drugs.

However, this type of evaluation needs time. 
this process may be seen in studies lasting at 
least 6 months or more. the improvements on 
the knee joint cartilage structures can be docu-
mented noninvasively with high-resolution ultra-
sound.

cartilage thinning and the presence of super-
ficial irregularities may produce irregular fric-
tion in the cartilages with significant symptoms 
(including pain and altered mobility). alterations 
of the cartilage-joint structure can be detected 
and measured by ultrasound (i.e., measuring the 
thickening and plaques in carotids or femoral 
arteries usually suggest the presence of compa-

the need for rescue medications was also sig-
nificantly decreased with ABV in comparison 
with the SM (p<0.05).

The Karnofsky Scale (expression of global fit-
ness) was significantly increased with ABV at 3 
months in comparison with the SM, and almost 
normalized with the supplement (p<0.05).

the Quality of life score also improved better 
with the supplement (p<0.05).

Mood measured in all subjects at inclusion 
and at the end of the study (with the BMiS ques-
tionnaire) was within normal values at inclusion 
and at 3 months.

Discussion

This study indicates potential, significant ap-
plications of this new standardized supplement 
formulated as a drink. previous clinical registries 
in KOa (in healthy subjects, with limited symp-
toms) had indicated a good tolerability of pycno-

Table II.—� The main target measurements.
inclusion 1 M 3 M

Blood pressure SM+aBV Normal Normal Normal
SM Normal Normal Normal

BMi (<26) SM+aBV <26 <26 <26
SM <26 <26 <26

Oxstress
carr units;Sd

SM+aBV 388;12 331;13* 326;16*
SM 381;13 356;14 349;19

Blood routine tests SM+aBV NV NV NV
SM NV NV NV

eSr SM+aBV 16;1.1 12;1.2* 11;0.9*
mm/h;Sd SM 16.5;1.2 14.2;1 12.4;0.2
crpmg/l;Sd SM+aBV 2.58;0.4 2.04;0.3 1.12;0.3*

SM 2.62;0.3 2.1;0.4 2.3;0.3
Severity of pain (VaSl 1-10);Sd SM+aBV 6.88;0.5 3.3;0.4*

SM 6.8;0.9 5.4;0.2
Walking distance meters without pain 
(treadmill) m;Sd

SM+aBV 177;33 203;16* 267;28*
SM 181;13 193;17 207;22

total walking distance m;Sd SM+aBV 269;33 359:32* 458;22*
SM 265;27 305;23 355;19

Knee thermography (higher temperature)
(>3 °c)

SM+aBV 30/30 11/30* 6/30*
SM 30/30 19/30 14/30

Need for drugs on demand SM+aBV -- 11/30* 2/30*
SM -- 16/30 8/30

Karnofsky Scale %;Sd SM+aBV 86.4;2.3% 97.2;1.1%
SM 86;2.2% 94;3.2

Qol SF35;Sd (corrected into 1-10) SM+aBV 4.3;0.4 6.9;0.2* 8.1;0.3*
SM+aBV 4.1;0.6 5.5;0.3 6.7;0.3

BMiS mood SM+aBV Normal V Normal V Normal V
SM Normal V Normal V Normal V

BMi: body mass index; eSr: erythrocyte sedimentation rate; crp: c-reactive protein; Qol: quality of life; BMiS: brief mood introspection 
scale. *p<0.05 vs. controls (SM).
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through topical application in inflammatory disorders. Phyto-
medicine 2008;15:400–7. 
7. Blain eJ, ali aY, duance Vc. Boswellia frereana (frankin-
cense) suppresses cytokine-induced matrix metalloproteinase 
expression and production of pro-inflammatory molecules in 
articular cartilage. phytother res 2010;24:905–12.
8. Sengupta K, Krishnaraju aV, Vishal aa, Mishra a, 
trimurtulu g, Sarma KV, et al. Comparative efficacy and tol-
erability of 5-Loxin and AflapinAgainst osteoarthritis of the 
knee: a double blind, randomized, placebo controlled clinical 
study. int J Med Sci 2010;7:366–77. 
9. Sengupta K, Kolla JN, Krishnaraju aV, Yalamanchili N, 
rao cV, golakoti t, et al. cellular and molecular mechanisms 
of anti-inflammatory effect of Aflapin: a novel Boswellia ser-
rata extract. Mol cell Biochem 2011;354:189–97. 
10. Belcaro g. pharma-standard Supplements. london: im-
perial college press; 2017.
11. Feragalli B, dugall M, luzzi r, ledda a, Hosoi M, Bel-
caro g, et al. pycnogenol®: supplementary management of 
symptomatic osteoarthritis with a patch. an observational 
registry study. Minerva endocrinol 2019;44:97–101. 
12. Henrotin Y, Mobasheri a. Natural products for promot-
ing Joint Health and Managing Osteoarthritis. curr rheuma-
tol rep 2018;20:72. 
13. rohdewald p. pleiotropic effects of French Maritime 
pine Bark extract to promote Healthy aging. rejuvenation 
res 2019;22:210–7. 
14. liu X, eyles J, Mclachlan aJ, Mobasheri a. Which 
supplements can i recommend to my osteoarthritis patients? 
rheumatology (Oxford) 2018;57(suppl_4):iv75–87. 
15. Jessberger S, Högger p, genest F, Salter dM, Seefried 
l. cellular pharmacodynamic effects of pycnogenol® in pa-
tients with severe osteoarthritis: a randomized controlled pilot 
study. BMc complement altern Med 2017;17:537. 
16. liu X, Machado gc, eyles Jp, ravi V, Hunter dJ. di-
etary supplements for treating osteoarthritis: a systematic 
review and meta-analysis. Br J Sports Med 2018;52:167–75. 
17. rohdewald pJ. review on Sustained relief of Osteoar-
thritis Symptoms with a proprietary extract from pine Bark, 
pycnogenol. J Med Food 2018;21:1–4. 
18. Mülek M, Seefried l, genest F, Högger p. distribution of 
constituents and Metabolites of Maritime pine Bark extract 
(pycnogenol®) into Serum, Blood cells, and Synovial Fluid 
of patients with Severe Osteoarthritis: a randomized con-
trolled trial. Nutrients 2017;9:e443. 
19. Schoonees a, Visser J, Musekiwa a, Volmink J. pycno-
genol® (extract of French maritime pine bark) for the treat-
ment of chronic disorders. cochrane database Syst rev 
2012;(4):cd008294. 
20. Finco a, Belcaro g, cesarone Mr. evaluation of oxida-
tive stress after treatment with low estrogen contraceptive 
either alone or associated with specific antioxidant therapy. 
contraception 2012;85:503–8. 
21. Belcaro g, Nicolaides aN. Noninvasive investigation in 
vascular disease. london: imperial college press; 2006.
22. Belcaro g, Fisher c, Veller M, renton S, geroulakos g, 
ravasmani g, et al. Screening asymptomatic subjects with 
subclinical arteriosclerotic lesions with arterial ultrasonic bi-
opsy. the p.a.p. study. Vasa 1993;22:232–40.
23. Belcaro g, Nicolaides aN, ramaswami g, cesarone 
Mr, de Sanctis M, incandela l, et al. carotid and femoral 
ultrasound morphology screening and cardiovascular events 
in low risk subjects: a 10-year follow-up study (the caFeS-
caVe study(1)). atherosclerosis 2001;156:379–87. 
24. Veller Mg, Fisher cM, Nicolaides aN, renton S, ger-

rable plaques and thickening in the coronary and 
cerebral vessels). More studies in this direction 
may indicate other possible ultrasound param-
eters to study in parallel with symptoms and with 
functional measurements (walking). the evalu-
ation of the cartilage surface modification in 
knee osteoarthritis is still limited and this, pres-
ent study presents a new functional clinical sys-
tem to obtain objective measurements (walking, 
running) particularly in cases with early knee 
lesions and limited symptoms in subjects who 
have a life with routine patterns of exercise that 
may be greatly disrupted by even minimal knee 
pain on walking/running.

The cost-efficacy of the management with 
pycnogenol® and particularly aBV is competi-
tive with other managements using products 
(particularly drugs) that may produce significant 
side effects. Supplementation may avoid the 
use of more complex and potentially dangerous 
products leading to potentially costly complica-
tions.

Conclusions

this pilot registry study with the new liquid stan-
dardized supplement arborvitae® indicates that 
mild-moderate signs and symptoms of KOa, as-
sociated with initial arthrosis lesions of the knee 
cartilage, in relatively young, otherwise healthy 
subjects using aBV may improve in 3 months of 
supplementary management without tolerability 
problems, improving their mobility and the ca-
pacity to run without significant pain.
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 is
 n

ot
 p

er
m

itt
ed

. T
he

 c
re

at
io

n 
of

 d
er

iv
at

iv
e 

w
or

ks
 fr

om
 th

e 
Ar

tic
le

 is
 n

ot
 p

er
m

itt
ed

. T
he

 p
ro

du
ct

io
n 

of
 r

ep
rin

ts
 fo

r 
pe

rs
on

al
 o

r 
co

m
m

er
ci

al
 u

se
 is

 n
ot

 p
er

m
itt

ed
. I

t i
s 

no
t p

er
m

itt
ed

 to
 r

em
ov

e,
 

co
ve

r, 
 o

ve
rla

y,
 o

bs
cu

re
, 

bl
oc

k,
 o

r 
ch

an
ge

 a
ny

 c
op

yr
ig

ht
 n

ot
ic

es
 o

r 
te

rm
s 

of
 u

se
 w

hi
ch

 t
he

 P
ub

lis
he

r 
m

ay
 p

os
t 

on
 t

he
 A

rti
cl

e.
 I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
fra

m
e 

or
 u

se
 f

ra
m

in
g 

te
ch

ni
qu

es
 t

o 
en

cl
os

e 
an

y 
tra

de
m

ar
k,

 lo
go

, 
or

 o
th

er
 p

ro
pr

ie
ta

ry
 in

fo
rm

at
io

n 
of

 t
he

 P
ub

lis
he

r.


