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Background: While rotator cuff tears are prevalent in the general population, the natural history of this disease is
unclear. Understanding rotator cuff tear progression is crucial for refining surgical indications and evaluating the necessity
of early interventions. This study presents an in-depth analysis of the existing literature on the definitions and progression
rates of rotator cuff tears, aiming to enhance clinical decision making and patient outcomes.

Methods: A systematic literature search was conducted based on Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines, using Medline (PubMed), Embase (Elsevier), and Web of Science databases on January 12,
2023. Articles were identified as relevant to the natural history and progression of asymptomatic and symptomatic partial-
thickness (PT) and full-thickness (FT) rotator cuff tears. Those written in English reporting rotator cuff progression rates of
tears in adults, based on magnetic resonance imaging (MRI) or ultrasound, were included. After reviewing the articles, the
data on the rates of tear progression and associated risk factors were extracted, compiled, and analyzed. The risk of bias
was determined using the Newcastle-Ottawa Scale.

Results: Twenty-one articles met the inclusion criteria, with 1,831 tears included. The progression rate for all partial thickness
tears was 26.7% + 12.8% at an average follow-up of 2.2 + 0.9 years, with 5 definitions for tear progression. For FT tears, the
progression rate was 54.9% + 18.6% at a follow-up time of 3.0 + 2.0 years, with 8 definitions for tear enlargement. A significant
difference (p < 0.0001) was found between the progression rates of PT and FT tears. Patients who were initially asymptomatic
and became symptomatic had higher progression rates (33%—63%) than those who remained asymptomatic (4%—38%).

Conclusion: Further research would benefit by identifying a clinically relevant and standardized definition of rotator cuff
tear progression, to describe the natural history of rotator cuff disease, making results more comparable and optimizing
treatment planning.

Level of Evidence: Level ll. See Instructions for Authors for a complete description of levels of evidence.

Introduction

Rotator cuff (RC) tears are one of the most common tendi-
nous injuries among adults', affecting 23% of the popula-

tion’. As individuals age, the likelihood of rotator cuff injuries

escalates, rising to around 40% for those over 60 years and surging
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to 80% for individuals over 80 years’. The impact of RC tears on
patient quality of life is profound, leading to diminished shoulder
functionality, pain, weakness, and a significant economic burden”.
Approximately 250,000 rotator cuff repairs are performed yearly,
exceeding $1.5 billion in outpatient expenditures’.
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Numerous studies have explored the natural progression
of asymptomatic and symptomatic partial-thickness (PT) and
full-thickness (FT) RC tears®™, reporting a rate of progression
for PT tears ranging from 0 to 50% with only a difference in
follow-up time of one year. Similarly, the rate of progression of
FT tears ranges from 4% to 71% at the same follow-up times.
Owing to the differences in definitions, there remains a lack of
clarity regarding the likelihood of tear progression.

More importantly, this has resulted in a lack of under-
standing of the association between tear progression and symptom
development. This uncertainty extends to the decision between
opting for nonsurgical or surgical treatments. Although surgical
intervention has a reported failure rate ranging from 10% to 90%,
most studies point to a failure rate of around 25%, often due to the
tendon retearing” . On the other hand, nonsurgical methods for
treating full-thickness tears have shown effectiveness in about 75%
of cases, alleviating pain and restoring shoulder function by re-
inforcing the surrounding rotator cuff muscles™”. The exact rea-
sons for these failures are unknown, leading to ongoing ambiguity
in clinical guidelines for managing RC tears”.

Current literature has highlighted the characteristics asso-
ciated with the progression of this pathology. Yet, the absence of a
universally accepted clinical definition for tear progression has re-
sulted in diverse and, at times, contradictory findings. This sys-
tematic review seeks to summarize the available clinical data on RC
tear progression and identify the risk factors associated with tear
enlargement and symptom development.

Materials and Methods
Search Strategy
systemic search strategy was developed according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) protocols™”. This yielded peer-reviewed data
and articles for a systematic review in 4 phases. In phase 1,
“identification,” electronic databases were searched to find
potentially relevant RC tear progression articles. Medline
(PubMed), Embase (Elsevier), and Web of Science were ac-
cessed and searched on January 12, 2023, with the following
search strategies:
¢ Medline (PubMed) — ((“Rotator Cuff” [Mesh]) OR (“Rotator
Cuff Injuries” [Mesh]) OR (“Rotator Cuff”) OR (“Rotator Cuff
Injuries”)) AND (“progression” OR “tear progression”)
e Embase (Elsevier) — (“rotator cuff”/exp OR “cuff, rotator”
OR “rotator cuff” OR “rotator cuff”) AND “tear progression”
e Web of Science — (TS = (rotator cuff) OR TS = (rotator cuff
injury)) AND (TS = (tear progression) OR TS = (progression))

Eligibility Criteria and Article Review

In phase 2, “screening,” all search returns were extracted and
examined for relevance, and duplicate articles were removed.
Titles and abstracts were screened for relevance. Studies were
included if they met the following inclusion criteria: (1) reported
progression rates on (la) asymptomatic partial-thickness tears,
(1b) symptomatic partial-thickness tears, (1c) asymptomatic full-
thickness tears, (1d) symptomatic full-thickness tears; (2) defined
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tear progression; and (3) reported the follow-up time for tear
enlargement. Articles were filtered out by the following exclusion
criteria: (1) non-English text, (2) only abstracts available, (3) case
reports, (4) systematic reviews, (4) meta-analysis studies, (5)
literature guidelines, (6) nonhuman studies, (7) biomechan-
ical studies, and (8) imaging modalities other than magnetic
resonance imaging (MRI) or ultrasound (US). Case reports,
systematic reviews, meta-analyses, and biomechanical studies were
excluded because this review is focused on the clinical research
definition of tear progression. In phase 3, “eligibility,” all articles
after the screening phase were evaluated for inclusion criteria and
relevant data on RC tear progression. All articles were indepen-
dently reviewed and assessed by 2 evaluators (M.G. and D.C.), and
the results were compared to ensure consistency and accur-
acy. A third reviewer (J.B.V.) resolved any conflicts or issues
independently.

Data Extraction and Assessment

In phase 4, “included” articles that met the inclusion criteria
were analyzed for quality, and data were extracted by 2 inde-
pendent evaluators (M.G. and J.B.V.). The following data points
were extracted from the included articles: author, publication year,
journal title, patient type (asymptomatic or symptomatic partial
thickness or full thickness), tear progression rates, definition,
and associated risk factors (univariate and multivariate analysis).
Some studies included nonoperative and operative management
of RC tears, where data were extracted for only the nonoperatively
managed patients. Furthermore, some studies included data for
both partial-thickness and full-thickness asymptomatic tears, and
in this case, the data were extracted individually and placed into
their respective group. The authors sought to perform both
qualitative and quantitative analyses.

Quality Assessment

The Newcastle-Ottawa Scale for cohort studies® was applied
independently by 2 review authors (M.G. and ]J.B.V.) to assess
the risk of bias for the included studies (Table I). A maximum
of 9 stars were available for the cohort studies and 8 stars for the
cross-sectional studies. Disagreements between the 2 review
authors (M.G. and J.B.V.) on the risk of bias ratings were
resolved through discussion with a third review author (D.C.).
Studies awarded >7 stars were deemed at low risk of bias, 4 to 6
stars at high risk, and <3 stars at very high risk of bias". A
fourth author (M.V.) evaluated studies to assess the reported
reviewer bias.

Statistical Analysis

The Shapiro-Wilk test was used to assess data distribution,
showing a normal distribution for PT and FT tear progression
rates. A simple linear regression was used to assess the corre-
lation between reported follow-up times and progression rates.
An unpaired t-test with Welches correction was used to assess
differences between asymptomatic and symptomatic progres-
sion rates. All statistical analysis was performed using Graph-
Pad Prism (version 9.3.1 for Windows; GraphPad Software).
Two-tailed p-values less than 0.05 were considered significant.



TABLE | Study Characteristics From All Included Studies

# of Mean Age at Imaging % Risk of Reviewer
First Author (Year) Patient Type Patients Inclusion Modality Follow-up Time (yrs) Progression Definition Progressed Bias Bias
Fabbri (2016)° FT Symptomatic 18 61 (range 55-71) MRI 5.1 (range 3.0-7.3) Increase in DeOrio- 67 Low Yes
Cofield classification
Frandsen (2022)” FT Symptomatic 43 60 + 10 MRI 1 (1) Increase in AP or ML 72 Low Yes
tear size 25 mm
58 2 (2) PT to FT tear 71
20 5 85
PT Symptomatic 31 1 (1) 13 (2) 26
40 2 (1) 15 (2) 25
14 5 (1) 7 (2) 50
Fucentese (2012)® FT Symptomatic 24 52 (range 39-61) MRI 3.5 (range 2.3-7.3) Any increase in tear 25 Low Yes
area
Herbert-Davies FT Asymptomatic 156 63.6 + 8.5 us 42 +54 Increase in AP or ML 67 Low Yes
(2017)° tear size 5 mm
Jung (2020)*° FT Symptomatic 48 69 (range 53-81) MRI 1.8+1.2 (1) Increase in AP tear (1) 54 Low No
size 25 mm
(2) Increase in ML tear (2) 41
size 25 mm
Keener (2015)**1 FT Asymptomatic 118 63.8+9 us 2.3 (IQR 3.7)* Increase in AP or ML 61 Low No
tear size >5 mmPTto FT
tear
PT Asymptomatic 56 59.4 + 10 3.3 (IQR 3.1)* 44
Keener (2015)*2 FT Asymptomatic 139 63.3 +8.7 us 2.8 (IQR 4.6)* Increase in AP tear size 57 Low No
>5 mm
Kim (2017)*® FT Symptomatic 88 63.6 + 10 MRI 21+1.6 Increase in AP or ML 82 Low Yes
PT Symptomatic tear size >2 mm
34 26
Ko (2022)** PT Symptomatic 89 55.9 £+ 9.6 MRI 1.9+0.8 20% increase in tear 14 Low Yes
involvement
Ko (2022)*° FT Symptomatic 81 61.8 + 88 MRI 1.2+0.8 Increase in AP or ML 48 Low Yes
tear size >5 mm
Kong (2018)*° PT Symptomatic 81 62.3 (range 41-77) MRI 1.7 £09 >20% increase in tear 16 Low Yes
involvement
Lo (2018)*" PT Symptomatic 37 52 +10 MRI 3.8+0.6 >25% increase in 24 Low Yes
tendon thickness
Mall (2010)*&* FT Symptomatic 34 63.3+9 us 1.93+1.2 Increase in AP or ML 18 Low Yes
tear size 25 mm
PT Asymptomatic 0 63.1+11 2 PT to FT tear 0
PT Symptomatic 20 63 +9 1.93 +1.2 PT to FT tear 40
continued
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TABLE | (continued)

# of Mean Age at Imaging % Risk of Reviewer
First Author (Year) Patient Type Patients Inclusion Modality Follow-up Time (yrs) Progression Definition Progressed Bias Bias
Maman (2009)*° FT Symptomatic 33 58.8 (range 38-84) MRI 1.7 (range 0.6-4.8) Increase in AP or ML 51 Low Yes
tear size >2 mm
Increase in AP or ML
tear size >5 mm
PT Symptomatic 26 8
Moosmayer (2017)%° FT Symptomatic 49 61+73 MRI and 8.8 (8.2-11) Any increase in AP tear 76 Low Yes
us size
Moosmayer (2019)** FT Symptomatic 32 61+7.6 MRI and 10 Increase in AP or ML 41 Low Yes
us tear size >10 mm
Moosmayer(2013)%2 FT Asymptomatic 32 70+ 75 us 3 (1) Increase in AP tear (1) 32 (2) 35 Low Yes
size >5 mm
FT Symptomatic 18 68 + 8.7 (2) Increase in ML tear (1) 61 (2) 33
size 25 mm
0Oh (2020)* PT Symptomatic 52 57 (range 34-70) MRI and 2.8 (range 1-8.6) PT to FT tear 31 Low No
us
Ranebo (2021)%* FT Symptomatic 24 62 (range 46-77) MRI 1 Increase in AP or ML 29 Low Yes
tear size >5 mm
Yamaguchi (2001)%°>" FT Asymptomatic 19 72.4 (range 58-85) us 5.5 (range 3-8) Increase in AP or ML 22 Low Yes
tear size >5 mm
FT Symptomatic 14 67.3 (range 52-82) 50
Yamamoto (2017)%° FT Symptomatic 83 66.9 (range 47-83) MRI 1.5 (range 1-4.5) Increase in AP or ML 53 Low Yes
tear size >2 mm
PT Symptomatic 91 41

Follow-up times are reported as mean and standard deviations unless otherwise noted. AP = anterior-posterior, FT = full thickness, ML = medial-lateral, MRI = magnetic resonance imaging, PT = partial thickness,
and US = ultrasound. *Indicates the median was reported. TIndicates the study longitudinally assessed patients who were initially asymptomatic and became symptomatic, and data were separated into
asymptomatic of symptomatic patients.
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334 duplicates removed

521 articles removed after title

and abstract screening
* Meta analysis, reviews, or case
reports

* Biomechanical studies

* Nonhuman studies

* Tear progression not primary
outcome

15 Articles excluded
* (n=2) Full text not available

* (n=3)Wrong initial diagnosis
* (n=3) Did not separate partial
and full-thickness tears

* (n=7) Did not look at tear
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Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart exhibiting search strategy to identify articles for inclusion.

Results

total of 21 studies met our inclusion criteria. The PRISMA

flow diagram (Fig. 1) details our literature search, showing
the results of screening with the included and excluded studies
and the rationale for exclusion. The studies reviewed included
the assessment of PT symptomatic”'>'*'****** PT asymptom-
atic'""®, FT symptomatic®™'*!>!>!81921242042 " BT agymptomatic
tears™'"'**** and evolution from asymptomatic to sympto-
matic tears'"'®***", Data were synthesized by creating a master
sheet with all extracted variables for each study (Table I). This
resulted in a total of 1,831 tears analyzed, which included 727
FT symptomatic, 531 FT asymptomatic, 507 PT symptomatic,
and 66 PT asymptomatic RC tears. All assessed risk factors were
separately extracted from the studies that included univariate
and multivariate analyses and compiled and tabulated to show
both statistically significant and nonsignificant risk factors
(Figs. 2 and 3).

The FT symptomatic tear progression rate was 56.3% +
19.0% at a follow-up time of 2.8 = 2.5 years. The FT
asymptomatic tear progression rate was 53.1% + 19.2% at a
follow-up time of 3.2 + 1.0 years. No significant difference
(p = 0.72) was observed between progression rates for FT
symptomatic and asymptomatic tears (Fig. 4-A). For all PT
symptomatic tears, the rate of progression was 25.2% = 11.5%
at a follow-up time of 2.1 + 0.9 years. For PT asymptomatic
tears, the rate of progression was 37.9% = 20.6% at a follow-
up time of 3.1 £ 0.7 years. Similar to FT tears, there was no
significant difference (p = 0.56) between the progression of

asymptomatic and symptomatic PT tears (Fig. 4-B). Since
there was no difference in progression rates between the
asymptomatic and symptomatic groups, data were pooled
into FT and PT groups regardless of symptomatology. For FT
tears, the progression rate was 54.9% + 18.6% at a follow-up
time of 3.0 £ 2.0 years. For PT tears, the progression rate was
26.7% £ 12.8% at a follow-up time of 2.2 + 0.9 years. FT tears
had a significantly higher progression rate compared with PT
tears (p < 0.0001) (Fig. 4-C).

Despite the marked differences in progression between
the FT and PT groups, it is important to note the high varia-
bility in progression rates and follow-up times, as evidenced by
the high standard deviations. A simple linear regression was
performed to evaluate the relationship between follow-up time
and tear progression and assess whether follow-up time
influenced these results. There was no correlation for either
FT (R? = 0.02, p = 0.52) or PT tears (R? = 0.24, p = 0.09)
(Fig. 5). Although time is an established risk factor for tear
progression, it does not explain the variability of the results
in this data set.

Tear Progression Rates by Definition

Full-thickness Tears

Eight tear progression definitions were used by studies reporting
FT tear progression (Fig. 6). The most common definition was the
increase in tear size = 5 mm in the anterior-posterior (AP) or
medial-lateral (ML) planes. The average progression rate was cal-
culated when there was more than one study for a definition. For
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Sex
Age

Demographics

BMI

Diabetes

Osteoporosis
Hyperlipidemia
Hypogonadism

Tobacco

Alcohol Use —

Activity Level/Work Level —

Comorbidities

Stiffness —

Dominant shoulder —
R/L Shoulder —
Trauma History —
Symptom Duration —
Pain Status —

ASES Score —

SST Score —

Steroid Injection —
Acromioclavicular Joint Arthritis —
Follow-up Time

Clinical Characteristics

Initial Tendinosis
Full-Thickness Tear
Small/Medium Tear

Cable intact

Articular/Bursal Tear
Supraspinatus Atrophy
Infraspinatus Atrophy
Subscapularis Atrophy
Supraspinatus Fatty Degeneration
Infraspinatus Fatty Degeneration
Subscapularis Fatty Degeneration
Subscapularis Involvement

Tear Involvement

Tear Width

Tear Retraction
Positive Tangent Sign —
Acromion Type —
Acromion Thickness —
Acromiohumeral Distance —
Subacromial Spur —
Subacromial Space Fluid —
Critical Shoulder Angle —
Lateral Acromial Angle —
Acromial Slope —
Acromiohumeral Interval —

Radiological Characteristics

- Risk Factor

- Not a Risk Factor Q@“

D Did Not Assess

Fig. 2

Reported risk factors for rotator cuff tear progression from univariate analysis across studies including risk factors.
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High Work Level —

Age — | |
Diabetes — .I Demographics
Osteoporosis —
Tobacco — .
Medium Work Level — ... Comorbidities

Stiffness —

Hand Dominance —
Trauma History —
Follow-up Time —
Injection History —

Clinical Characteristics

Full-Thickness Tear
Supraspinatus Atrophy —
Infraspinatus Atrophy —
Supraspinatus Fatty Degeneration —
Subscapularis Intact —.
Initial Tear involvement —
A-P Tear Size —

Positive Tangent Sign —
Acromion Type —
Subacromial Spur —
Critical Shoulder Angle —

Radiological Characteristics

- Risk Factor

- Not a Risk Factor

|:] Did Not Assess
Fig. 3

Reported risk factors for rotator cuff tear progression from multivariate analysis across studies including risk factors.

22-mm increase in AP or ML tears size, the average progression
rate was 64.6% * 16.8% at a follow-up of 1.8 £ 0.3 years. For
>5-mm increase in AP or ML tears size, the average progression
rate was 54.9% + 21.7% at a follow-up time of 2.6 + 1.4
years. For >5-mm increase in AP tear size, the average
progression rate was 51.2% * 11.6% at a follow-up time of
2.3 £ 0.6 years. For 25-mm increase in ML tear size, the

average progression rate was 37.7% + 4.2% at a follow-up
time of 2.4 £ 0.7 years.

Partial-thickness Tears

Five definitions were used by studies reporting PT tear pro-
gression (Fig. 7). The most common definition was the con-
version from PT to FT. The average progression rate was
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Fig. 4

Grouped analysis of (Fig. 4-A) asymptomatic versus symptomatic progression rates for full-thickness tears, (Fig. 4-B) asymptomatic versus symptomatic
progression rates for partial-thickness tears, and (Fig. 4-C) partial-thickness (PT) versus full-thickness (FT) progression rates. Error bars represent the

reported tear progression rates' weighted mean and standard deviation.
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100+

% of Tears Progressed

Follow-up Time (Years)

Follow-up time versus tear progression rates for (Fig. 5-A) full-thickness tears and (Fig. 5-B) partial-thickness tears. Trendlines are denoted as black lines

with 95% confidence bands as dotted lines.

calculated when there was more than one study for a definition.
For 22-mm increase in AP or ML tears size, the average pro-
gression rate was 36.8% =+ 9.6% at a follow-up time of 1.7 + 0.4
years. The average progression rate for conversion from PT to
FT was 33.1% + 11.9% at a follow-up time of 2.6 + 1 years. For
220% increase in tear involvement, the average progression
rate was 14.7% + 1.4% at a follow-up time of 1.8 + 0.1 years.

Risk Factors for Tear Progression
Although risk factors associated with rotator cuff injury have
been extensively studied, there is less clarity on risk factors asso-
ciated with tear progression. Figure 2 depicts the risk factors
analyzed by univariate analysis by the included studies™*!"'>'*1%,
Even though risk factors such as age, sex, and high body mass
index are associated with an increased risk for rotator cuff injury”,
they were not unanimously found to be related to tear progres-
sion. Regarding clinical characteristics, American Shoulder and
Elbow Surgeons score, initial tendinosis, and rotator cable integ-
rity were identified as risk factors for tear progression; however,
they were all evaluated by only one study. Other factors, such as
tear size, fatty infiltration, tendon retraction, and muscle atrophy,
have all been associated with poor healing in rotator cuff repairs™.
However, only a few studies assessed these risk factors for tear
progression and showed conflicting results (Fig. 2).

Only 6 studies conducted a multivariate analysis of the
risk factors associated with tear progression (Fig. 3)™'*'>">".
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Most of these risk factors were evaluated by one or 2 studies,
making it difficult to draw concrete conclusions, along with the
already established fact that there are differences in progression
definitions across studies. Nonetheless, high work level, hand
dominance, follow-up time, FT tear, infraspinatus atrophy, initial
tear involvement, intact subscapularis, and a wide critical shoulder
angle were all found to be risk factors for tear enlargement.

Discussion
Numerous studies have quantified the progression rates in
symptomatic and asymptomatic patients with PT and FT
tears. The absence of a clinically relevant definition has resulted in
heterogeneous reporting and the need for standardization. Most
commonly in literature, it was found that the definition for tear
progression was defined as an increase of >5 mm in either the AP
or ML plane. We could not determine why 5 mm was determined
to be the cutoff value, as there is no evidence as to the clinical
relevance of this or any other cutoff point used by the authors.
Furthermore, this definition does not distinguish the plane of
progression or consider the total tear size (tear area). The marked
heterogeneity seen in the reported progression rates demonstrates
the need for definition refinement such that it is clinically relevant.
Inconsistency makes it more challenging to establish pro-
gression rates and risk factors from multiple studies. While pre-
vious studies have attempted to summarize and quantify the
progression of RC tears, the studies are limited by a small sample

I Any Increase in Tear Size
=2-mm Increase in AP or ML Tear Size
S =5-mm Increase in AP or ML Tear Size
=10-mm Increase in AP or ML Tear Size
=5-mm Increase in AP Tear Size
=5-mm Increase in ML Tear Size
Any Increase in Tear Area

Increase in DeOrio-Cofield Classification

0 1 I 1

Fig. 6

Progression rates for full-thickness tears grouped by tear progression definitions. Weighted means and standard deviation error bars are included for

definitions including more than one study.
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I =2-mm Increase in AP or ML Tear Size

=5-mm Increase in AP or ML Tear Size
Conversion From PT to FT

=20% Increase in Tear Involvement

I >25% Increase in Tear Thickness

Progression rates for partial-thickness tears grouped by tear progression definitions. Weighted means and standard deviation error bars are included for

definitions including more than one study.

size due to the various definitions of tear progression. Kwong et al.
reported on FT tears, finding progression rates of 40.6% in
asymptomatic and 34.1% in symptomatic tears", with an inclu-
sion criterion of progression =5 mm in any plane. However, within
the examined articles, some reported tear progression as AP or ML
tear enlargement'", and others only reported AP tear enlarge-
ment”. While the results may be similar, the difference in reporting
may lead to differences in progression rates, and, as a result, direct
comparisons may not provide an accurate representation of the
natural history of RC tears. Tsuchiya et al. reported on PT tears and
found progression rates of 19.6% in asymptomatic and 5.3% in
symptomatic tears”. However, they only included studies that
defined the progression of a PT tear as the development of an FT
tear. While this definition of progression is clear, only 4 studies
used this criterion'""*"**, A possible explanation for the higher rate
of tear progression in the asymptomatic groups may be that these
patients commonly develop new pain, which has been associated
with an increase in tear size'™'*. Our study revealed that there
were no significant differences in the progression rates between
asymptomatic and symptomatic patients, yielding progression
rates of 54.9% + 18.6% at an average follow-up of 3.0 * 2.0 years
for FT tears and 26.7% * 12.8% at 2.2 + 0.9 years for PT tears.
One of the largest uncertainties regarding surgical inter-
vention for RC tears is the association between tear progression
and the potential development of symptoms. Two studies have
reported no difference in tear size among asymptomatic and
symptomatic patients®'®. However, within these studies, all
patients were initially symptomatic and those relieved of pain
were then denoted as asymptomatic. Thus, this does not fully
explain the natural history of tear progression and symptom
development as patients were previously symptomatic, limiting
the comparison with a true asymptomatic control group. On
the contrary, studies that have longitudinally assessed asymp-
tomatic patients found that progressed tears were more likely
to have developed symptoms (Fig. 8)'"'****. Keener et al. found
that of initially asymptomatic tears that remained asymptom-
atic, 38% experienced an increase in tear size (45 of 119)".
However, 63% of patients who became symptomatic experi-
enced tear progression (63 of 100)"". Similarly, Mall et al. found

that of patients who became symptomatic, 23% of the tears
progressed, compared with those who remained asymptom-
atic, where only 4% progressed™. It is important to note that
there was no distinction between PT and FT tears in these 2
studies, as they were grouped. The mean time to symptom
development for these studies was 2.6 years and 1.93 years for
Keener et al. and Mall et al., respectively. Yamaguchi et al. found
that of patients with FT tears who developed symptoms, 50%
experienced an increase in tear size, whereas only 22% of the
patients who remained asymptomatic experienced tear pro-
gression, with a mean symptom development time of 2.8
years™. Similarly, Moosmayer et al. found that of patients with
FT tears, 61% of those who developed symptoms experienced
tear progression in the AP direction compared with 31% of
those who remained asymptomatic at a 3-year follow-up™. Fur-
thermore, they also looked in the ML direction and found that of
the tears that became symptomatic, 33% experienced tear pro-
gression compared with 35% in the asymptomatic group.

Heterogeneous reporting has led to conflicting results
when assessing risk factors for RC tear progression, making it
difficult to identify patients at an increased risk of tear enlarge-
ment. Candela et al. found a steady increase in the quality of
reporting results in randomized controlled trials (RCTs) evalu-
ating RC repairs®. However, they identified high levels of vari-
ation in scores on reporting quality among RCTs, emphasizing
how this issue poses a problem when using studies to create
clinical management guidelines. This deficit is also the case for
the study of RC tear progression, where variability prohibits
accurate comparison of data and robust conclusions to guide
clinical management confidently. This results in conflicting data
when evaluating the reported risk factors for tear progression,
which could be attributed to the lack of a standardized definition
of tear progression.

There are conflicting results between studies regarding the
characteristics that may or may not be considered a risk factor,
leading to a lack of consensus on which characteristics may lead
to higher progression rates, making it challenging to identify
optimal treatment. More importantly, there is no proof of cau-
sality. Many factors have been hypothesized to cause symptoms
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% of Tears Progressed

Fig. 8
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Il Developed Symptoms
Remained Asymptomatic

I FT and PT Tear Grouped Together
FT 25-mm Increase in AP or ML Tear Size
FT 2 5-mm Increase in AP Tear Size

FT =25-mm Increase in ML Tear Size

Tear progression rates in longitudinally followed asymptomatic cohorts that either developed symptoms or remained asymptomatic.

and portend a higher risk for progression. It has been suggested
that cable-intact tears are less likely to progress due to the stress-
shielding ability of the rotator cable. However, Keener et al. found
no significant difference between the progression rates of cable-
intact and cable-disrupted tears”. However, it is important to note
that cable-disrupted tears had a higher rate of progression (67%)
than cable-intact tears (52%). Given the current scrutiny over the
stress-shielding role of the rotator cable”, it is plausible to consider
that tears that disrupt the rotator cable may have a higher ten-
dency to worsen simply due to their greater size.

Muscle health has also been linked to RC tear progression,
showing muscle degeneration with an increase in tear size and
onset of symptoms. Keener et al. found that of the RC tears that
did not enlarge, 4% had an increase in muscle degeneration,
whereas 30% of progressed tears showed an increase in muscle
degeneration'. Moosemayer et al. had similar findings, showing a
significant increase in fatty degeneration in the newly sympto-
matic group (35%) compared with the asymptomatic group
(4%)®. On the other hand, Mall et al. reported no significant
difference in muscle health between the newly symptomatic and
the asymptomatic group’®. While associated with poor functional
outcomes, muscle atrophy, and fatty degeneration are most likely
not risk factors for tear progression, even though they are fre-
quently associated'*'"". Rather, an RC tear is one of the leading
causes of muscle atrophy and fatty infiltration of the RC mus-
cles®™®. As a result, we must consider that these changes may result
from the tear progression and may not function as an independent
risk factor. Degenerative changes in the muscle are important in
assessing surgical outcomes and should be considered part of the
natural history of RC tears, especially FT tears. While not yet
identified as a risk factor or a result of tear progression, muscle
health should be considered when assessing RC tears. Fatty de-
generation of the RC muscles has been linked to an increased risk
for rerupture after arthroscopic RC repair™.

Although studies that have longitudinally assessed asymp-
tomatic patients who develop symptoms reported an increase in
tear size'"'**, data regarding the specific risk for tear progression
and symptom development are lacking, limiting clinical decision
making for early intervention. In addition, studies exploring the
natural history of RC tears are mainly based on data obtained from

conservatively treated patients, which limits analysis, as we do not
know how patients who had surgical repair would have progressed.
Early surgical repair has been reported to achieve better clinical
outcomes and mitigate the risk of tear progression”**'. Although
surgical intervention is often used to manage RC tears, it is asso-
ciated with possible rerupture and other postoperative complica-
tions™*'. Anatomic characteristics such as tear width, length, and
area were all found to be risk factors for rerupture after RC repair™.
These characteristics are important to consider in patients who
experience tear progression, as they could lead to worse outcomes.
Identifying tears at a heightened risk for tear progression could be
important for clinical decision making when choosing nonoper-
ative versus operative management and improving the predict-
ability of rerupture and further complications.

Research on shoulder health, focusing on the rotator cuff,
has increased due to the aging population and the increasing
frequency of repairs. Despite extensive studies in this area, our
understanding of the progression of rotator cuff disease remains
incomplete, mainly because of the lack of standardized reporting
guidelines for rotator cuff tear progression. This gap has resulted
in inconsistent data reporting, preventing meaningful study
comparisons. To draw more definitive conclusions, we need
more comprehensive and precise guidelines and definitions to
allow for the comparability of research outcomes.

Limitations
B oth prospective and retrospective data were included and
analyzed together. Even though prospective data provide
better quality results due to higher subject retention and defined
follow-up, evidence regarding this topic is limited, and as a result,
retrospective data were included. MRI has been proven to cor-
rectly predict the size of rotator cuff tears in approximately 75% of
cases™; however, the accuracy of this measurement may be limited
by the spatial resolution of the MRI protocol. Therefore, cutoff
points of tear progression as small as 2 mm may be unreliable.
This accuracy may also be affected by the interobserver reliability
of MRI measurements when assessing the size of RC tears™.
Similarly, US has adequate reliability for both FT and PT, yet
interobserver and intraobserver reliability may affect the mea-
sured tear size”. Furthermore, this may limit this study as
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differences in imaging modalities used could cause differences in
progression rates due to the accuracy of each method. However,
we do see that US-based measurements and MRI measurements
at similar follow-up times have comparable progression rates. We
should note that few studies used combined imaging modalities
(MRI or US), which could further complicate the accuracy of the
reported progression rate. Moreover, this highlights the need for
standardized reporting methods on the progression of RC tears.

MRI is widely used to measure degenerative changes to
muscle™, yet one study included US imaging for the evaluation
of degenerative muscle changes, and we included their findings
because US is a highly reliable method to assess muscle qualita-
tively™®. In addition, although it is known that over time, RC tears
are likely to enlarge, our data revealed no clear correlation between
progression and time. Most of the studies included in this study
reported follow-up times as a means of pooling data in a way that
makes it hard to find correlations and specific differences among
the cohorts, potentially leading to misleading results of no cor-
relation between time and tear progression. The way of reporting
follow-up times in means results in the assumption that all
patients in the cohort will progress similarly, which further leads
to a heterogeneous way of reporting among studies and inhibits an
adequate comparison.

Conclusion
A systematic review and an extensive analysis of the included
studies showed that heterogeneous reporting has led to
conflicting results on the progression rates and risk factors asso-
ciated with RC tears. Further insight from more homogenous
reporting will improve patient management by understanding
which tears are at a greater risk for enlargement. Therefore, we
offer the following recommendations to increase comparability
and standardize reporting such that a clinically relevant definition
of tear progression can be determined. We should note that we
recognize that assessing tears down to the mm and considering
this tear progression introduces inherent error due to sensitivity
and reproducibility when measuring RC tears, but until a clinically
relevant definition of tear progression is defined, this will allow
standardized methods.

e Tear progression: The AP width should be measured across the
anterior and posterior tear margins across the middle of the
footprint of the greater tuberosity™. As a result, all increases in AP
tear size should be included to determine a clinically relevant
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progression. Any increased ML progression should be reported as
tear retraction in mm. The increase in tear size in the AP and ML
planes should be reported separately along with the total tear area.
Crescent-shaped tears comprise 54% of RC tears, with U-shaped
or L-shaped tears comprising 25% and 21% of RC tears seen
clinically, respectively”. Owing to the differences in tear shape, we
believe that AP and ML enlargement should be reported sepa-
rately to determine how different tear types progress.

e Partial tear progression: PT tears should report the conversion
from partial thickness to full thickness and the percentage
change in depth. Similar to full-thickness tears, the AP and ML
sizes of the torn tendon should also be reported.

¢ Muscle health: Fatty degeneration and muscle atrophy should
be included when assessing RC tear progression as muscle
quality has been associated with surgical outcomes™ and onset
of symptoms'”. Most commonly used was the Goutallier
classification®® for fatty infiltration and tangent sign™ for
muscle atrophy. ®
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