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Abstract

Despite the various available options for managing Rotator Cuff Tear,
achieving definitive treatment remains a major challenge. Considering a
conservative treatment failure rate of 41% and a retear rate of 21%, new
therapeutic approaches are necessary. The utilization of mesenchymal
stem cells has garnered increasing attention due to their capacity for tissue
regeneration and reduction of local joint inflammation. The goal of this
study is to evaluate the impact of NanoFat intratendineous injection on
patients diagnosed with Rotator Cuff Tear. This study involved a total of
14 shoulders (7 right and 7 left) from 12 patients diagnosed with Rotator
Cuff Tear, who underwent one-year follow-up after ultrasound-guided
intratendineous NanoFat injection. The collection of material for injection
into the affected tendon was obtained through abdominal liposuction.
All patients underwent evaluations at 1 week, 1-, 3-, 6-, and 12-months
post-procedure. During all follow-up visits, the UCLA, SPADI, and CMS
questionnaires were administered as primary outcome measures to assess
the clinical impact of the proposed intervention. Following one year of the
procedure, significant improvements of 79.88% and 76% were observed
in the UCLA and SPADI scores, respectively (p < 0.001). The CMS
questionnaire did not exhibit a statistically significant difference in scores
at the conclusion of the evaluation. Regarding sociodemographic data, the
mean age observed was 50 years, the mean BMI was 28.1kg/m?, the mean
weight was 75.1kg, and mean height was 1.63m. This study has provided
evidence of functional improvement and pain reduction in patients with
Rotator Cuff Tear undergoing NanoFat treatment.
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Abbreviations: NSAIDs: Non-steroidal anti-inflammatory ~drugs;
ADSCs: Adipose-derived mesenchymal cells; UH — FUS: University Hospital
of Federal University of Sergipe; MRI: Magnetic resonance imaging; BMI:
The mean body mass index; Kg: Kilograms; m: Meters; CMS: Constant-
Murley Shoulder Score; SPADI: Shoulder Pain and Disability Index; UCLA:
University of California Shoulder Rating Scale; ASES: American Shoulder
and Elbow Surgery Society

Introduction

Rotator Cuff Tendinopathy is an inflammatory condition characterized by
pain during joint movement, local edema, reduced performance, and alteration
of adjacent tendon structures [1]. This condition has a multifactorial etiology
and is associated with various intrinsic factors, such as age, obesity, and
anatomical variations. Regarding extrinsic risk factors, trauma, occupation,
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and overuse can be mentioned [2]. Given the potential
progression of tendinopathy to partial or complete ruptures,
this condition leads to work absences and has a significant
socioeconomic impact, ranking as the fourth leading cause of
such absences [3-6]. Tendinopathies are estimated to account
for approximately 30 million repair procedures in the United
States and European countries, with a cost exceeding 150
billion euros [7].

Initially, upon diagnosing the disease through anamnesis,
physical examinations, and imaging, non-surgical treatment
is usually prioritized. Conservative treatment aims to
alleviate and improve joint function and includes resting,
non-steroidal anti-inflammatory drugs (NSAIDs), physical
therapy sessions, and intra-articular corticosteroid injections.
In cases of persistent symptoms or more severe tears, surgical
intervention becomes the preferred method for joint repair [8].
Despite the various available options for managing Rotator
Cuff Tendinopathy, achieving definitive treatment remains
a major challenge for orthopedic specialists. The resulting
scar tissue in the tendon is more fragile than the native tissue
due to higher levels of type III collagen, at the expense of
type I collagen [3,9]. Considering a conservative treatment
failure rate of approximately 41% after one year and a retear
rate of 21% after three months of surgical procedure, new
therapeutic approaches are necessary [3,10].

In this context, the utilization of mesenchymal stem cells
has garnered increasing attention due to their capacity for
tissue regeneration and reduction of local joint inflammatory
response [7,11]. Although the exact mechanism remains
unknown, it is hypothesized that elevated levels of
inflammatory and catabolic markers such as PGE2, IL-1, IL-
6, TNF-a, and mast cells are implicated in the pathogenesis
of the disease [4,12,13]. Animal and human studies have
demonstrated that mesenchymal stem cell therapy can
decrease these apoptotic and antiangiogenic markers, while
also promoting tissue regeneration through the secretion
of growth factors such as connective tissue growth factor,
TGF-B, PDGF, FGF, HGF, VEGF, and angiopoietin,
ultimately resulting in symptom improvement and enhanced
joint function [14-18].

Among the various sources of mesenchymal stem cells,
adipose-derived mesenchymal cells (ADSCs) have emerged
as the most promising therapeutic option. Not only are
they effective, but they can also be easily obtained through
subcutaneous tissue liposuction. ADSCs exhibit high
cellularity with multipotent potential and demonstrate a low
incidence of adverse effects [7,11,19]. Studies have indicated
that NanoFat, the liquid suspension form of emulsified and
filtered liposuction-derived adipose tissue, containing a high
number of stem cells (1.9 — 3.0 x 10°) from the vascular
fraction, has shown promising results in various medical fields
due to its residual regeneration capacity and straightforward
application [17,20-23].
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Therefore, the present study aims to evaluate the impact
of abdominal liposuction-derived NanoFat intratendineous
injection on the symptomatology and joint functionality
of patients diagnosed with Rotator Cuff Tendinopathy,
presenting with partial tendon tears and a lack of response to
initial conservative treatment.

Materials and Methods

The current study comprises a case series involving
patients diagnosed with rotator cuff tendinopathy, without a
control group, who were followed up for a period of one year
after intratendineous NanoFat injection guided by ultrasound.
The study was conducted at the University Hospital of Federal
University of Sergipe (UH — FUS) between February 2020 and
April 2022. The study protocol obtained approval from the
Research Committee of UH — FUS (26262319.7.0000.5546),
and all participants provided signed informed consent. The
study recruited participants aged between 40 and 75 years
with symptoms of shoulder pain or limited range of motion,
despite having undergone at least three months of conservative
treatment (NSAIDs, physical therapy), and the presence of
partial rotator cuff tear confirmed by magnetic resonance
imaging (MRI). Exclusion criteria for this study encompassed
prior intra-articular corticosteroid injections, history of
previous rotator cuff surgery, diagnoses of rheumatologic or
systemic comorbidities that could potentially confound the
cause of pain, physical examination findings indicating an
etiology other than rotator cuff tendinopathy for the reported
joint pain, diagnoses of coagulopathies, and occurrence of
trauma subsequent to the study intervention.

This study comprised a total of 14 shoulders (7 right and
7 left) from 12 patients diagnosed with Rotator Cuff Tear.
The mean age observed was 50 + 8.8 years, with the majority
of patients being female, representing 58.3% of the sample.
The mean body mass index (BMI) among patients was 28.1 =
5.2 kg/m?. The mean weight was 75.1 £+ 16.3 kilograms (Kg),
and the mean height was 1.63 + 0.1 meters (m), as depicted
in Table 1.

Table 1: Sociodemographic and clinical characterization of patients
affected by Rotator Cuff Tear.

n | % | Mean (SD) Median (IQR)
Sex
Female 7 58,3
Male 5 1417
Age 50 (8,8) 47 (45-53)
Weight 75,1 (16,3) 69 (65,4-90,8)
Height 163,2 (10,2) | 160,5 (157,5-167,8)
BMI 28,1 (5,2) 27,5 (24,6-31,4)
Side of the
shoulder affected
Right 7 | 50
Left 7 | 50

Subtitle: n — absolute frequency. % — relative percentage
frequency. SD — Standard Deviation. IQR — Interquartile Range.
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Study design

The recruitment of participants was conducted through
media outlets and communications, and their screening
was performed at the orthopedic outpatient clinic of UH —
FUS. A total of 16 participants were deemed eligible for
the research. Prior to the proposed intervention, functional
assessment, and shoulder pain questionnaires, namely the
Constant-Murley Shoulder Score (CMS), the Shoulder
Pain and Disability Index (SPADI), and the University of
California Shoulder Rating Scale (UCLA), were utilized
[24-26]. Four participants withdrew their consent, resulting
in a final sample of 12 patients, including two bilateral
involvements, leading to a total of 14 interventions. No
participants withdrew or were excluded from the study after
the proposed intervention.

Collection and processing of mesenchymal cells

Under the guidance of a licensed plastic surgeon, the
collection of material for injection into the affected tendon
was performed at the surgical center of UH — FUS through
subcutaneous tissue liposuction at four points in the
periumbilical region. The procedure was carried out without
the administration of sedatives, following the technique
described by Tonnard et al. [22]. Aseptic technique was
applied in the region, and local anesthesia was administered
using Klein's tumescent solution. The solution consisted of
50 mL of 1% lidocaine and 1 mL of 1mg/mL epinephrine in
1000 mL of saline solution. The safety of this solution has
been demonstrated in previous studies [22,23,27]. Adipose
tissue was then collected using negative pressure. The
collection process utilized two 2.1 mm % 200 mm infiltration
cannulas, each accompanied by a three-port spiral cannula of
2.1 mm x 150 mm attached to a 20 mL Luer Lock syringe.
Approximately 80 mL of tissue was obtained through
liposuction in each patient.

To obtain NanoFat, the aspirated adipose tissue was
processed using the NanoTransfer device from Tulip (Tulip
Medical, San Diego, CA) according to the manufacturer's
technique [20-22]. The purpose of this device is to emulsify
and mechanically filter the adipose tissue until it acquires a
liquid suspension form, which can be easily injected with
needles [22]. The aspirated tissue was initially decanted for
3 minutes. Subsequently, pre-emulsification was performed
using a 2.4 mm collector, with the content transferred 30
times between syringes. Emulsification was then carried out
using the 1.2 mm collector, repeating the transfer of content
between syringes 30 times. For filtration, the NanoTransfer
kit consists of an upper and lower component, each with
connectors of 2.4 and 1.2 mm, a single-use cartridge, and two
filters for each component. The upper component filter has
a pore size of 629 micrometers, while the lower component
filter has a pore size of 394 micrometers.
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Intratendinous ultrasound-guided injection

All procedures were performed by the same orthopedic
surgeon. Patients were positioned in a supine posture with
the arm in a neutral position. Following an inspection of
the joint cavity and identification of the tendon rupture as
shown in the preoperative imaging examination, the puncture
site was aseptically prepared, and local anesthesia with 2%
lidocaine was administered. The interventions were guided
by ultrasound (GE Venou 50, linear transducer, 4-15 MHz).
A volume of 3 to 5 mL of ADSCs was injected into the
posterior region of the shoulder using an 18 G disposable
needle. The entire intervention, from collection to injection of
the mesenchymal cells, lasted approximately one and a half
hours. After the procedure, patients remained immobilized
for 15 minutes and were discharged on the same day, with a
prescription for acetaminophen in case of pain, instructions
for absolute rest in the first 24 hours following the procedure,
and a referral for physical therapy sessions.

Postoperative follow-up

All patients were evaluated at 1 week, 1, 3, 6, and
12 months after the procedure. During all follow-up
consultations, the UCLA, SPADI, and CMS questionnaires
were administered to assess the clinical impact of the
proposed intervention as the primary outcome. Additionally,
the presence of intervention-related adverse effects and the
impact on patients’ sleep were also observed. For strength
evaluation in the CMS questionnaire, the Lafayette Manual
Muscle Test System 01165 digital dynamometer was utilized,
enabling objective grading of strength in kilograms.

Statistical analysis

Categorical variables were described using absolute and
relative frequencies. Continuous variables were described
using mean, standard deviation, median, and interquartile
range. The hypothesis of equality of means was tested using
analysis of variance (ANOVA). Multiple comparisons were
tested using the Tukey test. The hypothesis of no correlation
and the strength of the relationship between continuous
variables were evaluated using Spearman’s correlation. The
adopted significance level was 5%, and the software used for
analysis was R Core Team 2021.

Results
Application of pre-procedure questionnaires

Initially, the results of the questionnaires administered
prior to the proposed intervention were observed. The mean
score obtained on the UCLA questionnaire was 16.9 £ 5.6,
while on the SPADI questionnaire, the mean score obtained
was 58 £ 26.7, and on the CMS questionnaire, it was 60.1
+ 19.4. The average strength was measured using a digital
dynamometer and yielded a value of 8.36 = 6.26 kg.
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The correlation between the test results at the pre-
procedure consultation was evaluated. Negative correlations
were observed between SPADI and UCLA (-0.573), as well
as between SPADI and CMS (-0.687). A positive correlation
of 0.845 was observed between CMS and UCLA.

When comparing the data between genders, no statistical
difference was found in the questionnaire responses. However,
regarding strength, women exhibited an average strength of
4.38 + 2.67 kg, while men displayed an average strength of
13.67+£5.72 kg (p=0.002). No difference was observed in the
results obtained between the shoulders regarding laterality.

Comparison of questionnaires in follow-up

In the comparative analysis of UCLA questionnaire
results between the pre-procedure phase and one month after
the intervention, a 66% increase (11.2 points) was observed.
At 3 months, the average increase compared to the initial
evaluation was 62% (10.6 points). This increasing trend
persisted in the assessments conducted at 6 months and 1 year
after the procedure, with an increase of 70.4% (11.9 points)
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and 79.88% (13.5 points), respectively (p < 0.001).

Analyzing the average scores of the SPADI questionnaire
as a percentage, an improvement of 45.6% (26.5 points) was
observed between the initial evaluation and 1 month after the
intervention. There was also an improvement of 61.37% (35.6
points) when comparing the pre-intervention period with the
evaluation performed 3 months later and 50.5% (29.3 points)
when compared to the 6-month evaluation. Regarding the
results obtained 1 year after the procedure, an improvement
of 76% (44.1 points) was observed. The p-value obtained was
less than 0.001.

In the CMS questionnaire, a statistically significant
improvement of 26.5% (12 points) was observed when
comparing the assessment conducted 7 days after the
procedure with the one conducted at 1 month (p = 0.023).
However, there was no difference between the score obtained
before the procedure and the subsequent evaluations. The
average scores obtained in each follow-up questionnaire are
expressed in Table 2 and showed in Figures 1, 2 and 3.

Table 2: Mean scores obtained from questionnaires in follow-up visits of patients with Rotator Cuff Tear.

Visit UCLA
Mean (SD)
Preoperative 16.9 (5.6)
7 days 22.0(7.4)
1 month 28.1(4.8)
3 months 27.5(7.1)
6 months 28.8 (6.4)
1 year 30.4 (5.4)
p-value <0.001

Subtitle: SD — Standard Deviation. ANOVA.

SPADI CMS
Mean (SD) Mean (SD)
58.0 (26.7) 60.1 (19.4)
56.2 (24.8) 57.0 (14.8)
31.5(23.5) 72.1(7.4)
22.4 (21.6) 67.6 (13.7)
28.7 (28.0) 70.9 (12.6)
13.9 (17.1) 71.8(9.7)

<0.001 0.023
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Figure 1: Comparison of results obtained with the application of UCLA questionnaire before the procedure and during follow-up. 1 month
vs. pre-operative, p < 0.001; 3 months vs. pre-operative, p < 0.001; 6 months vs. pre-operative, p < 0.001; 1 year vs. pre-operative, p < 0.001.
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Discussion

The present study demonstrated a significant improvement
in pain and functionality in the affected shoulders during the
final evaluation of the participants, as assessed by two out
of three questionnaires administered after a 12-month period
following the procedure. The UCLA questionnaire showed
an increase from 16.9 to 30.4 points (p<0.001), while the
SPADI questionnaire showed a decrease from 59.0 to 13.9
points (p<0.001). Adverse effects observed in the study
included mild hematoma in the periumbilical region, which
persisted for up to three days after the intervention in three
out of 12 participants. Additionally, one participant reported
joint stiffness within the first 24 hours post-procedure (Table
3 and Figure 4). No serious adverse effects or permanent
damage were reported, and no participant was excluded from
the final 12-month evaluation. Throughout the evaluation
period, no patient experienced complete rupture of the tendon
or presented functional or painful deterioration. Despite
the absence of well-defined protocols and guidelines for
the application of mesenchymal cells, several studies have
demonstrated their safety and efficacy [7,11,28,29].
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For the liposuction procedure, the participants received
local anesthesia with tumescent solution, the efficacy and
safety of which have been documented in the literature by
numerous studies [14,22,23,30,31]. In 2009, Habbema
[27] described a series of 3240 consecutive cases in which
tumescent solution was utilized for abdominal liposuction
procedures. Data analysis revealed no cases of mortality,
hospitalization, severe complications, or legal complaints
following the procedures. Minor adverse effects reported
included two cases of panniculitis and two cases of skin
necrosis smaller than 5 cm resulting from blister formation.

To evaluate the impact of ADSCs on rotator cuff tears,
Jo et al. [3] divided the patients into three groups based
on the number of stem cells injected: 1.0 x 107 (low-
dose), 5.0 x 107 (mid-dose) and 1.0 x 10® (high dose).
ADSCs were obtained through abdominal liposuction, and
enzymatic digestion was performed for cell preparation. The
effectiveness of the treatment was assessed using the SPADI
and CMS questionnaires, while the regenerative potential
was evaluated through magnetic resonance imaging. After
6 months, a significant improvement was observed in the

Table 3: Impact of Rotator Cuff Tear on sleep before and after the procedure.

Your shoulder disrupts sleep, n (%) Preoperative 7 days p-value
Always 6 (42,9) 5(35,7) 0,044
Sometimes 8 (57,1) 4 (28,6)
No 0 (0) 5(35,7)
Subtitle: n — absolute frequency. % — relative percentage frequency. Pearson's chi-square test.
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Figure 4: Correlation between questionnaires after 1 year of the procedure.
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SPADI questionnaire, with an 80% decrease (p = 0.20) and a
77% decrease (p<0.001) in scores for the high-dose and mid-
dose groups, respectively, while no significant improvement
was observed in the low-dose group. The CMS questionnaire
demonstrated a significant increase in scores of 27%
(p = 0.014) and 20% (p = 0.005) for the high-dose and mid-
dose groups, respectively. Radiological findings revealed a
90% reduction in the volume of defects on the bursal side
among patients in the high-dose group. Therefore, it was
concluded that the use of ADSCs for the treatment of rotator
cuff tears is both safe and effective in regenerating tendon
defects, resulting in functional improvement and pain relief.

In accordance with this, Kim et al. [32] demonstrated
the efficacy of ADSCs usage by conducting a comparative
study involving 35 patients with full-thickness rotator cuff
tears who underwent exclusive arthroscopic repair and 35
patients who received ADSCs injections as an adjunct to
surgical treatment. The functional improvement and pain
reduction of the participants were evaluated using the UCLA
and CMS questionnaires. Although patients who received
adjunctive treatment exhibited a significant improvement
in CMS questionnaire scores (65.2 vs. 78.3; p < 0.001)
and UCL scores (26.5 vs. 20.8; p = 0.037) 28 months post-
intervention, there was no statistically significant difference
compared to participants treated solely with surgical repair.
However, patients who received ADSCs demonstrated a
lower incidence of new tears (14.3% vs. 28.5%, p < 0.001).
Consequently, it can be concluded that while not superior
in terms of functional improvement and pain reduction, the
utilization of ADSCs in conjunction with surgical treatment
reduces the risk of retear.

In a prospective randomized study conducted by Hurd et
al. [14], the aim was to compare patients with partial rotator
cuff tears who received intra-articular injections of 80 mg
of methylprednisolone with patients who received ADSCs
injections. The ASES (American Shoulder and Elbow
Surgery Society) questionnaire and RAND Short Form-36
Total Score were employed to evaluate efficacy. The study
revealed a significantly greater improvement in patients
who received mesenchymal cells at 24- and 52-weeks post-
procedure, and no severe adverse effects were reported.

Regarding the specific use of intra-articular NanoFat,
Mahmmood et al. [23] described its efficacy as a therapeutic
option for temporomandibular disorder. After evaluating 19
joints, they concluded that the utilizations of NanoFat had a
significant impact on pain level, joint clicking, joint deviation,
and maximum mouth opening after a 2-week period.

However, this study has several limitations. Firstly,
the small number of participants and the short follow-
up period should be noted. Furthermore, the absence of a
control group prevented the comparison of the efficacy of
the performed treatment with the conventional approach.
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The inability to obtain magnetic resonance imaging for
all participants post-procedure hindered the observation
of possible tissue regeneration. Despite all patients being
referred for physical therapy sessions, as our research was
conducted in the Brazilian public healthcare system, the
inability to standardize the responsible professional and the
follow-up period limited the sample uniformity. Finally, the
lack of histological analysis and evaluation of cell viability
of ADSCs through fluoroscopic microscopy can also be
considered a limiting factor. Nevertheless, the use of ADSCs
as a therapeutic treatment for patients with rotator cuff tears
shows promise [33]. Therefore, further randomized clinical
studies are necessary to develop standardized protocols and
guidelines.

Conclusion

The current study has provided evidence of functional
improvement and pain reduction in patients undergoing
NanoFat treatment, as evaluated through the UCLA and
SPADI questionnaires. Furthermore, the absence of severe
adverse effects aligns with the findings from other studies in
the scientific literature, indicating procedural safety. Finally,
a noteworthy enhancement of sleep quality was observed
among the participants.
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