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Abstract

Introduction. This study aimed to assess and compare tactile acuity and temporal summation between individuals with unilateral
adhesive capsulitis and healthy age- and gender-matched controls.

Methods. A cross-sectional study was undertaken. Based on the inclusion and exclusion criteria, participants were recruited
from tertiary care hospitals. The study consisted of two groups: 16 participants in the adhesive capsulitis group and 16 age- and
gender-matched healthy individuals in the control group. A two-point discriminator was used to assess tactile acuity, and a nylon
monofilament was used to assess temporal summation.

Results. The Mann-Whitney U test was used to analyse the data. The results showed a significant difference in tactile acuity
values in the anterior (p < 0.001), middle (p = 0.001) and posterior (p = 0.001) aspects of the shoulder between the adhesive
capsulitis and control groups. A significant difference in temporal summation (p < 0.001) was also observed between the ad-
hesive capsulitis and control groups.

Conclusions. The study demonstrated altered tactile acuity and temporal summation in individuals with adhesive capsulitis
compared to healthy age- and gender-matched controls. These findings suggest that adhesive capsulitis may be accompanied

by maladaptive neuroplastic changes, leading to central sensitisation.
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Introduction

Adhesive capsulitis is a condition in which individuals ex-
perience pain and restriction of both active and passive shoul-
der range of motion. It has a prevalence rate of 2-4% and is
predominantly seen in individuals aged 40 to 65 years [1].
Approximately 70% of subjects with adhesive capsulitis are
female, with men tending to recover more slowly and exhibit-
ing greater disability [2]. Studies have shown that adhesive
capsulitis is characterised by the presence of pain-producing
chemicals and inflammatory mediators, such as cytokines. As
a result, dorsal horn neurons and spinal cord glial cells may
become stimulated, boosting synaptic effectiveness and neu-
ronal excitability, which can lead to central sensitisation [2, 3].

The term “central sensitisation” refers to the amplification
of neural signals that causes pain hypersensitivity within the
central nervous system [4]. It is a physiological process in
which nociceptive neurons in the central nervous system be-
come more responsive to normal or subthreshold afferent
input. In cases where central sensitisation is present, even
minimal mechanical pressure — due to a minor soft tissue in-
jury or sensory input without soft tissue injury — can trigger
pain perception. Alterations in neuronal membrane proper-
ties, synaptic strength and inhibitory tone within the nocic-
eptive pathway, orchestrated by the central nervous system,
can contribute to the development of central sensitisation
[5, 6]. Glial activity may also play a role in this process [7].

Various assessment tools have been used to measure
central sensitisation. Temporal summation and tactile acuity
are objective tools commonly used to assess this phenom-
enon. Tactile acuity is the precise ability to feel the sensation

of touch [8]. It is assessed via two-point discrimination and
serves as a surrogate marker for neuronal activity within the
primary somatosensory cortex (S1). Clinically, reduced tactile
acuity signifies S1 reorganisation in the corresponding so-
matotopic map [9]. Notably, the degree of S1 reorganisation
correlates directly with pain intensity [10].

Temporal summation of pain is a quantitative metric used
to assess the pain experienced in response to short, repeated,
noxious stimuli. It indicates an increase in dorsal horn excit-
ability and occurs when postsynaptic potentials overlap and
summate as high-frequency action potentials are fired by
presynaptic neurons [11].

There is sufficient evidence to support the presence of
central sensitisation in various chronic pain conditions such
as fibromyalgia, low back pain and osteoarthritis [8]. However,
there is conflicting evidence regarding the presence of altered
tactile acuity and temporal summation in shoulder impinge-
ment syndrome [5], and a lack of literature on the role of cen-
tral sensitisation in individuals with adhesive capsulitis. In
addition to conventional therapy, determining the presence of
central sensitisation in adhesive capsulitis could help guide
physical therapy efforts towards central nervous system-fo-
cused techniques such as pain neuroscience education and
graded motor imagery [12]. It is hypothesised that individuals
with adhesive capsulitis would exhibit altered tactile acuity
and temporal summation compared to healthy individuals.

Hence, this study aimed to assess and compare tactile
acuity and temporal summation between individuals with
unilateral adhesive capsulitis and healthy age- and gender-
matched controls.
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Subjects and methods

A cross-sectional study with a sample size of 32 was con-
ducted (16 individuals with unilateral adhesive capsulitis and
16 healthy age- and gender-matched individuals as con-
trols). The individuals were recruited from the outpatient de-
partments of orthopaedics and physiotherapy at tertiary care
hospitals through convenience sampling. Outcome measures
used were tactile acuity and temporal summation.

Participants aged 40-65 years, both male and female, with
unilateral adhesive capsulitis for a duration of 1-9 months
were included in the study.

The study excluded participants with peripheral neurop-
athy, sensory loss, cervical radiculopathy, other shoulder con-
ditions such as arthritis, neurological disorders, psychological
disorders or disturbances and patients with diabetes whose
HbA1c was more than 7% or whose fasting blood sugar lev-
els were more than 126 mg/dl.

Sample size estimation

Based on the study by Holla et al. [13], the sample size
was calculated for comparison of means to test for a devia-
tion mean difference of 30%, assuming an effect size of 0.8
and a power of 80%. The minimum estimated sample size
was 52, with 26 in each group.

Due to difficulty in achieving the estimated sample size
because of the COVID-19 pandemic, the sample size was
recalculated with a deviation mean difference of 30%, an alpha
error of 1% and a power of 99%, using a two-sided test (in-
stead of an alpha error of 0.05 and power of 80% as assumed
earlier). Based on this calculation, the estimated sample size
was 30, with 15 subjects in each group.

Procedure for data collection

Based on the inclusion criteria, participants were screened,
and eligible subjects were recruited for the study. All partici-
pants received an explanation of the study, and those who
volunteered to participate were enrolled after providing signed
informed consent. A detailed assessment of the shoulder
was conducted, which included a history of the presenting
iliness, pain assessment, observation and palpation, range of
motion and flexibility assessment, screening for neurological
deficits and systemic illnesses and pre-screening of sensa-
tion for light touch, pressure and vibration for all participants.
Tactile acuity and temporal summation were assessed in in-
dividuals with adhesive capsulitis and healthy age/gender-
matched controls.

Participant recruitment

Subjects with adhesive capsulitis were recruited from the
outpatient department of physiotherapy in tertiary care hos-
pitals. A total of 35 individuals with symptoms of adhesive
capsulitis were screened, of which 16 met the inclusion cri-
teria and were included in the study. The control group con-
sisted of 16 age- and healthy gender-matched individuals.

Tactile acuity

The two-point discriminator (Baseline Aesthesiometer)
was used to measure tactile acuity. The participants were as-
sessed in a sitting position. The tactile acuity values of the
anterior, middle and posterior aspects of the shoulder were
measured at three different points: 5 cm below the anterior

edge of the acromion, at the midpoint of the lateral border and
at the posterior edge of the acromion process. Participants
were familiarised with the resultant light touch sensation of
the aesthesiometer before starting the study. The aesthesi-
ometer was placed at each point, lightly touching the skin,
and examined until the participants felt two points. The par-
ticipants were instructed to report “one” if only one point was
felt, “two” if two points were felt or “don’t know” if unsure. The
distance at which the participants felt the two points was
noted. The distance was compared between individuals with
unilateral adhesive capsulitis and healthy age- and gender-
matched controls [14].

Temporal summation

A nylon monofilament (Baseline monofilament, size 6.45
and force 300 g) was used to measure the temporal summa-
tion of pain. The participants were assessed in a supine posi-
tion at the glenohumeral joint line. Prior to the study, partici-
pants were provided with the Numerical Pain Rating Scale
(NPRS) and instructed to rate their intensity of pain. The mono-
filament was then positioned perpendicular to the skin’s sur-
face, and 300 g of pressure was applied till the monofila-
ment bends. The monofilament was calibrated to bend when
a force of 300g is applied. Participants were then asked to
rate the single stimulus pain severity on the NPRS. Subse-
quently, ten stimuli were applied, one every second. After the
ten repetitions of the stimuli, participants were again instructed
to rate their level of pain on the NPRS. The NPRS values ob-
tained after the application of one stimulus (1 scale) and after
10 repetitive stimuli (2" scale) were compared. An increase
in the value of the 2™ scale compared to the 1% scale indicates
the presence of temporal summation [15].

Statistical analysis

The normality of the data was assessed using the Shapiro—
Wilk test. Non-parametric tests were used for data analysis
because the data were not normally distributed. Descriptive
statistics were used to describe demographic characteristics,
tactile acuity and temporal summation. Median and inter-
quartile range (IQR) were used to describe descriptive statis-
tics. The Mann—Whitney U test was used to compare tactile
acuity and temporal summation between individuals with
unilateral adhesive capsulitis and healthy age- and gender-
matched controls. Statistical software SPSS version 16 was
used for analysis, and Microsoft Word and Excel were used
to generate tables and graphs.

Results

Demographic data of individuals with adhesive
capsulitis and age/gender-matched controls

There were 16 individuals in both the adhesive capsulitis
group and the control group, of which 56.3% were women
and 43.8% were men (Table 1). The standard deviation was
7.28, and the mean age was 51.31 years. The data were ho-
mogeneous.

Descriptive statistics of the tactile acuity

Table 2 shows the median and IQR of tactile acuity in indi-
viduals with adhesive capsulitis and healthy age- and gender-
matched controls. In the adhesive capsulitis group, the me-
dian and IQR were 38.50 (36, 45) for the anterior aspect of the
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Table 1. Demographic data of individuals with adhesive capsulitis
and age/gender-matched controls

Adhesive
. " Control group
Variables capsulitis group (n=16)
(n=16) B
Age (years, mean + SD) 51.31 £7.282 51.31 £7.282
Gender (female) 56.3% 56.3%
Gender (male) 43.8% 43.8%

Table 2. Descriptive statistics of the tactile acuity

Adhesive
capsulitis group Sl LR
Variables (n = 16) (n=16)
Median (Qr) | Median (IQR)
Tactile acuity anterior (mm) 38.50 (36, 45) | 30 (27.25, 33.75)
Tactile acuity middle (mm) 39 (34, 44) 30 (26, 31)
Tactile acuity posterior (mm) 41.50 30 (27, 32.75)
yp (34.75, 46.75) ) oe

Table 3. Descriptive statistics of the temporal summation

Adhesive
capsulitis grou Control group
Variables p - 13) p (1= 16)
Median (QR) | Median (QR)
Temporal summation (cm) 3(2.25, 4.75) 2(1.25,2)

Table 4. Comparison of tactile acuity and temporal summation
between individuals with unilateral adhesive capsulitis and
healthy age- and gender-matched controls

Variables Mann—LVthitney Zz A(szy_rt:lriJl.ezi)g.
Tactile acuity anterior 33.500 -3.810 < 0.001
Tactile acuity middle 46.000 -3.456 0.001
Tactile acuity posterior 46.000 -3.312 0.001
Temporal summation 39.000 -3.519 < 0.001

p < 0.05 is statistically significant

shoulder, 39 (34, 44) for the middle and 41.50 (34.75, 46.75)
for the posterior aspect of the shoulder. In the healthy age-
and gender-matched controls, the median and IQR were 30
(27.25, 33.75) for the anterior, 30 (26, 31) for the middle and
30 (27, 32.75) for the posterior aspects, respectively.

Descriptive statistics of the temporal summation

Table 3 shows the median and IQR of temporal summa-
tion in individuals with unilateral adhesive capsulitis and
healthy age- and gender-matched controls. The temporal sum-
mation values were 3 (2.25, 4.75) and 2 (1.25, 2), respectively.

Comparison of tactile acuity and temporal
summation between individuals with unilateral
adhesive capsulitis and healthy age- and
gender-matched controls

A significant difference in temporal summation (p = 0.001)
and tactile acuity was noted in the anterior aspect of the
shoulder (p = 0.001), middle (p = 0.001) and posterior shoulder
(p = 0.001) between the adhesive capsulitis group and the
control group.

Discussion

Central sensitisation refers to the amplification of neural
signals within the central nervous system, leading to pain hy-
persensitivity [4]. The presence of central sensitisation can be
assessed through temporal summation and tactile acuity.

The objective of this study was to compare tactile acuity
and temporal summation in individuals with adhesive cap-
sulitis and healthy age- and gender-matched controls.

The study revealed that, compared to healthy age- and
gender-matched controls, subjects with adhesive capsulitis
had altered tactile acuity and temporal summation. The find-
ings demonstrated a statistically significant difference in tac-
tile acuity between the adhesive capsulitis group and the con-
trol group in the anterior aspect of the shoulder (p = 0.001),
the middle aspect (p = 0.001) and the posterior aspect of the
shoulder (p =0.001). Temporal summation values also showed
a significant difference between the adhesive capsulitis group
and the control group (p = 0.001).

The study’s findings on tactile acuity align with those of
a recent study by Horno et al. [16], in 2020, which revealed
that tactile acuity is lower in individuals with frozen shoulder
compared to healthy controls. These results also corroborate
findings from a comprehensive analysis examining tactile
acuity in individuals with chronic musculoskeletal pain [17],
where lower tactile acuity was observed in individuals with
arthritis, complex regional pain syndrome and chronic low
back pain [17]. The reduced tactile acuity observed in this
study may result from disturbances in the somatosensory
representations in the primary somatosensory cortex of the
affected shoulder because tactile acuity clinically represents
the S1 cortex [9]. The hypothesis of S1 cortical map distur-
bance is supported by evidence from studies on complex
regional pain syndrome [18] and chronic back pain [19].

Another possible explanation for the differences in tempo-
ral summation and tactile acuity between individuals with
adhesive capsulitis and healthy controls is the presence of
inflammatory mediators, such as cytokines and pain-produc-
ing chemicals, during the early stages of adhesive capsulitis.
Inflammatory mediators may stimulate dorsal horn neurons,
and spinal cord glial cells may also become activated [2]. This
glial cell activation enhances synaptic efficacy and neural
excitability. Changes in the functional status of neurons and
the nociceptive pathway — resulting from increased membrane
excitability, synaptic efficiency or decreased inhibition — can
lead to central sensitisation [6].

According to the study’s findings, the temporal summa-
tion values of the adhesive capsulitis group differed from those
of the healthy age- and gender-matched control group (p =
0.001). This result is consistent with findings from an earlier
study by Thompson et al. [20], in 2019, which found that sub-
jects with persistent pelvic pain exhibited temporal summa-
tion. The Thompson et al. study [20] also revealed the pres-
ence of allodynia, further suggesting central sensitisation in
chronic pelvic pain. The results of the present study align with
a study conducted by Staud R et al. [21], in 2014, which
showed that individuals with fibromyalgia demonstrated
a temporal summation that accelerated linearly with increas-
ing stimulus intensity, compared to healthy controls.

Increased pain perception, resulting from the activation of
either C- or A-fibres by repeated, constant-intensity noxious
stimuli, may also contribute to the observed increase in tem-
poral summation in adhesive capsulitis. The neurotransmitters
glutamate/aspartate, tachykinins and substance P, released
from C-fibre terminals, can progressively activate N-methyl-
D-aspartate receptors in dorsal horn neurons by removing the
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magnesium block from the ion channel. Once glutamate binds
to the receptor, it generates an internal current and allows
calcium influx. This influx of calcium ions activates several
intracellular pathways that help maintain central sensitisa-
tion [22].

The results of this study indicate that central nervous sys-
tem changes are associated with adhesive capsulitis, sug-
gesting the need for treatments that aim to reverse these
changes. Treatment options for adhesive capsulitis may in-
clude pain neuroscience education, graded motor imagery to
rebuild proprioceptive and motor cortical networks, sensory
discrimination training targeting somatosensory changes or
a combined approach alongside standard manual therapy
techniques such as Gong’s mobilisation and the Spencer
technique [12, 23].

A notable strength of this study was the use of force-cali-
brated monofilaments to accurately control the application
force for temporal summation assessment. Another strength
was the homogeneity of the data between the adhesive cap-
sulitis group and the control group.

Limitations and recommendations

A change in tactile acuity in adhesive capsulitis may indi-
cate alterations in the somatosensory homunculus, but it could
also result from delayed processing, issues with coordination,
concentration or decision-making, as noted by Catley et al.
[16]. These confounding factors, which might have affected
the findings, were not considered in the study. The assessor’s
subjective decision on when to evaluate temporal summation
could have introduced assessor bias. In addition, the level of
pain was not consistent across all subjects during testing.
Variations in pain levels may have affected our findings be-
cause both tactile acuity and temporal summation are poten-
tially pain-dependent.

Further research in the shoulder area could focus on cal-
culating the standard error of measurement for tactile acuity
or the reliable change index. Future studies should also inves-
tigate the differences in central sensitisation between acute
and chronic adhesive capsulitis.

Conclusions

Compared to healthy age- and gender-matched controls,
this study found that people with adhesive capsulitis had im-
paired tactile acuity and temporal summation. These findings
suggest that adhesive capsulitis may be associated with mala-
daptive neuroplastic alterations resulting in central sensitisa-
tion. Therefore, treatments targeting the correction of these
alterations to improve clinical outcomes should be implement-
ed alongside conventional therapy for adhesive capsulitis.

Ethical approval

The research related to human use has complied with all
the relevant national regulations and institutional policies, has
followed the tenets of the Declaration of Helsinki, and has
been approved by the institution ethics approval number is
MSRMC/EC/AP-06/03-2020.

Informed consent

Informed consent has been obtained from all individuals
included in this study. The authors attest that they obtained
all relevant subject permission. The patient(s) has provided
written permission for his/her images and clinical information
to be published in the publication. The patients understand

that their names and initials will not be published, and that
while every effort will be made to keep their identities hidden,
anonymity cannot be guaranteed.

Disclosure statement
No author has any financial interest or received any finan-
cial benefit from this research.

Conflicts of interest
The authors state no conflicts of interest.

Funding
This research received no external funding.

References

[1] Rai SK, Kashid M, Chakrabarty B, Upreti V, Shaki O. Is it
necessary to screen patient with adhesive capsulitis of
shoulder for diabetes mellitus?. J Family Med Prim Care.
2019;8(9):2927-32;doi: 10.4103/jfmpc.jfmpc_244_19.

[2] Struyf F, Meeus M. Current evidence on physical ther-

apy in patients with adhesive capsulitis: what are we

missing?. Clin Rheumatol. 2014;33(5):593-600; doi:
10.1007/s10067-013-2464-3.

Nijs J, Leysen L, Vanlauwe J, Logghe T, Ickmans K, Pol-

li A, Malfliet A, Coppieters I, Huysmans E. Treatment of

central sensitisation in patients with chronic pain: time

for change?. Expert Opin Pharmacother. 2019;20(16):

1961-70; doi.org/10.1080/14656566.2019.1647166.

[4] Woolf CJ. Central sensitisation: implications for the di-
agnosis and treatment of pain. Pain. 2011; 152(3 Suppl):
2-15; doi: 10.1016/j.pain.2010.09.030.

[5] Sanchis M, Lluch E, Nijs J, Struyf F, Kangasperko M.
The role of central sensitisation in shoulder pain: a sys-
tematic literature review. Semin Arthritis Rheum. 2015;
44(6):710-6; doi: 10.1016/j.semarthrit.2014.11.002.

[6] Ashmawi HA, Freire GMG. Peripheral and central sen-
sitisation. Rev Dor Sao Paulo. 2016;17(Suppl 1):31-4.

[7] Latremoliere A, Woolf CJ. Central sensitisation: a gen-
erator of pain hypersensitivity by central neural plasticity.
J Pain. 2009;10(9):895-926; doi: 10.1016/j.jpain.2009.
06.012.

[8] Harvie DS, Edmond-Hank G, Smith AD. Tactile acuity is
reduced in people with chronic neck pain. Musculoskelet
Sci Pract. 2018;33:61-6; doi: 10.1016/j.msksp.2017.11.
009.

[9] Pleger B, Dinse HR, Ragert P, Schwenkreis P, Malin JP,
Tegenthoff M. Shifts in cortical representations predict
human discrimination improvement. Proc Natl Acad Sci
USA. 2001;98(21):12255-60; doi: 10.1073/pnas.1911
76298.

[10] Pleger B, Ragert P, Schwenkreis P, Forster A-F, Wilim-
zig C, Dinse H, Nicolas V, Maier C, Tegenthoff M. Pat-
terns of cortical reorganisation parallel impaired tactile
discrimination and pain intensity in complex regional
pain syndrome. Neuroimage. 2006;32(2):503—10; doi:
10.1016/j.neuroimage.2006.03.045.

[11] Woolf CJ. Neuronal plasticity: increasing the gain in pain.
Science. 2000;288(5472):1765-8; doi: 10.1126/science
.288.5472.1765.

[12] Lluch-Girbés E, Duefnas L, Mena-del Horno S, Luque-
Suarez A, Navarro- Ledesma S, Louw A. A central nerv-
ous system-focused treatment approach for people with
frozen shoulder: protocol for a randomised clinical trial.
Trials. 2019;20(1):498; doi: 10.1186/s13063-019-3585-z.

[13] Holla SS, Vats T, Nagpal P. Is tactile acuity altered in
individuals with acute mechanical neck pain?. Indian J
Pain. 2018;32(3):5.

[3

—_


https://doi.org/10.1080/14656566.2019.1647166

Physiother Quart 2025, 33(2)

R.H. Sripal, S. Sudarshan, S. Rajadhyaksha

Tactile acuity and temporal summation as measures of central sensitisation in individuals with adhesive capsulitis

[14]

(18]

[16]

[17]

(18]

Botnmark I, Tumilty S, Mani R. Tactile acuity, body sche-
ma integrity and physical performance of the shoulder:
a cross-sectional study. Man Ther. 2016;23:9-16; doi:
10.1016/j.math.2016.02.001.

Bartley EJ, King CD, Sibille KT, Cruz-Almeida Y, Riley JL,
Glover TL, Goodin BR, Sotolongo AS, Herbert MS, Bulls
HW, Staud R, Fessler BJ, Redden DT, Bradley LA, Fillin-
gim RB. Enhanced pain sensitivity among individuals
with symptomatic knee osteoarthritis: 57 potential sex
differences in central sensitisation: knee OA pain and
sex differences in pain sensitivity. Arthritis Care Res.
2016;68(4):472-80; doi: 10.1002/acr.22712.

Mena-del Horno S, Balasch-Bernat M, Duefias L, Reis F,
Louw A, Lluch E. Laterality judgement and tactile acuity
in patients with frozen shoulder: across-sectional study.
Musculoskelet Sci Pract. 2020;47:102136; doi: 10.1016/
j.msksp.2020.102136.

Catley MdJ, O’Connell NE, Berryman C, Ayhan FF, Mo-
seley GL. Is tactile acuity altered in people with chronic
pain? A systematic review and meta-analysis. J Pain.
2014;15(10):985-1000; doi: 10.1016/j.jpain.2014.06.009.
Di Pietro F, McAuley JH, Parkitny L, Lotze M, Wand BM,
Moseley GL, Stanton TR. Primary somatosensory cortex
function in complex regional pain syndrome: a system-

[19]

(20]

(21]

(22]

(23]

aticreviewandmeta-analysis.JPain.2013;14(10):1001—
18; doi: 10.1016/j.jpain.2013.04.001.

Wand BM, Parkitny L, O’Connell NE, Luomajoki H,
McAuley JH, Thacker M, Lorimer Moseley GL. Cortical
changes in chronic low back pain: current state of the art
and implications for clinical practice. Man Ther. 2011;
16(1):15-20; doi: 10.1016/j.math.2010.06.008.
Thompson HD, Tang S, Jarrell JF. Temporal summation
in chronic pelvic pain. J Obstet Gynaecol Can. 2020;42(5):
556-60; doi: 10.1016/j.jogc.2019.09.012.

Staud R, Weyl EE, Riley JL, Fillingim RB. Slow temporal
summation of pain for assessment of central pain sen-
sitivity and clinical pain of fibromyalgia patients. PLOS
ONE. 2014;9(2):€89086; doi: 10.1371/journal.pone.008
9086.

Bosma RL, Cheng JC, Rogachov A, Kim JA, Heming-
ton KS, Osborne NR, Raghavan LV, Bhatia A, Davis KD.
Brain dynamics and temporal summation of pain pre-
dicts neuropathic pain relief from ketamine infusion.
Anesthesiology. 2018;129(5):1015-24; doi: 10.1097/
ALN.0000000000002417.

Prasanth SK, Mohana MAS, Sreedharan SM, Subbaray-
alu AV. Comparative effect of Gong’s mobilisation and
Spencer technique to manage frozen shoulder. Physio-
therQ.2023;31(3):57-64;doi: 10.5114/pq.2023.115415.

Copyright: © 2025 Wroclaw University of Health and Sport Sciences. This is an Open Access journal distributed under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND) (https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode), allowing
third parties to download and share its works but not commercially purposes or to create derivative works.

17



