
Early Incorporation of an Evidence-
Based Aquatic-Assisted Approach to
Arthroscopic Rotator Cuff Repair
Rehabilitation: Prospective Case Study
Chris Burmaster, Brian J. Eckenrode, Matthew Stiebel

Background and Purpose. Both traditional and progressive rotator cuff repair reha-
bilitation protocols often delay active motion of the shoulder for 6 weeks or more. The early
inclusion of a comprehensive aquatic-assisted exercise program presents a unique approach to
postoperative management. The purpose of this case study is to describe a comprehensive
evidence-based, aquatic-assisted rehabilitation program following arthroscopic rotator cuff
repair.

Case Description. A 73-year-old woman with a nonretracted, medium-size, full-thickness
tear (2.5 cm) of the supraspinatus tendon underwent arthroscopic rotator cuff repair and was
referred for postoperative physical therapy. The rehabilitation program was initiated at 2
weeks postoperatively and consisted of concurrent land- and aquatic-based interventions over
6 weeks for a total of 18 physical therapy visits.

Outcomes. Improvements were made in all 5 patient-reported outcome measures that
were recorded weekly over the course of care. Improvements reached or exceeded minimal
detectable change levels for the Shoulder Pain and Disability Index and the Penn Shoulder
Score. Her numeric pain rating scale score at rest decreased from 4/10 at the initial evaluation
to 2/10 at 8 weeks postoperatively and with activity decreased from 9/10 to 6/10. Shoulder
strength and range of motion values also exhibited improvement over the course of care. No
adverse events occurred during the case study.

Discussion. This case study illustrates the safe inclusion of low-stress aquatic exercises as
an early adjunct to traditional land-based rotator cuff repair rehabilitation programs in small- to
medium-size repairs. Further studies are needed to determine the long-term effectiveness of
adding aquatic therapy to traditional postoperative programs.
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Rotator cuff injury is a common con-
dition that has been reported to
affect more than 40% of the US

population over 60 years of age.1 It is
estimated that more than 250,000 rotator
cuff repairs are performed annually in
the United States.2 The very first rotator
cuff repair was performed by Dr Ernest
Amory Codman in 1911 using an open
technique.3 From 1996 to 2006, the num-
ber of rotator cuff repair procedures
increased by 141%.1 During that same
period, arthroscopic procedures
increased by 600%, whereas open proce-
dures increased by only 34%.1

The goals of postoperative rotator cuff
rehabilitation are to protect the repair,
promote healing, gradually restore
motion and strength, and return the indi-
vidual to normal functioning.3 The suc-
cess of shoulder rehabilitation relies on
several key factors: endurance training of
the rotator cuff, protection of the cuff
musculature from adverse forces, restor-
ing normal flexibility of the joint capsule,
ensuring correct thoracic posture, and
scapular positioning for optimal scapulo-
humeral rhythm. Remobilization of an
immobilized rat tendon has been shown
to result in acceleration of collagen syn-
thesis and the enzymes that promote
cross-link formation.4 Collagen that is
mobilized with the right amount of stress
at the right time will lead to better struc-
tural organization and capillary growth
than collagen that is not stressed.4–6 This
ability, by which cells respond to
mechanical cues with biochemical
effects, is called mechanotransduction.

Appropriate and safe low-stress con-
trolled motion exercises may be initiated
during the proliferative phase of healing
and progressed through the remodeling
phase. It has been shown that blood flow
increases 7-fold in tendons, and up to
20-fold in muscles, during exercise.5

Conversely, prolonged rotator cuff
immobilization has been shown to have
long-term negative effects, such as joint
stiffness and fibrosis, muscular atrophy,
fatty degeneration and infiltration, and
impaired return to normal function-
ing.6–8 The concepts associated with the
management of postoperative mobiliza-
tion and immobilization following rota-
tor cuff repairs remain a fundamental and

unanswered question and can affect the
patient’s recovery. Caution should be
used postoperatively, as evidence has
shown a recurrent cuff tear rate between
25% and 94% in repaired tendons that
were chronically atrophied.9–11 Galatz et
al11 reported a re-tear rate of up to 94.4%
(17/18 patients), with the majority of the
failures being repairs of large to massive
tears involving at least 2 tendons. It is
important to note that their patients had
started seated pulley active-assisted
range of motion (AAROM) exercises on
day 1 postoperatively. The shoulder pul-
ley AAROM exercise has been shown to
elicit 17.6% of maximal muscle activity in
the supraspinatus muscle12 and may
have played a role in the high rate of
re-tears in the study by Galatz et al.11

Before discussing when it is appropriate
to initiate exercises after rotator cuff
repair, one must possess a thorough
comprehension of the 4 phases of heal-
ing,5 as well as the process of tendon
healing to bone. Immediately after an
injury, the first phase to occur is the
clotting phase. It is usually completed
within 5 minutes but may take up to 48
hours. The inflammatory phase is the sec-
ond phase of healing and generally lasts
about a week. However, it may persist
much longer if acute treatment misman-
agement occurs (inadequate immobiliza-
tion, additional trauma, poor adherence
to ice treatments and medications). Dur-
ing the inflammatory phase, there is an
influx of platelets, macrophages, mono-
cytes, and neutrophils that release che-
motactic agents to recruit blood vessels,
fibroblasts, and intrinsic tenocytes.13

If the duration of inflammation during
the inflammatory phase is kept to a min-
imum, the third phase of healing, or pro-
liferative phase, can typically begin
around day 5 or 6. It is in this phase that
the formation of new type III collagen by
fibroblasts is accentuated. The prolifera-
tive phase can last 4 to 6 weeks or more.
During days 7 through 14, the repair
exhibits the greatest rate of collagen for-
mation and cross-linking and, therefore,
increased tensile strength.5 Tendon to
bone healing is evidenced at 6 weeks
with the development of a partial fibrous
interzone.14 It is very important to note
that the new tendon-bone junction is a

disorganized scar that forms mostly by
way of a reparative process, not a regen-
erative process. This new junction con-
sists primarily of type III immature colla-
gen tissue, not mature type I collagen.
Therefore, it does not have the same
mechanical tensile properties and histo-
logical appearance as the original native
tendon-bone junction. However, care-
fully supervised, controlled mobilization
will lead to a scar with better structural
organization and capillary growth.5 The
studies by Blickenstaff et al15 and Grana
et al16 showed the first Sharpey-like
fibers to be present as early as 3 weeks
after fixation of tendon to bone in rabbit
models. Sharpey fibers are composed of
collagen and are considered to be one of
the main structures that bridge the gap
from bone to tendon. They also are con-
sidered to be one of the earliest signs of
osseous integration.16 Primate studies
have shown that it takes approximately
12 weeks or longer for the number of
Sharpey fibers to become significant to
prevent pullout of the bone-tendon
repair.3,9,17

The final phase of healing is the matura-
tion or remodeling phase. This phase
typically starts around day 20 and is
reported to last up to a year or longer.5 It
is during this phase that immature type
III collagen is replaced by mature type I
collagen, and the number of collagen
cross-links increases.13 The strength of
the scar increases as the collagen
becomes denser and organizes itself
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along lines of stress. As noted earlier,
avoiding a re-tear is of paramount impor-
tance. Therefore, attempts to accelerate
the protocol through aggressive stretch-
ing and increasing tensile loads should
be avoided at all costs.

Traditional protocols typically in-
volve 6 weeks or more of immobilization
in a sling, depending on many variables:
the size, thickness, quality, location,
shape, and chronicity of the tear; the
surrounding cuff muscle quality; the age
of the patient; the health characteristics
and comorbidities of the patient; the
patient’s goals; the patient’s access to
care; the surgeon’s rehabilitation philos-
ophy and experience; the surgical repair
fixation technique used; the quality and
density of bone; the mechanism of cuff
failure; and the postoperative stability of
the repair.9,18,19 To minimize the delete-
rious effects commonly associated with 6
weeks or more of immobilization, the
early initiation of low-stress buoyancy-
assisted exercises may help to prevent
muscular atrophy and fatty infiltration,
trigger collagen synthesis via mechano-
transduction, reactivate neuromuscular
control pathways, and stimulate motiva-
tion and self-efficacy.

Only a few protocols have been reported
in the literature that mention the use of
aquatics to augment rotator cuff rehabil-
itation, and most only provide a brief
notation that it can be incorpo-
rated.9,18,20 The purpose of this case
report is to detail and describe the imple-
mentation of a unique comprehensive
evidence-based, aquatic-assisted rotator
cuff repair rehabilitation protocol for a
medium-size supraspinatus tendon tear.
The postoperative rehabilitation proto-
col that was used is shown in eAppendix
1 (available at ptjournal.apta.org). The
patient gave informed consent prior to
participation.

Patient History and
Systems Review
The patient is a 73-year-old, female non-
smoker who works as a traveling regis-
tered nurse. Her comorbidities include a
cervical fusion procedure that was per-
formed 11 years previously without any
residual left upper extremity weakness
and a history of fibromyalgia, which she

noted did not cause pain or weakness in
her upper extremities. A screening
examination of the cervical spine (ie,
Spurling test) was performed to rule out
any coexisting pathologies that may
mimic a shoulder condition or affect out-
comes. Range of motion (ROM) and
strength testing of the uninvolved shoul-
der was within functional limits. She
originally reported injuring her left
shoulder 2 years prior from trauma
related to tripping on a curb and landing
on her elbow. At that time, she was man-
aged conservatively with physical ther-
apy and a corticosteroid injection. She
was able to return to full-capacity work
approximately 1 year postinjury.
Approximately 8 to 9 months after
returning to work, her left shoulder pain
returned, and a magnetic resonance
imaging (MRI) test was performed. The
MRI detailed a medium-size, full-
thickness tear of the supraspinatus ten-
don, a type III acromion, and subacro-
mial bursitis. Full-thickness rotator cuff
tear sizes are commonly defined accord-
ing to DeOrio and Cofield21 as: small (1
cm or less), medium (1–3 cm), large (3–5
cm), or massive (greater than 5 cm). The
patient reported an inability to reach
upward to groom and style her hair, dis-
turbed sleep as a result of left shoulder
pain, inability to push and pull medica-
tion carts, and inability to lift heavy
objects and patients. She was unable to
participate in recreational swimming and
was unable to continue working as a trav-
eling nurse.

Approximately 2 years after the initial
trauma, the patient underwent
arthroscopic surgical repair of her
supraspinatus tendon. A subacromial
decompression was also performed to
remove the type III acromion, the cora-
coacromial ligament, and the subacro-
mial bursa. The patient was immobilized
in a shoulder sling with an abduction
pillow for 4 weeks. An Empi Continuum
(Empi Inc, St Paul, Minnesota) home
transcutaneous electrical nerve stimula-
tion (TENS) unit with 4 sterile electrodes
was applied to the operated shoulder
immediately following surgery for pain
control. The parameters for the shoulder
TENS acute pain protocol were as fol-
lows: 2-channel simple modulated pulse
protocol; pulse rate of 100 pulses per

second; pulse width of 300 microsec-
onds; cycling time of 12 seconds, 30 min-
utes/session; and subcontractile intensity
level. She was instructed to use the home
TENS unit as needed following surgery.
She was prescribed 5 mg of Percocet
(Endo Pharmaceuticals, Malvern, Penn-
sylvania) to be taken every 4 to 6 hours
for pain relief until her pain subsided.
The patient’s surgeon was asked to
review the aquatic-assisted protocol and
was in agreement that she would be an
appropriate candidate.

Examination
The initial physical therapist evaluation
was delayed by the patient until 2 weeks
postsurgery, as she had a preplanned
vacation. She was instructed to remove
the sling only for her home exercises,
while showering, and during physical
therapy sessions. Four arthroscopic por-
tal sites around the left shoulder were
closed and fully healed. The left upper
trapezius muscle and anterior shoulder
region were mildly tender to palpation.
Initial left shoulder passive range of
motion (PROM) values are summarized
in Table 1. Active range of motion
(AROM) and strength testing of the left
shoulder were contraindicated at this
time (ie, only 2 weeks postoperatively).
Grip strength was measured using a
Jamar hand dynamometer (Lafayette
Instrument Co, Lafayette, Indiana) with
the adjustable handle in the second posi-
tion and with the patient seated and the
elbow flexed 90 degrees: left 17.7 kg of
force, right 30.4 kg of force (mean of 3
trials). The patient self-reported her pain
level using an 11-point numeric pain rat-
ing scale (NPRS).22 Scores range from 0
to 10, with 0 being “no pain” and 10
being “the worst imaginable pain.” She
rated her pain 4/10 at rest and 9/10 with
attempts to move her left upper
extremity.

Clinical Impression
The patient appeared to be an excellent
candidate for participation in an aquatic-
assisted protocol for several reasons. She
had a 2-year history of a chronic rotator
cuff tear. Rotator cuff tears in older indi-
viduals are often characterized by tendon
thinning from chronic degeneration and
critical zone hypovascularity.5 Addition-
ally, the quality of chronic rotator cuff
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tears is often in question due to presence
of fatty infiltration and lack of neuromus-
cular control. Caution would be indi-
cated due to the medium size and chro-
nicity of the tear, so the aquatic
environment would aid in the control of
adverse forces on the repair.23 The warm
water environment also may reduce any
discomfort from her fibromyalgia his-
tory.24 The comfort and ease of perform-
ing exercises in a warm, buoyant envi-
ronment early in the recovery process
tend to be motivational and may pro-
mote self-efficacy.

Intervention
The aquatic-assisted rotator cuff repair
rehabilitation protocol began at the end
of week 2 and lasted through the end of
week 8. This protocol incorporates
numerous controlled motion/buoyancy-
assisted motion techniques performed in
a SwimEx pool (SwimEx Inc, Fall River,
Massachusetts). For postoperative weeks
3 through 6, the patient attended 2
aquatic physical therapy sessions and 1
land-based physical therapy session. Dur-
ing postoperative weeks 7 and 8, the
patient attended 2 land-based physical
therapy sessions and 1 aquatic-based

physical therapy session. During each
aquatic session, land-based manual phys-
ical therapy treatments were performed
prior to entry into the pool. Manual ther-
apy during recovery phases 1 and 2 con-
sisted of grade I/II joint mobilizations in
all planes and gentle PROM. Manual ther-
apy treatments during phase 3 pro-
gressed to include grade III/IV joint
mobilizations as needed, shoulder sub-
maximal concentric cuff strengthening
exercises, and gentle rhythmic stabiliza-
tion exercises.

For the duration of the case study, the
patient attended physical therapy ses-
sions 3 times a week for a total of 18
visits, totaling 10 aquatic sessions and 8
land-based sessions. To augment the
physical therapy program, the patient
was provided both land-based and
aquatic-based home exercise programs
(HEPs) for each of the phases of recov-
ery. The 3 aquatic-based HEPs that were
used are presented in eAppendixes 2, 3,
and 4 (available at ptjournal.apta.
org). A HEP adherence diary was pro-
vided at the initial visit and was briefly
reviewed with the patient prior to each
session. The patient continued her land-

based rehabilitation program 3 times a
week following the completion of this
6-week case study.

The main components and milestones at
which specific exercises and techniques
were implemented throughout this
aquatic-assisted protocol are summarized
in Table 2. For comparison purposes,
additional rotator cuff rehabilitation pro-
tocols found in the recent literature also
are summarized in Table 2. Seven of the
8 protocols cited indicate that shoulder
PROM should be initiated within 1 to 2
days after surgery. The current protocol
recommends initiating physical therapy
1 day after surgery to educate the patient
about limited shoulder PROM.

Buoyancy-assisted AAROM was initiated
in the pool after 2 weeks postopera-
tively. Aquatic exercises were initially
performed at a slow, deliberate speed of
30°/s using the audible sound of a met-
ronome for pacing. They were gradually
increased to a speed of 45°/s and finally
progressed to a speed of 60°/s. A study
by Kelly et al23 showed that the buoy-
ancy of water assists movement (in this
case, shoulder scaption) so that at the

Table 1.
Left (Involved) Shoulder Range of Motion and Strength Values Over the 6 Weeks of the Aquatic-Assisted Protocola

Measurement (Taken
at End of Each Week) Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Improvement

PROM, flexion (°) 92° 106° 128° 135° 143° 138° 142° 50°

PROM, abduction (°) 72° 92° 108° 122° 131° 128° 135° 63°

PROM, ER (°) (position of
shoulder)

30° (45° abd) 44° (45° abd) 58° (45° abd) 68° (90° abd) 68° (90° abd) 68° (90° ab) 75° 45°

PROM, IR (°) (position of
shoulder)

60° (45° abd) 63° (45° abd) 68° (45° abd) 70° (90° abd) 76° (90° abd) 80° (90° abd) 85° 25°

AROM, shoulder flexion
(°), land based

N/A N/A N/A N/A 87° 87° 97° 10° (in 2 wk)

AROM, shoulder abduction
(°), land based

N/A N/A N/A N/A 77° 80° 80° 3° (in 2 wk)

Functional, IR (behind
back)

N/A N/A N/A PSIS/S2 L5 L4 L4 3 spinal levels
(in 3 wk)

Grip strength (kg) (grip
position 2)

17.7 20.9 23.6 26.8 24.9 24.9 23.1 5.4

Strength, flexion (kg) NA N/A N/A N/A 8.6 8.6 13.6 5.0

Strength, abduction (kg) N/A N/A N/A N/A 7.7 12.2 14.5 6.8

Strength, ER (kg) N/A N/A N/A N/A 4.1 5.0 5.4 1.2

Strength, IR (kg) N/A N/A N/A N/A 8.6 9.1 9.5 0.9

a PROM�passive range of motion, AROM�active range of motion, PSIS�posterior superior iliac spine, ER�external rotation, IR�internal rotation,
abd�abduction, S2�second sacral spinous process, N/A�not applicable (too early to be tested). Active range of motion and strength were not tested until
the end of week 6 (6 weeks postoperatively) due to healing constraints.
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speed of 30°/s only 3.93% of maximal
voluntary contraction (MVC) is required
in the supraspinatus muscle (compared
with 16.68% of MVC to perform land-
based antigravity shoulder scaption to
90° of elevation at this speed). Hence,
the use of buoyancy-assisted devices (eg,
a water noodle) may additionally reduce

gravitational forces and percent MVC lev-
els. Long et al25 designated muscle acti-
vation greater than 15% of maximal vol-
untary isometric contraction to be
potentially indicative of higher loads
than desirable in a newly repaired rotator
cuff; 3.93% of MVC is well below this
threshold. The use of various cut sizes of

a water noodle placed in the patient’s
hand was an innovative component of
the aquatic-assisted protocol. The
amount of buoyancy assistance provided
by each length of water noodle (Fig. 1)
varies and is summarized in Table 3. As
healing progressed and the patient’s
strength improved, smaller lengths of

Table 2.
Current Rotator Cuff Repair Rehabilitation Protocol and Those Cited in the Literaturea

Study or Protocol D/C Sling? Start Shoulder PROM
Goal: Full PROM/

AROM
Start Shoulder

AAROM

Current protocol (2014)
(small–medium tears only):

Incorporate water: day 15

After 6 wk Day 1
(weeks 1 and 2):
FF and scaption to �90°, IR/ER

(45° abd) to �30°
No ext
Day 15
(weeks 3 and 4):
FF and scaption to �120°, IR/ER

(45° abd) to �45°

PROM
(weeks 6–8):
Not terminal ROM in all

planes, especially IR/
ER at 90/90)

AROM
(weeks 8–10)

After 2 wk:
Water:
Noodle and L bar:

assisted FF and
scaption �90°, IR/ER
�45° Noodle:
HAB/HAD

Land: Seated or supine
L bar IR/ER to �45° of

ER

Andrews et alb (2012)
(medium–large tears)

After 3 wk:
“MD or therapist will

determine”

Day 1:
FF to tolerance, ER/IR in scapular

plane at 45° abd to pain-free
ROM

Day 7:
FF to at least 115°, ER at 45° to

25°, IR at 45° to 35°

PROM (week 4)
AROM (weeks 8–10)

Day 1:
L bar IR/ER in scapular

plane at 45° of abd
to pain-free ROM

Day 7:
FF to tolerance,

continue IR/ER in
scapular plane (45°
abd)

Ghodadra et al3 (2004)
(small–medium tears)

After 4 wk:
“MD or therapist will

determine”

Day 1:
FF to tolerance
IR/ER (45° abd) to �25°–30°
Day 7:
FF to 115°
IR/ER (45° abd) to �30°–35°

PROM (week 4)
AROM (weeks 8–10)

Day 1:
IR/ER (45° abd) pain-free

ROM
Day 7:
FF to tolerance

Millett et al9 (2006):
Incorporate water: wk 2–4 (size of

tear not indicated)

Week 6
Weeks 2–4 for strong,

securely repaired
tendons

Day 7 PROM (weeks 4–5)
AROM (weeks 10–12)

Week 5:
FF supine, prone row

Klintberg et al18 (2009):
Protocol of the “progressive group”:

6 had a medium tear, and 1 had
a large tear

Incorporate water: wk 4

Week 4 Day 1
(outpatient physical therapy not

started until week 4)

NI Week 4: FF and scaption
with T bar

Brady et al20 (2008):
Incorporate water: day 10; 15 had a

small or medium tear, 3 had a
large or massive tear

NI Week 1:
FF and ER

NI Day 10:
FF and ER in water

Cuff and Pupello19 (2012):
Protocol of the “early ROM group”:

full-thickness supraspinatus
tendon tear (size not indicated)

6 wk Day 2:
FF to 120°, ER to 30°
Week 3:
FF to tolerance, ER to 45°

PROM: NI
AROM: (week 10)

Week 6

Koo and Burkhart10 (2010):
Accelerated/modified protocol (1

tendon tear with high risk for
stiffness)

6 wk Day 1:
ER with T bar (to tolerance),

passive table slides

NI Week 7:
Pulleys: flexion

a PROM�passive range of motion, AROM�active range of motion, AAROM�active-assisted range of motion, ROM�range of motion, PRE�progressive
resistance exercise, D/C�discharge, NI�not indicated, N/A�not applicable, EF�elbow flexion, EE�elbow extension, FF�forward flexion, IR�internal
rotation, ER�external rotation, HAD�horizontal adduction, HAB�horizontal abduction, ext�extension, abd�abduction, add�adduction.
b Andrews JR, Harrelson GL, Wilk KE. Physical Rehabilitation of the Injured Athlete. Philadelphia, PA: Elsevier Saunders; 2012.
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water noodle were used. The procedure
that was utilized to determine the
amount of buoyancy assistance provided
by various lengths of water noodle is
depicted in Figure 2.

Outcomes
No adverse events were experienced
during the course of the aquatic-assisted
rehabilitation protocol. Left shoulder
ROM measurements were obtained in
the supine position with a standard gon-

iometer and were documented weekly.
The results are summarized in Table 1.
Isometric strength of the left shoulder
was measured in the later phases of
recovery using a Chatillon strain gauge
(AMETEK Measurement Corporation &
Calibration Technologies Division,
Largo, Florida) and are summarized in
Table 1.

Numerous outcome measures were uti-
lized to document recovery from weeks

3 through 8 of this protocol. Data were
collected at weekly intervals and are
summarized in Table 4. To measure pain,
the Pain Disability Questionnaire (PDQ)
and the NPRS were utilized. The PDQ
and NPRS have been shown in the liter-
ature to be reliable and valid outcome
measures.22,26

Improvement with shoulder function
was measured with 3 different outcome
measures to allow for comparison with

Table 2.
Continued

Start Aquatic Exercise (Water) Start Shoulder AROM (on Land) Start Shoulder Isometric Exercise Start Shoulder PREs (on Land)

After 2 wk:
L bar AAROM and water noodle
AAROM: FF and scaption to �90°,

HAB/HAD and IR/ER�45°

After 4 wk
(day 29):
Supine FF to �90° prone row (0°

abd), supine serratus muscle
reaches

After 6 wk
(day 43):
Standing: FF and scaption �90°
Side lying: ER, prone row (90° abd)

After 4 wk
(day 29):
FF, ext, add, IR (no abd or ER)
After 6 wk: Abd, ER

After 6 wk
(day 43):
IR, scapular protraction,

depression, prone row (0° abd)
After 8 wk:
FF, ER, scaption, standing rows
After 12 wk:
Prone full can and prone ER,

tubing exercise

Week 4:
Light AROM exercises

Weeks 4–5:
Prone row to neutral, prone ext,

biceps muscles
Weeks 5–6:
FF in scapular plane, abd

Days 4–5:
FF with EF, ER, IR, biceps muscles
Day 7:
Ext with EF
Abd with EF
IR/ER in scapular plane, biceps

muscles (submaximal/pain-free)

Weeks 4–5:
IR/ER with tubing at 0° abd, side-

lying ER, manual ER supine in
scapular plane

Week 4:
Light AROM exercises

Weeks 4–5:
Prone row (30° abd)
Prone ext with EF, biceps muscles
Weeks 5–6:
Scaption and abd to 90°

Days 4–5:
FF with EF, ER, IR, biceps muscles
Day 7:
Ext with EF
Abd with EF

Weeks 4–5:
IR/ER with tubing (0° abd),

manual ER supine in scapular
plane

Weeks 2–3: PROM
Weeks 5–6: Light AROM

Week 6:
Scaption, abduction, ER, IR

Weeks 6–8:
“For rotator cuff”

Week 10:
Tubing IR/ER, full can, side lying:

ER, prone row, ext and HAB

Week 4:
AAROM (only 1�/wk)

Week 6:
FF with EF, abd with EF (IR/ER

AROM with elbow supported day
1)

Week 6:
“Isometrics”

Week 8:
IR and ER with tubing, FF with EE

and abd with EE
Eccentrics at week 12

Day 10 NI Week 10:
IR, ER, scapular retraction

Week 10:
Isometrics and elastic band

N/A Week 10 NI Week 12:
“Rotator cuff strengthening”

N/A NI NI 3 mo: Tubing IR/ER (0° abd),
biceps muscles, low rows
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other studies: the short form of the Dis-
abilities of the Arm, Shoulder, and Hand
questionnaire (QuickDASH); the Shoul-
der Pain and Disability Index (SPADI);
and the Penn Shoulder Score (PSS).
These 3 outcome measures have been
shown in the literature to be valid
and reliable measures of shoulder
function.27–29

An important aspect of recovery
throughout the rehabilitation process is
the assessment of self-efficacy, positive
self-image, and confidence. Patients’ out-
look regarding themselves and their abil-
ity to succeed may play a large role early
in the recovery process. The Perceived
Wellness Survey (PWS) was utilized to
obtain a measurement of the patient’s
self-efficacy. The data collected are
summarized in the eTable (available at
ptjournal.apta.org). The PWS has been
shown to be a valid and reliable measure
of wellness.30 The goal of this survey is to

measure the 6 dimensions of an individ-
ual’s wellness. Each of these dimensions
is interdependent and interacts with the
other dimensions. There are no “ideal
values” or any minimal detectable
change (MDC) data for the 6 dimensions.
Questions in the survey that relate to the
individual’s outlook about future physi-
cal abilities are presented in the physical,
emotional, and spiritual categories.
Patient satisfaction was not measured in
this case study. However, individuals
may advocate for early mobilization and
movement in an effort to feel as if they
are being an active participant in their
recovery.

Discussion
This case report introduces a unique
approach to rotator cuff repair rehabili-
tation through the early inclusion of a
comprehensive aquatic-based exercise
program. Exercise prescription was
based on scientific evidence presented in
the current literature and in electromyo-
graphic studies. Although patient partic-
ipation and adherence at home have
always been essential, they are becoming
increasingly important in the current
health care environment of limited visits
and high copayments. Low-stress aquatic
exercises, performed both in the clinic
and at home or in a local gym, can be a
practical and valuable addition to the
process of recovery from rotator cuff
repair.20,23,31 There were no adverse
events as a result of implementing the
aquatic-assisted rehabilitation protocol.

As shown in Table 4, the initial raw score
on the PDQ decreased by 30 points;

however, it did not reach the MDC level,
which is 36 points or more. This
decrease may have been due to the fact
that the PDQ is an activity-based out-
come measure and most functional tasks
were not allowed until after the case
study was completed (after 8 weeks post-
operatively). Pain levels at rest on the
NPRS decreased from an initial level of
4/10 at 2 weeks postoperatively to 2/10
at 8 weeks postoperatively. With activity,
pain decreased from 9/10 initially to 6/10
at 8 weeks postoperatively. The patient
reached the MDC level on 2 of the 3
functional outcome measures (SPADI
and PSS). Scores on the QuickDASH out-
come measure did improve; however;
they did not reach threshold MDC levels.
Regarding the PWS, scores on the emo-
tional and spiritual dimensions increased
over the duration of the case study. How-
ever, scores on the physical dimension
decreased slightly. As functional activi-
ties were contraindicated during the 6
weeks of the case study, these long-
standing restrictions may have affected
the patient’s view of her future physical
abilities.

The patient’s outcomes may have been
greater if the supraspinatus tendon tear
in our case study had not been chronic in
nature (less than 1 year from injury).
Chronic rotator cuff tears often become
avascular and thinner, infiltrate with fat
tissue, and can retract from their inser-
tion site as time progresses.3,6,20 The
patient’s advanced age may have played
a role in her outcome as well. Older indi-
viduals tend to heal more slowly and

Table 3.
Water Noodle Size Key and Amount of Buoyancy Assistance Provided by Each Sized Piecea

Length of Water
Noodle

Volumetric
Displacement

Amount of Buoyancy
Assistance

1 in (2.5 cm) 100 mL 3.5 oz (99.2 g)

2 in (5.1 cm) 150 mL 5.0 oz (141.7 g)

3 in (7.6 cm) 220 mL 7.5 oz (212.6 g)

4 in (10.2 cm) 280 mL 10.0 oz (283.5 g)

5 in (12.7 cm) 350 mL 12.0 oz (340.2 g)

6 in (15.2 cm) 415 mL 13.7 oz (388.4 g)

7 in (17.8 cm) 475 mL 15.3 oz (433.7 g)

8 in (20.3 cm) 545 mL 16.8 oz (476.3 g)

a Measurements are estimates only and depend on the exact length of the noodle. Differing diameter
noodles will provide different buoyancies. The noodle used was 6.4 cm (2.5 in) in diameter with a 2-
cm-diameter (0.8-in-diameter) hole down the middle of the noodle.

Figure 1.
Water noodles (SPRI Products Inc, Liber-
tyville, Illinois) cut to size.

Figure 2.
Buoyancy assessment. Weights were added
on top of the water noodle (SPRI Products
Inc, Libertyville, Illinois) until it was com-
pletely submerged. Weights were then
weighed.
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have poorer outcomes.3 As noted, she
was not able to start the protocol until 2
weeks postoperatively due to her pre-
planned vacation. She also had a medical
history inclusive of fibromyalgia. These
factors may have played a role in her
outcomes and documented shoulder
stiffness.

Candidates interested in following the
aquatic-assisted protocol must be care-
fully selected, as not all patients with
rotator cuff tears may be candidates for
participation in this rehabilitation pro-
gram. Even though aquatic exercises are
presented at earlier time frames, many
customary parameters of traditional rota-
tor cuff programs should still be fol-
lowed.23 Ideal candidates include those
who are experiencing elevated pain
or who have a low pain threshold and
those who have a heavy or large upper
extremity. Additional candidates for
aquatic rotator cuff repair rehabilitation
may include those who tend to be over-
zealous and eager to move their arm
instead of being immobilized in a sling
for 6 weeks or more.

A key advantage to initiating controlled
and protected motion early in the recov-
ery process is neuromuscular facilitation
and the restoration of normal scapulo-
humeral movement patterns in prepara-
tion for the strengthening phase.20,23,31 It
has been shown in the literature that
initial gains in muscular strength are not
due to muscular hypertrophy but rather
to recruitment of an increased number of
motor units and the rate at which they
fire (rate coding theory).32 This finding
may help to prevent the development of
dyssynergic movement patterns, muscle
guarding and fatty infiltration, cuff atro-
phy and inhibition, and joint capsule
contraction and adhesions.23,31

As noted, mechanical stresses also have
been shown to play a role in triggering
key biochemical signals that modulate
the healing process of tendon and
bone.13 This finding may provide
another key advantage to early incorpo-
ration of buoyancy-assisted, low percent
MVC movements. These mechanisms are
not yet fully understood, and more clin-
ical research will contribute to the for-
mulation of optimal postoperative man-
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agement parameters.13 Another key
benefit that may be obtained with early
mobilization protocols (such as docu-
mented improved shoulder AROM at 3
months postoperatively 8,33) is the poten-
tial for an earlier return to gainful
employment for those individuals who
work in occupations with low physical
demands and hence a savings on reduced
indemnity costs and lost wages.

Future studies are needed to test the
safety and efficacy of using aquatic exer-
cise for early mobilization as part of a
comprehensive rotator cuff repair reha-
bilitation program.20,23 Electromyo-
graphic studies that analyze the effect
that various size pieces of water noodles
such as those used in this case study have
on the percent MVC in the supraspinatus
muscle would provide valuable insight
on exercise prescription during the early
phases of recovery. Outcome measures
that are not functionally based and that
do not contain a majority of questions
involving tasks that require active or
resisted movements may be better suited
to determine protocol effectiveness dur-
ing the early phases of recovery from
rotator cuff repair surgery.20 Investiga-
tions that compare the long-term out-
comes of rotator cuff repair rehabilita-
tion protocols with and without the early
use of aquatic exercises will allow for
understanding of optimal treatment
parameters and prescription.20

Dr Burmaster and Dr Stiebel provided con-
cept/idea/project design. All authors pro-
vided writing and consultation (including
review of manuscript before submission). Dr
Burmaster provided data collection, data
analysis, project management, facilities/
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recovery.
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