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Abstract
Tendinopathy is a multifactorial condition influenced by both intrinsic and extrinsic factors, necessitating
a tailored, phased-based management approach. While first-line management traditionally involves con-
servative measures, limited success in chronic cases has galvanized interest in orthobiologic interventions.
Autologous lipoaspirate-derived microfragmented adipose tissue (MFAT), a minimally manipulated ortho-
biologic, has demonstrated potential in managing chronic tendinopathy. This narrative review explores the
clinical application of MFAT in the nonoperative management of chronic tendinous pathologies, focused on
preprocedural management, procedural standardization, post-injection protocols, and outcome assessment.
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INTRODUCTION

Tendinopathy is a multifactorial condition char-
acterized by pain and performance that can progress
to partial and full-thickness tears.! The condition
progresses through acute, subacute, and chronic
stages, each requiring a tailored rehabilitation
strategy.? While conservative measures are initially
favored, limited efficacy in chronic cases has high-
lighted a need for additional interventions.

Orthobiologic agents, including adipose tissue
derivatives (ATDs), have gained increased attention
for their potential anti-inflammatory and immu-
nomodulatory properties, ultimately modifying
the disease process in conditions such as recalci-
trant tendinopathies.®> According to the American

Orthopedic Society for Sports Medicine, the most
commonly used orthobiologic agents for muscu-
loskeletal (MSK) conditions, from ascending to
descending order, include platelet-rich plasma
(PRP), bone marrow aspirate concentration (BMAC),
amniotic membrane products, and adipose-derived
mesenchymal stromal cells (AD-MSCs), which are
a component of ATDs and a cellular subset of the
stromal vascular fraction (SVF).* Despite ambigu-
ous nomenclature and regulatory challenges sur-
rounding ATDs, the motivation for use has grown
in popularity with anecdotal efficacy and competitor
utilization.*

Adipose tissue derivatives are a rich source of
regenerative components, composed of several
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subsets containing distinct biological properties and
methods of preparation. ATDs are typically obtained
through liposuction of subcutaneous fat, most com-
monly from the abdomen, thigh, or buttocks. Once
harvested, the lipoaspirate can be processed into var-
ious products such as the SVF or microfragmented
adipose tissue (MFAT), depending on the method of
preparation. In the United States, the Federal Drug
Administration (FDA) permits the clinical use of
lipoaspirate-derived ATDs under minimal manipu-
lation guidelines,’ primarily as structural scaffolds.
This regulatory framework restricts clinical appli-
cation to mechanical SVF and MFAT. However,
the quality and clinical utility of MAT-SVF remain
questionable.®

Most of the existing research on ATDs in ten-
dinopathy has focused on more-than-minimally
manipulated products, such as enzymatic SVF or
culture-expanded SVF. Contrarily, the clinical util-
ity of MFAT for tendinopathy management remains
less well understood. MFAT contains mesenchymal-
like stem cells and regenerative-supportive cells that
modulate inflammation through paracrine signaling
and recapitulate the extracellular matrix by acting
as a biologic scaffold that may improve tissue repair
and regeneration.”® Although MFAT has shown the
most robust clinical evidence in managing mild to
moderate knee osteoarthritis, its clinical application
in tendinopathy is less defined. While this literature
review initially sought to examine MFAT in broader
soft tissue applications, only studies focused on ten-
dinopathy met the inclusion criteria. Accordingly,
this narrative review focuses on the clinical use of
autologous lipoaspirate-derived MFAT for tendi-
nous injuries, with an emphasis on the spectrum
of preprocedural tendinopathies and prior conser-
vative management, procedural techniques, post-
injection protocols, and outcome assessment tools.
Preoperative and intraoperative uses of autologous
MFAT remain beyond the scope of this review.

MATERIALS AND METHODS

A non-systematic literature search on the use of
autologous MFAT in human soft tissue injury (e.g.,
tendinopathy, sprains, strains) was conducted by

the primary author across PubMed, Medline, and
Google Scholar from December 1995 to October
2024 to identify relevant peer-reviewed articles.
Articles that met the inclusion or exclusion criteria
were screened by both the title and abstract, followed
by full-text review with attention to the processing
methods of the ATDs. No restrictions were placed
on study design; all available peer-reviewed publica-
tions relevant to the clinical use of MFAT in human
soft tissue pathology were considered to capture the
full scope of available evidence.

Studies were eligible for inclusion criteria if
they were human-based investigations evaluating
autologous lipoaspirate-derived MFAT in the nonop-
erative management of soft tissue injury. Exclusion
criteria included animal studies, preoperative or
intraoperative lipoaspirate-derived MFAT applica-
tions, and studies involving ATDs other than mini-
mally manipulated lipoaspirate-derived MFAT (e.g.,
uncultured autologous adipose-derived regenerative
cells, enzymatic SVF, mechanical SVEF, culture-
expanded SVF).

The following search terms were used in isola-
tion or combination: “regenerative medicine,” or
“orthobiologics,” or “lipoaspirate,” or “microfrag-
mented adipose tissue” or “micro-fragmented adi-
pose tissue” or “micro fragmented adipose tissue” or
“MFAT” or “adipose tissue derivatives,” or “adipose
derived stem cells,” or “mesenchymal stem cells,”
and “soft tissue,” “tendon,” “tendinosis,” “tendinop-
athy,” “tendinitis,” “ligament,” “sprain,” “muscle,”
and “strain.” Additional references were identified
through manual searches of bibliographies from the
included studies, alongside further literature investi-
gation of the outcome measures.

A complete electronic strategy for PubMed is
presented in File 1 (PubMed), File 2 (Medline), and
File 3 (Google Scholar).

99 ¢ 29 ¢

Study Selection and Data Interpretation

Although the search strategy, performed by the
primary author, was designed to encompass a broad
range of human soft tissue injuries, only studies
investigating the use of MFAT in the management
of tendinopathy met the review’s criterion. Given the
narrative nature of this review and the heterogeneity

Bio Ortho J Vol 7(1):1-18; May 31, 2025.
This open access article is licensed under Creative Commons Attribution 4.0 International
(CC BY 4.0). http://creativecommons.org/licenses/by/4.0 © Serra-Jovenich MA and Olufade O

2


http://creativecommons.org/licenses/by/4.0�

Clinical applications of autologous microfragmented adipose tissue in chronic tendinous injuries

File 1 PubMed

(Lipoaspirate[ Title/ Abstract] OR “microfragmented adipose tissue”[Title/Abstract] OR “micro-fragmented
adipose tissue”[Title/ Abstract] OR “micro fragmented adipose tissue”[Title/ Abstract] OR MFAT|Title/ Abstract]
OR “adipose tissue derivative*”[Title/ Abstract] OR “adipose derived stem cells’[Title/ Abstract] OR “Mesenchymal
Stem Cells”[Mesh] OR “Regenerative Medicine”[Mesh] OR orthobiologic*[Title/ Abstract]) AND (“Soft Tissue
Injuries”[Mesh] OR “soft tissue injury*”[Title/ Abstract] OR “Tendons’[Mesh] OR tendon*[Title/ Abstract] OR
tendin*[Title/ Abstract] OR “Ligaments”’[Mesh] OR ligament*[Title/ Abstract] OR “Sprains and Strains”[Mesh] OR
sprain*[Title/ Abstract] OR strain*[Title/ Abstract]) AND (“1995/01/01”[PDAT] : “2024/10/08”[PDAT])

File 2 Medline
Ovid MEDLINE(R) Epub Ahead of Print and In-Process, In-Data-Review, and Other Non-Indexed Citations
and Daily <October 8, 2024>

Number | Search Terms Results

1 Lipoaspirate.mp. [mp=title, book title, abstract, original title, name of substance word, subject | 612
heading word, floating sub-heading word, keyword heading word, organism supplementary
concept word, protocol supplementary concept word, rare disease supplementary concept
word, unique identifier, synonyms, population supplementary concept word, anatomy
supplementary concept word]

2 microfragmented adipose tissue.mp. [mp=title, book title, abstract, original title, name of 76
substance word, subject heading word, floating sub-heading word, keyword heading word,
organism supplementary concept word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms, population supplementary
concept word, anatomy supplementary concept word]

3 micro-fragmented adipose tissue.mp. [mp=title, book title, abstract, original title, name of 60
substance word, subject heading word, floating sub-heading word, keyword heading word,
organism supplementary concept word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms, population supplementary
concept word, anatomy supplementary concept word]

4 micro fragmented adipose tissue.mp. [mp=title, book title, abstract, original title, name of 60
substance word, subject heading word, floating sub-heading word, keyword heading word,
organism supplementary concept word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms, population supplementary
concept word, anatomy supplementary concept word]

5 MFAT.mp. [mp=title, book title, abstract, original title, name of substance word, subject 102
heading word, floating sub-heading word, keyword heading word, organism supplementary
concept word, protocol supplementary concept word, rare disease supplementary concept
word, unique identifier, synonyms, population supplementary concept word, anatomy
supplementary concept word]

6 adipose tissue derivative.mp. [mp=title, book title, abstract, original title, name of 1
substance word, subject heading word, floating sub-heading word, keyword heading word,
organism supplementary concept word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms, population supplementary
concept word, anatomy supplementary concept word]

(continues)
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File 2 Medline

Continued.

Number | Search Terms Results
7 adipose derived stem cells.mp. [mp=title, book title, abstract, original title, name of 6667
substance word, subject heading word, floating sub-heading word, keyword heading word,
organism supplementary concept word, protocol supplementary concept word, rare disease

supplementary concept word, unique identifier, synonyms, population supplementary
concept word, anatomy supplementary concept word]
8 mesenchymal stem cells.mp. [mp=title, book title, abstract, original title, name of substance 54,879

word, subject heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms, population supplementary
concept word, anatomy supplementary concept word]

9 regenerative medicine.mp. [mp=title, book title, abstract, original title, name of substance 8902
word, subject heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms, population supplementary
concept word, anatomy supplementary concept word]

10 orthobiologic.mp. [mp=title, book title, abstract, original title, name of substance word, 219
subject heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms, population supplementary
concept word, anatomy supplementary concept word]

11 soft tissue injuries.mp. [mp=title, book title, abstract, original title, name of substance 6992
word, subject heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms, population supplementary
concept word, anatomy supplementary concept word]

12 tendons.mp. [mp=title, book title, abstract, original title, name of substance word, subject 30,388
heading word, floating sub-heading word, keyword heading word, organism supplementary
concept word, protocol supplementary concept word, rare disease supplementary concept
word, unique identifier, synonyms, population supplementary concept word, anatomy
supplementary concept word]

13 tendinopathy.mp. [mp=title, book title, abstract, original title, name of substance word, 7404
subject heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms, population supplementary
concept word, anatomy supplementary concept word]

14 tendinosis.mp. [mp=title, book title, abstract, original title, name of substance word, subject 1180
heading word, floating sub-heading word, keyword heading word, organism supplementary
concept word, protocol supplementary concept word, rare disease supplementary concept
word, unique identifier, synonyms, population supplementary concept word, anatomy
supplementary concept word]

(continues)
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File 2 Medline
Continued.

Number | Search Terms

Results

15

supplementary concept word]

tendinitis.mp. [mp=title, book title, abstract, original title, name of substance word, subject
heading word, floating sub-heading word, keyword heading word, organism supplementary
concept word, protocol supplementary concept word, rare disease supplementary concept
word, unique identifier, synonyms, population supplementary concept word, anatomy

2946

16

(Sprains and Strains).mp. [mp=title, book title, abstract, original title, name of substance
word, subject heading word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms, population supplementary
concept word, anatomy supplementary concept word]

6412

17

supplementary concept word]

ligaments.mp. [mp=title, book title, abstract, original title, name of substance word, subject
heading word, floating sub-heading word, keyword heading word, organism supplementary
concept word, protocol supplementary concept word, rare disease supplementary concept
word, unique identifier, synonyms, population supplementary concept word, anatomy

10,088

18 lor2or3ord4dor5or6or7or8or9orl0

68,712

19 1llor12orl13orl4orl5orl6orl7

60,291

20 18 and 19

578

File 3 Google Scholar

(“lipoaspirate” OR “microfragmented adipose tissue”
OR “micro-fragmented adipose tissue” OR “micro
fragmented adipose tissue” OR MFAT OR “adipose
tissue derivative”) AND (“soft tissue injury” OR
“tendon” OR “tendinopathy”)

of study designs, the formal risks of bias assess-
ment and qualitative analysis were not undertaken.
Instead, the methodological quality of the included
nonoperative studies was assessed by the main
author using the validated Coleman Methodology
Score-Modified for Conservative Therapy (CMS-
MCT) as detailed by Abdul-Wahab et al.,’ a modi-
fied version of the validated Modified Coleman
Methodology Score used to assess quality of nonop-
erative outcomes in orthopedic and sports medicine
research.

The CMS-MCT is a scoring system, summing
to yield a maximum score of 100, that evaluates
key elements such as study design, sample size,

follow-up duration, outcome measures, and diag-
nostic clarity.!®'* Each of these key elements is
assigned a score by the investigator. Increasing
scores reflect stronger methodological rigor with
higher thresholds interpreted as excellent (> 85),
good (70-84), fair (50-69), and poor (<50). In this
review, the CMS-MCT was used by the primary
author to contextualize the quality and reliability of
the outcomes in the available studies. Additionally, a
qualitative synthesis was also undertaken to identify
recurring clinical observations, injection protocols,
and reported outcomes. This approach highlights the
common clinical insights from diverse studies and
supports a contextual understanding of MFAT’s role
in treating tendinopathy.

RESULTS

Literature Search and Ildentification of Studies
The combined non-systematic literature search

revealed 2611 results from PubMed, 2570 from

Google Scholar, and 578 results from Medline.
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After initial screening, removal of duplicates, and
review of the material following the review’s inclu-
sion or exclusion criterion, there were six eligible
studies. Additionally, the literature search, without
restrictions, was conducted on outcome measures
and the Modified Coleman Methodology Score,
which yielded an additional 30 and 5 unique cita-
tions, respectively.

Study characteristics

Six studies were included: one pilot clinical
trial,'* one case series,!® and four case reports.!®1°
All used the Lipogems system to harvest autolo-
gous MFAT, which was delivered via a singular
ultrasound-guided injection. Indications primar-
ily included refractory rotator cuff (RTC) disease,
with one case report addressing a high-grade par-
tially thickened Achilles tendon tear. Definitions
of “refractory” were inconsistent, encompassing a
wide spectrum of tendon pathology and adjacent
structural abnormalities, with prior management
ranging from conservative interventions to surgical
recurrence.

Rotator Cuff Disease

Hogaboom et al."* investigated nine individu-
als with spinal cord injury (SCI), all of whom were
manual wheelchair users with moderate to severe
chronic shoulder pain lasting more than 6 months.
Participants were predominantly male (8 of 9).
The mean age for all participants was 55.1 years.
All participants had failed conservative manage-
ment, including physical therapy (PT), pharma-
cology, and activity or wheelchair modifications.
Musculoskeletal ultrasound (MSK-US) revealed
widespread shoulder pathology: supraspinatus ten-
dinopathy in all subjects, infraspinatus tendinopathy
in four, subscapularis involvement in one, subacro-
mial—subdeltoid bursitis in eight, long head bicipital
tenosynovitis and/or tendinopathy in seven, acro-
mioclavicular (AC) OA in five, and glenohumeral
joint (GHJ) effusion in four.

Striano et al.”® reported on a case series of 20
subjects with chronic shoulder pain exceeding
1 year; two were lost to follow-up, resulting in a final
cohort of 18 (mean age: 55.9 years; sex distribution

not specified). All patients had failed at least three
of the following prior interventions: PRP, corti-
costeroid injection (CSI), viscosupplementation,
home exercise program, and PT. Regarding GHJ
OA, 5% of subjects had no signs of arthritis, 10%
had mild involvement, 25% had moderate disease,
and 60% presented with severe GHJ OA. Eleven
subjects (55%) had AC joint OA, to an unspecified
degree. Rotator cuff pathology demonstrated vary-
ing degrees of tendinous involvement: supraspinatus
tendinosis (45%), partial thickness tears (45%), and
full-thickness tears (30%); infraspinatus tendinosis
(35%) with one each of partial (5%) and full-thick-
ness tears (5%); subscapularis tendinosis (25%) with
one partial tear (5%). Additional findings included
bicep tendinosis (5%), partial bicep tears (20%),
labral tears (35%), and fatty muscle atrophy (30%).

Ferrell et al.'® described a 70-year-old female
with an 8-months history of shoulder pain. MR
arthrogram revealed a nonretracted full-thickness
anterior supraspinatus tear (1.0 x 0.8 cm) and a par-
tial thickness articular-sided tear of the posterior
supraspinatus-anterior infraspinatus tendon foot-
print. Conservative treatment such as PT, activity
modification, and nonsteroidal anti-inflammatory
drugs (NSAIDs) failed to provide relief.

Marathe et al.'” reported on a 50-year-old male
with a partial thickness supraspinatus tear (2.5 x 6.5
mm), who remained symptomatic despite conserva-
tive management defined as 6 weeks of PT.

Martin and Takyi'® described a 42-year-old male
with a recurrent, retracted complete full-thickness
supraspinatus tear, interstitial infraspinatus tear-
ing, and subacromial bursitis. The patient had pre-
viously undergone rotator cuff repair 1 year before
and received a US-guided subacromial bursa CSI 6
weeks before MFAT, followed by formal physical
therapy for 4 weeks before MFAT, all of which failed
to alleviate symptoms.

Study characteristics and patient demographics
for these reports are summarized in Figure 1.

Achilles Tendinopathy

Tuso et al.”” reported on a 66-year-old male with
chronic Achilles tendon pain for over 1 year, due to
a large partial thickness (0.97 x 0.9 x 1.53 cm) tear
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affecting 80% of the tendon’s diameter and extend-
ing 5 cm proximally from the insertion. Mild ret-
rocalcaneal bursitis was also noted. Conservative
management, including immobilization with a
controlled ankle motion boot (CAM boot) and PT,
had failed with both at an unspecified duration. The
patient declined surgical intervention, and opted for
MFAT treatment as a nonoperative alternative.
Study characteristics and patient demographics
for the Achilles case are summarized in Figure 1.

Intraprocedural characteristics

Microfragmented adipose tissue injection tech-
niques varied across studies, particularly regard-
ing the volume administered and the anatomical
targets. Ferrell et al. consistently used standard-
ized volumes of MFAT directed into pathological
structures identified on MSK-US. In contrast, both
Iuso et al. and Striano et al. adjusted the volume of
MFAT in real time to fill focal abnormalities seen
on MSK-US. Hogaboom et al. also delivered MFAT
to US-identified pathological sites, but did not spec-
ify a rationale for the volume used. Marathe et al.
injected MFAT directly into the partial-thickness
supraspinatus tear site, although it remains unclear
whether the injectate fully occupied the defect
during the procedure. Similarly, Martin and Takyi
injected differing amounts into tendinous defects
and the subacromial bursa, but did not clarify how
injection volumes were determined or whether com-
plete filling was achieved.

Use of anesthetics during the procedure was
reported in four studies, with all using lidocaine,
albeit at varying concentrations and anatomical
sites. Hogaboom et al. and Iuso et al. used 1 and
0.05% lidocaine on the skin and subcutaneous tissue
at the entry site, respectively. Striano et al. adminis-
tered 1% lidocaine en route to the GHJ and infra-
spinatus, though an anesthetic technique for anterior
structures was not specified. Ferrell et al. applied
1% lidocaine combined with 8.4% sodium bicar-
bonate, though the specific injection site was not
noted. Marathe et al. and Martin and Takyi did not
report on anesthetic use.

Adjunctive PRP was used in two studies follow-
ing MFAT administration. Ferrell et al. injected an

unspecified amount of PRP into the RTC, GHJ, and
glenoid labrum using US-guidance 9 weeks after
MFAT. Marathe et al. administered 5 mL of PRP
into the supraspinatus tendon 14 weeks after the ini-
tial MFAT injection.

Post-procedural protocols

Post-injection protocols varied considerably
across studies, particularly regarding the use of
NSAIDs, cryotherapy, and therapeutic movement.
Marathe et al. and Striano et al. did not report any
recommendations regarding medication restrictions.
Hogaboom et al. and Iuso et al. advised to avoid
NSAIDs, though they neglected to provide a time-
line. Martin and Takyi recommended withholding
NSAIDs for “a few weeks.” Only Ferrell et al. pro-
vided a clearly defined timeline, recommending the
avoidance of NSAIDs for 2 weeks following both
MFAT and PRP.

Comparably, post-procedure cryotherapy guide-
lines were equally inconsistent. Four studies!*'®
failed to report on postprocedural icing recom-
mendations. Both Tuso et al. and Hogaboom et al.
recommended icing as needed every hour, though
at an unspecified endpoint. Similarly, guidelines for
therapeutic movement also lacked standardization,
differed across all studies.

Hogaboom et al. provided the most detailed
post-procedural rehab protocol, advising reduced
activity for the first 4 days post-MFAT, followed by
a return to pretreatment activity by Day 7. A stan-
dardized home-stretching program began 24 h post-
MFAT and continued for 4 weeks, after which an
RTC and scapular stabilization strengthening pro-
gram was initiated and maintained for the 12-month
study period. This protocol was adapted from a prior
randomized controlled trial in SCL.* Ferrell et al.
implemented 1 week of shoulder immobilization
using a sling, followed by initiation of PT at 2 weeks
for ROM and progressive strengthening. Following
PRP at 9 weeks, a sling was recommended for
1 week, but PT began at 1 week. No specific modi-
fications were provided after the PRP injection. PT
was recommended 2-3 times per week for a mini-
mum of 6 weeks and extended based on patient
progress, with the recommendation to transition to a
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home exercise program. However, the total duration
of therapeutic exercise was not reported at the 2-year
follow-up. Other studies offered less guidance.

Marathe et al. initiated PT 1 week post-MFAT
using a general “rotator cuff rehabilitative program,”
continuing for 12 weeks. No modifications post-
PRP were reported. Martin and Takyi instructed
to “avoid heavy lifting or excessive shoulder use
for six-weeks,” with PT beginning at Week 6 post-
MFAT. Lastly, Striano et al. did not report any
post-procedural activity or rehab guidelines. For
the Achilles tendon case, Iuso et al. recommended
1-2 weeks of immobilization with a CAM boot for
1-2 weeks and limited activity for the first 4 days
post-MFAT. However, CAM boot discomfort 3 days
after MFAT prompted discontinuation, with recom-
mendations for ankle pump exercises. At 4 weeks
post-MFAT, the patient was advised to gradually
WBAT alongside instructions to perform toe lifts. A
formal PT referral was made at the 8th week follow-
up, recommending therapy 2—3 times per week for
4 weeks, in addition to continuing a “home exercise
toe-lift regimen.”

Overall, the heterogeneity in post-injection care
protocols highlights the lack of standardized reha-
bilitation strategies following MFAT and adjunctive
PRP. The post-procedural protocols across the stud-
ies are summarized in Figure 1.

Clinical Outcomes

A wide range of outcome measures were
employed across the included studies, with data col-
lected at different timepoints ranging from imme-
diately after intervention to as long as 2 years.
Hogaboom et al. conducted the most comprehen-
sive assessment battery in a cohort of nine manual
wheelchair users (n = 9). This included the 11-point
numerical rating scale (NRS-11),>'?2 Wheelchair
User’s Shoulder Pain Index (WUSPI),” Brief Pain
Inventory Interference Subscale (BPI-17)2+%
Patient Global Impression of Change(PGIC),2¢2-33
musculoskeletal ultrasound (MSK-US), Ultrasound
Shoulder Pathology Rating Scale (USPRS),***" and
provocative shoulder tests (e.g., supraspinatus ten-
derness, Empty Can, Painful Arc, Resisted External
Rotation, Neer’s Sign, Hawkins—Kennedy Sign,

Yocum’s Sign). Outcomes were measured and col-
lected at five different timepoints: 1, 2, 3, 6, and 12
months. The primary outcome, change in NRS at 6
months, demonstrated an average reduction of 60.1%
(Z= —2.67, P < 0.01), indicating a statistically sig-
nificant improvement in pain with a large effect size
(over 50% reduction in NRS) despite a small sample
size. This suggests strong potential for efficacy but
limits generalizability due to the small cohort. The
NRS-11, a tool with limited linearity, is better sup-
ported by the current evidence for assessment of
acute pain than for chronic pain, and at 12 months
demonstrated similar and continuous improvements
(Z=-2.31, P <0.05).2'2 This continuation supports
the durability of effect, but the limitations of NRS
in a chronic setting warrant cautious interpretation,
especially over long-term follow-up. The secondary
outcomes also included the NRS at 12 months and
the WUSPI, BPI-17, and PGIC at 6 and 12 months.
The WUSPL?* a validated test with excellent psy-
chometric properties, evaluates shoulder pain during
functional activities in wheelchair users. It demon-
strated an average reduction of 60.4% (Z = —2.31,
P < 0.05) at 6 months and 68.2% (Z = —2.03, P <
0.05) at 12 months, reflecting functional shoulder
gains over time. The WUSPI’s population-specific
design enhances content validity and functional
relevance, although broader application outside of
wheelchair users may be limited. The BPI-17 score,
a reliable and valid measurement that reflects how
pain interferes with aspects of life in older indi-
viduals, showed an average reduction of 82.0% at
6 months (Z= —2.67, P < 0.01) and reduction of
67.4% at 12 months (Z = —2.38, P < 0.05).>*2* The
consistent improvement reinforces BPI-17’s respon-
siveness, though age-related bias may influence
generalizability. The PGIC is a validated patient-
centered scale with strong psychometric properties
across populations.?**-3 Although subject to poten-
tial recall bias and existing comorbidities, it assesses
subjective improvement that correlates moderately
and anchors in monitoring changes in other out-
comes (e.g., VAS, disability scores).?%*3 The PGIC
showed that 77.8% of participants reported clini-
cally meaningful improvements defined as either
“much improved” or “very much improved” at
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6 months. At 12 months, this proportion increased
slightly to 88.9%, with five participants (55.6%)
selecting the most favorable response of “very much
improved.” While PGIC results support sustained
perceived benefit, their subjectivity and susceptibil-
ity to bias limit their standalone interpretative value.
Improvements were also seen in provocative shoul-
der testing, especially supraspinatus tenderness
and the Painful Arc Test, at 6 months, which were
sustained at the 12-month assessment. However,
statistical analysis was not performed for physical
examinations. This weakens the interpretive rigor of
physical exam outcomes despite apparent clinical
trends. Serial MSK-US using the USPRS, a semi-
quantitative, not fully validated, structured tool used
to objectively grade shoulder pathology over time
and dynamically guide therapeutic movement,?*
showed an unspecified amount of improvement
when assessed at 6 months and 12 months in four
of the nine participants.***’” Modifications to the
rehab protocols were not reported based upon the
USPRS and the use of an under-validated imaging
tool without outcome standardization undermined
the potential utility of USPRS findings and causal
inference in clinical outcomes. Overall, while the
study by Hogaboom et al. demonstrated signs of effi-
cacy across multiple domains, the small sample size
limits statistical power and generalizability. As such,
these findings should be considered as hypothesis-
generating rather than definitive, and underscore
the need for higher levels of evidence with rigorous
parametric testing to confirm outcomes and assess
long-term efficacy and safety.

Ferrell et al. employed the Disabilities of the
Arm, Shoulder and Hand (DASH),*®*’ physical
exam, MSK-US, and shoulder MRI without con-
trast. Outcome data were collected at 1, 6, 8, and
10 months. DASH, a well-validated, self-reported out-
come measure with strong psychometric properties,
is used as the gold standard for tracking functional
progress and symptomatic disability when perform-
ing activities of daily living (ADLs) in upper limb
conditions, and was the primary outcome tool used
to monitor progress. Baseline DASH values before
MFAT were not provided; however, scores improved
from 72.73 (severe disability) to 15.91 at 6 months

(mild disability) post-MFAT (and 4 months after
supplemental PRP), reflecting substantial functional
recovery.’®** The absence of preintervention base-
line data limits conclusions about absolute improve-
ment. Physical examination reconducted at 8 months
following MFAT (and 6 months from supplemental
PRP) documented improved ROM in all planes and
manual strength (from 3/5 to 5/5), and resolution of a
previously positive Empty Can Test and O’Brien Test.
However, Neer’s and Hawkin’s test remained positive,
tempering the otherwise favorable gains on physical
exam. Notably, while the VAS pain scale at baseline
was 6/10, there was no follow-up VAS score reported.
This omission restricts the interpretation of subjec-
tive pain outcomes and precludes a complete under-
standing of the outcome. At 10 months, US showed
new tissue growth at the supraspinatus tear site, while
noncontrast MRI revealed no recurrent full-thickness
tear, despite the absence of surgical repair, inter-
preted as “postsurgical” by a blinded radiologist who
had previously reviewed the initial MRI arthrogram.
Blinded radiologist review adds credibility to imag-
ing findings, but the lack of a consistent MRI protocol
may introduce interpretation variability.

Marathe et al. employed the Visualized Analog
Score (VAS)** and ROM testing at 14 weeks and
VAS, ROM, and MSK-US at 28 weeks post-MFAT
(and 14 weeks after PRP). Baseline VAS, the gold
standard test for quantifying subjective pain inten-
sity with strong psychometric properties, was 8/10
alongside baseline limitations in manual muscle test
and ROM, accompanied by a positive Neer’s and
Hawkin’s test. At 14 weeks post-MFAT the study
reported: “moderately improved ROM and pain
reduction.” Revaluation at 28 weeks post-MFAT
(14 weeks post-PRP), documented “complete healing
of the partial-thickness supraspinatus tear” as seen on
MSK-US and “near full recovery of pain (1/10 VAS)
and ROM.” Provocative testing and manual muscle
testing data were not provided. This limits reproduc-
ibility and hinders a more objective assessment of
clinical gains. The findings highlight the therapeu-
tic potential of combined MFAT and PRP therapy
as a nonsurgical treatment option for subacute par-
tial thickness supraspinatus tear, but the single-case
design necessitates caution before clinical adoption.
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Striano et al. collected two primary outcome
measures, the numerical pain scale (NPS)**3? and
the American Shoulder And Elbow Surgeons
Score (ASES)*# with each collected at various
time points: immediately after procedure, 1 day,
1 week, 5 weeks, and 3, 6, and 12 months in 18
subjects (n = 18). NPS scores—often referred to
as the Numerical Rating Score—are a reliable tool
for assessing monitoring changes in pain intensity
(2 2-point drop is a minimal clinical important dif-
ference), dropped from a baseline of 7.6 + 0.97 (n =
18)t03.5+0.85 (n=18) at 12 months (P <0.0001).
The ASES, a well-validated patient-reported out-
come measure that is a highly sensitive tool for
tracking clinical change in function and pain, was
utilized at 1 week through the 12 month. The scores
improved from a baseline of 33.30 + 2.00 to 69.10
+ 1.85 at 12-month reassessment (P < 0.00017),
reflecting enhanced shoulder function. There was
improvement in ASES scores collected at Weeks 1
and 5 (P = 0.0033), 3 months (P < 0.0001) and 6
months (P < 0.0001). No alpha level was reported.
The longitudinal collection of validated PROMs is
a methodological strength; however, the absence of
an alpha threshold undermines the transparency of
statistical rigor. The improvement of both NPS and
ASES indicates a high likelihood that the observed
improvements throughout the study were not due to
chance. However, the study’s moderate sample size
(n=18) and lack of a control group limit generaliz-
ability. These methodological weaknesses highlight
a need for better-powered controlled trials to con-
firm efficacy.

Martin and Takyi provided minimal temporal
data assessment at 2 months and 2 years. At 2 months
post-MFAT, improvements in ROM, manual strength
testing, and provocative maneuvers—including
the Empty Can Test and “Impingement Tests”—
allowed a return to full duty. At 2 years, ROM,
manual strength tests, MSK-US, and self-reported
pain relief were documented. While documentation
at 2 years was vague, the patient had improvements
in ROM, manual strength testing, and reported
feeling “90-95% better,” with MSK-US reporting:
“tendinopathic changes of the supraspinatus and
infraspinatus with partial thickness articular-sided

tearing of the supraspinatus, and some subacromial
bursal thickening.” These MSK-US findings suggest
structural remodeling of a previous full-thickness
supraspinatus tear and interstitial infraspinatus tear,
though no full resolution was observed. The absence
of quantified outcome metrics and vague longitudi-
nal descriptors significantly weakens the interpre-
tive value of this case. This case report suggests that
MFAT can be a viable option for those with recurrent
rotator cuff tears refractory to conservative manage-
ment (CSI and PT) and operative intervention. The
positive outcomes observed in this case warrant fur-
ther investigation through larger, controlled studies
to establish the efficacy of MFAT injection. While
intriguing, anecdotal evidence is insufficient for
practice change without robust replication.

Iuso et al. collected a range of outcome mea-
sures in a single patient with chronic Achilles pain,
all of which demonstrated improvements, including
self-reported percent pain reduction, Numerical Pain
Rating Scale (NPRS),3%44 ROM, manual strength,
dynamic testing, and a mobile tracking gait applica-
tion on an unspecified device (e.g., iPhone) across
4-15 weeks. The patient reported 95% pain reduc-
tion at 4 weeks, with MSK-US revealing: “Improved
structure of the original tear filled with adipose cel-
lular injection.” At 8 weeks, NPRS, pain reduction,
MSK-US, and functional mobility tracking via a per-
sonal mobile gait assessment application were used
to report outcomes. The patient continued to report
intermittent decreased pain and rated the pain as a
1/10 on NPRS, a psychometrically sound and valid
measure of pain intensity, 8 weeks from a previous
baseline before MFAT of 7/10 which meets the mini-
mally clinically important difference of change of
two points. While the pain reduction is substantial, its
generalizability is limited by single-case design and
lack of objective scoring of function. MSK-US at 8
weeks revealed similar findings as Week 4 alongside:
“New finding of new tissue growth within the intra-
substance tear that was not previously visualized.”
Gait data points on the mobile tracking gait applica-
tion,*-! which has been shown to provide valid and
reliable key gait parameters, demonstrated an unde-
termined improvement in gait and balance. The gait
app offers exciting potential, but the lack of quantified
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change or validated metrics within this study reduces
its interpretability. At 12 weeks, a more comprehen-
sive clinical evaluation was performed, consisting of
MSK-US, palpation, ROM, manual strength testing,
and single-leg balance testing. The patient was report-
edly nontender to palpation, with manual strength
testing revealing values of 5/5 alongside the ability
to perform a single leg toe-raise. For balance at 12
weeks, the study reported: “The patient could walk
on his toes, with less balance control.” Additionally,
MSK-US at 12 weeks revealed: “Progressive Achilles
tendon healing with residual MFAT injectate and no
evidence of hypoechogenicity.” The same param-
eters were reassessed at the 15-week follow-up, with
identical findings on MSK-US and additional gains
in single-leg balance. Tuso et al. provided the most
detailed serial MSK-US re-assessments at 4, 8, 12,
and 15 weeks, showing progressive tendon healing
noted at Week 4, alongside new tissue growth appre-
ciated at Week 8, alongside sustained tendon heal-
ing and integration of MFAT throughout the study.
However, no blinding, validated, formal scoring
system was implemented. Despite impressive serial
imaging, the lack of validated MSK-US scoring
and the absence of objective functional assessments
diminish the robustness of structural conclusions.
Although the MSK-US findings are encouraging,
there was no clear protocol for why particular inter-
vals were chosen for repeat assessment, alongside a
lack of a blinded formal scoring system to determine
ultrasound improvements. This reflects a broader gap
in standardizing serial imaging in regenerative medi-
cine, making it harder to correlate visual healing with
functional recovery.

Quuality Assessment

The mean CMS-MCT score for the five shoul-
der-focused studies was 49/100, placing them col-
lectively within the “poor” methodological category.
Among these, two studies'*'” involving the rotator
cuff scored within the “fair” range, while the remain-
ing three studies'>!!® were rated as “poor.” None of
the articles surpassed the fair-quality threshold. The
case report evaluating a partial-thickness Achilles
tendon tear received a score of 30/100, qualifying as
“poor” in methodological rigor.

The individual CMS-MCT scores for each of the
studies are presented in Figure 2.

DISCUSSION

Autologous MFAT has demonstrated promise
as a regenerative agent for chronic musculoskel-
etal conditions, particularly for osteoarthritis man-
agement. However, its application in tendinopathy
remained underexplored until this narrative review.
Although SVF has garnered more attention in tendi-
nopathy research, regulatory constraints by the FDA
have limited its clinical use, favoring the use of min-
imally manipulated products such as MFAT in clini-
cal practice. This review originally aimed to assess
the role of MFAT in non-operative human soft tissue
injuries; however, the studies that met the criteria
of this review focused exclusively on chronic tendi-
nopathic conditions, most commonly involving the
rotator cuff tendons, with one study addressing the
Achilles tendon. Despite methodological variability,
current evidence suggests that MFAT is safe and
may be an effective option for chronic tendinopathy
unresponsive to conservative care and potentially
resistant to surgical intervention. A consistent limi-
tation identified across all six studies was the lack of
standardization in preprocedural evaluation, intra-
procedural technique, post-procedural protocols,
and outcome assessments.

Preprocedural variability was a prominent theme
across studies, particularly regarding patient selec-
tion and baseline pathology. There was notable
heterogeneity in the spectrum of tendinopathic con-
ditions managed with MFAT, ranging from tendino-
sis to full-thickness tears. Several studies include
coexisting pathologies such as GHJ OA, labral tears,
and bursitis, each with varying degrees of refracto-
riness to prior treatment. The lack of standardized
pre-procedural management and inconsistency in
defining pathology within the tendinopathy spec-
trum complicates efforts to determine the therapeu-
tic effect of MFAT and clarify its appropriate clinical
role.

Intraprocedural techniques also varied consider-
ably. Differences in MFAT delivery volumes and the
use of adjunctive biologics such as PRP contributed
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Figure 2. Author (Year), Outcomes, Follow-ups, Coleman Methodology Score Modified for Conservative
Therapy (CMS-MCT).

Author (Year) | Outcomes Follow-ups CMS-MCT
Hogaboom et al. | NRS WUSPI, 1 month: NRS, WUSPI, BPI-17 59
(2021) BPI-17, PGIC, 2 months: NRS, WUSPI, BPI-17
US, USPRS, 3 months: NRS, WUSPI, BPI-17
Provocative 6 months: US+USPRS, NRS, WUSPI, BPI-17, *Provocative
shoulder tests shoulder exams,
12 months: US+USPRS, exams, NRS, WUSPI, BPI-17,
Provocative shoulder tests
Striano et al. NPS, ASES Immediately after treatment: NPS 45
(2018) 1 day: NPS
1 week: NPS+ASES
5 weeks: NPS+ASES
3/6/12 months: NPS+ASES
Ferrell et al. DASH, Physical 1 month and 6 months: DASH 45
(2023) exam, US, MRI 8 months: Physical exam
without contrast | 10 months: US and MRI without contrast
Marathe et al. VAS, ROM, US 14 weeks: VAS, ROM 57
(2021) 28 weeks: VAS, ROM, US
Martin and ROM, Strength 2-month follow-up: ROM, Strength tests, provocative 39
Takyi (2023) tests, provocative | maneuvers
maneuvers, US 2-year follow-up: ROM, strength tests, US

ASES = The American Shoulder and Elbow Surgeons Score; BPI-17 = Brief Pain Inventory Interference Subscale; DASH = Disabilities
of the Arm, Shoulder and Hand; NPRS = Numeric Pain Rating Scale; NRS = 11-point Numerical Rating Scale; PGIC = Patient Global
Impression of Change; ROM = range of motion; US = ultrasound; USPRS = Ultrasound Shoulder Pathology Rating Scale; VAS = Visual
Analog Scale; WBAT = weight-bearing as tolerated; WUSPI = Wheelchair User’s Shoulder Pain Index.

to procedural heterogeneity, which limits reproduc-
ibility and interstudy comparisons. Ferrell et al.
employed a consistent volume of MFAT directed
into ultrasound-identified pathological sites. In con-
trast, Tuso et al. and Striano et al. titrated MFAT
volume dynamically using ultrasonographic feed-
back to fill focal defects. Hogaboom et al. also
targeted image-confirmed pathologic areas but did
not describe a rationale for MFAT dosing. Marathe
et al. injected directly into the supraspinatus tear,
though it remains unclear whether the injectate fully
occupied the lesion. Martin and Takyi varied injec-
tion volumes between tendinous and bursal sites but
did not specify dosing criteria or confirm whether
defects were filled. These procedural inconsisten-
cies underscore a broader need to define optimal

delivery techniques, anatomical targeting, and the
importance of adequately filling lesion volume. This
is particularly relevant as MFAT’s therapeutic effi-
cacy may hinge on precise placement into areas of
matrix disruption and cellular injury.

The role of anesthetic agents such as lidocaine,
which can impair tenocyte viability,? was also incon-
sistently reported, raising additional concerns about
potentially interfering with regenerative outcomes.
Additionally, two studies'®!” administered adjunctive
PRP at varying time points and doses following MFAT,
introducing further variability and rendering the effects
of combination therapy speculative. Despite method-
ological limitations, the safety profile was favorable
after MFAT alone or supplemental PRP, even among
patients with severe or recurrent pathology.
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Post-procedural care, including medication
restrictions, cryotherapy use, and rehabilitation pro-
tocols, lacked consistency and was rarely grounded
in a regenerative medicine-conscious rationale.
The traditional use of NSAIDs and ice for post-
injection symptom control may, paradoxically,
hinder the necessary inflammatory cascade required
for tissue remodeling following biologic injections.
In this review, NSAID and cryotherapy use were
inconsistently reported or omitted entirely. Since
these interventions can modulate the local healing
environment and influence outcomes, future stud-
ies should systematically evaluate their timing and
impact concerning MFAT administration.

Rehabilitation protocols were rarely standardized
orjustified. In many cases, adherence was rarely mon-
itored. Some studies omitted rehab details altogether,
while others advocated for early mobilization with
gradual loading. For instance, Ferrell et al. employed
immobilization with delayed physical therapy, start-
ing 2 weeks after MFAT and 1 week after PRP, but did
not provide a rationale for the discrepancy in therapy
timelines. Similarly, Marathe et al. recommended PT
1 week post-MFAT procedure without detailing post-
PRP adjustments. Only Hogaboom et al. provided an
informed rationale, referencing rehab protocols used
in SCI populations. As the role of regenerative reha-
bilitation gains traction and the interplay between
mechanical loading and biologic therapies becomes
increasingly recognized, there is a critical need for
standardized evidence-based, phase-specific rehab
strategies following MFAT, whether used alone or
with adjunctive orthobiologics alone or in conjunc-
tion with adjunctive orthobiologics.

Outcome assessment also lacked uniformity.
Tools such as the Numeric Rating Scale (NRS),
Disabilities of the Arm, Shoulder and Hand
(DASH), American Shoulder and Elbow Surgeons
(ASES) score, Patient Global Impression of Change
(PGIC), and musculoskeletal ultrasound (US) were
applied inconsistently, often without baseline values
or synchronized follow-up timepoints hinder-
ing meaningful comparisons. While most studies
reported gradual improvements in the first 3 months
post-MFAT, the greatest clinical gains were typi-
cally observed at 6 months and sustained thereafter.

Some studies, like those by Iuso et al. and Striano et
al., reported substantial improvement as early as 5
weeks post-MFAT. Imaging assessments were simi-
larly fragmented. Only one study employed a vali-
dated scoring tool—the Ultrasound Patient Reported
Score (USPRS)—to quantify objective MSK-US
changes, limiting the ability to correlate clinical out-
comes with biological remodeling. As such, these
findings continue to highlight a gap in the under-
standing of when to expect structural change post-
MFAT injection that correlates with meaningful
clinical recovery, and without standardizing imag-
ing timelines, the variability limits the ability to
track healing progression to identify treatment fail-
ure. Future studies should aim to define the temporal
relationship between MFAT injection and tendinous
remodeling on serial US, ideally aligned with mul-
tiple validated clinical outcome measures, with such
data helping to inform evidence-based guidelines
for follow-up imaging and MFAT effectiveness.

The average Modified Coleman Methodology
Score for Conservative Therapy (CMS-MCT) across
the included six studies qualified as poor-quality
(score <50), with a score of 45.83. Key limitations
included heterogeneous study designs, small sample
sizes, unstandardized rehabilitation, inconsistent
follow-up durations, and variable outcome metrics.
These methodological flaws weaken the strength
and generalizability of the conclusions. Although
the CMS-MCT provides a structural framework to
assess study quality, it is not a formal risk of bias tool
and may not fully capture internal validity. Originally
developed for surgical research, several domains
within the CMS-MCT require reinterpretation in
nonoperative contexts, potentially introducing sub-
jectivity. Furthermore, scoring was conducted solely
by a single reviewer, precluding inter-rater reliabil-
ity assessment and potentially introducing individ-
ual scoring bias. The CMS-MCT also tends to favor
randomized controlled trials, which may undervalue
well-executed observational or case-based studies
commonly found in emerging areas such as ortho-
biologics. Despite these limitations, current evi-
dence suggests that autologous MFAT is a safe and
potentially effective treatment option for patients
with chronic tendinopathy who are unresponsive to
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conservative management, wish to delay or avoid
surgery, and or have failed prior surgical interven-
tion. MFAT’s minimally invasive delivery, compli-
ance with regulatory guidelines, and regenerative
potential make it a compelling candidate in the
treatment of refractory tendinopathy. However, well-
designed large prospective studies with standard-
ized methodologies and validated risk of bias tools
are necessary to strengthen the evidence base and
improve the interpretability of clinical outcomes in
tendinopathy, with even more preliminary evidence
needed for other soft tissue injuries. Future research
on the use of MFAT in chronic tendinopathy should
focus on refining patient selection criteria, proce-
dural techniques, post-procedural rehabilitation
protocols, and objective outcome measures to better
inform clinical decision-making. Additionally, eval-
uating MFAT within a phase-based framework of
tendinopathy, particularly during the transition from
subacute to chronic phases, may clarify its optimal
therapeutic role, alongside comparative studies to
determine its role in the management algorithm.

CONCLUSION

MFAT represents a promising orthobiologic
intervention for patients with chronic tendinopa-
thies, ranging from tendinosis to full-thickness
tears, unresponsive to conservative measures and
in populations seeking to avoid and/or delay further
surgical intervention. Current evidence, though low
in methodological quality, supports its safety and
potential clinical utility in reducing pain and improv-
ing function in rotator cuff and Achilles tendinopa-
thies. To advance clinical translation and optimize
therapeutic outcomes, further studies should focus
on standardizing patient selection criteria, MFAT
techniques, defined NSAID and cryotherapy guide-
lines, integrating validated objective outcome mea-
sures, and aligning post-procedural care with the
respective phases of tendon healing. Integration of
MFAT within a phase-based tendinopathy model
may clarify its optimal timing and therapeutic niche.
As orthobiologics continue to evolve, MFAT holds
potential as a safe, effective, and minimally invasive
option in musculoskeletal regenerative medicine.
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