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Abstract

Background Human placental hydrolysate (hPH) contains anti-inflammatory substances. This study aimed to ana-
lyze whether injecting hPH into the subacromial space could reduce pain in patients with shoulder impingement
syndrome.

Methods This single-blind, randomized controlled study enrolled 50 patients with shoulder impingement syndrome
who were randomly assigned to either the hPH or placebo groups. All patients received three ultrasound-guided
subacromial space injections of 4 mL hPH or normal saline every week. Outcome measurements included the Visual
Analog Scale (VAS) score during daily activity, Shoulder Pain and Disability Index (SPADI), and EuroQol 5-Dimension
5-Level (EQ-5D-5L) utility index. Patients were followed up for nine weeks after the last injection.

Results Significant differences were noted in the VAS (p <0.001) during daily activity, SPADI total score (p <0.001),
and EQ-5D-5L utility index (p < 0.001) nine weeks after the last injection between the hPH group and placebo group.
Significant time effects were observed for all outcome measurements (all p <0.001) in the hPH group but not in

the placebo group. No severe complications, such as local infections or laboratory abnormalities, were reported dur-
ing this study.

Conclusions Subacromial injections showed significant improvement in pain, functional level, and quality of life

in patients with shoulder impingement syndrome. Therefore, hPH can be used as an alternative treatment for shoul-
der impingement syndrome.

Trial registration The trial was registered on www.Clinicaltrials.gov (NCT05528705, Registration Date: 06/09/2022).
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cuff muscles or the subdeltoid bursa. When the arm is
abducted, the humerus moves closer to the acromion
process, causing impingement due to structural abnor-
malities based on the osteophytes of the acromion, or
functional abnormalities that cause the humerus to move
upward due to muscle imbalance between the deltoid and
rotator cuff muscles during abduction [3]. Timely treat-
ment of shoulder impingement syndrome is important
because it can lead to rotator cuff damage and decreased
motor function, resulting in a decreased quality of life. [4,
5] Representative conservative treatment options include
anti-inflammatory drugs, local steroid injections, and
physical therapy. [6] Conservative treatments can reduce
shoulder pain and subacromial inflammation; however,
they only provide temporary pain relief, and most non-
steroidal anti-inflammatory drugs (NSAIDs) have gastro-
intestinal and nephrogenic side effects. [2, 7]

Human placenta hydrolysate (hPH) contains essen-
tial amino acids, collagen-derived peptides, steroid hor-
mones, growth factors, and cytokines such as hepatocyte
growth factor, known to have growth-promoting, antioxi-
dant, and anti-inflammatory properties. [8—11] It is a nat-
ural substance with significant therapeutic potential for
pain treatment because it contains various biologically
active substances that exert pain-reducing effects. [10,
12] hPH may inhibit inflammatory mediators of nitric
oxide, tumor necrosis factor-a (TNF-«), inducible nitric
oxide synthase, and cyclooxygenase-2 (COX-2) in vitro
study. [12, 13] An in vivo study showed its effects such as
increased pain threshold and time to pain response [14].

hPH is expected to modulate the inflammatory process
in musculoskeletal disorders such as shoulder impinge-
ment syndrome. However, there is little known about the
clinical effectiveness of hPH injections in patients with
shoulder impingement syndrome. This study aimed to
determine the effectiveness and safety of hPH injections
into subacromial space in treating shoulder impingement
syndrome.

Methods

For this prospective randomized controlled trial, we
recruited patients who visited shoulder outpatient clinics
at two tertiary medical centers in South Korea between
September 2022 and October 2023. Patients who met the
eligibility criteria and provided informed consent were
enrolled and randomly assigned to the hPH group or
the normal saline injection (placebo) group. All patients
provided written informed consent. The randomization
code was generated by blocked randomization. Rand-
omization was based on concealed random allocation
using sealed opaque envelopes. The investigators admin-
istering the injections were not blinded to the allocation
of patients but to the outcome measurements, while
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the patients were blinded to their allocation. All data of
the patients were stored in a separate locked placed and
maintained security. This study was approved by the
Institutional Review Boards of Chung-Ang University
Hospital (IRB No. 2206—013-511) and Keimyung Uni-
versity Dongsan Hospital (IRB No. DSMC 2023-02-022)
and was prospectively registered at ClinicalTrials. gov
(NCT05528705, Registration Date: 06/09/2022). The data
collection, analysis, and reporting in this study were in
accordance with the guideline of CONSORT (Consoli-
dated Standards of Reporting Trials) guidelines.

Patients

Patients were included in the study if they (1) had shoul-
der pain that required an examination due to a suspected
rotator cuff lesion or injury; (2) had at least three of the
five tests (Hawkins, Neer, painful arc between 60 and
120°of abduction, empty can, and resistance external
rotation) that were positive [15, 16]; (3) had significant
pain on a visual analog scale (VAS) of 30 mm or more
during activity; and (4) had shoulder pain for more than
three months. Patients were excluded from the study if
they (1) had definite partial or full-thickness tears of the
rotator cuff on ultrasonography, (2) had other shoulder
conditions such as frozen shoulder, rheumatoid arthritis,
and osteoarthritis, (3) had received medication or injec-
tions related to shoulder pain, (4) had a history of shoul-
der surgery, (5) were pregnant, and (6) had psychiatric
disorders.

All patients who met the inclusion criteria underwent
plain radiography and ultrasonography to rule out other
mimicking conditions, such as osteoarthritis, rotator cuff
tear or calcific tendinitis, rotator interval, or inferior cap-
sular thickening.

Procedure

Subacromial space injections were performed under
ultrasonographic guidance by two shoulder specialists
with over 15 years of experience in the field. The rand-
omized groups received a total of three injections of 4 mL
hPH or normal saline injections, once a week for the first
three weeks. During the procedure, patients were placed
on a bed with their palms on their buttocks. The investi-
gator identified the subacromial space between the del-
toid and supraspinatus muscles using ultrasonography,
and 4 mL of hPH or normal saline were injected into the
subacromial space from the lateral to the medial side as a
bolus injection.

All patients were instructed on behavioral modifica-
tions, such as avoidance of overhead activities and a
home-based exercise program to enhance scapular sta-
bilization, emphasizing scapular downward rotation and
flexibility of the glenohumeral and scapulothoracic joints,
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from a single physical therapist and were allowed to per-
form home-based exercises at least once a day. Stretching
exercise includes 3 times repetitions of corner stretch,
cross body horizontal adduction stretch, and sleeper
stretch holding 30 s. Stabilization and strengthening exer-
cise consist of 2 sets of 15 repetitions of scapular retrac-
tion with standing, isometric adduction, internal rotation
and external rotation exercise, diagonal and scaption
exercise with resistance band, and scapular protractions
with lying down. The patients were informed to refrain
from receiving acupuncture or additional treatment from
other hospitals.

Human placenta hydrolysate (hPH, Laennec®)

hPH is a stock solution prepared by extracting and hydro-
lyzing the placenta. Laennec® is an hPH type manufac-
tured by Green Cross Wellbeing Co., Ltd. (Seoul, South
Korea). Briefly, hPH was prepared by hydrolyzing the
placenta with HCl and pepsin. The final product was in
liquid form and stored in 2 mL ampules, which contained
many peptides with molecular weights between 100 Da
and 2 000 Da and a high content of amino acids.

Outcome measurements

Outcome measurements included the VAS score during
activity, Shoulder Pain and Disability Index (SPADI), and
EuroQoL 5-Dimension 5-Level (EQ-5D-5L) utility index.
Outcomes were evaluated at six-time points: TO (base-
line), T1 (1 week after the first injection), T2 (1 week
after the second injection), T3 (1 week after the third
injection), T4 (3 weeks after the third injection), and T5
(9 weeks after the third injection). Outcome measure-
ments were evaluated during visits, except for the evalu-
ation at T3, which was conducted telephonically. The
researchers surveyed the outcome measurements and
were blinded to patient allocation.

The primary outcome was the VAS (0-100 mm) dur-
ing daily activities at T5. Secondary outcomes were the
total, pain, and disability (SPADI) score and EQ-5D-5L
utility index. The EQ-5D-5L, developed by the Euro-
pean Quality of Life Group, is currently one of the most
widely used questionnaires in research on health-related
quality of life. The EQ-5D-5L utility index was calculated
using quality weights for mobility, self-care, daily activi-
ties, pain/discomfort, and anxiety/depression scores.
[17] Safety assessments included vital signs and labora-
tory tests such as complete blood count, and chemistry
tests including albumin, uric acid, glucose, aspartate
aminotransferase, alanine aminotransferase, creatinine,
C-reactive protein, and urine analysis at all visits except
at T3.
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Statistical analysis

The sample size was calculated by referring to Dadgostar
et al.. [18] The expected effect size of 0.93 was calculated
based on previous reports confirming changes in the
VAS. A sample size of 38 provided 80% power to detect
differences between groups at a significance level of 0.05.
A total of 50 people were recruited, 25 per group, consid-
ering a 20% dropout rate.

This study used an intention-to-treat statistical analy-
sis. All statistical analyses were performed using SAS
(version 9.4; SAS Institute, Inc., Cary, NC, USA). Differ-
ences between groups were tested using a two-sample
t-test or Wilcoxon rank-sum test. We planned to further
analyze the differences between the two groups using
analysis of covariance (ANCOVA) if the covariate was
expected to influence the outcome. Paired t-test or Wil-
coxon signed-rank test was used to analyze the differ-
ence in outcome measurements between two time points
within the same group. A P-value of<0.05 was consid-
ered significant.

Results

Patient flow and baseline characteristics

This study followed the CONSORT (Consolidated Stand-
ards of Reporting Trials) guidelines (Fig. 1). A total of 50
patients were randomized, and three dropped out. One
patient in the hPH group withdrew by the investigator’s
judgment owing to other injections after T3, and two
patients in the placebo group gave up consent after TO.
None of the enrolled patients received any additional
treatment for shoulder pain during the follow-up period.
Despite of randomization, the mean age of the patients
in the placebo group tended to be higher than that of
the hPH group. (Table 1). All patients over 60 years were
allocated to the placebo group. Except for age, no signifi-
cant differences were noted in the baseline demographics
between the hPH and placebo groups (Table 1).

Outcome measurements

VAS score

A significant difference was noted in the VAS scores
at T1 (p=0.002), T2 (p<0.001), T3 (p<0.001), T4
(p=0.002), and T5 (p<0.0001) between the hPH and
placebo groups using ANCOVA. A significant improve-
ment was noted in the VAS score from TO to T5 in the
hPH group (p<0.001). However, there was no signifi-
cant difference between TO and T5 in the placebo group
(p=0.155) (Fig. 2 and Table 2).

SPADI score (total, pain, and disability)
Significant differences in the total SPADI scores at T1
(p=0.034), T2 (p=0.004), T3 (p<0.001), T4 (p<0.001),
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Fig. 1 Diagram of the analysis group

Table 1 Baseline demographics and clinical characteristics

hPH group (n=24) placebo
group
(n=26)
Age 413+10.2 47.5+£11.7
Age, n
20-40 1M 8
40-60 13 14
60+ 4
Sex, Male/Female 16/8 13/13
Diabetes Mellitus, n 0 1
Hyperlipidemia, n 1 3
Site, Right/Left 10/14 10/16
VAS(mm) 50.1+£13.1 56.5+15.6
SPADI total score 426+204 430196
SPADI pain score 52.5+20.7 51.7£194
SPADI disability score 289+188 3394212
EQ-5D-5L utility index 0.80+£0.08 0.82+0.05

Values are presented as the mean + standard deviation

hPH, Human placenta hydrolysate, VAS Visual Analog Scale during activity, SPADI
Shoulder Pain and Disability Index, EQ-5D-5L EuroQoL 5-Dimension 5-Level

and T5 (p<0.001) between the hPH group and pla-
cebo group using ANCOVA. There was a significant
improvement in the total SPADI score from TO to T5
in the hPH group (p <0.001); however, there was no sig-
nificant difference between TO and T5 in the placebo
group (p=0.304) (Fig. 2 and Table 2).

A significant difference was noted in the SPADI pain
scores at T1 (p=0.038), T2 (»=0.003), T3 (p<0.001),
T4 (p<0.001), and T5 (p <0.001) between the hPH and
placebo groups using ANCOVA. A significant improve-
ment was noted in the SPADI pain score from TO to T5
in the hPH group (p<0.001). However, no significant
differences were noted between TO and T5 in the pla-
cebo group (p=0.161) (Fig. 2 and Table 2).

A significant difference was noted in the SPADI
disability scores at T1 (p<0.001), T2 (p<0.001), T3
(p<0.001), T4 (p<0.001), and T5 (p<0.001) between the
hPH and placebo groups using ANCOVA. A significant
improvement was noted in the SPADI disability score
from TO to T5 in the hPH group (p <0.001). However, no
significant differences were noted between TO and T5 in
the placebo group (p=0.342) (Fig. 2 and Table 2).
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Table 2 Changes in the VAS, SPADI (total, pain, and disability), and EQ-5D-5L utility index after hPH or normal saline injections

group TO T1 T2 T3 T4 T5 P-value €(TO
vs T5)

VAS hPH group 57.1+13.1 4774167 4104172 3214192 28.1+213 20.2+20.1 <0001 "

(n=24)

placebo group 552+ 156 565+17.5 56.9+18.2 550+19.6 514+234 51.8+259 0.155

(n=26)

P-value® (h\PH 0646 0.123 0.003" <0001 " 0.002" <0001 "

vs placebo)

P-value ° (hPH 0.002" <0.001" <0001 " <0001 " <0001 "

vs placebo)

effect size 0.131 —-0.512 —-0.894 —-1.184 —~1.041 —1.365

(Cohen's d, [-0439,0.701] [-1.103,0078] [-1.503, [-1.813, [-1.660, [-2.010,

[95% Cl]) —0.284] —0.554] —-0.422] -0.719]

effect size 0456 0.648 0.759 0672 0933

(Cohen’s f, [95% [0.147,0761]  [0324,0966]  [0425,1.087]  [0.346,0992]  [0.579,1.279]

an
SPADI hPH group 4264204 35.1+187 26.7+20.0 198+174 164+16.1 11.0+123 <0001"
(total) (n=24)

placebo group  40.7+196 4324169 40.6+19.1 363+204 35.1+195 38042038 0.304

(n=26)

P-value® (hPH  0.738 0.121 0015" 0003 " <0.001" <0.001"

vs placebo)

P-value® (hPH 0034 " 0.004 " <0.001" <0001~ <0001

vs placebo)

effect size 0.095 —-0.457 -0.715 —-0.869 —1.046 —1.582

(Cohen’s d, [-0474,0665] [-1.045,0.132] [-1.314, [-1477, [-1.666, [-2.248,

[95% CI)) -0.116] -0.261] —-0.427] -0.916]

effect size 0384 0.504 0.558 0.632 0.921

(Cohen’s f, [95% [0.075,0685]  [0.191,0811]  [0.242,0870]  [0.310,0.949]  [0.569, 1.266]

(@))]
SPADI (pain)  hPH group 52.5+20.7 450+21.1 34.8+23.1 258+19.7 2214187 1534166 <0.001 "

(n=24)

placebo group  51.7+194 53.0+16.8 50.2+20.3 4394200 4334210 4714229 0.161

(n=26)

P-value® (h\PH  0.887 0.153 0.020" 0.002" 0.001" <0001 "

vs placebo)

P-value® (hPH 0.038" 0.003 " <0001 " <0001 " <0001 "

vs placebo)

effect size 0.040 -0419 -0.705 —-0.910 —-1.068 —-1.592

(Cohen's d, [-0.529,0610] [-1.006,0.168] [~1.304, [-1521, [-1.689, [-2.259,

[95% Cl]) —0.106] —0.300] —0.447] —-0.925]

effect size 0.384 0.504 0.558 0632 0.921

(Cohen’s f, [95% [0.075,0685]  [0.191,0811]  [0.241,0870]  [0.309,0.949]  [0.569, 1.2661]

an
SPADI hPH group 3644217 289+188 216+194 160+17.0 128+154 83+10.7 <0001"
(disability) (n=24)

placebo group 33.9+21.2 3724181 347+£19.6 3154212 29.9+20.1 323+210 0.342

(n=26)

P-value® (hPH 0677 0.129 0011°" 0003 " <0.001" <0.001"

vs placebo)

P-value® (hPH <0.001" <0.001" <0.001" <0001 <0001

vs placebo)

effect size 0.119 —-0.446 0673 -0.805 —-0.952 —1440

(Cohen’s d, [-0451,0688] [-1.034,0.142] [-1.271, [~1.409, [-1.565, [-2.092,

[95% CI)) -0.076] -0.200] -0.339] —0.7881]

effect size 0.521 0.573 0.592 0.625 0.888

(Cohen’s f, [95% [0.207,0.8301] [0.255,0.885]  [0.272,0905]  [0.303,0.942]  [0.540, 1.229]

an
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Table 2 (continued)

group TO T1 T2 T3 T4 T5 P-value <(TO

vs T5)

EQ-5D-5L hPH group 0.80+0.08 0.82+0.07 0.83+0.04 0.85+0.06 0.87+0.08 0.89+0.09 <0.001"
(Utility index) (n=24)

placebo group  0.82+0.05 0.79+0.10 0.80£0.11 0.82+0.04 0.82+0.07 0.80£0.11 0.304

(n=26)

P-value? (hPH 0.700 0.501 0.737 0.137 0.073 0.001"

vs placebo)

P-value® (hPH 0.053 0.099 0.054 0021° <0.001"

vs placebo)

effect size —-0.313 0.290 0.335 0401 0.626 0.991

(Cohen’s d, [-0.885,0.260] [-0.294,0.874] [-0.250,0.920] [-0.186,0.988] [0.031,1.221] [0.375,1.607]

[95% Cl)

effect size 0.191 0.190 0.230 0.329 0.548

(Cohen's f, [95% [0.000, 0.485] [0.000, 0.484] [0.000, 0.525] [0.000, 0.627] [0.232,0.859]

cl

Values are presented as the mean + standard deviation

" Statistically significant difference between the hPH and placebo groups

@ Comparison between the hPH group and placebo group using two-sample t-test or Wilcoxon'’s rank sum test

b Comparison between the hPH group and placebo group using ANCOVA
€ Comparison between T0 and T5 using paired t-test or Wilcoxon signed rank test

hPH, Human placenta hydrolysate; VAS, Visual Analog Scale during activity; SPADI, Shoulder Pain and Disability Index; EQ-5D-5L, EuroQoL 5-Dimension 5-Level; Cl,

confidence interval

EQ-5D-5L utility index

A significant difference was noted in the EQ-5D-5L util-
ity index at T4 (»p=0.021), T5 (p<0.001) between the
hPH and placebo groups using ANCOVA. A significant
improvement was noted in the EQ-5D-5L utility index
from TO to T5 in the hPH group (p <0.001). However, no
significant difference was noted between T0 and T5 in
the placebo group (p=0.304) (Fig. 2 and Table 2).

Safety evaluation variables

No unexpected adverse reactions were observed, and no
significant changes were noted in the vital signs or labo-
ratory test results of the study participants (Supplemen-
tary 1).

Discussion
To our knowledge, this is the first clinical trial to prove
the effectiveness and safety of hPH injections into the
subacromial space for shoulder impingement syndrome.
This study aimed to clarify whether subacromial injec-
tions have pain relief in patients with shoulder impinge-
ment syndrome. It demonstrated that compared to
placebo injections, three serial injections of hPH into the
subacromial space led to significant progressive improve-
ment in pain and function up to 9 weeks after the last
third injection.

Shoulder impingement syndrome is characterized
by pain provoked by shoulder movements above the

horizontal plane because the acromion can irritate the
rotator cuff tendons. There is clear evidence that ten-
dons injured by impingement produce inflammatory
cytokines, such as interleukin —1beta, TNF-alpha, and
tissue growth factor-g in the subacromial tissue and joint
capsule. [19-23]

Our authors postulated that hPH may be a potential
treatment for shoulder impingement syndrome. This is
based on the background that several studies have proven
that hPH has antioxidant, anti-apoptotic, and anti-
inflammatory properties activities. [9, 24—26] For exam-
ple, hPH treatment led to less pronounced fibrosis and
a reduction in TNF-« and metalloproteinase (MMP)—9
expression in a non-alcoholic steatohepatitis-mouse
model. [13, 24] Bak et al. reported that hPH inhibited
hydrogen peroxide-induced cell death on muscle atrophy
through myostatin gene expression. [27] However, in the
field of musculoskeletal disorders, there is insufficient
evidence of the anti-inflammatory effects of hPH. [25]
One study suggested that hPH may modulate the inflam-
mation in the pathogenesis of musculoskeletal disorder.
[28] In that study, there was a significant in vivo reduction
in MMP-2 and MMP-9 levels and radiographic severity
in the hPH-treated group in a rat model of monoiodoac-
etate-induced osteoarthritis. [28] The authors suggested
that hPH might inhibit the transition of chondrocytes to
stress-induced premature senescence, thereby providing
favorable conditions for cartilage regeneration. In our
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study, we expected that hPH containing high levels of
growth factors, anabolic cytokines, and essential amino
acids might have the potential to regenerate the inflamed
rotator cuff and subacromial bursa and attenuate inflam-
mation. Our results indirectly demonstrate an anti-
inflammatory effect in shoulder impingement syndrome,
related to the pathophysiological inflammation of the
subacromial bursa and rotator cuff triggered by mechani-
cal factors.

This study showed relatively weak difference in the VAS
and SPADI scores between the hPH and placebo groups
one week after the first injection. In contrast, the differ-
ences persisted from 1 week after the second injection to
9 weeks after the last injection. This difference becomes
more evident over time. This result suggested the pos-
sibility that the single dose in the first injection was
insufficient or that hPH has the characteristic of having
a cumulative effect through successive injections. There
is no standardized hPH protocol for treating musculo-
skeletal disorders associated with hPH. Further research
is required to determine the most effective protocols for
hPH administration.

The pharmacological mechanism by which hPH regu-
lates pain in patients with shoulder impingement syn-
drome remains unclear. It is speculated that hPH may
be involved in a pathway different from that of NSAIDs,
among other pathways that regulate pain. Most NSAIDs
inhibit both COX-1 and COX-2, resulting in anti-inflam-
matory effects of COX-2 inhibition as well as side effects
of COX-1 inhibition, such as gastric ulceration and kid-
ney damage. [7, 29] It also inhibits the production of
thromboxane A2 by platelets, leading to complications
such as the inhibition of platelet aggregation and pro-
longed bleeding time. [30, 31] However, hPH contains
amino acid complexes, collagen-derived peptides, and
growth factors and is known to inhibit the expression of
inflammatory cytokines such as TNF-a and COX-2 rather
than COX-1. [9, 11] Although there were limitations to
the short duration of follow-up in this study, there were
no common side effects of NSAIDs, such as gastric dis-
comfort and kidney injury, after hPH injections.

Our study had several limitations. First, this study did
not demonstrate the long-term effects of hPH because
of its short follow-up period. Second, despite randomi-
zation, there was a tendency of age differences between
two groups. Because we analyzed the outcomes using
the ANCOVA to control the factor of age, the effect of
age difference between two groups might be negligi-
ble. Third, this study only evaluated changes in clinical
outcome measurements. Further studies may be nec-
essary to elucidate the anti-inflammatory effects using
histological and radiological methods, such as immu-
nohistochemistry and vascularity or bursa thickness on
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ultrasonography. Fourth, we did not survey compliance
with home-based exercise and behavioral modifica-
tions, although exercise and behavioral factors can affect
the outcomes. Fifth, we did not evaluate the subaromial
space and the type of acromion radiographically although
these factors could affect the results.

This study demonstrated the pain-relieving effect of
hPH injections in patients with shoulder impingement
syndrome. hPH injections have clinical implications as a
safe alternative treatment for patients at high risk of side
effects from oral NSAIDs and local steroid injections.

Conclusions

Subacromial injections of hPH significantly improved the
pain, functional level, and quality of life in patients with
shoulder impingement syndrome. No adverse effects
were observed after injecting hPH into the subacromial
space. Therefore, hPH may be a novel alternative treat-
ment for shoulder impingement syndrome.

Abbreviations

hPH Human placenta hydrolysate
VAS Visual Analog Scale
SPADI Shoulder Pain and Disability Index

EuroQoL 5  Dimension 5-Level (EQ-5D-5L)

NSAIDs Nonsteroidal anti-inflammatory drugs
TNF-a Tumor Necrosis Factor-a

COX Cyclooxygenase

T0 Baseline

T One week after the first injection

T2 At one week after the second injection
T3 One week after the third injection

T4 At three weeks after the third injections
T5 At nine weeks after the third injection
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