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Abstract: Background/Objectives: Tendinopathy is the preferred term to describe various
tendon pathologies, including paratendinitis, tendinitis, and tendinosis, in the absence of
histopathological evidence in biopsy specimens. The management of tendinopathies is
challenging; rest, physiotherapy (such as eccentric training), injections, shock waves, or-
thotics, medical therapy, and surgery are the main therapeutic options offered to the patient.
The conservative treatment of tendinopathies is still difficult, but several options have been
proposed, including the use of anti-inflammatory molecules. In this retrospective study, we
aimed to assess the efficacy of a conservative approach in improving pain and functional
improvement in hip bursitis (HB) and biceps tendinitis (BT) patients. Methods: A series
of data concerning the application of Polynucleotides High Purification Technology (PN
HPT™) in 47 patients with BT and HB was analyzed. All patients received three bi-weekly
injections of PN HPT™ (T0-T2). Follow-up visits were performed at T3 (8 weeks from T2)
and T4 (24 weeks from T2). Both the visual analog scale (VAS) for pain assessment and func-
tional impairment (FI) scores were processed in the form of anonymized series for clinical
improvement evaluations. Results: Statistically significant differences (p < 0.001) in pain
reduction (—85%) and functional improvement (+86%) were found at the end of treatment.
The levels of patient satisfaction (PS) and Clinical Global Improvement—Impression (CGI-I)
were equal to 93% and 98%, respectively. According to the analyses, other patient data
(e.g., gender, age, and BMI) did not appear to influence the positive treatment outcomes.
Conclusions: The application of High Purification Technology (PN HPT™) was shown
to improve both pain and functional deterioration in patients with tendonitis in a similar
manner to other conservative treatments. These retrospective analyses may open up new
avenues for the implementation of conservative approaches in patients with tendinitis.

Keywords: musculoskeletal disorders; tendinitis; novel therapeutic approach; polynu-
cleotides; PN HPT™; peritendinous injection; visual analog scale; functional impairment

1. Introduction
1.1. Background

Tendinopathy is the preferred term to describe various tendon pathologies, including
paratendinitis, tendonitis, and tendinosis, in the absence of histopathological evidence in
biopsy specimens [1]. These conditions usually affect the shoulder and the hip. In particular,
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the prevalence of shoulder pain increases with age and physically demanding occupations,
with a point prevalence of 26% and lifetime estimates of 67% [2], while hip problems, also
known as trochanteric bursitis (TB), are commonly seen by sports medicine practitioners
and affect as many as 5.6 patients per 1000 adults [3]. The management of tendinopathies
is challenging, with rest, physiotherapy (such as eccentric training), infiltrations, shock
waves, orthosis, medical therapy, and surgery being the main therapeutic options offered
to patients [4,5]. In the acute treatment phase, the main objectives are the reduction in risk
factors such as training errors, flexibility problems, and biomechanical abnormalities and
the improvement in symptoms through rest and the application of ice, ultrasound, and
laser therapy [6]. The conservative treatment of tendinopathies is still difficult. Generally,
patients can expect their symptoms to improve within 3 to 12 months at most from the start
of treatment.

1.2. Symptoms and Treatments

However, chronic symptoms persist in about a quarter of patients, even more than
10 years after treatment, and tendinopathies compromise both quality of life and physical
activity [7]. Conservative treatments include platelet-rich plasma (PRP) [8] and corticosteroid
infiltrations (Cls) [9]; a systematic review of clinical trials has shown that corticosteroids
reduce pain in the short term but that this effect is canceled out in the medium-long term.
After 3-6 months of ineffective conservative therapy, surgery should be considered [10]. In
order to find safe and effective conservative treatments, the effects of pain on the muscu-
loskeletal system, especially the part involving tendons and ligaments, such as rotator cuff
tendinopathy, have recently been evaluated in several studies [10]. Indeed, both pain and
functional impairment play fundamental roles in the relationship between patient and doctor.

1.3. Target of Clinical Management

Pain reduction and functional improvement are the goals in any stage of clinical
management in patients affected by tendinitis [11]. However, conservative management
does not seem to be an effective medium-long-term solution to achieve combined clinical
improvement in the patient.

1.4. Clinical and Pathological Conditions

The two most common clinical conditions in regard to patient tendinitis are hip bursitis
(HB) [12] and biceps tendinitis (BT) [13]. The former pathology includes lateral hip pain
associated with greater trochanteric pain syndrome (GTPS) [14], which includes gluteus
medius tendinopathy or tear, bursitis [15], and iliotibial band friction [16]. Posterior hip pain
includes referred pain, such as low-back pain (LBP) [17], deep gluteal syndrome with sciatic
nerve entrapment [18], ischiofemoral impingement [19], and hamstring tendinopathy [20].
The musculoskeletal pathologies affecting the upper limbs of the human body include
diseases of the arm, such as BT [21]. Further, massive rotator cuff tears (MRCTs) represent
a significant portion of all rotator cuff injuries, accounting for approximately 20-40% of all
injuries [22,23]. In MRCT, the long head of the biceps tendon (LHBT) is frequently involved,
resulting in anterior shoulder pain and loss of function associated with tendinitis, partial
tear, or the subluxation of the shoulder [24,25]. In fact, these two pathologies (HB and BT)
represent common clinical problems, including a variety of periarticular pathologies of
both the hip [26] and the shoulder [27]. Consequently, the clinical management of these
conditions often becomes mandatory [28,29]. There are two possible options for these
two problems: the surgical approach [27,29-31] and the conservative one [31,32]. In order
to treat these two musculoskeletal pathologies without performing surgical procedures,
several conservative approaches are available in addition to the abovementioned PRP [8]
and CIs [28], including non-steroidal anti-inflammatory drugs (NSAIDs) [12,33,34].
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1.5. New Technical Approaches

Despite the many different therapeutic approaches based on injections with curative
intent, the clinical features of both HB and BT are often unsolved in the long-term period.
For this reason, physicians are looking for new approaches (surgical and non-surgical) in
order to address these clinical problems [32]. A new approach may be represented by the
use of injectable polynucleotides (PNs). These molecules are extracted from natural sources
(fish intended for human consumption, such as trout gonads) by using a specific process
developed by Mastelli Srl (Sanremo, Italy), referred to as High Purification Technology
(HPT™) [35]. The derivatives of enzyme degradation of polynucleotide chains (simple nu-
cleotides, nucleosides, and nitrogen bases) are physiologically present in the extra-cellular
environment and are useful substrates for cells [36]. Polynucleotides High Purification
Technology (PN HPT™) is already used in esthetic medicine, based on previous experience
in other clinical applications [37]. Recent studies have demonstrated both the efficacy
and safety of PN HPT™ injections in both dermatology and esthetic medicine for skin
rejuvenation [37,38]. Polynucleotides High Purification Technology (PN HPT™) injections
are also used against knee osteoarthritis (OA) [39]. Giarratana et al. [37] demonstrated
the better efficacy of PN HPT™ compared with hyaluronic acid (HA) injections. In fact,
the same group of scientists reported significant positive effects for a long time, up to
26 weeks after treatment [39]. Intra-articular injection progressively enriches the synovial
fluid of PNs and thus of nucleotides, purine, and pyrimidine bases, which cells can use to
promote their vitality [36]. This healing process could also be reproduced in the context of
tendinopathy, creating an ideal environment for the healing of damaged tendons. Currently,
joint replacement surgery is considered the reference therapeutic approach for osteoarthritis
in both the hip and knee [40].

1.6. Aim of Present Study

Given these premises, the aim of the present study was to assess the impact of PN
HPT™ on pain reduction (VAS) and functional improvement (CGI-I) in patients with hip
and shoulder tendinitis, compared to baseline values and other conservative treatments.
Nonetheless, this analysis would like to ascertain whether the injections of Tropho Tend
(7.5 mg/mL PN HPT™; Mastelli, Sanremo, Italy) influenced the perception of both pain
and functional impairment in subjects with HB and BT pathology.

2. Materials and Methods
2.1. General Aspects and Eligibility Criteria

Data were acquired over 4 months. The manipulation of data was performed by
two authors (P.G. and N.F.) in order to build an “ad hoc” database including clinical and
anonymized personal data. The informatic code assigned at the beginning of this phase
of the study allowed us to maintain the anonymity of the patients. For data collection, all
patients satisfied the following eligibility criteria: (1) they were affected by tendinitis, with
particular preference for patients affected by hip bursitis (HB) and biceps tendinitis (BT);
(2) they had not previously undergone reconstructive or conservative surgical treatments;
(3) they had not benefited from infiltrative and/or conservative treatment; (4) they had
no other concomitant pathologies within HB and BT; (5) they completed treatment with
polynucleotides (PN HPT™). A power calculation was performed using a study power of
90% and a 5% confidence interval. Based on this calculation, the minimum required sample
size would be 45 participants.
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2.2. Data Assessment

All data procedures were performed in agreement with the legal standards of human
data manipulation as per the Helsinki Declaration of 1975, updated in 2000 and 2008. The
patient data employed for clinical evaluation concerned a total of 5 visits (T0, T1, T2, T3, and
T4). The final results were compared with respect to the baseline (T0). All patients included
in the database first signed their informed consent; then, the treatments were performed,
and complete clinical data were analyzed. The procedures regarding the informed consent
presentation were as follows: (1) explanation of the treatment to the patient; (2) adhesion;
(3) fill the document; (4) check the data; (5) signature; (6) association with anonymous code.

2.3. Treatment Documentation

All patients received Tropho Tend (7.5 mg/mL Polynucleotides High Purification
Technology (PN HPT™); Mastelli, Sanremo, Italy; Figure 1A) administered through the
injection of the solution in the musculotendinous (MT) or osteotendinous (OT) junctions
with a thin-gauge needle (typically 25-30 G; Figure 1B,C). Before the injection of the product,
the target area was disinfected with alcohol or another antiseptic solution. The treatments
consisted of 3 administrations of Tropho Tend: at T0—baseline visit; at T1—after 2 weeks;
and at T2—after 4 weeks. All subjects were screened at the baseline visit (T0). Each subject
was involved in the study for 7 months, for a total of 5 visits (TO = baseline; T1 = after
2 weeks; T2 = after 4 weeks; T3 = after 8 weeks from T2; T4 = after 24 weeks from T2;
Figure 1D). The results were compared with the baseline (T0; Figure 1E,F).

A-PN molecules B-Injectable therapy

R, B

R, B

C-Clinical data

D-Treated patients

Time Injection Visit = ——> m
T0 X X
T1 X X ¢
T2 X X
3 X )
T4 X -

E-Output g,nalyses F-Data collgction

HB=31/48; BT=13/48
Others=4/48

< Scores

LRI E T L b

VAS for Pain and
Functional Impairment

Figure 1. A working plan of the data analysis. All patients included in the data analysis study were
treated with Polynucleotide HPT™ (A) injections (B). The patients received three injections (C), and
the clinical data were acquired five times (T0-T4). A total of 48 records were analyzed: 31 for hip
bursitis (HB) and 13 for biceps tendinitis (BT) (D). The visual analog scale (VAS) score was used to
quantify both pain and functional impairment variations (F). Significant statistical differences are
reported in graph bars, graph plots, and heat maps (E).
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2.4. Score Evaluations

During each visit, all patients were evaluated for both pain and functional impairment by
using a specific visual analog scale (VAS) from 0 to 10 cm, consisting of a line connecting the
two extremes (0 = the absence of pain or of functional impairment; 10 = the worst possible pain
or maximum functional impairment). The VAS has been previously used in order to evaluate
the intensity of pain [41,42] and functional improvement, which is understood or interpretable
as a reduction in the level of daily activities (ADL) [42,43]. The investigators evaluated the
tendinopathy as improved or worsened compared with the baseline by using the Clinical
Global Impression—Improvement (CGI-I) scale, a 7-point scale used to compare the patient’s
condition between the visits and the baseline visit (T0). These analyses were based on the
following parameters: visit data, patient feedback, patient satisfaction, and VAS analysis
results. The CGI-I score was established according to a 7-point Likert scale, as the Likert scale
is considered valid for assessing both the level and the value of certain characteristics of sub-
jects [44]. The condition was judged as 1 = very much improved; 2 = much improved;
3 = minimally improved; 4 = no change; 5 = minimally worse; 6 = much worse; and
7 = very much worse. At the same time, patient satisfaction (PS) was also evaluated according
to a 5-point scale. The PS values consisted of the following scores: 0 = very dissatisfied;
1 = dissatisfied; 2 = neutral; 3 = satisfied; 4 = very satisfied.

2.5. Statistical Procedures
2.5.1. General Methodology

All data were listed and sorted by gender, analysis population, and, when appropriate,
by visit number per subject. All the summary tables of the efficacy data were structured
with a column for each target and were annotated with the total population size relevant to
that table/treatment, including any missing observations, if any. All continuous variables
were summarized using the following descriptive statistics: n (number), mean, standard
deviation, median, maximum, and minimum. The frequency and percentages (based on the
non-missing sample size) were reported for all categorical measures. The data generated
in this study were recorded in a study-specific electronic system, and the original rows of
data can be made available on demand. After the completion of data entry in the system
and the resolution and closure of all discrepancies, the database was blocked to avoid any
further modification. After quality checks, the SAS (Systems 9.4) format database was used
for statistical analysis.

2.5.2. Study Variables

For participants” demographic and clinical data documentation, the following vari-
ables were documented: year of birth, age (years), gender (male/female), weight, height,
BMI calculation, pain evaluation (VAS score), functional impairment evaluation (VAS
score), questionnaire about patient satisfaction (PS), and questionnaire about patient Clini-
cal Global Impression (CGI). In order to establish the level of patient satisfaction (PS), a
5-point Likert scale was used according to the experiences of other physicians [45].

2.5.3. Analytical Test Application (ATA)

The GraphPad 8.0 version for Apple Computer was used for statistical analysis (PRISM,
San Diego, CA, USA). The Wilcoxon rank test was used to compare the differences between
before and after the treatment in the degree of clinical improvements in tendinopathies
and patient satisfaction. Non-parametrical tests (Kruskal-Wallis) were applied for group
comparisons of the variables. One-way ANOVA was performed in order to compare
the variation in the data across the visits. The final results were outlined with heatmap
representations. All the parameters measured in this study were evaluated by using the
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classical descriptive statistics of the mean, SD, minimum and maximum (for quantitative
variables), and frequencies (for qualitative variables). All statistical results were considered
significant if the p-value was less than 0.05 (p < 0.05). The Shapiro-Wilk test was performed
in order to determine whether the data were parametrically distributed. Both W- and
p-values for the BMI data were calculated (W = 0.980 and p = 0.574). These values justified
the implementation of parametric tests for the BMI analyses. The flowcahart of complete
procedures is reported below (Figure 2).

Tendinitis and PN Flowchart Of
injection treatment Sy
s Tendinitis Study
y
——
Database construction
\ 4
Data verification Database
eligibility criteria anonymization
A 4
47 Records
—
y
No
Completed 3 )
Data 6 patients excluded
(details in Figure 3)
Analyses and Results
v « Pain
YES *«  Functional
N impairment
41 patients « DPatient satisfaction
(details in Figure 2) * Global Clinical
Improvement
Impression

Figure 2. A flowchart of the study of tendinitis patients. The number for ‘Record” represents the
number of patients. A patient had bilateral HB.

3. Results
3.1. Demographic Description of Population

The database, featuring a total of 47 different patients, contains the distributions of
the demographic data (gender, age, BMI, and pathology), as reported in the multi-panel
image below (Figure 3). Based on both weight and height acquisition data, the body mass
index (BMI) was calculated for all the records included in the database. The patients were
distributed as follows: males, 20 (42.55%), and females, 27 (57.45%) (Figure 3A). The mean
age (Figure 3B) of the total cohort was 70.46 years (SD = 11.73), while the mean value
of the BMI (Figure 3C) was equal to 24.0 points (SD = 3.52). Furthermore, the two most
common pathologies were registered in this cohort of patients: biceps tendinitis (BT; 13/48;
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27.08%) and hip bursitis (HB; 31/48; 64.58%; Figure 3D). One patient had two pathological
sites (bi-lateral HB). The ANOVA and Student’s test revealed that there were no statistical
differences in either age (Figure 3B) or BMI (Figure 3C) between males and females.

A Anagraphycal data B Age
50~ 1007
w
T 40+ 80
- g
_"’: 304 .—; 60+
c
5 204 T 404
E 2
3 107 20+
0~ 0-
» g N > @ \
(’\6°° & qé«"’ 0\6° & «0&
Gender Gender
C BMI D Pathology Distribution
30+ 401
£ 30
o
5 20 s
o o
- s 204
F &
@
104 £
= E 104
=z
0- 0~
> @ N S & &
¥ 2 G &
o® ~ Qe“ o~
Gender Pathology

Figure 3. Multi-panel image concerning the demographic data of patients. Graph (A)—gender distribu-
tion; graph (B)—age distribution; graph (C)—BMI calculation; graph (D)—distribution of pathologies.
Legend: BT = biceps tendinitis (13 cases); HB = hip bursitis (31 cases); others = miscellanea of other
pathologies, comprising epicondylitis (1 case); epitrocletis (1 case); latissimus dorsi (1 case); plantar
fasciitis (one case). One patient had two pathologies. The ANOVAs did not reveal significant differences
among the groups reported in graphs (B,C) (p = ns).

3.2. Description of Pathologies

A total of six types of different orthopedic pathologies were recorded at the beginning
of data collection. However, in six cases, the follow-up was not performed due to the
patients withdrawing from the study. In particular, in one case, the reasons were unknown;
in four cases, there were unsuccessful results or dissatisfaction of the patient; in the last
case, there were personal reasons. Thus, the frequencies of the pathologies associated with
treated patients were evaluated according to the completion of the established protocol
and are reported in Figure 4A. The most common pathological condition treated was hip
bursitis (HB; 31/48; 64.58%), followed by biceps tendinitis (BT; 13/48; 27.08%). The data of
the “miscellanea” group represented the remaining 8.42% of the pathological conditions
(see Figure 3D). The data indicated that the treatment with PN HPT™ injections was
successfully completed in 41 of 47 patients. Thus, the figure for the proportion of completed
treatments was 82.23% (Figure 4B).
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A Ratio of pathologies associated
30- with treted patients
B BT
4 = HB
® 204 ® Others
o
'S
'é 10+
z
0-
06 06
,\&'5‘ o“”@\
Patients
B Treated Untreated
N % N %
BT 10 76.9 3 23.1
HB 27 90.0 3 10.0
Others 4 100.0 0 0.0

Figure 4. An analysis of the pathological conditions treated. (A): a bar graph showing the distribution
of the pathologies. (B): a table reporting the percentages of completion of the treatment scheme. A
total of 48 pathological sites were reported. One patient had bi-lateral HB.

3.3. Subjects with Incomplete Data

The information on absent data of clinical records is grouped in the two graphs
reported below (Figure 5), where Figure 5A shows the total records distributed by visit,
and Figure 5B indicates the number of patients not included in the global analyses due to
the absence of data.

A Missing Data B Withdraw Concems
L [
_E o
g 5
& o
g s 4
2 £
s s
=
5 g 7
E 2
= §
Rl o T = [
0-25’ 4";‘& «“4 & & & F & &
I I L L
& P A L G
& o

Phase of study Phase of study

Figure 5. Missing data. Graph (A): A complete database was obtained by physicians for 41 out of
47 patients. Here, the missing data per visit are reported. Graph (B): The number of patients with
incomplete data. Six of them were excluded from the clinical data analyses. There were five missing
records for visit T2 and one for visit T3.
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3.4. VAS Results (TO Visit)

The baseline analyses for both pain and functional impairment (obtained based on the
VAS scores) were performed with the Kruskal-Wallis (non-parametric) test. No statistical
differences were found in both the pain and functional impairment rows according to
the gender distribution. Both parameters showed mean values close to the maximum of
the VAS score (mean VAS = 10). Below, the respective analysis results concerning pain
(Figure 6A) and functional impairment (Figure 6B) at TO are reported, according to which
no statistical differences between males and females could be confirmed. Therefore, the
results suggest that the differences in the patient-reported VAS scores might be dependent
on the general condition of the patients and not influenced by gender, age, or BMI. Notably,
data for HB and BT patients alone showed no difference in mean and standard deviation
distribution (Table 1).

A VAS TO (Pain) B VAS T0 (Functional Impairment)
12+ = 127
p=ns p=ns
I Y s
S S
] &
s 4 s
o-
> ) N
(9\00 *’b\ QQ@Q
Gender Gender

Figure 6. Graph (A): The VAS analysis results for pain (p > 0.05) reveal that there were no significant
differences between the genders in the cohort of the study. Graph (B): the VAS analysis results for
functional impairment (p > 0.05).

Table 1. Statistical data of Figure 6.

Parameter Groups
HB BT Global Male Female

Mean 9.954 10.000 9.968 9.975 9.963

'Es SD 0.160 0.00 0.124 0.102 0.133
N 28 10 47 20 27

Tg“ -é Mean 9.963 10.000 9.972 9.981 9.955

§ ‘i SD 0.133 0.00 0.102 0.0.96 0.150
£ 8 N 28 10 47 20 27

Note: The data concerning both the HB and BT group were extracted from all groups of tendinitis patients.

3.5. VAS Results (T0-T4 and Delta Analyses)

The data concerning the following visits (TO and T4) for which it was possible to
perform paired T-test analyses (Wilcoxon test) were available for 41 patients. The same
analyses were performed for both pain and functional impairment VAS data (Figure 7).
Regarding the difference observed in the pain score, the delta value was 8.537 £ 1.429
(Figure 7A), while the delta value for functional impairment was 8.598 + 1.441 (Figure 7B).
Furthermore, the pain and functional impairment reductions, in terms of VAS score dif-
ference (percentage), were equal to 85.68% and 86.19%, respectively. In particular, similar
results were observed in looking for the two more representative groups for HB and
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BT (Table 2). These variations show significant statistical differences in both pain and

functional impairment (p < 0.0001).

A VAS Pain (Final)

" p<0.0001

5

S 104

2

g &

]

S 6

S

A

g 7

>
S > >
B\ A «Q‘,\

o@\\‘?
Visits

VAS Score (distence cm) oo

VAS Functional Impairment (Final)

a o
b A A S .

e

p<0.0001

< <> <>
<
o"\‘?

Visits

Figure 7. Graph (A): VAS analysis results for pain. Delta = 8.541 + 1.429 (final visit T4 and delta
value with respect to T0); p < 0.0001. Graph (B): VAS analysis results for functional impairment.
Delta = 8.598 + 1.441 (final visit T4 and delta value with respect to T0); p < 0.0001.

Table 2. Statistical data of Figure 7.

HB Group BT Group All Groups
Parameter
TO Delta T4-T0 TO Delta T4-T0 TO T4 Delta T4-T0
Mean 9.954 8.315 10.000 9.200 9.968 1.427 8.541
=
5 SD 0.160 1.553 0.000 0.753 0.124 1.408 1.429
N 28 28 10 10 47 41 41
HB Group BT Group Groups
Parameter
TO Delta T4-T0 TO Delta T4-T0 TO T4 Delta T4-T0
Té E Mean 9.963 8.107 10.000 9.200 9.976 1.378 8.598
SE
=
§ g, SD 0.133 1.208 0.000 0.753 0.109 1.418 1.441
5 N 28 28 10 10 41 41 41

Note, the data concerning both the HB and BT group were extracted from all groups of tendinitis patients.

3.6. VAS Results (Global Trend)

The data concerning the visits (T0, T1, T2, T3, and T4) for which it was possible to
perform ANOVAs (One-way) were available for 41 patients. All pairs of groups were
compared against each other, and the same analyses were performed for both pain and
functional impairment VAS data (Figure 8). The results reveal that the PN treatment
showed great efficacy in improving both pain and functional impairment parameters,
as according to the final results (T4), the mean improvement in the VAS score (for both
parameters) was 85.89% (pain: 85.68%; functional impairment: 86.16%) with respect to TO
(Figure 8A,D; p < 0.0001). For both parameters (pain and functional impairment), there was
a continuous and positive trend for the VAS score from visit T1 to visit T4 (Figure 8B,E;
p < 0.0001). The delta values for VAS improvement (at visit T1) were 61.68% and 41.20%
in pain and functional impairment, respectively. These results highlight the presence of
two different speeds (Ss) of VAS improvement (VI; percentage) in the two parameters,
pain and functional impairment (Figure 8C; R? = 0.9703 and Figure 8F; R? = 0.9641). By
analyzing the speed of VAS improvement, it was possible to ascertain that the treatment
accelerated the improvement in the functional impairment parameter faster (delta T4-T1:
44.96%) compared with the pain parameter (delta T4-T1: 35.42%; Figure 8B,D). In fact, it is
possible to express the speed of VAS improvement (SVI) as the variation in the VAS per
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week (VI/w). Given that the time of visits covered a 22-week period (T1-T4), the SVI values
for pain (1.56 VI/w) and functional impairment (2.04 VI/w) were calculated. Further, it is
possible to express the acceleration as AVI (AVI/w?), and the following measurements were
calculated for pain and functional impairment: 0.16 AVI/w? and 0.20 ATV /w?, respectively.
These values were obtained to express the percentage change in the VAS score per week;
accordingly, a greater speed of improvement in the VAS (SVI) value was observed for
the pain parameter, in which the improvement was equal to 4.00, while that observed in
functional impairment was 3.59 (Figure 8C,F). Overall, by analyzing the results obtained for
the pain parameter and for functional deterioration (measured with the VAS score), large
statistical differences were observed and confirmed when comparing TO vs. T4 (start point
vs. end point). Therefore, the current results suggest that the VAS score is an adequate tool
for evaluating improvements in pain status and functional impairments. Furthermore, it
was observed that approximately 50% of large statistically significant differences in the
improvement in the VAS score were observed in the early period of treatment (for example,
at visits T1 and T2) (Table 3).
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Figure 8. The cumulative analysis results of the VAS (pain and functional impairment) for all visits.
Graphs (A—C) show the statistical data for pain, while graphs (D-F) show the statistical data for
functional impairment. Graphs (A,D): The analysis results and description of the VAS (trends among
the visits; p < 0.0001). Graph (B,E): The evaluation of VAS improvement (delta of the VAS with respect
to TO; p < 0.0001). Graphs (C,F): The calculation of VAS improvement speed is based on the VAS score
variation per week. The green line shows the connecting line among the points, while the red line
demonstrate the R? analysis (C,F).
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Table 3. Statistical data of Figure 8A,D.
G
Parameter roups
TO T1 T2 T3 T4
Mean 9.963 5.902 3.695 1.841 1.426
=
E SD 0.131 1.492 1.426 1.468 1.407
N 41 41 41 41 41
E“ é Mean 9.975 5.865 3.475 1.682 1.378
5)
B
§ g SD 0.109 1.516 1.478 1.544 1.417
St N 41 41 41 41 41

3.7. Questionnaire Results

The data concerning the following visits (T1, T2, T3, and T4) for which it was possi-
ble to perform ANOVAs were obtained for 41 patients. The rows of data concerning the
questionnaires for both patient satisfaction (PS; Figure 9) and Clinical Global Impression—
Improvement (CGI-I; Figure 10) were analyzed by performing two-way ANOVA tests, and all
groups were compared in pairs (Table 4). The same analyses were performed for both param-
eters (p < 0.0001). For both parameters (PS and GCI-I), progressive positive improvement was
observed (Figures 9A and 10A). In particular, the mean scores of the questionnaires visit by
visit and at all checkpoints were calculated, and all values indicated a positive assessment
by both patients and physicians. As reported in Figures 9B and 10B, the distribution of the
scores associated with positive assessments increases starting from T1 for both PS (Figure 9)
and CGI-I (Figure 10). In particular, it is highlighted that the comprehensive positive values
(at visit T4) for PS and CGI-I were 92.68% and 97.56%, respectively.

Table 4. Summary of statistical tests.

Values of Test (Kruskal-Wallis)
p-Value  H-Value x2-Value mn>-Value Power

Analysis  Parameter

VAS Pain TO 0.9987 0.002619 0.0026 —0.011 0.867

VAS FI TO 0.9854 0.029390 0.0029 —0.011 0.867

VAS Pain 1]?0(3_1;1 <0.0001 24.6683 24.67 0.093 0.9171
Delta

VAS FI TO-T4 <0.0001 26.9532 26.95 0.100 0.9171

Values of Test (One-Way ANOVA)
p-Value F-Value  df-Values mn2-Value Power

Analysis  Parameter

VAS Pain %Be_l}i <0.0001 298.0 (4200) 0.720 0.8996
VAS FI Trend <0.0001 2915 (94,200) 0.740 0.8842

T0-T4
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Figure 9. The results of the questionnaire concerning patient satisfaction (PS). (A) The bar graph
shows the mean score value elaborated for each visit and the significative increase in PS over time.
(B) A plot graph representing the distribution of the scores according to five levels of satisfaction
grouping the patients who made positive and negative assessments. (C) A graph showing the
percentages of the PS distribution across all visits.
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Figure 10. The results of the questionnaire concerning Clinical Global Impression—Improvement.
(A) The bar graph shows the mean score value elaborated for each visit and the significative increase
in CGI-I over time. (B) A plot graph representing the distribution of the scores according to seven
levels of satisfaction grouping the patients who made positive and negative assessments. (C) A graph
showing the percentages of the CGI-I distribution across all visits.
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3.8. Heatmaps and Chromo-Score Representation

In order to explain the complex data of this study in a single picture, heatmap charts
were used in order to highlight the progress of patients in terms of pain reduction and
functional improvement in physical function. Both parameters for all the visits are reported
in the figures below, where the chromo-scores range from red to green to represent the
worst and best parameter values, respectively (Figures 11 and 12). The heatmap shows
that 40 out of 41 patients had a notable positive improvement after treatment, while 1
patient (#ID19) had a negative outcome in these analyses. However, it should also be
mentioned that two patients (#ID02 and #ID41) experienced the greatest improvement
in the VAS score for pain (Figure 11) and functional improvement (Figure 12) after just
one injection. The green color used in Figures 11 and 12 shows all the positive changes
measured between one visit and the next. According to the pain analysis, in two cases
(#ID02 and #ID08), the changes measured between T3 and T4 were negative, and in terms
of functional improvement, five patients (#ID02, 4, 8, 11, and 20) showed negative results.
In these cases, the changes in the VAS score between the two visits were very close to zero,
and the computer algorithm assigned a negative value (red color). However, the final effect
on the patients was not changed by this small difference, resulting in a global positive effect
(green color).
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Figure 11. Heatmap representation of VAS data concerning pain analysis (p = 0.0001). Top left: singu-
lar interpretation of chromo-score for each visit. Top center: delta evaluation between consecutive
visits, where width of bar means delta value. Green color represents positive changes (benefits). Red
color represents negative differences (minus). Global variation in VAS (delta; top-right column) is
represented according to chromo-score bar (bottom of panel).
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Figure 12. Heatmap representation of VAS data concerning functional impairment analysis (p =
0.0001). Top left: singular interpretation of chromo-score for each visit. Top center: delta evaluation
between consecutive visits, where width of bar means delta value. Green color represents positive
changes (benefits). Red color represents negative differences (minus). Global variation in VAS (delta;
top-right column) is represented according to chromo-score bar (bottom of panel).

3.9. Correlation Between BMI and Pathologies

According to both statistical reports, we tried to ascertain the presence of a difference
in terms of body mass index (BMI) values (as reported in Figure 3C) in the patients treated
for the considered pathologies. ANOVAs were carried out by comparing BMI and the
two most frequent pathologies in patients treated with PN HPT™, i.e., HB (hip bursitis)
and BT (biceps tendinitis), as reported in Figure 3. The two pathologies were investigated
separately, and the patients were sorted into two groups by the BMI value (upper or lower
group, with respect to the mean value of BMI). In the BT group (10 patients), there were
six patients showing a BMI value above the mean and four patients showing a BMI value
below the mean. Furthermore, in the HB group, including 26 patients, there were 13 in
both BMI groups (above and below the mean BMI value). The ANOVA tests did not reveal
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significant differences when comparing the mean BMI score values in both BT and HB
patients (Figure 13A,B). Next, the global differences in the VAS score (T4-T0) were evaluated
for both pain and functional impairment in the two most common pathologies treated
with PN HPT™ (BT and HB). According to the BMI partition, no significant statistical
difference was discovered with ANOVA in these subgroups of patients (p = ns). The global
VAS improvements in pain and functional impairment were the same in both groups of
patients (sorted by BMI and pathology). This statistical evaluation is reported in Figure 13C.
However, the statistical results indicate that BMI values lower than the mean were found in
the group of patients showing greater improvement in both pain and functional impairment
in BT (the differences were not significant). Finally, no significant differences were found in
the HB subgroup of patients.
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Figure 13. BMI and pathologies. Graph bars reporting patients sorted by BMI level (above or below
mean): (A) hip bursitis (HB) pathology; (B) biceps tendinitis (BT) pathology; (C) HB and BT. ANOVA
and multi-comparison T-test did not reveal significant values (p = ns).
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4. Discussion
4.1. The State of the Art

Tendinopathy is the commonly used term to describe various tendon pathologies that
include paratendinitis, tendinitis, and tendinosis [1]. It has been reported that the Achilles
tendon (AT) pathology alone constitutes 7-9% of total injuries in elite runners [46]. However,
other tendinopathies should not be overlooked: a total of 1-2% of the general population
has been reported to suffer from tendinopathy of the lateral elbow extensor tendon (LET)
as a common origin [47], and 20% of all knee injuries have been diagnosed as patellar
tendinopathies (PTs). Other common sites of tendinopathy include the proximal insertion
of the hamstring, the rotator cuff tendons of the shoulder, and the trochanteric tendons [1].
Given the prevalence of these tendinopathies, the curative strategy in the treatment of
tendon pathology remains an important point for clinical improvement in patients [1].
Conservative treatments represent the ideal choice for doctors to improve the clinical
condition of patients without prolonging recovery times too much [7]. Such treatments
include platelet-rich plasma (PRP) [8] and corticosteroid injections (Cls) [9]. However, a
systematic review of clinical studies has shown that corticosteroids reduce pain in the short
term but that this effect is canceled out in the medium-long term. After 3-6 months of
ineffective conservative therapy, surgical intervention should be considered [10]. Another
technical approach might be the injection of Polynucleotides High Purification Technology
(PN HPT™).

4.2. The Rationale of This Study

The utility of polynucleotides (such as in PN HPT™) has been widely documented
over the last decade in several studies conducted since 2014 [36,39,48-51]. Orthopedics is the
medical field in which PNs have been most widely used. In particular, three different groups
of physicians performed randomized clinical trials (RCTs) on patients with knee osteoarthritis
(OA) [36,39,49] and rotator cuff syndrome (RCS) [50], comparing treatments with PN HPT™
versus those with hyaluronic acid (HA) [36,39,50]. A total of 242 patients were enrolled in
these studies, and 121 of them were treated with PN HPT™ alone [36,39,49,50]. Notably, in
two of the RCTs, the physicians demonstrated the non-inferiority of PN HPT™ treatments
with respect to HA alone [39,49]. The comparison between the two treatments revealed a
marked difference in terms of non-steroidal anti-inflammatory drug (NSAID) consumption,
as a reduction in the latter was observed in the arm, including for PN patients 8 weeks earlier
than in HA patients (at 10 weeks in PN HPT™ vs. 18 weeks in HA [39] and at 8 weeks
in PN HPT™ vs. 16 weeks in HA [49]). The results demonstrated a positive impact of PN
applications in order to reduce pain in the first six months of treatment both in patients with
knee OA and in those with RCS [36,39,50]. Further, similar medical findings were reported by
Guelfi et al. in 2020 [51], who prospectively studied 146 patients with knee OA and 56 patients
with ankle OA. The authors concluded that the PN HPT™ treatment positively improved
the patients’” WOMAC score after one month and that the positive effects remained stable
for the following six months. Furthermore, they supported the hypothesis that PN HPT™
could behave similarly to high-molecular-weight HA, with the advantage of fewer injection
difficulties [51]. In another study focused on hip OA [48], scientists retrospectively evaluated
the application of PN HPT™ alone in 43 patients with hip OA. Pain analyses (based on the
VAS approach) demonstrated a reduction in the score of —46.6% from the baseline at the six-
month follow-up [48]. Further, the VAS score remained low after 24 (—51.4%) and 36 (—55.6%)
months (with respect to the baseline assessment) [48]. No studies in which PN application,
tendinitis, and VAS improvement were collectively considered were found. Based on the
literature, both in terms of topics and areas of application of polynucleotides, we would like to
suggest three points of novelty for our scientific proposal: (1) recent articles reporting only the
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results obtained with PN HPT™ focus on osteoarthritis and skin rejuvenation [37,48,52,53];
(2) clinical applications of PN HPT™ regarding tendinitis seem to be missing in the literature
in orthopedic patients [48,51]; (3) the use of PN HPT™ polynucleotide injection, in hip bursitis,
seems to be a new element in the literature. In good faith, we did not find data concerning the
following variables: PN HPT™™ [7.5 mg/mL], HB, and VAS evaluation.

4.3. Purposes and Evidence

Our series of retrospective data confirmed that the treatment with Polynucleotides
HPT™ injection improved pain and functional impairment in both HB and BT subjects (p <
0.0001). Further, the “final chromo-score data” confirm and support the results of the analyses
for TO-T4. It is worth noting that the clinical data of both HB and BT patients might represent
the pathological conditions of GTPS [14] and LHBT [24,25], as indicated in Figure 1D. In fact,
the treatment based on PN HPT™ corresponded to the large trochanteric site [31] and the long
head of the biceps [54]. The significant statistical values obtained for both pain and functional
impairment in these musculoskeletal conditions indicate an important role of Polynucleotides
HPT™ (PN HPT™) in treating the pathologies investigated. In particular, the results obtained
in the earlier phases of treatment (e.g., at T1 and T2) indicate that this treatment both has
positive outcomes and shows early efficacy. Moreover, the trend in the VAS scores showed a
constant reduction over time. The VAS score is an important parameter for evaluating both
pain and functional improvements in osteo-articular (OA) and musculoskeletal pathologies [15,
17,55]. In particular, it is important to note that (see the global chromo-score analyses) the
mean of the delta score (T0 vs. T4) was important in both pain and functional impairment
assessments. These statistically significant differences were sought for all tendinitis patients
and in both groups analyzed separately (HB and BT). In the second-level analyses, it was
observed that the acceleration and speed of VAS improvement were different for the two
parameters investigated. Higher acceleration was observed for functional impairment, while
higher speed was found for the pain parameter. Furthermore, only one subject (corresponding
to 2.38% of the total patients included) did not show treatment benefits in terms of both pain
and functional impairment parameters. The results of different studies in OA diseases seem to
confirm a similar trend associated with the PN HPT™ treatment [36,39,48,49,55]. In addition,
in a study focusing on joint hip replacement and hematological parameters, before and after
surgery, no consolidation regarding functionality was reported [40]. Nevertheless, this patient
was shown to derive constant benefits from treatment, but their final VAS score remained
much higher with respect to the general treated population (# ID19; Figures 10 and 11). On
the other hand, two patients (#ID02 and #ID41) received the maximum benefits after only
one injection at T1 and/or T2 (see heatmaps in Figures 10 and 11). A total of 168 points of
analyses (comparing all delta points for each patient) were performed for pain and functional
impairment (see heatmap analyses). Only 1 (0.59%) and 4 (2.38%) delta points out of 168 were
negative in the pain and functional impairment analyses, respectively. However, in these
four patients, the final result (delta values for visits T0-T4) was also positive. Furthermore,
at the end of the data analyses (which could be performed in 87.23% of 47 patients), a total
of 40 subjects achieved fully positive VAS improvements in pain and functional impairment
(Figures 10 and 11). The most frequently used scales for assessing the improvement in
tendon function in patients with hip and shoulder dysfunction are the Shoulder Pain and
Disability Index (SPADI) [56] and Harris Hip Score (HHS) [57] scales, respectively. However,
as this is a retrospective study, these data were not available. Nevertheless, we attempted
to convert the VAS scores reported in the manuscript into values corresponding to these
scales, based on previously reported conversion methods [58,59]. These converted data are
provided in the Supplementary Materials. Tables S1 and S2 represent the SPADI and HHS
extrapolation. Indeed, both SPADI and HHS were calculated for both BT and HB, respectively
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(Tables S3 and S4). The statistical analyses showed similar results, as did the VAS analyses
highlighted previously (Figures S1 and S2). Notably, in order to analyze all six different
pathologies present in the database, the use of VAS score appeared as the best choice. On the
other hand, the questionnaires showed twin positive trends for patient satisfaction (PS) and
Clinical Global Improvement—Impression (CGI-I) data. In these analyses, it was observed
that more than 90% of responses fell in the category of positive assessment scores for both PS
and CGI-I, while negative assessments were reported in less than 3% of the questionnaires’
answers. Nonetheless, the following summary of the variables investigated by VAS can be
offered [56]: pain, functional impairment, patient satisfaction, and CGI-I indicated a positive
trend after PN HPT™ injection. Lastly, we found that variable personal data such as age,
gender, and BMI had no influence on the treatment results mentioned above, nor did the
pathologies considered (HB and BT).

5. Conclusions

The results obtained from the analysis of the present demonstrated the efficacy and
safety of Tropho Tend (PN HPT™) use in tendinitis patients, especially in both HB and
BT pathologies. The PN HPT™ treatment improved the pain and functional impairment
levels of patients. The results of this retrospective clinical data analysis are in agreement
with the other contributions in the literature. The further studies, including a control
population (e.g., other type of treatment), could consolidate the results of the present study
and increase the molecular know-how associated with PN HPT™. In vivo experiments
and subsequent analyses support the results illustrated in this report and the rationale
of the studies mentioned above. Nonetheless, the results obtained from the cross-match
between the BMI analyses and the patient pathologies reveal no impact of BMI on tendon

healing. Overall, Polynucleotides HPT™

might represent a new weapon against tendinitis.
Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390/jcm14051404/s1, Figure S1: Representation of SPADI results in
BT patient. The SPADI was elaborated at TO and T4 Visits. The statistical differences were evaluated
by paired Student’s test. The mean SPADI score was equal to 100.00% at TO, while 8.00% at T4. The
main delta value (T0-T4) was equal to 92%. The PN HPT™ treatment reduced the SPADI in all BT
patient; p < 0.0001; Figure S2: Representation of HHS results in HB patients. The HHS was elaborated
at T1 and T4 Visits. The statistical differences were evaluated by paired Student’s test. The mean
HHS was equal to 65.00% at T1, while 85.00% at T4. The main delta value (T0-T4) was equal to 20%.
After PN HPT™ treatments, 27 out of 28 (96.42.%) patients showed an improvement of HHS, while
24 out of 28 (85.71%) patients showed the good level of HHS after PN HPT™ treatments; p <0.0001.;
Table S1: Calculation of SPADI; Table S2: Calculation of Hip HARRIS Score (HHS); Table S3: Results
of SPADI in 10 BT patients; Table S4: Results of HHS in 28 HB patients.
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