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Background: Autologous microfragmented lipoaspirate tissue has been recently introduced in orthopaedics as an easily available source of nonexpanded adipose-derived mesenchymal stem cells. Autologous microfragmented lipoaspirate tissue is
expected to create a suitable microenvironment for tendon repair and regeneration. Rotator cuff tears show a high incidence
of rerupture and represent an ideal target for nonexpanded mesenchymal stem cells.
Purpose: To evaluate the safety and efficacy of autologous lipoaspirate tissue in arthroscopic rotator cuff repair.
Study Design: Randomized controlled trial; Level of evidence, 2.
Methods: Consecutive patients referring to the investigation center for surgical treatment of magnetic resonance imaging–
confirmed degenerative posterosuperior rotator cuff tears were assessed for eligibility. Those who were included were randomized to receive a single-row arthroscopic rotator cuff repair, followed by intraoperative injection of autologous microfragmented
adipose tissue processed with an enzyme-free technology (treatment group) or not (control group). Clinical follow-up was conducted at 3, 6, 12, 18, and 24 months; at 18 months after surgery, magnetic resonance imaging of the operated shoulder was
obtained to assess tendon integrity and rerupture rate.
Results: An overall 177 patients were screened, and 44 (22 per group) completed the 24-month follow-up. A statistically significant difference in favor of the treatment group in terms of Constant-Murley score emerged at the primary endpoint at 6-month
follow-up (mean 6 SD; control group, 76.66 6 10.77 points; treatment group, 82.78 6 7.00 points; P = .0050). No significant differences in clinical outcome measures were encountered at any of the other follow-up points. No significant differences emerged
between the groups in terms of rerupture rate, complication rate, and number of adverse events.
Conclusion: This prospective randomized controlled trial demonstrated that the intraoperative injection of autologous microfragmented adipose tissue is safe and effective in improving short-term clinical and functional results after single-row arthroscopic
rotator cuff repair.
Registration: NCT02783352 (ClinicalTrials.gov identifier).
Keywords: arthroscopic rotator cuff repair; biological augmentation; lipoaspirate; adipose tissue; adipose stem cells; mesenchymal stem cells; randomized controlled trial; magnetic resonance imaging; clinical results; rerupture

Rotator cuff surgery was initially proposed at the end of
the 19th century and evolved then from open to arthroscopic techniques, rising quickly from a minor niche to
a fully recognized subspecialty.32 To improve clinical and
functional results and reduce the retear rate, new fixation
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techniques and biological solutions to enhance tendon
healing are being developed at a fast pace, as shown by
the dramatic increase in the number of articles published
per year.25 Biological solutions to enhance rotator cuff
healing include growth factors and platelet-rich plasma,
as well as mesenchymal stem cells (MSCs) and their derivatives.34 MSCs are believed to enhance tissue healing
mainly through stimulation of local cells via paracrine
mechanisms and anti-inflammatory and/or immunomodulatory activity, thus creating a suitable microenvironment
for tissue repair.2,12,22,26,27,36,37,39 Autologous microfragmented lipoaspirate tissue has been recently introduced
in orthopaedics as an easily available source of adiposederived MSCs (ADSCs) to support and accelerate tissue
regeneration. Lipoaspirates contain human ADSCs and
produce growth factors, such as platelet-derived growth
factor, fibroblast growth factor, transforming growth factor
beta, and vascular endothelial growth factor, which play
important regulatory roles in cellular functions, including
adhesion, chemotaxis, proliferation, migration, matrix synthesis, differentiation, and angiogenesis.33,43 Herewith,
autologous microfragmented lipoaspirate tissue is expected
to optimize the microenvironment for tendon regeneration.
Among many approaches, devices relying on nonenzymatic
methods and avoiding the use of additives and other additional manipulations (eg, centrifugation) allow one to harvest, process, and obtain autologous microfragmented
lipoaspirate tissue directly in the operative theater under
sterile conditions. This permits immediate use in the
same surgical intervention without delays owing to the difficulty of an ex vivo cell expansion and the complexity of
the current good manufacturing practice requirements
for preparing cells for therapeutic use.33
Although several animal studies have been published
showing promising results for the use of ADSCs in enhancing the healing of rotator cuff tears,28 minimal evidence
describing augmentation of rotator cuff treatment with
lipoaspirate tissue or ADSCs is currently available.10,17-19,44
To date, no prospective study has evaluated the use of such
therapeutic approaches in vivo on rotator cuff repair. The
aim of this prospective randomized controlled single-blind
clinical trial was to evaluate the safety and efficacy of autologous microfragmented lipoaspirate tissue in arthroscopic
rotator cuff repair.
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METHODS
Study Design
The primary goal of this study was to test the following
hypothesis: an intraoperative injection of autologous
microfragmented adipose tissue processed with an
enzyme-free technology could improved the clinical outcomes of single-row arthroscopic rotator cuff repair in
terms of points in the Constant-Murley score (CMS) collected 6 months after surgery.
The CONSORT (Consolidated Standards of Reporting
Trials) statement guidelines were followed for result presentation. A flow diagram according to the CONSORT
guidelines illustrates the grouping and flow of patients in
our clinical study (Figure 1).
The study protocol was approved by the regional ethical
committee (Ospedale San Raffaele-IRCCS, 148/INT/2015,
January 13, 2016; amendment 1, March 9, 2017; Fondazione IRCCS Ca’ Granda Ospedale Maggiore PoliclinicoMilano Area 2, 132/2017, February 27, 2017) and registered at ClinicalTrials.gov (NCT02783352; March 9, 2016).
All investigations were performed at the IRCCS Policlinico San Donato, San Donato Milanese, Italy, and the
ASST Centro Specialistico Ortopedico Traumatologico
Gaetano Pini-CTO, Milan, Italy.

Randomization Procedures, Enrollment, Allocation,
and Preoperative Evaluations
Block randomization was performed to prepare a list through
a computer-generated simple randomization system and allocate patients at a 1:1 ratio to either of the 2 study groups. An
independent investigator (A.M.) not involved in the clinical
evaluation or surgical treatment of patients prepared and
sealed progressively numbered opaque envelopes containing
indications on the assigned groups.
Consecutive patients referring to the investigation center
for surgical treatment of magnetic resonance imaging
(MRI)–confirmed degenerative posterosuperior rotator cuff
tears were assessed for eligibility and enrolled by 3 investigators not involved in the surgical procedures (D.C., C.F.,
L.B.) between February 2016 and April 2018, according to
the inclusion and exclusion criteria listed in Table 1. All
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{
Orthopedic Department, San Gerardo Hospital, University of Milano-Bicocca, Milan, Italy.
#
Department of Diagnostic and Interventional Radiology, IRCCS Policlinico San Donato, San Donato Milanese, Italy.
**Department of Clinical Sciences and Community Health, Laboratory of Medical Statistics, Biometry and Epidemiology ‘‘G.A. Maccaro,’’ Università
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Assessed for eligibility (n = 177)

Randomized (n = 52)

Excluded (n = 125)
Partial rotator cuff tears (n = 30)
Massive rotator cuff tears (n = 24)
Subscapularis lesion (n = 8)
Shoulder instability (n = 5)
Other shoulder pathologies (n = 7)
Severe systemic diseases (n = 6)
Declined to participate (n = 45)

Allocation
Allocated to Control group (n = 26)
Received allocated intervention (n = 23)
Did not received allocated intervention due
to screening failure (n = 2) and consent
withdrawal (n = 1)

Allocated to Treatment group (n = 26)
Received allocated intervention (n = 23)
Did not received allocated intervention due
to screening failure (n = 1) and consent
withdrawal (n = 2)

Follow-up
Lost to follow-up (n = 1)
Lost to 24 months of follow-up due to noncompliance with follow-up (n = 1)

Lost to follow-up (n = 1)
Lost to 12 months of follow-up due to
complications of total knee arthroplasty (n = 1)

Discontinued intervention (n = 0)

Discontinued intervention (n = 0)

Analysis
Analyzed up to 24 months follow-up (n = 22)

Analyzed up to 24 months follow-up (n = 22)

Figure 1. Flow diagram of the study utilizing the CONSORT (Consolidated Standards of Reporting Trials) statement guidelines.
enrolled patients underwent clinical examinations and preoperative blood tests and were asked to complete the American Shoulder and Elbow Surgeons (ASES) questionnaire
and Simple Shoulder Test (SST) as well as a Visual Analog
Scale (VAS) for pain. During the preoperative clinical evaluation, the CMS was collected, and isometric strength was
measured in shoulder forward flexion, abduction, and external rotation. All measures were performed in triplicate with
a dynamometer (Kern HCB; Kern & Sohn GmbH).
After enrollment and clinical examination, patients
were randomized to the control group (single-row arthroscopic rotator cuff repair without adipose tissue injection)
or the treatment group (single-row arthroscopic rotator
cuff repair followed by intraoperative injection of autologous microfragmented adipose tissue processed with an
enzyme-free technology).
All patients randomized to the treatment group underwent an additional ultrasound investigation of the abdomen to exclude asymptomatic abdominal hernias, which
could represent a contraindication to abdominal adipose
tissue harvest.

The patient was positioned in the lateral decubitus position, with a traction device keeping the upper limb at
approximately 30° of flexion and 30° of abduction. Diagnostic arthroscopy was performed from standard posterior,
midglenoid, and lateral portals. The size of the tear was
measured in its anteroposterior and mediolateral maximal
extension with a graduated probe and classified according
to the Southern California Orthopaedic Institute,38 and the
shape of the tear was classified as crescent, U, L, and
inverted L.8 If insertional or intra-articular degeneration
of the long head of the biceps was encountered, a tenotomy
without tenodesis was performed.
The most lateral edges of the lesions underwent
debridement and standard single-row repair with titanium
suture anchors (Corkscrew, Arthrex; Super Revo FT and
ThRevo FT Suture Anchors; ConMed), using a combination
of margin convergence techniques and direct lateral repair
depending on tear shape and mobility; if necessary, interval slides were performed to mobilize retracted tendons.
Acromioplasty was performed with the Sampson cutting
block technique29 in patients with type 2 or 3 acromial
morphology according to the Bigliani classification.5

Surgical Procedures
All surgical procedures were performed under sedation
and interscalene brachial plexus block by a single surgeon
with extensive experience in shoulder arthroscopy who
was not involved in the enrollment procedures or the collection of the postoperative outcome measures (P.S.R.).

Autologous Microfragmented Adipose Tissue
Harvest and Preparation: Treatment Group
Patients randomized to the treatment group received an
additional intraoperative injection of autologous microfragmented adipose tissue processed with an enzyme-free
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TABLE 1
Eligibility Criteriaa
Inclusion criteria

Exclusion criteria

Age .18 years
Full-thickness supraspinatus and infraspinatus tendon tears (C1, C2, and C3 according to the
SCOI classification38)
Indication for arthroscopic rotator cuff repair
Informed consent to participate in the study
Informed consent to participate for the duration of the study
Partial rotator cuff tendon tears (A1, A2, A3, B1, B2, and B3 according to the SCOI classification38)
Massive rotator cuff tear (C4 according to the SCOI classification)
Subscapularis tendon tear (grade III, IV, or IV according to Lafosse classification24)
Associated anterior, posterior, or multidirectional shoulder instability
Indication for repair of a SLAP lesion of the biceps anchor
Grade III or IV muscle atrophy of the supraspinatus and infraspinatus tendons (according to Goutallier
or Fuchs classification11,13)
Intra-articular hyaluronic acid or corticosteroid infiltration within 3 mo from the planned surgical procedure
Medical comorbidities contraindicating arthroscopic shoulder surgery
Local (shoulder, abdominal region, gluteal region) or systemic infection, osteomyelitis, or sepsis
Diabetes mellitus, untreated thyroid disease, chronic kidney disease, rheumatoid arthritis
Immunodeficiency
Chronic disorders involving coagulation, platelet aggregation, or severe coagulopathy
Severe cardiovascular disease
Stroke or acute cardiovascular event within 6 mo from the planned surgical procedure
Weight loss for any cause .30 kg in 12 mo or .10 kg in 12 mo without a cause
Eating disorders or body dysmorphic disorder
Varices, phlebitis, or scars next to the planned adipose tissue harvesting site
Alcohol/drug addiction or psychiatric disease compromising compliance with postoperative protocols
Pregnancy or breastfeeding women
Informed consent not accepted

a

SCOI, Southern California Orthopaedic Institute; SLAP, superior labrum anterior and posterior.

technology. The Lipogems device (PCT/IB2011/052204)
was used to harvest, process, and inject the autologous tissue under sterile conditions according to the manufacturer’s instruction4 during the same surgical procedure
as the rotator cuff repair.
Adipose tissue was harvested either from the abdomen
(with the patient placed in a supine position, switching to
lateral decubitus for the shoulder arthoscopy after adipose
tissue harvest), or from the gluteal region (with the patient
directly placed in a lateral decubitus position for both adipose tissue harvest and shoulder arthroscopy), depending
on the preoperative ultrasound evaluation of the abdomen,
the macroscopic availability of adipose tissue, and the
patient’s preference. This procedure was performed by
a plastic surgeon with dedicated training for liposuction
procedures before final patient positioning and draping
for shoulder arthroscopy.
After skin preparation and dedicated draping, a solution
of 50-mL saline 0.9%, 5-mL mepivacaine 1%, and 5-mL epinephrine 1% was infiltrated into the subcutaneous tissue
using a 19G needle. Afterward, a disposable 19-cm blunt
cannula with 5 oval holes connected to a 10-mL Luer-Lok
syringe (Becton Dickinson) was used to aspirate a volume
of 100 to 150 mL of adipose tissue (lipoaspirate).
This lipoaspirate was processed in the dedicated adipose
tissue–processing device, rigorously avoiding the presence
of air, first by pushing it through a cluster reduction filter
and then by mechanical emulsification through shaking
the lipoaspirate in the completely closed system with 5

stainless-steel beads. This separated and washed away oil
and blood using the gravity counterflow of saline solution.
Adipocyte clusters collected at the top of the adipose tissue–processing device underwent a second adipose cluster
reduction by being passed through a size reduction filter.
The final product (approximately 60-100 mL) was then collected into 10-mL syringes for subsequent use (Figure 2).
At the end of the arthroscopic procedure, fluid was
carefully aspirated via the anterior outflow cannula, and
autologous microfragmented adipose tissue was injected
in dry arthroscopy conditions from the lateral portal while
maintaining a subacromial view from the posterior portal
(Figure 3).

Rehabilitation Protocol
Postoperative protocols were identical for both groups.
Patients were discharged the day after surgery wearing
a sling (Ultrasling II; DonJoy), and they were instructed
to wear it day and night for 28 days; they were allowed to
remove it to eat and to perform personal hygiene, early
self-assisted light passive range of motion (ROM) exercises,
and mobilization of the elbow and scapulothoracic joint.
From the 29th day, patients began formal passive rehabilitation assisted by a dedicated physical therapist to recover full
ROM of the shoulder joint, and they started active training
once a satisfactory passive ROM was reached. From the end
of the second month, the main focus of physical therapy was
to regain full muscle strength.
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Figure 2. Adipose tissue harvest, preparation, and intraoperative injection with the Lipogems device. (A) Liposuction is performed
to (B) obtain a lipoaspirate, which is then (C) mechanically emulsified through shaking to (D) separate and wash away oil and blood
using a gravity counterflow. The final Lipogems product is then (E) injected at the repaired rotator cuff site from the lateral portal,
after fluid aspiration from the anterior midglenoid portal and while (F) maintaining a subacromial view from the posterior portal.
Patients undergoing abdominal lipoaspiration were discharged wearing an abdominal compression girdle for 3
weeks to prevent the development of painful subcutaneous
hematomas.

Postoperative Evaluations

Figure 3. Intraoperative view of an arthroscopic procedure
of single-row rotator cuff repair, followed by intraoperative
injection of autologous microfragmented adipose tissue (right
shoulder, posterior view). The (A) rotator cuff lesion is arthroscopically repaired with (B) a standard single-row construct.
At the end of the procedure, in a dry condition, autologous
microfragmented adipose tissue is injected (C) from the lateral portal to well cover (D) the repaired rotator cuff.

All patients were asked to complete a daily form documenting the perceived level of pain (VAS) at 6 pm and the daily
intake of pain medications for the first 4 weeks after surgery. One month after surgery, patients were additionally
asked to complete the ASES questionnaire and SST. At 3,
6, 12, 18, and 24 months of follow-up, all enrolled patients
were asked to complete the ASES questionnaire, SST, and
VAS, and they underwent a clinical examination, including
the CMS and measurement of isometric strength in shoulder forward flexion, abduction, and external rotation. All
strength measures were performed in triplicate with
a dynamometer (Kern HCB; Kern & Sohn GmbH).
Eighteen months after surgery, MRI of the operated
shoulder was obtained to assess tendon integrity and calculate rerupture rate according to the classification proposed by Sugaya et al40 (types IV and V defined as
retears). Atrophy of the supraspinatus muscle belly was
evaluated according to Warner et al,45 and fatty degeneration was classified according to Fuchs et al.11 All MRI evaluations were performed by a dedicated musculoskeletal
radiologist (E.N.) blinded to the patients’ allocation.
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TABLE 2
Patient Characteristics at Baselinea

Age at follow-up, y
Mean 6 SD
Median [Q1-Q3]
Body mass index
Mean 6 SD
Median [Q1-Q3]
Sex
Female
Male
Treated side
Left
Right
Dominant side
Left
Right
Smokingb
Former/current smoker
Nonsmoker
Allergiesc
Yes
No

Overall (n = 46)

Control (n = 23)

Treatment (n = 23)

58.91 6 7.04
58.50 [54.75-63.50]

59.43 6 6.29
59.00 [56.00-62.00]

58.39 6 7.83
57.00 [54.00-65.00]

25.76 6 4.74
25.06 [22.15-28.36]

25.23 6 4.76
24.62 [21.78-26.56]

26.29 6 4.77
26.22 [22.35-29.05]

27 (58.70)
19 (41.30)

15 (65.22)
8 (34.78)

12 (52.17)
11 (47.83)

9 (19.57)
37 (80.43)

4 (17.39)
19 (82.61)

5 (21.74)
18 (78.26)

7 (15.22)
39 (84.78)

5 (21.74)
18 (78.26)

2 (8.70)
21 (91.30)

5 (11.63)
38 (88.37)

4 (18.18)
18 (81.82)

1 (4.76)
20 (95.24)

16 (35.56)
29 (64.44)

6 (27.27)
16 (72.73)

10 (43.48)
13 (56.52)

a

Data are presented as No. (%) unless noted otherwise. Q1, first quartile; Q3, third quartile.
Data were missing for 3 patients (1 in control and 2 in treatment).
c
Data were missing for 1 patient (control).
b

Blinding
Blinding of patients to the allocated intervention was not
performed for obvious technical and ethical reasons. Randomization procedures and statistical analyses were performed by an examiner not involved in the clinical
evaluation or surgical treatment of patients. All clinical
evaluations were performed by independent examiners
(D.C., C.F., L.B.) not involved in the surgical procedures
but not blinded to the patients’ allocation. The dedicated
musculoskeletal radiologist evaluating MRI investigations
was blinded to the patients’ allocation.

Statistical Analysis
Sample Size Calculation. A power analysis was performed per the literature review. It is evident that several
months after rotator cuff tear repair, there is a 30%
decrease in strength in the operated shoulder (about 7
points less in terms of CMS). Therefore, the primary outcome measure was the mean score of the validated CMS.
The alternative hypothesis was that the CMS would be 7
points higher in the treatment group (where patients
underwent arthroscopic repair and injection of microfragmented lipoaspirate product) in comparison with the control group (where patients underwent only arthroscopic
rotator cuff repair).
The sample size calculation was carried out per the literature data and a conservative estimate of the SD of 8 points.
With these parameters 44 participants were needed (22 in

each group) to detect a difference of 7 points in terms of
CMS between the treatment and control groups, setting
a type 1 error (a) of 5% and a power of 80%. We anticipated
a high level of dropout for personal reasons and other conditions that would prevent participation for the entire study;
thus, with an expected dropout rate of 15%, the sample
size was set at 52 participants (26 in each group).
Results Analysis. Statistical analysis was performed
using R Statistical Software (Version 4.0.0; R Foundation
for Statistical Computing) and Prism software (Version
6.0; GraphPad Software Inc) by statisticians (A.M., F.A.)
blinded to the control and intervention groups in the
data set. Continuous variables were expressed as mean
and standard deviation or median and first and third quartiles, as appropriate.
The within-group differences from baseline to different
follow-ups for continuous variables were evaluated with
the paired t test or Wilcoxon matched-pairs signed-rank
test, according to the characteristics of the data distribution evaluated using the Shapiro-Wilk normality test.
Analysis of covariance was used to compare response
means between the groups over follow-ups. Homogeneity
of regression slopes was evaluated by the interaction
between trial arm and baseline score measurements. Normality of residuals and homogeneity of the variances were
evaluated using the Shapiro-Wilk and Levene tests. Where
appropriate, a nonparametric analysis of covariance was
applied (Version 2.2-5.6; R package sm: nonparametric
smoothing methods).47
Categorical variables are expressed in numbers of cases
or frequencies; their differences were tested with the chi-
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TABLE 3
Intraoperative Data for the Control and Treatment Groupsa

Lesion type (SCOI classification)
C1
C2
C3
Tear shape
Crescent
U-shaped
L-shaped
Inverted L
Tear extension, mm
Anteroposterior
Mean 6 SD
Median [Q1-Q3]
Mediolateral
Mean 6 SD
Median [Q1-Q3]
No. of anchors
Mean 6 SD
Median [Q1-Q3]
No. of sutures
Mean 6 SD
Median [Q1-Q3]
Side-to-side repair
Yes
No
Interval slide
Yes
No
Acromion type according to Bigliani et al5
1
2
3

Overall

Control

19 (41.30)
17 (36.96)
10 (21.74)

11 (47.83)
7 (30.43)
5 (21.74)

8 (34.78)
10 (43.48)
5 (21.74)

28
4
7
4

12
3
3
2

16
1
4
2

(65.12)
(9.30)
(16.28)
(9.30)

(60)
(15)
(15)
(10)

Treatment

(69.57)
(4.35)
(17.39)
(8.69)

15.05 6 7.53
12.00 [10.00-20.00]

13.57 6 8.16
11.00 [9.00-17.50]

16.39 6 6.81
16.00 [10.00-21.00]

16.50 6 11.22
12.00 [10.00-20.00]

16.10 6 10.43
10.00 [9.50-21.50]

16.87 6 12.13
12.00 [10.00-20.00]

1.31 6 0.47
1.00 [1.00-2.00]

1.29 6 0.46
1.00 [1.00-2.00]

1.33 6 0.48
1.00 [1.00-2.00]

3.41 6 1.38
3.00 [2.00-4.00]

3.38 6 1.40
3.00 [2.00-4.50]

3.42 6 1.40
3.00 [2.50-4.00]

3 (7.14)
39 (92.86)

2 (8.70)
21 (91.30)

1 (4.35)
22 (95.65)

5 (11.63)
38 (88.37)

2 (8.70)
21 (91.30)

3 (13.04)
20 (86.96)

12 (27.91)
24 (55.81)
7 (16.28)

5 (22.73)
15 (68.18)
2 (9.09)

7 (33.33)
9 (42.86)
5 (23.81)

a
Data are presented as No. (%) unless noted otherwise. Q1, first quartile; Q3, third quartile; SCOI, Southern California Orthopaedic
Institute.

square test or Fisher exact test. For all analyses, the significance level was set at P \ .05.

RESULTS
An overall 177 consecutive patients were screened for
inclusion; 52 were enrolled and randomized; 46 received
the allocated treatment; and 44 completed the 24-month
follow-up period (n = 22 each for the control and treatment
groups) (Figure 1). Time to follow-up at each study time
point is reported in Appendix Table A1 (available in the
online version of this article).
Characteristics of the included patients are illustrated
in Table 2 and the intraoperatively collected data in Table
3. No significant differences between the groups emerged
for any of the investigated demographic and intraoperative
parameters.

Primary Outcome
According to analysis of covariance, a statistically significant difference in favor of the treatment group in terms

of CMS emerged at the primary endpoint at 6-month follow-up (P = .0050) (Table 4, Figure 4). No significant differences in terms of CMS were encountered at the secondary
endpoint of 24-month follow-up or at any of the other follow-up points.
In terms of the subscales of the CMS and the number of
time points considered, the daily activities subscale maintained a significant difference in favor of the treatment
group at the 6-month follow-up, also after a Bonferroni correction for multiple comparisons (adjusted P = .0296). No
significant differences emerged for the other CMS subscales or at different time points (Table 4, Figure 4; Appendix Table A2, available online).

Secondary Outcomes
Significant differences were found in terms of the ASES
questionnaire, SST, and isometric strength in external rotation at 6 months of follow-up (P = .0265, P = .0164, and P =
.0077, respectively), revealing a superiority of the treatment
group (Table 5, Figures 5 and 6). After Bonferroni correction
for multiple comparisons, no secondary outcomes
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TABLE 4
Clinical and Functional Results of the Primary Outcome: Constant-Murley Scorea
P Valueb

Follow-up
CMS (Points): Group
Total (0-100)
Control
Mean 6 SD
Median [Q1-Q3]
Treatment
Mean 6 SD
Median [Q1-Q3]
Pain (0-15)
Control
Mean 6 SD
Median [Q1-Q3]
Treatment
Mean 6 SD
Median [Q1-Q3]
Daily activity (0-20)
Control
Mean 6 SD
Median [Q1-Q3]
Treatment
Mean 6 SD
Median [Q1-Q3]
Movement (0-40)
Control
Mean 6 SD
Median [Q1-Q3]
Treatment
Mean 6 SD
Median [Q1-Q3]
Strength (0-25)
Control
Mean 6 SD
Median [Q1-Q3]
Treatment
Mean 6 SD
Median [Q1-Q3]

Baseline

6 mo

24 mo

57.33 6 18.41
52.40 [46.08-70.18]

76.66 6 10.77
76.28 [68.84-88.31]

84.54 6 5.93
83.74 [80.86-88.74]

49.31 6 15.41
44.70 [41.94-61.16]

82.78 6 7.00
81.44 [79.06-87.82]

86.28 6 5.34
85.45 [81.41-89.19]

8.65 6 3.63
8.00 [7.00-12.00]

13.74 6 1.84
14.00 [13.00-15.00]

14.55 6 0.86
15.00 [14.00-15.00]

7.74 6 3.57
9.00 [4.00-11.00]

14.35 6 0.83
15.00 [14.00-15.00]

14.59 6 1.18
15.00 [15.00-15.00]

10.50 6 4.77
10.50 [6.00-13.25]

17.39 6 2.89
18.00 [16.00-20.00]

19.76 6 0.70
20.00 [20.00-20.00]

8.65 6 4.47
9.00 [6.00-12.00]

19.57 6 1.12
20.00 [20.00-20.00]

19.86 6 0.64
20.00 [20.00-20.00]

29.74 6 8.75
34.00 [22.00-36.00]

36.17 6 3.81
38.00 [34.00-38.00]

39.09 6 1.19
40.00 [38.00-40.00]

26.17 6 8.40
28.00 [20.00-32.00]

37.83 6 2.08
38.00 [38.00-38.00]

38.91 6 1.02
38.00 [38.00-40.00]

8.42 6 6.12
7.04 [3.52-11.77]

9.51 6 5.07
8.36 [5.17-14.08]

11.38 6 5.02
10.29 [7.20-15.25]

6.75 6 4.84
6.34 [3.04-10.12]

10.98 6 5.81
9.57 [6.82-15.84]

12.84 6 5.51
11.99 [8.56-17.32]

6 mo

24 mo

\.0001

\.0001

\.0001

\.0001

\.0001

\.0001

\.0001

\.0001

\.0001

\.0001

\.0001

\.0001

.0004

\.0001

\.0001

\.0001

.2164

.0008

.0018

.0001

P Valuec
6 mo

24 mo

P Valued

.0050

.5632

.3921

.6127

.2917

.6734

.0037

.8202

.7617

.0198

.1606

.7406

.1190

.2654

.1652

a

Bonferroni-corrected P values are reported in the text. CMS, Constant-Murley Score; Q1, first quartile; Q3, third quartile.
Significance of the within-group changes from baseline to 6- and 24-month follow-up (paired t test or Wilcoxon matched-pairs signed-rank
test).
c
Significance of the between-group difference at 6- and 24-month follow-up (analysis of covariance).
d
Significance of the between-group difference over time of the main outcome measures (longitudinal data analysis).
b

maintained statistical significance (adjusted P . .05). No
significant differences were found at other follow-up points
(Appendix Tables A3 and A4, available online).
No differences between the groups were encountered in
perioperative VAS for pain (mm) and analgesic use within
the first 4 weeks (Figure 6; Appendix Tables A5 and A6,
available online).

Radiological Evaluation at 18 Months
No significant differences between the groups emerged in
terms of rerupture rate within 18 months after surgery;
similarly, no significant differences were documented
between the groups in terms of postoperative rotator cuff

tendon integrity according to the Sugaya classification,
Warner grading of muscle atrophy, and Fuchs grading
for supraspinatus fatty infiltration (Table 6).

Complications and Adverse Events
No significant differences between the groups were
encountered in the complication rate and in the number
of adverse events throughout the duration of the study
(Appendix Table A7, available online). No serious adverse
events related to any intervention were encountered. No
adverse events related with certainty to the harvesting
procedure were documented in the treatment group.
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Figure 4. Comparisons of total (A) CMS and (B-E) the 4 CMS subscales between the treatment and control groups at the 3-, 6-,
12-, 18-, and 24-month postoperative follow-up. Trend curves show the treatment effect of autologous microfragmented lipoaspirate product on total CMS and CMS subscales over time as compared with the control group. Error bars indicate SEM. P values
were calculated using analysis of covariance. Only P values \.05 are indicated. *P \ .05. **P \ .01. Bonferroni-corrected P values are reported in the text. CMS, Constant-Murley score.

DISCUSSION
The main finding of this nonsponsored prospective randomized controlled trial was that an intraoperative injection of autologous microfragmented adipose tissue
processed with an enzyme-free technology significantly
improved the clinical outcomes of single-row arthroscopic
rotator cuff repair in terms of total CMS 6 months after
surgery. Rerupture rate and radiological quality of the
repair as documented with MRI 18 months after surgery
were not influenced by the treatment.

History and Evolution of Rotator Cuff Surgery Including
Biological Augmentation
Surgical techniques to repair rotator cuff lesions were first
proposed at the end of the 19th century and then rapidly
evolved from open to arthroscopic techniques; these are
still in development, with new fixation techniques and biological solutions to enhance tendon healing being proposed
at a fast pace to reduce retear rates and improve functional
and clinical results.32 Biological solutions to enhance rotator cuff healing include growth factors and platelet-rich
plasma, as well as MSCs and their derivatives.34
The term MSC, first used by Caplan6 in 1991, identifies
multipotent adult stem cells, which have the potential to
differentiate into various types of mesenchymal tissues
and are characterized by a definite subset of surface
markers, behavior in culture, and differentiating abilities.9,16,21 Later research suggested that, rather than
directly contributing to tissue regeneration through differentiation, these cells home to sites of inflammation or tissue injury and secrete bioactive, immunomodulatory, and

trophic agents, which led to the alternative term medicinal
signalling cells.7
The majority of MSCs used for orthopaedic applications
are obtained from bone marrow tissue, which is relatively
easy to access with substantial patient morbidity and
which provide relatively high numbers of MSCs. In recent
years, distinct populations of MSCs have been isolated
from the rotator cuff tendons, the long head of the biceps
tendon, the subacromial bursa, and the glenohumeral
synovial tissue,20,30,41,42 suggesting the possibility of
extracting these cells locally during arthroscopic shoulder
procedures and eliminating the additional donor-site morbidity on the surgical site chosen for bone marrow aspiration. Nevertheless, the amount of available material for
MSC extraction from shoulder periarticular tissues is limited and requires expansion in a dedicated facility before
clinical use, which can be limited by regulatory restrictions
concerning the advanced therapy medicinal products and
the high costs of good manufacturing practice cell expansion.14,35 As a result, studies using tendon-derived MSCs
remain limited to animal models,31 while clinical research
has shifted focus to other sources of MSCs.

Adipose-Derived MSCs
Aside from their possibly direct participation in the repair
response, MSCs are believed to enhance tissue healing
mainly through stimulation of local cells via a paracrine
mechanism and anti-inflammatory and/or immunomodulatory activity, thus creating a suitable microenvironment
for tissue repair.2,12,22,26,27,36,37,39
In this context, adipose stromal vascular fraction has
been demonstrated as a potential candidate to provide an
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TABLE 5
Clinical and Functional Results of the Secondary Outcomesa
P Valueb

Follow-up
Outcome: Group
ASES (0-100 points)
Control
Mean 6 SD
Median [Q1-Q3]
Treatment
Mean 6 SD
Median [Q1-Q3]
SST (0-12 points)
Control
Mean 6 SD
Median [Q1-Q3]
Treatment
Mean 6 SD
Median [Q1-Q3]
VAS (0-100 mm)
Control
Mean 6 SD
Median [Q1-Q3]
Treatment
Mean 6 SD
Median [Q1-Q3]
Strength: flexion, kg
Control
Mean 6 SD
Median [Q1-Q3]
Treatment
Mean 6 SD
Median [Q1-Q3]
Strength: er, kg
Control
Mean 6 SD
Median [Q1-Q3]
Treatment
Mean 6 SD
Median [Q1-Q3]

Baseline

6 mo

24 mo

51.01 6 16.71
48.33 [41.67-56.67]

85.14 6 14.14
90.00 [73.33-98.33]

94.62 6 8.51
99.17 [92.92-100.00]

48.04 6 20.28
46.67 [36.67-60.00]

93.99 6 6.94
98.33 [90.00-100.00]

98.33 6 4.66
100.00 [99.58-100.00]

6.91 6 2.83
6.00 [5.00-10.00]

10.91 6 1.47
12.00 [10.00-12.00]

11.91 6 0.29
12.00 [12.00-12.00]

5.22 6 2.73
5.00 [4.00-7.00]

11.70 6 0.47
12.00 [11.00-12.00]

11.86 6 0.35
12.00 [12.00-12.00]

43.87 6 25.88
50.00 [20.00-60.00]

11.74 6 17.23
5.00 [0.00-20.00]

2.46 6 5.01
0.00 [0.00-3.500]

52.04 6 22.43
50.00 [40.00-70.00]

5.09 6 6.52
0.00 [0.00-10.00]

1.82 6 6.08
0.00 [0.00-0.00]

3.63 6 2.28
3.60 [1.77-5.20]

4.22 6 2.24
3.77 [2.55-5.58]

5.17 6 2.18
4.69 [3.78-6.56]

2.89 6 2.00
2.82 [0.94-4.17]

4.89 6 2.93
3.95 [3.03-6.00]

6.20 6 2.65
5.82 [3.98-8.48]

3.80 6 1.85
3.72 [2.50-4.73]

5.11 6 2.65
3.95 [3.22-6.98]

6.32 6 2.90
5.51 [4.18-7.46]

3.85 6 1.92
3.53 [2.50-5.47]

6.06 6 3.68
5.63 [3.82-6.87]

7.23 6 2.59
6.98 [4.91-9.27]

6 mo

24 mo

\.0001

\.0001

\.0001

\.0001

\.0001

\.0001

\.0001

\.0001

\.0001

\.0001

\.0001

\.0001

.2332

.0006

.0001

\.0001

.0069

\.0001

.0003

\.0001

P Valuec
6 mo

24 mo

P Valued

.0265

.1976

.3095

.0164

.9733

.4522

.2617

.8152

.4425

.5010

.128

.0576

.0077

.6601

.5747

a
Bonferroni-corrected P values are reported in the text. ASES, American Shoulder and Elbow Surgeons; er, external rotation; Q1, first
quartile; Q3, third quartile; SST, Simple Shoulder Test; VAS, visual analog scale.
b
Significance of the within-group changes from baseline to 6- and 24-month follow-up (paired t test or Wilcoxon matched-pairs signed-rank
test).
c
Significance of the between-group difference at 6- and 24-month follow-up (analysis of covariance).
d
Significance of the between-group difference over time of the main outcome measures (longitudinal data analysis).

acceleratory effect on the healing process of injured tendons.3 Given the abundance of adipose tissue in easily accessible regions of the human body, technologies have been
developed to obtain autologous cell concentrates from adipose
tissue intraoperatively without the need for cell culturing.
After adipose tissue is obtained by subcutaneous liposuction
and the raw lipoaspirate is washed, an intact stromal vascular niche containing cellular elements with pericyte characteristics and ADSCs can be obtained via enzymatic
digestion or with nonenzymatic mechanical processes.1
In enzymatic methods, collagenases and proteases are
used to dissolve the connective tissue and isolate the stem
cells. Since enzymatic digestion processes may affect cell
viability, multipotency, and surface antigen expression,

nonenzymatic extraction methods have been implemented
involving centrifugation or microfragmentation.4,15 These
nonenzymatic methods lead to a lower cell yield than enzymatic methods46 and therefore require a larger quantity of
lipoaspirate, which may also affect cell viability; nevertheless, they have been demonstrated to contain ADSCs and
growth factors, which both play regulatory roles in cellular
differentiation, interaction, and migration as well as matrix
deposition and neoangiogenesis.43 As a further advantage,
devices relying on nonenzymatic processing, such as the
Lipogems device used in the present study, allow one to harvest, process, and obtain autologous microfragmented lipoaspirate tissue directly in the operative theater under
sterile conditions. Several animal studies have been
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Figure 5. Comparisons of (A) American Shoulder and Elbow Surgeons (ASES) score, (B) Simple Shoulder Test (SST), (C) Visual
Analog Scale (VAS), and (D) strength in flexion (fl) and (E) external rotation (er) between the treatment and control groups at the 3-,
6-, 12-, 18-, and 24-month postoperative follow-up. Trend curves show the treatment effect of autologous microfragmented lipoaspirate product on each outcome over time as compared with control group. Error bars indicate SEM. P values were calculated
using analysis of covariance. Only P values \.05 are indicated. *P \ .05. **P \ .01. Bonferroni-corrected P values are reported in
the text.
published showing promising results for the use of ADSCs
in enhancing healing of rotator cuff tears, as effectively
summarized by Mocini et al.28

Clinical Studies
Minimal evidence describing augmentation of rotator cuff
treatment with ADSCs or lipoaspirates is currently available, and level 1 studies are completely lacking.
Hurd et al17 randomized 20 patients with symptomatic
partial-thickness rotator cuff tears to receive a single injection of corticosteroid or fresh autologous adipose-derived
regenerative cells, uncultured and unmodified, as obtained
by liposuction and enzymatic processing no more than 2
hours before the procedure. In this pilot study with 12
months of follow-up, no severe adverse events were
observed, and improved ASES scores were documented 24
and 52 weeks after the procedure but not at other followup time points.
In a prospective comparative cohort study, Kim et al19
augmented rotator cuff repairs with fibrin glue loaded
with ADSCs obtained by liposuction and centrifugation
on the day before surgery in 35 patients. After 2 years of
follow-up, no differences could be found between these
patients and a matched control group in terms of VAS,
ROM, CMS, and University of California Los Angeles
scores. A lower retear rate was claimed after analysis of
MRI investigation at 1-year follow-up.
Jo et al18 injected different doses of autologous ADSCs
under ultrasound control into 18 patients with partialthickness rotator cuff tears. ADSCs were obtained from
liposuction 3 weeks before the procedure and subsequently
underwent enzymatic digestion and in vitro expansion. To
macroscopically evaluate the treated tendons, the authors
performed diagnostic arthroscopy before and 6 months

Figure 6. (A) Visual Analog Scale (VAS) for pain and (B)
intake of pain medications for the treatment and control
groups during the first 28 postoperative days. Trend curves
show the treatment effect of autologous microfragmented
lipoaspirate product during the first 28 postoperative days
as compared with the control group. Error bars indicate
SEM. Squares and circles indicate the percentage of patients
taking pain medications.
after the procedure. Clinical results in terms of VAS,
Shoulder Pain and Disability Index, and CMS score were
favorable, and arthroscopic as well as MRI examination
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TABLE 6
Results of the Radiological Evaluation at 18 Months of Follow-upa

Rerupture
Yes
No
Sugaya type
1
2
3
4
5
Warner atrophy grade
1
2
3
4
Fuchs score
0
1
2
3
4

Overall

Control

Treatment

6 (13.33)
39 (86.67)

4 (17.39)
19 (82.61)

2 (9.09)
20 (90.91)

P Valueb
.6652

.1062
12
16
6
7
4

(26.67)
(35.56)
(13.33)
(15.55)
(8.89)

8
5
3
3
4

(34.78)
(21.74)
(13.04)
(13.04)
(17.39)

4
11
3
4
0

(18.18)
(50.00)
(13.64)
(18.18)
(0)

13
24
6
2

(28.89)
(53.33)
(13.33)
(4.45)

7
12
3
1

(30.43)
(52.17)
(13.04)
(4.35)

6
12
3
1

(27.27)
(54.55)
(13.64)
(4.55)

9
21
10
1
3

(20.45)
(47.73)
(22.73)
(2.27)
(6.82)

5
12
4
0
2

(21.74)
(52.17)
(17.39)
(0)
(8.70)

5
9
6
1
1

(22.73)
(40.91)
(27.27)
(4.55)
(4.55)

.999

.8286

a
Data are presented as No. (%). For the radiological evaluation, data were missing for 1 patient in the treatment group owing to dropout
after the 12-month follow-up, as illustrated in Figure 1.
b
Significance of the between-group difference (chi-square or Fisher exact test).

showed a decrease in defect size in patients receiving
medium and high doses of ADSCs.
This is the first study that evaluated the effects of an
intraoperative injection of autologous microfragmented
adipose tissue processed with an enzyme-free technology
on the clinical, functional, and imaging results after single-row arthroscopic rotator cuff repair: significant
improvements were documented in terms of total CMS,
ASES questionnaire, SST, and strength in external rotation 6 months after surgery, suggesting an accelerated
repair in the treatment group and a possibility of earlier
return to work or sports. These significant differences did
not persist at later follow-up time points, showing no late
compromise of the initial positive results or a rebound
effect. These results open novel perspectives in the
enhancement of rotator cuff repair, paving the way to a possibly accelerated return to preinjury level of performance
in the patients treated with autologous microfragmented
adipose, which could have a particularly relevant role in
sports medicine. Around the shoulder region, ADSCs
have also been used to treat glenohumeral osteoarthritis
(prospective case series of 25 patients with the same
ADSC preparation that we used44) and acromioclavicular
joint osteoarthritis (case report, ADSCs expanded in
vitro10), showing promising preliminary results.

proliferation rate and the vascular endothelial growth factor
expression and a reduction of the catabolic and inflammatory
marker expression in tendon cells derived from injured supraspinatus tendons treated with the same microfragmented adipose tissue used in the clinical application.33,43
Although this study was adequately powered to show
statistically and clinically relevant results based on a randomized controlled trial performed in the same field, care
should be taken when extrapolating these results to other
patient groups, since treatment effectiveness in terms of
minimal clinically important difference may be evaluated
differently in other populations.23 Similarly, extrapolating
these results to specific tear patterns should be done with
caution since this study evaluated different rotator cuff
tears (full-thickness tears: C1, C2, and C3 in the Southern
California Orthopaedic Institute classification) without performing a subgroup analysis for each type. Furthermore,
this study was powered on the primary outcome (CMS)—as
a consequence, it could be underpowered for the secondary
outcomes, such as the radiologic results and retear rates.
A final limitation of this randomized clinical trial is that
blinding of patients to the allocated intervention was not
performed for obvious technical and ethical reasons, and
the evaluators were not blinded to group allocation, introducing the possibility of assessment bias.

Limitations
CONCLUSION
A limitation of our study was that the specific features of the
lipoaspirate in terms of cells and growth factor content were
not determined for each patient. Nevertheless, ex vivo evaluation of tissue samples could demonstrate an increase in the

This prospective randomized controlled trial demonstrated
that the intraoperative injection of autologous microfragmented adipose tissue is safe and effective in improving

AJSM Vol. XX, No. X, XXXX

short-term clinical and functional results after single-row
arthroscopic rotator cuff repair. Nevertheless, no significant differences emerged between the groups in terms of
rerupture rate, complication rate, number of adverse
events, and mid-term clinical outcomes.
Although still in the early stages of application, augmentation of rotator cuff repair with autologous microfragmented adipose tissue appears a suitable strategy to
enhance tendon repair and regeneration.
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