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Abstract

Background: The primary goals of total shoulder arthroplasty (TSA) are to relieve pain, improve range of motion,
and restore function. Physical therapy is commonly used to help achieve these goals. Recent evidence has pointed
to the success and safety of a purely physician-guided, home-based or internet-based, program versus the traditional
therapist guided program.

The purpose of this study was to evaluate outcomes of TSA in patients using a web-based, home therapy program.

Methods: A retrospective review was performed of TSA patients who were given the option of using a web-based,
home therapy program. Functional outcomes were collected preoperatively, 6-month, and 12-month post-operative
examinations. Physical examination parameters were recorded at preoperative, 3-month, 6-month, and 12-month time-
points.

Results: Forty-seven patients used the web-based, home therapy program and had complete follow-up data at all
time intervals. All mean range of motion parameters and functional scores improved significantly from preoperatively to
postoperatively. There was one reported complication in a patient who sustained a subscapularis rupture and underwent
subsequent open repair at 10 months postoperatively.

Conclusion: This study demonstrates successful improvements in range of motion and functional outcomes in a
subset of patients who utilized an online therapy program after TSA. Future study will be necessary to directly compare
results in patients enrolled in formal, outpatient therapy programs and to determine barriers to utilization of web-based
therapy programs.

Level of evidence: IV
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Introduction

been established to be an effective treatment
option for glenohumeral arthritis. Results have
found significant improvements in range of motion and
pain relief with good to excellent long-term results (1).
Additionally, modern component design and technique

Q natomic total shoulder arthroplasty (TSA) has
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improvements have led to a decrease in complication
rates (2). TSA also provides improvement in general
quality of life outcome measurements (3, 4). Due to
these successful outcomes, the prevalence of TSA is
increasing at rates exceeding those of total hip and knee
arthroplasties (5).
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As with most shoulder surgery, the success of a total
shoulder arthroplasty relies heavily on a well-designed
and executed rehabilitation protocol (6, 7). Therapy
protocols generally involve a graduated stretching
program followed by a graduated strengthening program.
While the timing of when to start these exercises may be
debated, the importance of postoperative rehabilitation
is widely understood (6, 8). Commonly, these exercises
are performed through the guidance of a prescribed,
outpatient physical therapy program.

Recent evidence has pointed to the success and safety of
a purely physician-guided program versus the traditional
therapist guided program (9). Multiple lower extremity
randomized controlled trials have demonstrated the
safety and success of home based or internet guided
physical therapy programs (10-12). This study aimed
to evaluate the safety and success of a web-based home
physical therapy program for patients undergoing
anatomic TSA. We hypothesized that there would be
similar clinical and functional outcomes to historic
results of TSA.

PHASE |

WEB-BASED THERAPY TSA OUTCOMES

Materials and Methods

After Institutional Review Board approval was obtained,
a retrospective review was performed of patients
who had undergone anatomic TSA and were given the
option of using a web-based, home therapy program
(Force Therapeutics, New York, NY). The program was
designed specifically by the authors and other shoulder
and elbow surgeons at our institution. Patients interact
with the program throughout the pre-operative and
post-operative periods and can also interact with a
nurse navigator as well as the surgeon through the
online portal. After a patient is indicated for surgery,
signs informed consent to undergo a TSA, and indicates
ability and interest in utilizing the online system, an
email is generated that welcomes them to the program.
The patient then has educational materials provided to
them in the pre-operative period. Post-operatively, the
patient will get daily email reminders of the exercises to
be performed that day. At our institution, a standardized
therapy protocol is utilized: Phase I followed by Phase 11
stretching (termed Phase I, Figure 1) in the first 6 weeks

DURATION: 49 DAYS

In this phase your goal is to protect your shoulder, ensure wound healing and prevent shoulder stiffness by working on passive range
of motion. All exercises should be done slowly to maximize muscle and soft tissue involvement.

1. Supine Shoulder External Rotation with Wand

This exercise increases shoulder mobility.

Days/week Sessions/day

7 5

Sets

1

Reps

10

Hold

5

Resistance

Instructions: It is very important to do this exercise gently and slowly within the
range indicated by your surgeon or provider. Lie on your back with both upper
arms resting on your supporting surface. Grasp awand or cane in both hands
about shoulder width apart, turning your palm up on the affected arm. Bend
both elbows to 90 degrees. While keeping your elbows bent at your sides, gently
move the wand out to the side of your affected arm while keeping your elbow

il

Additonal Notes: Limit to 30 degrees

bent and close to your side. Hold the stretch as far as specified by your provider
and de not try to go any further. You might feel tolerable discomfort as you hold

the stretch but do not push into pain. Repeat as specifi

2. Supine Self-Assisted Shoulder F

ied,

lexion

This exercise will help to increase flexibility and mobility in your shoulder. Your opposite, unaffected arm applies a gentle stretch in the

direction of tightness.

Sets

10

Days/week Sessions/day

74 5

Reps

1

Hold

10

Resistance

Instructions: Lie on your back with your arms supported comfortably at your
sides. With your unaffected arm, grasp your operated arm and raise it up slowly
as far as is comfortable or as specified by your surgeon. Hold at the end point
for the specified amount of time and return to the starting position. If your

doctor has limited your flexion to 90 degrees, do not go further than this point
(in video arm points straight up to the ceiling). If your surgeon has limited your
motion to 140 degrees, stop here and hold as specified (in video arm near chin).
As your pain decreases and your shoulder heals, your surgeon will progress you
o your full range of motion (in video arm overhead). It is important that you do
not push beyond your care provider's recommended range of motion. Repeat as

specified.

3. Standing Pendulums - Circumduction

This exercise helps regain range of motion in the shoulder joint using gravity instead of injured muscles. This allows pain relief and

recovery without sacrificing movement and mobility.

Sets

10

Reps

3

Days/week Sessions/day

V4 3

Hold

Resistance

Instructions: Stand with your feet in a stride position 1 foot away from a table
or counter. Lean your hand or forearm of your unaffected arm onto the table or
counter as you lean forward at the waist allowing your affected arm to dangle.
Transfer your weight rhythmically between your legs so that you create a slow,
gentle, circular motion with your affected arm, The motion should be created by

the movement of your body as the affected arm relaxes. Continue this motion
making circles that are no more than 6 to 10 inches wide. Continue as long as

specified. Also known as: Codman Shoulder Exercises

Figure 1. This example demonstrates the exercises provided for the Phase I portion of the
online therapy program. They are also associated with corresponding videos.
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and then Phase I followed by Phase II strengthening
(termed Phase 11, Figure 2) for the second 6 weeks.

The online portal provides pictures and videos
describing how each exercise is to be performed. Each
time the patient logs-in and views an exercise it is
recorded in the system to help monitor their progress.

WEB-BASED THERAPY TSA OUTCOMES

They are encouraged to ask questions of their nurse
navigator or their surgeon within the system.

Once the cohort of patients was identified, demographic
information was collected including age, gender, and
Charlson Comorbidity Index (CCI). Functional scores
collected included the American Shoulder and Elbow

PHASE 11 DURATION: 53 DAYS

I this phase your goal Is to protect your shoulder, restore full passive range of motion and gradually restore active motion at the
shoulder

1. Standing Active Shoulder Flexion at Wall

This exercise will improve range of mation and flexibility of your shoulder.

Days/week Sessions/day  Sets Reps Hold  Resistance

74 1 10 3 5

Instructions: Stand with your back up against the wall, feet hip distance apart.
Walk your feet about a foot away from the wall, bend your knees slightly and
keep your navel to your spine. Gently raise one arm overhead without allowing
your back to arch. Lead with your thumb. Return to your starting position. Raise
your other arm over head. Keep your abdominal muscles tight throughout.

Return to starting position. Additional Notes: Limit 10 30 degrees

2. Standing Shoulder External Rotation with Resistance Band

This exercise strengthens your rotator cuff muscles which are important for shoulder stability.

Days/week Sessions/day Sets Reps Hold Resistance
7 1 10 3 - yellow

) ) o
Instructions: Attach one side of the theraband firmly to a door handle or
upright post and wrap the other end around the palm of your affected arm.
Stand with your unaffected arm close to the door or post. Keep your elbow bent
at 90 degrees. Place a rolled towel under your affected arm, Pull the theraband
away from the door, keeping band and forearm parallel to the floor. Make sure

your elbow stays close to your body as your forearm moves outwards, Return
slowly to starting position. Do not allow the towel to drop. Additional Notes: Increase resistance as you
progress

Days/week Sessions/day  Sets Reps Hold Resistance
7 1 10 3 - yellow

3. Standing Shoulder Internal Rotation with Resistance Band

This exercise strengthens your rotator cuff muscles which are important for shoulder stability.

Instructions: Attach one side of a theraband firmly to door handle or upright L :

post and wrap the other end around your palm. Position your body

perpendicular to the door, with your affected arm closer to the door or post.

Stand with your elbow bent at 90 degrees. Pull theraband away from its

attachment and across your body, keeping band and forearm parallel to the

floor. Return slowly. Keep your elbow hugged close to your body throughout the

motion. Do not allow your trunk to twist. Additional Notes: Increase resistance as you
progress

|

-

4. Seated Rows with Resistance Band on Stool

This exercise strengthens the muscles in the mid and upper back.

Days/week Sessions/day Sets Reps Hold Resistance
7 1 10 3 - yellow

Instructions: Assume a seated position on the stool with your upper body erect,
feet shoulder width apart and flat on the floor. Grasp the resistance tubing with
both arms making sure the wrists are neutral and the palms are facing your
body. Draw the bands back so the arms are parallel with you body, and your
elbows flexed to 90 degrees. Gently tuck the chin and lock straight ahead. Make
sure to avoid leaning back. Hold and repeat as specified by your therapist.

Additional Notes: Increase resistance as you
progress.

5. Standing Shoulder Flexion with Resistance band
This exercise will improve range of motion and strength of your shoulders,

Days/week Sessions/day  Sets Reps. Hold Resistance
7 1 10 3 = %

Instructions: Tie a piece of theraband or tubing around a door handle or
upright post. Wrap the other end comfortably around your hand. Stand facing
away from the theraband attachment. Keeping your elbow straight, pull the
theraband forward, raising your arm in front of you. Try to maintain upright
posture throughout the motion as you raise your arm. Lead with your thumb
and keep your wrist in a neutral position. Return slowly to your starting position.

Additional Notes: Start this exercise when
using the theraband for external and internal
rotation exercises.

Figure 2. This example demonstrates the exercises provided for the Phase
Il portion of the online therapy program. They are also associated with
corresponding videos.
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Surgeons (ASES) Shoulder Score, the Simple Shoulder
Test (SST), the Single Assessment Numeric Evaluation
of the Shoulder (SANE), and the Visual Analog Pain
Score (VAS). All functional outcomes were collected
pre-operatively and at 6- and 12-month post-operative
examinations. ASES is a validated 11 question survey that
assesses patient pain and function and is scored out of a
total of 100 points. SST is a validated 12-question survey
composed of yes/no questions that assess shoulder
function and is scored as a percentage of “yes” responses
over the 12 possible questions. SANE is a validated single
question survey in which a patient is asked to rate his/
her shoulder as a percentage of normal (i.e. 100% being
totally normal).

Physical examination parameters recorded included
active forward elevation and external rotation pre-
operatively and 3- months, 6- months, and 12-months
post-operatively. Range-of-motion measurements were
retrospectively collected from the surgeons’ dictated
notes. Patients without 12-month range-of-motion and
outcome scores were excluded. Follow-up of 12-months
was chosen as most arthroplasty patients begin to
plateau in their improvement around 6-12 months.

In addition, patient interaction information with the
online program was collected. This data included the
number of times a patient logged in, the number of
messages sent to the clinician by the patient, and the
system reported compliance. Compliance is generated as
a percentage of available logins the patient used during
the pre-operative and post-operative periods as well as
percentage of tasks completed per login.

Statistical analysis was performed using reported
measure ANOVA analysis to compare range of motion
and functional scores from pre-operation to 3-, 6-,
and 12-months. When sphericity was not assumed, a
Greenhouse-Geisser correction was undertaken. Post-
hoc analysis was performed with Bonferroni pairwise
comparisons.

Results
This program was initiated at our practice in late 2014
and the goal of this study was to evaluate patients with

WEB-BASED THERAPY TSA OUTCOMES

a minimum of one-year follow up. Therefore, records
were reviewed between November 2014 and March
2016, during which time 196 patients underwent a
TSA and were offered to use the web-based therapy
program. Twenty-six patients opted out of the online
program after receiving the invitation email.

Forty-seven of the remaining 170 patients identified
used the web-based, home therapy program and had
complete one-year follow-up data at all time intervals.
There were 28 men and 19 women with a mean age of
66.3 years old (range 38 - 85) and a mean CCI of 3.74
(range 2 - 6). All mean range-of-motion parameters
and functional scores significantly improved from pre-
operatively to post-operatively [Table 1 and Figures 3; 4].

The average number of patient logins to the system
was: pre-operatively 2.2 (range 0 - 20) and post-
operatively 33.3 (range 0 - 115). The mean number of
messages sent to the clinician through the portal was
2.9 (range 0 - 20). The average compliance of logins
during the perioperative period was 23.1% (range
0 - 86) and compliance of tasks completed per login
was 66.0% (range 0 - 100). Compliance of logins is
the number of times a patient logged into the system
compared to the total number of login days available
to them. Compliance of tasks is the number of tasks
completed out of the total number prescribed.

There was one reported complication in a patient
who sustained a traumatic rupture of the subscapularis
while playing golf and underwent subsequent open
repair at 10-months post-operatively. There were no
other complications, readmissions, or reoperations.

Discussion

This retrospective study evaluated the efficacy of a
web-based home physical therapy program for anatomic
TSA and found the protocol to have excellent clinical and
functional results. Similar to prior studies on outcomes
from anatomic TSA, we found significant improvements
in range-of-motion, with average forward elevation
and external rotation nearing normal ranges of 155°
and 45°, respectively. Additionally, we found significant
improvements in ASES, SST, and SANE scores as well as

Table 1. Mean range of motion and functional outcome data as recorded at the preoperative visit as well as at 3-, 6-, and 12- month post-
operative time points. Statistically significant improvements were seen for all functional and motion parameters. AFE= Active forward

elevation; ER= External rotation; ASES=American Shoulder and Elbow Surgeons score; SST= Simple Shoulder Test score; SANE= Single As-
sessment Numeric Evaluation score; VAS= Visual Analog Pain score; NC=not collected.

Follow-up (mos) 0 3 6 12 P-value (0 v. 12)
FE 110+28 141+25 155+17 155+19 <0.001
ER 22+16 39+10 46+12 45+12 <0.001
ASES 39.4£17.2 NC 83.6+12.7 86.7+16.2 <0.001
SST 33.53+20.62 NC 79.07+22.09 84.26+22.16 <0.001
SANE 34.55+24.57 NC 78.87+16.62 80.19+24.32 <0.001
VAS 6.0+2.3 NC 1.1+1.4 1.5+2.1 <0.001

FE: Forward Elevation; ER: External Rotation; NC: Not collected
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Figure 3. This graph shows the significant improvements in functional outcome scores
achieved at the 6- and 12-month time points. Significance is provided for each survey respec-
tively (P<0.001 for all comparisons). ASES=American Shoulder and Elbow Surgeons score;
SST= Simple Shoulder Test score; SANE= Single Assessment Numeric Evaluation score; VAS=

Visual Analog Pain score.
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Figure 4. This graph shows the improvement in range of motion.
As is typical with many shoulder procedures, the largest gains
are made in the first 6 months with incremental improvements
thereafter. AFE= Active forward elevation; ER= External rotation.
Significance is provided for each range of motion measurement;
comparisons made to pre-operative values were all significant at
P<0.001 (i.e.*+¥).For AFE "P<0.001 and $P<0.001.For ER"P=0.014.

a significant reduction in pain when compared to pre-
operative assessments.

In the complex American health system, an emphasis is
being placed not only on striving for improved outcomes
of surgical procedures but also minimizing the cost
involved. One strategy that has been established is

bundling payments for an entire episode of care for a
specific procedure (13). This innovative approach has
led clinicians and administrators to define the aspects of
each episode as being of high or low value. Those facets
which are low value, meaning their costs exceed their
benefit, are at risk of being eliminated if a safe alternative
can be supplied at a lower cost.

As mentioned above, physical therapy plays an
integral role in the rehabilitation of the post-operative
orthopaedic patients. However, it has come into question
as to whether traveling to a physical therapy center is
necessary after undergoing joint arthroplasty. In the
hip arthroplasty literature, Austin el al. completed a
randomized controlled trial evaluating the need for any
therapy after total hip arthroplasty. The authors found
thatahome based, patientguided program was as safe and
efficacious as formal therapy (4). Two recent randomized
controlled trials examined patients undergoing total knee
arthroplasty who underwent formal physical therapy
versus a telerehabilitation program. Both studies found
non-inferiority of the telerehab program when compared
to the traditional program (11, 12). Beyond the improved
cost savings of eliminating multiple therapy visits, there
is also the time savings of not having to travel to a therapy
center multiple times per week.

While it is becoming well established that hip and knee
arthroplasty therapy can safely be done at home, few
studies have examined this in total shoulder arthroplasty
patients. Mulieri et al retrospectively examined two
cohorts of patients who had used formal physical therapy
versus a physician guided program after TSA. They found
no difference in functional outcome scores and slight
improvements in final range-of-motion parameters in
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the physician guided group (9). This study certainly
gives credence to the concept of a home based therapy
program after total shoulder arthroplasty. However,
with the relative complexity of the exercises compared
to those of hip and knee rehabilitation, having more
instruction, even if virtual, may be of benefit to the
patient. While we cannot assess the quality of exercises
performed by patients, home exercises are an important
aspect of any rehabilitation program, and we believe
our visual aid provides a more robust instructional
process. We found that patients logged in to the system
regularly in the post-operative period, an average of
33 times. While the total percentage of available logins
was low (23%), the percentage of exercises completed
once a patient logged in was high (66%). The ability to
track patients progress on a daily basis is an advantage
of this online based program. While it was not explored
in this study, future goals will be measuring patients’
range-of-motion with wearable technology to be able
to provide further assistance to those who are falling
behind.

There are limitations in this study, most notably its
retrospective design. In the early phase of using this
system there was a technologic barrier to involvement,
which made a prospective study difficult at the time.
This hindered our ability to measure full and complete
outcomes on all patients. Second, this study lacked a
true control group to compare outcomes. While this is a
limitation, we did not find our outcomes to be drastically
different than those reported in many other studies on
TSA. Finally, this study was performed during a time
when this technology was just being released in our

WEB-BASED THERAPY TSA OUTCOMES

practice. Therefore, while the outcomes of those patients
involved were excellent, there is ample opportunity to
include more patients as we move forward with this
technology.

In conclusion, we evaluated a new approach to
performing therapy in the patient undergoing total
shoulder arthroplasty. This system does not require
additional visits with the surgeon or any visits with
a therapist if that patient is moving on target. It
allows the patient as well as the physician to actively
monitor progress and easily communicate throughout
the rehabilitation process. Additionally, it provides
excellent outcomes equivalent to those expected of
modern shoulder arthroplasty at a reduced cost.
Further prospective, comparative studies would be
helpful to more fully identify the barriers to successful
implementation of this system as well as to define any
limitations it may have in producing successful results.
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