JSES Reviews, Reports, and Techniques 1 (2021) 179—185

Contents lists available at ScienceDirect

JSES Reviews, Reports, and Techniques

journal homepage: www.jsesreviewsreportstech.org

Rotator cuff repair rehabilitation considerations and respective

guidelines: a narrative review

Dakota J. Ezell, PT, DPT*", Hilary L. Malcarney, MD"

ANevada Physical Therapy, Reno, NV, USA
bNevada Orthopedics, Reno, NV, USA

Check for
updates

ARTICLE INFO

Current rotator cuff repair rehabilitation protocols focus on multiple areas, including protecting the
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healing tissue, optimizing range of motion and strength, and returning the individual to labor demanding
and sport-specific tasks. Post-operative rehabilitation timelines with consideration of the tear size
remain variable among practitioners. Prognostic factors, healing rates, range of motion timeline, exercise
progressions, and guidance on return to sport and work activity are the many factors that can help guide
rotator cuff repair rehabilitation and ultimately may reduce failure rates and improve outcomes. The
purpose of this narrative review is to outline the multi-factorial nature of rotator cuff pathology and
guide treatment based on a multitude of factors.

© 2021 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder & Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Current rotator cuff repair rehabilitation protocols focus on the
following various benchmarks: (1) protect the healing tissue, (2)
restore functional range of motion (ROM) and strength, and (3)
return the patient to sport-specific and labor-demanding tasks. The
postoperative rehabilitation timeline regarding the ROM goals,
strength progressions, and return to sport and work activity with
consideration of the healing rotator cuff repair remains variable
among practitioners. There is also variation among patients owing
to tear size, tissue quality, and compliance. Failure rates within the
literature body are shown to be greater than 50% at a 12-month
follow-up.?’ The purpose of this review is to explore the evidence
that suggests consideration and appreciation of a rotator cuff re-
pair's multifactorial nature is imperative for a successful outcome;
this includes reducing the rate of failure and optimizing return to
function.

Classification

Rotator cuff tears (RCTs) are defined as partial- or full-thickness
tears. Ellman’ has classified a partial-thickness RCT as articular,
bursal, or intratendinous and is further defined by size: grade 1,
partial thickness with <3 mm in depth’; grade 2, partial thickness
with 3 mm-6 mm in depth’; and grade 3, >6 mm in depth, thereby
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affecting >50% of the tendon thickness.” Full-thickness RCTs are
defined by size: small tears, 0 cm-1 cm; medium tears, 1 cm-3 cm;
large tears 3 cm-5 cm; and massive tears, >5 cm.

Epidemiology

An RCT is a common musculoskeletal injury that results from
trauma or age-related degenerative changes.®’ Yamamoto et al*
examined more than 600 people, greater than 1200 shoulders,
and found full-thickness tears in 20.7%, and the prevalence
increased with age. Of the studied population who had symptoms,
36% had a full-thickness tear, and of those who did not have
symptoms, 17% had a full-thickness tear.*® Increased likelihood of
having an RCT was associated with the following risk factors: being
male, increased age, manual labor, dominant arm, and history of
trauma.*° Clinical symptoms associated with an RCT are a positive
impingement sign, weakness in abduction and external rotation,
and decreased forward elevation.*”

Prognostic factors

Chung et al® examined possible prognostic factors affecting ro-
tator cuff healing after a full-thickness rotator cuff repair. The au-
thors found a 22.8% failure rate, 62 of 272 patients, within their
patient population. Contributing factors were lower bone mineral
density, older age, being female, larger tear size, fatty infiltration,
diabetes mellitus, and acromiohumeral distance.> A large ran-
domized control trial determined that age and tear size are the risk
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factors for failed repair as well.>” Regardless of age, there is an in-
verse relationship between the tear size and the healing rate.
Therefore, as the tear size increased, the healing rate decreased.?’
The decrease in healing rate was most evident when comparing
small and medium to large and massive full-thickness tears.”” After
controlling for tear size, the authors also found increasing age to
impact tendon healing negatively.?’ The failure rate within the
studied population was 56% at 12 months.?’

A systematic literature review by Fermont et al® found five
studies to conclude that increasing age negatively impacted healing
rates. The odds of having a tendon defect after surgery were 1.15
times greater for every one-year increase in age.® One of the studies
within the systematic review found those with a healed tendon
were an average of ten years younger.® Those who were younger
than 50-55 years of age were more likely to have a successful
recovery.®

The systematic review by Lambers Heerspink et al"> found two
medium-quality studies to show no significant impact on smokers'
functional outcomes. There was also medium-quality evidence to
show no significant impact on healing rates in smokers.'> These
findings were not the case when examining the tendon-to-bone
healing in rat models.' The nicotine group compared with the
saline group showed a decrease in tendon-to-bone healing.!”
Nicotine decreased maximum force and maximum stress, sug-
gesting a remodeling delay of the repaired tendon.'® The mechan-
ical properties did increase in both groups; however, the nicotine
group was slower.'” The nicotine group also demonstrated pro-
longed inflammation and a delay in cellular proliferation.'”
Santiago-Torres et al’° also found smoking to affect rotator cuff
repair outcomes negatively in their systematic review. One of four
studies within their review examined the effects of smoking on
rotator cuff healing via magnetic resonance imaging and found
inferior tendon-to-bone healing at the 16-month follow-up.>® Two
of the four studies found a negative association of tendon healing,
and the last of the four studies found no effect; these three studies
did use ultrasonography to examine healing rates.>’

Henn et al'* completed a prospective study that found in-
dividuals who filed a claim through a workman's compensation and
had a rotator cuff repair were at risk of poorer outcomes than those
who did not file a claim, even after controlling for confounding
factors. Studying the confounding variables allowed the authors to
understand better if the adverse outcomes were related to work-
men's compensation or related to the individual.'* Although indi-
vidual factors did play a role in outcomes, the authors concluded
that a workman's compensation claims have a negative impact on
rotator cuff repair outcomes.'* One crucial aspect to consider is that
preoperative education, which includes expectations of treatment,
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has improved outcomes in those who have filed a workman's
compensation claim,' including preoperative education improved
pain levels and general health status.'* The authors admit that a
limitation within their study is not able to account for every con-
founding factor.'

Outcomes

In a systematic review completed by Strauss et al,>> the authors
concluded there is “no high-level evidence to support a specific
treatment algorithm for partial-thickness rotator cuff pathology.”
However, what is generally supported is tears >50% show good
outcomes with surgical management focusing on tendon repair.>®
Partial-thickness tears <50% treated surgically have shown excel-
lent outcomes with debridement of the tendon with or without an
acromioplasty.*>

Piper et al”®> completed a systematic review comparing opera-
tive vs. nonoperative management of a full-thickness RCT, which
included three randomized control trials. Both values for Constant
scores (sum of four subscores — pain, activities of daily living, ROM,
and strength) and visual analog scale scores for pain did not meet
the clinically significant difference in the surgical group.””> How-
ever, with the comparison between groups, the operative group
was slightly favored regarding Constant and visual analog scale
scores.?”

Kukkonen et al'® performed a randomized control trial
comparing different treatment modalities of symptomatic non-
traumatic supraspinatus tears with a two-year follow-up. Three
different treatment groups with ages of individuals ranging from 55
to 81 years were studied: (1) physical therapy only, (2) acromio-
plasty and physical therapy, and (3) rotator cuff repair, acromio-
plasty, and physical therapy.! Magnetic resonance imaging
findings of groups one, two, and three of the mean sagittal size of
the isolated supraspinatus tear at baseline were 9.6 mm, 9.1 mm,
and 8.4 mm, respectively.'? At the two-year follow-up, those who
did not have surgery did have a slight increase in tear size, ranging
from 1 mm to 2 mm.'° The authors concluded there was no sig-
nificant or clinically important difference in outcomes among the
three groups at the two-year follow-up in patients older than 55
years of age."”

In the systematic review by Strauss et al,>> the outcomes of
different arthroscopic repairs regarding tear types were reviewed.
Four studies compared postoperative outcomes between bursal
and articular partial-thickness tears.>> Two studies found no dif-
ference, one study found better outcomes of bursal lesions, and the
fourth study found a higher failure rate with a bursal-sided lesion.>
With subacromial decompression and debridement, Park et al*>

Rotator Cuff Disease

1. Prolonged Nonoperative
Treatement:
- Tendonopathy
- Partial Thickness Tears
- Small (<1cm) Full Thickness
Tears in a Young (<65) age group

2. Consider Early Surgical
Repair:
- All Acute Full Thickness Tears
(>1cm)
- All Chronic Full Thickness Tears

3. Initial Nonoperative
Treatment:
- All Chronic Full Thickness Tears
in an older (>65) age group
- Irreparable tears (based on
tear size, retraction, muscle
quality, and migration)

Figure 1 Treatment algorithm for rotator cuff pathology. Information was derived from the study by Tashjian.**
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Phase 1: Protection and PROM Week:
Pendulums (Small)

Table Slide in Scaption Plane

Supine Bar-Assisted ER (20 deg Abd)
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Towel Slide Flexion

Upright Bar-Assisted ER

Supine Press Up, Holding Small Towel
Standing IR Isometric (0 deg Abd)
Phase 2: AAROM --> AROM Week: | 5
Supine Self Assisted Elevation
Prone Shoulder Extension (0 deg Abd) X | X
Ball Roll

Supine Bar-Assisted ER (45 deg Abd)
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Standing IR (0 deg Abd with Towel)
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Standing ER (0 deg Abd with Towel)

Standing Active Shoulder Elevation/Flexion
Standing ER (45 deg Abd) with dumbbell
Standing Forward Punch

Standing IR (90 deg Abd)

Standing Resisted Low and High Row/Pull
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Return to Work Progressions as Necessary

Figure 2 This exercise progression timeline is for a supraspinatus rotator cuff repair that was a small-to-medium complete tear. Refer to Appendix B for precautions, weight
restrictions, range of motion timeline, and goals. These exercise progressions serve solely as a guideline, which is based on the available literature and is not an exhaustive list.
Information was derived from the study by Edwards et al.®
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Soreness Rules

A. If no soreness, advance steps per throwing program
B. If sore during warm-up but soreness is gone within 15 throws, repeat previous
throwing workout. If soreness continues, stop, and take two days off. Drop
down one step.
C. If sore more than one hour after throwing, or the next day, take one day off
and repeat most recent throwing workout.
. If sore during warm up and soreness continues through the first 15 throws,
stop throwing, take two days off. Drop down one step.

Figure 3 Soreness rules. Information was derived from the study by Thorsness et al.>®

found a significantly higher pain reduction at six months with
bursal-sided lesions than with articular surface lesions. However,
there was no difference at the one- and two-year follow-up.>
Kamath et al'® found a 22% failure rate of bursal-sided tears vs. a
9% failure rate of articular-sided tears. With this information,
Strauss et al>* concluded that bursal-sided lesions and repairs were
“fare worse” than those on the articular side.

A recent study by Jeong et al,'” which analyzed data from 2006
to 2012, compared healing rates and outcomes of a single-row
repair vs. double-row transosseous equivalent repair. The
pattern in their results was that partial-thickness, small full-
thickness, and medium full-thickness tears demonstrated what
the authors would consider healed in >90% of the magnetic
resonance imaging follow-up in both surgical techniques used.!”
In the single-row large full-thickness tear group, only 70% were
considered healed, whereas in the transosseous equivalent large
full-thickness tear group, >90% were considered healed.!” The
transosseous equivalent group also had less retear rate compared
with the single-row repair group.!” In both groups, the pattern
seemed to be the more extensive the tear, the higher the post-
operative failure rate.'”

A recent meta-analysis found surgical intervention for a non-
traumatic full-thickness RCT to be a favorable intervention if con-
servative management failed.'> These findings were based on the
shoulder-specific quality of life at the one-year follow-up after
surgery.'” A recent retrospective study found early surgical repair of
traumatic full-thickness tears, specifically massive tears, to regain
full function of the shoulder and resolve pseudoparesis; pseudo-
paresis is defined as “<90 degrees of active, painless elevation with
full [passive] ROM.”*?> These outcomes are regardless of age.>
There was a small percentage of retears, but these individuals
continued to have nearly full function of their shoulder, and
pseudoparesis was not present.’? Figure 1 presents a general
guideline for the management of tendinopathy and RCTs.** Indi-
vidual factors should be considered within the decision-making
process.

Early vs. delayed rehabilitation

Based on the available literature and the variability of treatment
protocols, there does not seem to be a specific consensus on early
vs. delayed motion or less vs. more aggressive rehabilitation. As per
the systematic review by Thomson et al,>” there is no consensus on
when to initiate an early or delayed rehabilitation program. Based
on their systematic review, large and massive tears may benefit
from a less-aggressive program, whereas small and medium tears
may benefit from a more-aggressive program.’’ Saltzman et al*°
completed a systematic review of meta-analysis on an early vs.
delayed ROM postoperative rotator cuff repair. The authors
concluded that early motion rehabilitation demonstrated improved
outcomes compared with delayed rehabilitation; however, there is
a risk of retear with early motion, specifically in those with larger
tear sizes.”® A subgroup analysis completed by the authors found
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early motion rehabilitation with individuals who had a massive
preoperative tear and that they were at a higher risk of retear.?

Galatz et al® performed a rat study to determine the effects of
supraspinatus paralysis/immobilization, paralysis/non-
immobilization, and nonparalysis/immobilization. Their results
demonstrated that the nonparalysis/immobilization had a higher
scar volume and cross-sectional area of the repair.” At seven and 14
days after surgery, all groups demonstrated poor tendon-bone
interface.’ By day 21, tendon healing was presented more orga-
nized in both the paralysis/immobilization and nonparalysis/
immobilization groups.’ In addition, the structural properties, ul-
timate load, and stiffness of the tendon demonstrated more
improvement at days 21 and 56 in the nonparalysis/immobilization
group.” Therefore, a low-level controlled force is recommended to
optimize the healing of the repaired tendon.® This rat study sug-
gests that early protective passive ROM and sling use will protect
the repair and potentially facilitate tendon healing.

Hsu et al'> compared outcomes between tear size and an early
vs. delayed ROM protocol. Based on the articles reviewed, small- to
medium-sized tears may benefit from early mobilization to
improve function at earlier time points without increasing the risk
of retear in patients without prognostic factors that would nega-
tively impact healing or retear rates.”> A conservative program may
be more appropriate with the following prognostic factors: poor
tissue quality, being older, a more sedentary lifestyle, and in-
dividuals with systemic diseases."”> Taking into consideration the
repair is mechanically delicate in the early phases, it has been
shown that repetitive stresses and overload to the tendon complex
can cause potential repair site failure or gap formation."> However,
complete removal of the load may understimulate the repair site.'”
The authors concluded that “early passive ROM does not risk failure
of the repair unless the protocol is too aggressive.”'

Exercise prescription

Within the literature, there is no consensus defining safe and
unsafe exercise prescription as the individual progresses through
rehabilitation. Based on the prospective study by Long et al’° and
the systematic review by Edwards et al,® muscle activation levels
have been categorized into various levels based on maximal
voluntary isometric contraction (MVIC). The range of the levels are
low, 0%-20% MVIC; moderate, 21%-40% MVIC; high 41%-60% MVIC;
and very high, >60% MVIC.>?° Long et al>® biomechanically calcu-
lated a threshold of 15% MVIC as the maximum load for a newly
repaired rotator cuff. Edwards et al® performed a systematic review
of biomechanical studies comparing levels of MVIC and categorized
them within each of the levels defined. These exercise progressions
for a supraspinatus tendon repair are presented in Appendix A and
Figure 2. These studies suggest that introducing exercises based on
MVIC is more appropriate to reduce stress and overload of the
repaired tendon.%?°

Sonnabend et al*' completed an observational histologic study
of primate models to examine the healing process after a rotator
cuff repair. In this study, the authors found the rotator cuff heals by
reestablishing Sharpey's fibers, which bind the healing tendon to
the bone.>! Although the repair appeared healed at eight weeks
macroscopically, the Sharpey's fibers did not appear in any
considerable number before the 12th week.>' At week 15, the bone-
tendon junction was almost considered mature.’! According to
Gerber et al,'' the rotator cuff repair strength in sheep is probably
<30% of normal at six weeks and not more than 50% of normal at 12
weeks. The authors concluded that mechanical strength of the scar
that bridged the gap between the tendon and the bone was near-
full strength at six months.!! This histologic study suggests that
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Return to Throwing Program
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Phase 1: 45 feet Phase 2: 60 feet Phase 3: 90 feet

Step 1 Step 3 Step 5

- Warm-up - Warm-up - Warm-up
throwing throwing throwing

- 25 throws at - 25 throws at - 25 throws at
45’ 60’ 90’

- Rest 10 min. - Rest 10 min. - Rest 10 min.

- Warm-up - Warm-up - Warm-up
throwing throwing throwing

- 25 throws at - 25 throws at - 25 throws at
45’ 60’ 90’

Step 2 Step 4 Step 6

- Warm-up - Warm-up - Warm-up
throwing throwing throwing

- 25 throws at - 25 throws at - 25 throws at
45° 60’ 90’

- Rest 5 min. - Rest 5 min. - Rest 5 min.

- Warm-up - Warm-up - Warm-up
throwing throwing throwing

- 25 throws at - 25 throws at - 25 throws at
45’ 60’ 90’

- Rest 5 min. - Rest 5 min. - Rest 5 min.

- Warm-up - Warm-up - Warm-up
throwing throwing throwing

- 25 throws at - 25 throws at - 25 throws at
45’ 60’ 90’

Phase 4: 120 feet Phase 5: 150 feet Phase 6: 180 feet

Step 7 Step 9 Step 11

- Warm-up - Warm-up - Warm-up
throwing throwing throwing

- 25 throws at - 25 throws at - 25 throws at
120’ 150° 180’

- Rest 10 min. - Rest 10 min. - Rest 10 min.

- Warm-up - Warm-up - Warm-up
throwing throwing throwing

- 25 throws at - 25 throws at - 25 throws at
120° 150° 180°

Step 8 Step 10 Step 12

- Warm-up - Warm-up - Warm-up
throwing throwing throwing

- 25 throws at - 25 throws at - 25 throws at
120° 150° 180’

- Rest5 min. - Rest 5 min. - Rest 5 min.

- Warm-up - Warm-up - Warm-up
throwing throwing throwing

- 25 throws at - 25 throws at - 25 throws at
120° 150° 180°

- Rest 5 min. - Rest 5 min. - Rest 5 min.

- Warm-up - Warm-up - Warm-up
throwing throwing throwing

- 25 throws at - 25 throws at - 25 throws at
120° 150° 180°

Figure 4 Return-to-throwing program. Perform each step 2 to 3 times with at least 1-day rest between sessions. Follow soreness rules in Figure 3. At the completion of step 12,
transition to position or pitching-specific program. Position players are recommended to start at 50% and gradually increase to 100% play. Information was derived from the study by

Thorsness et al.*®

excessive tendon loading should be avoided for 12 weeks owing to
the time it takes for the tendon-to-bone healing to occur.'*!

Overhead athletes

Return-to-play statistics after a rotator cuff repair has varied
within the literature. Payne et al’* evaluated 29 overhead throwers
with an atraumatic partial-thickness RCT treated with debridement
and subacromial decompression. Only 45% of the overhead athletes
returned to preinjury sports.”* A more recent study by Reynolds
et al*® found that 76% of the overhead athletes who underwent
debridement of a small partial-thickness RCT returned to some
level of professional pitching. Ide et al'® evaluated six overhead
athletes who underwent a partial-thickness repair; two athletes
returned to their prior level of play, three athletes returned to a
lower level of play, and one athlete did not return. Regarding full-
thickness rotator cuff repairs in these athletes, the statistics are
less promising for return to play. Of the 16 professional baseball
players, repairs evaluated by Mazoué and Andrews,”! only one
pitcher and one position player were able to return to professional
baseball at a mean follow-up of 66 months.

A return-to-throwing program is recommended to guide the
athlete to minimize the risk of reinjury.>® Thorsness et al*® devel-
oped an interval throwing program that gradually increases volume
and distance but not both variables simultaneously. The 12-step
throwing program and transition to position-specific and pitching
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program are found in Appendix C and Figures 3-5.12%%3839

Thorsness et al*® recommend supervision during this program to
ensure sound throwing mechanics and monitor fatigue; both can
potentially increase the reinjury risk. This program also allows each
athlete to progress at their respective pace by following soreness
rules developed by the authors.*® These soreness rules are included
in Appendix C and Figure 3.3® During this program, it is imperative
to continue a guided individualized exercise program for each
athlete.®

Limitations

There are limitations within this narrative review and proposed
rehabilitation guidelines. This narrative review's primary focus was
supraspinatus tendon pathology, which is the most torn rotator cuff
tendon.”? This review and the recommended protocols based on
tear size assume that there is only a supraspinatus tendon repair. If
the labrum, subscapularis, and biceps are surgically involved, other
precautions should be in place. Second, there is high variability
within the research on the surgical technique used to repair the
rotator cuff and interobserver differences in the measurement of
tear sizes.'”>>?>33 Third, patient compliance is difficult to measure
and can affect research outcomes. A patientless compliant with a
recommended rehabilitation program may be at risk for failed
repair or a poor outcome. Fourth, there is minimal consensus on the
ROM goal timeline regarding early vs. delayed mobilization and
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Return to Pitching Program
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Phase 1: Fastballs only, all pitches are | Phase 1 Continued Phase 3: Add breaking balls, all
from the mound pitches are from the mound
Step 7
Step 1 - Interval program to 120’ Step 12
- Interval program to 120’ - 30 pitches at 50% - Warm-up
- 15 pitches at 50% - 45 pitches at 75% - 30 pitches at 75%
Step 2 Step 8 - 15 pitches at 50% - breaking
- Interval program to 120’ - Interval program to 120’ balls
- 30 pitches at 50% - 65 pitches at 75% Step 13
Step 3 - 10 pitches at 50% - Warm-up
- Interval program to 120’ - 30 pitches at 75%
- 45 pitches at 50% Phase 2: Fastballs only, all pitches are - 30 pitches at 75% - breaking
Step 4 from the mound balls
- Interval program to 120’ - 30 pitches in batting practice
- 60 pitches at 50% Step 9 Step 14
Step 5 - Warm-up - Warm-up
- Interval program to 120’ - 60 pitches at 75% - 30 pitches at 75%
- 70 pitches at 50% - 15 pitches in batting practice - 70 pitches in batting practice,
Step 6 Step 10 gradually increase breaking
- Interval program to 120’ - Warm-up balls
- 45 pitches at 50% - 50 pitches at 75% Step 15
- 30 pitches at 75% - 30 pitches in batting practice - Simulated game
Step 11 - Gradual progression of game
- Warm-up situation pitching
- 45 pitches at 75%
- 45 pitches in batting practice

Figure 5 Return-to-pitching program. Perform each step 1 to 2 times with at least 1-day rest between sessions. Follow soreness rules in Figure 3. Information was derived from the

study by Thorsness et al.>®

appropriate exercise progression.®%2>2629.33.3537 What is sup-
ported within the literature is the older the individual, the larger
the tear, and the poorer the tissue quality, rehabilitation should be
less aggressive to optimize tendon healing.>'>?%%%33 Muscle acti-
vation levels are measured on healthy participants, and this infor-
mation does not consider muscle activity on a recently repaired
rotator cuff tendon; therefore, compensatory patterns after surgery
may increase or decrease muscle activity.®° Finally, many biolog-
ical and structural studies on the rotator cuff repair and failure
loads are performed with nonhuman animals.”"!

Conclusion

Outcomes and failure rates of rotator cuff repair vary signifi-
cantly, and the best evidence should be considered to make oper-
ative and postoperative decisions. As per the RCT size, the following
outlined exercise prescription and protocols are general guidelines
for rehabilitation (see Appendices). The individual should be pro-
gressed based on their clinical presentation using such recom-
mendations as a guideline. Before starting a rehabilitation program,
it is helpful for all involved practitioners and the patient to be
informed of the extent of the RCT, which includes tendon
involvement, tear size, tissue quality, and concomitant shoulder
pathology. In conclusion, this narrative review outlines the multi-
factorial nature of rotator cuff pathology, treatment, and respective
rehabilitation.
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