JSES Open Access 2 (2018) 109-114

Contents lists available at ScienceDirect

JSES Open Access

ST journal homepage: www.elsevier.com/locate/jses

Smartphone applications for the evaluation of pathologic shoulder ()]

Check for

range of motion and shoulder scores—a comparative study [ oot

Kevyn Mejia-Hernandez, BMBS, MSc *°, Angela Chang, MBBS *°,

Nathan Eardley-Harris, MBBS °, Ruurd Jaarsma, MD, PhD, FRACS (ORTHO) ®,
Tiffany K. Gill, BAppSc (Physio), MAppSc (Physio), CertHIthEc, PGradD 3,
James M. McLean, MS, MBBS, FRACS **

a Discipline of Orthopaedics and Trauma, University of Adelaide, Adelaide, SA, Australia
b Discipline of Orthopaedics and Trauma, Flinders Medical Centre, Adelaide, SA, Australia

ARTICLE INFO Hypothesis and background: Accurate measurement of range of motion (ROM) is important in evalu-
ating a pathologic shoulder and calculating shoulder scores. The aim of this study was to establish the
Keywords: reliability and validity of different smartphone applications (apps) in assessing pathologic shoulder ROM
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and to determine whether differences in recorded ROM measurements affect calculated shoulder scores.
The authors hypothesized that there is no difference between shoulder ROM assessment methods and
calculated shoulder scores.
Methods: In this nonrandomized controlled clinical trial, ROM of 75 participants with a history of shoul-
der disease (21 women, 54 men) was assessed using a smartphone inclinometer and virtual goniometer,
a standard goniometer, and clinicians’ visual estimation. Shoulder strength was assessed, and Constant-
Murley (CM) and University of California-Los Angeles (UCLA) shoulder scores were calculated.
Results: Independent of diagnosis or operation, all cases (except for passive glenohumeral abduction
of unstable shoulders) showed excellent intraclass correlation coefficients (>0.84). Interobserver relia-
bility was excellent for all ROM measures (intraclass correlation coefficient > 0.97). All modalities had
excellent agreement to values attained with the universal goniometer. There were no differences for the
calculated CM or UCLA scores between the modalities employed to measure ROM.
Conclusions: A smartphone inclinometer or virtual goniometer is comparable to other clinical methods
of measuring pathologic shoulder ROM. Clinicians can employ smartphone applications with confi-
dence to measure shoulder ROM and to calculate UCLA and CM scores. The apps are also available to
patients and may be a useful adjunct to physiotherapy, especially in cases of limited access to health care
services.

© 2017 The Authors. Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Level of evidence: Level IlI, Diagnostic Study

Accurate and reliable measurement of shoulder range of motion
(ROM) is integral to the physical examination and functional eval-
uation of a pathologic shoulder. A universal goniometer (UG) is
considered the “gold standard” for measuring shoulder ROM';
however, visual estimation is common in clinical practice as it is
more time efficient, and a goniometer is often not available.>?528
Other methods for measuring shoulder ROM include digital
inclinometry, digital motion capture, and high-speed cinematog-
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raphy, but these require expensive, specialized equipment with
limited availability.?10.13:16:24.28

Smartphone applications (apps) have recently been proposed as
an alternative method of measuring pathologic shoulder
ROM. 521222629 Apps rely on an internal smartphone inclinometer?®
or a photographic virtual goniometer?' to measure ROM.
Several studies have demonstrated joint ROM measured with apps
to be reliable and accurate compared with traditional
methods,’415192123.252629 byt studies performed on the shoulder were
limited by inclusion of only participants with no joint disease (for
whom they have the most potential clinical application). In addi-
tion, no shoulder study considered the impact that ROM variability
may have on shoulder scores with an objective ROM component.

The Constant-Murley (CM) score® and the University of California—
Los Angeles!' (UCLA) shoulder score are commonly used shoulder
assessment tools that evaluate level of function and efficacy of
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surgical interventions and observe clinical change over time. These
shoulder patient-reported outcome measures have the advantage
over other scoring systems of including subjective patient-derived
inputs as well as objective clinician-derived inputs, allowing a more
balanced interpretation of shoulder function.®

Shoulder scores enhance communication during the physician-
patient consultation®® and aid in clinical decision-making. As
shoulder ROM is an important component of these scores, mea-
surements must be accurate and reliable for the scores to be of
clinical use.

Apps have been shown to be accurate and reliable in measur-
ing ROM in normal shoulders; however, their use in the pathologic
shoulder is yet to be assessed. The authors hypothesized that smart-
phone ROM apps will provide accurate and reliable measurements
when tested on pathologic shoulders.

Materials and methods

Patients were recruited from the outpatient department of 2 ter-
tiary orthopedic units between February 2015 and February 2016.
Inclusion criteria were being English speaking, older than 18 years,
and willing to provide informed consent and having a docu-
mented current shoulder disease. Patients were excluded if they had
cognitive impairment or were unable to follow the assessor’s in-
structions. In cases of bilateral shoulder disease, both shoulders were
assessed independently and included.

One iPhone (Model 5S) was used in the study and the software
not updated during data collection. Two iPhone apps were used to
measure shoulder range of movement (ROM): GetMyROM (version
1.0.3; Interactive Medical Productions, Hampton, NH, USA), an
inclinometry-based app (Fig. 1, A); and DrGoniometer (version 1.2;
CDM S.r.L, Milano, Italy), a photo capture-based application (Fig. 1,
B). Visual ROM estimates were recorded for each subject, as were
measurements made using a standard, manual goniometer as a
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control. A questionnaire recorded the subjective and functional ques-
tions of the UCLA and CM shoulder scores.

All participants were assessed with exposed shoulders. Two
medical practitioner observers with experience in musculoskel-
etal disease collected the data independently with an assistant.
Participants initially sat upright and straight on a fixed chair to sta-
bilize the spine. In this position, the following measurements were
observed: active forward flexion (Fig. 2, A), total abduction, active
glenohumeral abduction (Fig. 2, B), and passive glenohumeral ab-
duction. To assess glenohumeral joint abduction, the participants
were asked to abduct the arm while the examiner stabilized the scap-
ular. Commencement of scapula rotation was used to determine the
limit of glenohumeral joint movement.

Rotation of the shoulder was measured with participants supine
on a standard examination table. The shoulder was positioned in
90° of abduction with 90° of flexion at the elbow. With the forearm
in neutral rotation and the proximal two-thirds of the humerus sup-
ported by the table, measurements were taken for active (Fig. 2, C)
and passive external rotation and active (Fig. 2, D) and passive in-
ternal rotation. If shoulder disease prevented the participant from
abducting the shoulder to 90°, supine external rotation was mea-
sured with the elbow in contact with the side of the body (0°
abduction), and internal rotation measures were not recorded. With
all ROM tests, care was taken to avoid compensatory movements,
such as elbow extension or scapular elevation, and if these were
observed, the measurement was repeated.

Shoulder ROM was first assessed using the smartphone incli-
nometer attached to the participant with a DualFit Armband (Belkin;
Playa Vista, CA, USA). The armband was attached to the distal portion
of the humerus for seated movements, then repositioned to the wrist
for measurements performed with the participant supine. The in-
clinometer was positioned with the screen facing away from the
observer. The assistant read and recorded the ROM value with the
observer blinded to the reading. Next, the observer captured
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Figure 1 The iPhone applications. (A) GetMyROM. (B) DrGoniometer.
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Figure 2 Measurements of (A) forward flexion, (B) glenohumeral abduction, (C) external rotation, and (D) internal rotation.

photographs of the participant with the shoulder positioned at the
limits of ROM, to be analyzed at a later date using DrGoniometer.
Third, the observer gave a visual estimate of shoulder ROM and last
measured the ROM using the standard goniometer.

A myometer (Isometer; Innovative Design Orthopaedics Ltd.,
London, UK) was employed to measure shoulder strength using the
method described by Constant et al.> Participants stood with their
feet shoulder-width apart and the arm held at 90° of abduction in
the scapular plane. The forearm was placed in full pronation and
shoulder internal rotation. A looped arm strap was placed 2 cm prox-
imal to the wrist. With the elbow straight at all times, participants
were instructed to lift up with maximal strength. The measure-
ment was repeated 2 more times and the highest value used to
calculate the CM score.>?° Participants who were not able to es-
tablish the desired degrees of abduction or experienced pain when
completing this part of the assessment were assigned a strength
score of 0 and were not subjected to further strength measure-
ment. Strength measurements were used in conjunction with the
questionnaires to calculate the UCLA and CM shoulder scores.

To assess the reliability of the 4 methods, all measurements were
completed by 2 independent observers. An intraclass correlation co-
efficient (ICC) was calculated using SAS 9.3 (SAS Institute, Cary, NC,

USA). An ICC was calculated for each ROM test, interpreted as follows:
0.00-0.40, poor correlation; 0.41-0.59, fair correlation; 0.60-0.74,
good correlation; and 0.75-1.00, excellent correlation.*

A Bland-Altman analysis was used to assess the level of agree-
ment between the ROM measurement modalities. A 95% limit of
agreement was defined as +1.96 standard deviations around the
mean difference from measurements obtained by the UG, thus pro-
ducing a lower and upper level of agreement.

A negative binomial generalized estimating equation was used
to account for clustering on random effects of the subjects and raters.
Assumptions of linear regression were not upheld. Modeling was
performed for the CM scores and ROM as well as for UCLA scores
and ROM.

Results

From February 2015 to February 2016, 75 patients were re-
cruited from the outpatient department of 2 tertiary orthopedic units
(21 women, 54 men). The average age was 46 years (range, 24-94
years). Fourteen patients had bilateral shoulder disease.

The underlying shoulder diseases in descending order of fre-
quency included shoulder instability (n =23), degenerative changes/
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Table I
Diagnoses and operations of participants (N = 75)

Diagnosis Operation

Inflammation (n=9)
SA bursitis + impingement
Scapulothoracic bursitis/snapping
scapula
Fractures (n=4)
Proximal humerus
Clavicle
Degenerative/arthritic (n=9)
AC] osteoarthritis
SCJ osteoarthritis
GH]J osteoarthritis
Septic arthritis
Instability (n=23)
Traumatic (including dislocations)
AC] dislocation/subluxation
Soft tissue (n=30)
Proximal biceps tendon tear (long head)
Rotator cuff tear
SLAP biceps tear
Supraspinatus tendinopathy

No operation (n=58)
Arthroscopic surgery (n=6)

Rotator cuff repair

Labral stabilization

Other therapeutic procedure
Open nonarthroplasty procedures
(n=10)

Latarjet/Bristow

A(] lateral clavicle excision

Rotator cuff repair

Open washout of shoulder joint
Total shoulder arthroplasty (n=1)

Reverse

SA, subacromial; ACJ, acromioclavicular joint; SCJ, sternoclavicular joint; GHJ, gle-
nohumeral joint; SLAP, superior labral tear from anterior to posterior.

arthritis (n =9), inflammation (n =9), prior fracture (n =4), and soft
tissue disease (n=30). Diagnoses and surgical interventions are pre-
sented in Table L.

In all cases for the group diagnoses (except for passive gleno-
humeral abduction of the instability group), ICC values were classified
as having excellent agreement (>0.84). In regard to surgical inter-
vention, the ICC value for each ROM test was >0.95.

The ICC values are presented in Table II. All values were >0.97,
indicating excellent agreement between the 4 methods of

Table II
Interobserver reliability for each range of motion (ROM) measurement method
ROM test Method ICC Lower Upper
95% limit ~ 95% limit

Forward flexion Clinician 1.00 0.99 1.00

Goniometer 0.99 0.99 1.00

GetMyROM 0.99 0.98 0.99

DrGoniometer 1.00 0.99 1.00

Total active abduction Clinician 1.00 0.99 1.00

Goniometer 0.99 0.99 1.00

GetMyROM 0.99 0.99 1.00

DrGoniometer 0.99 0.99 1.00

Active glenohumeral Clinician 0.99 0.99 1.00

abduction Goniometer 0.98 0.97 0.99

GetMyROM 0.98 0.97 0.99

DrGoniometer 0.98 0.97 0.99

Passive glenohumeral Clinician 0.99 0.99 1.00

abduction Goniometer 0.98 0.99 0.99

GetMyROM 0.97 0.95 0.99

DrGoniometer 0.98 0.96 0.99

Active internal rotation Clinician 0.99 0.99 0.99

Goniometer 0.99 0.99 0.99

GetMyROM 0.98 0.97 0.99

DrGoniometer 0.99 0.99 1.00

Passive internal rotation Clinician 0.99 0.98 0.99

Goniometer 0.99 0.99 0.99

GetMyROM 0.98 0.96 0.98

DrGoniometer 1.00 0.99 1.00

Active external rotation Clinician 0.99 0.98 0.99

Goniometer 0.99 0.98 0.99

GetMyROM 0.99 0.98 0.99

DrGoniometer 1.00 0.99 1.00

Passive external rotation Clinician 0.99 0.99 1.00

Goniometer 1.00 0.99 1.00

GetMyROM 0.99 0.98 0.99

DrGoniometer 0.99 0.99 1.00

ICC, intraclass correlation coefficient.

Table III
Bland-Altman plots comparing measurement modalities to the “gold standard”
goniometer

Comparison measurement  Comparative Mean Lower Upper
mean to universal measurement difference  95% 95%
goniometer technique limit limit
Forward flexion Clinician 1.69 -517 855
GetMyROM -0.76 -9.64 811
DrGoniometer  -0.56 -9.63 8.52
Total active abduction Clinician 0.37 -6.46 720
GetMyROM 047 -7.87 8.81
DrGoniometer 0.81 -7.73 935
Active glenohumeral Clinician -0.18 -290 254
abduction GetMyROM -0.19 -4.71 432
DrGoniometer  -0.41 -6.93 6.12
Passive glenohumeral Clinician -0.07 -2.04 190
abduction GetMyROM -0.38 -4.02 325
DrGoniometer  -0.01 -232 230
Active internal rotation Clinician -0.29 -5.51 493
GetMyROM 0.51 -711 814
DrGoniometer  -1.29 -10.00 743
Passive internal rotation Clinician 0.00 -4.66  4.66
GetMyROM 0.55 -5.04 613
DrGoniometer  -1.41 -9.83 701
Active external rotation Clinician 0.01 -5.02 5.05
GetMyROM -0.08 -832 817
DrGoniometer 0.20 -823 863
Passive external rotation Clinician 0.42 -518 6.02
GetMyROM 0.40 -758 837
DrGoniometer 0.13 -765 791

measurement for each ROM. Each ROM variable showed a left-
skewed distribution.

The results of Bland-Altman plots, comparing the other 3 methods
of measurement with the measurements obtained by the UG, are
presented in Table III. These values are within a narrow range and
indicate generally superior agreement, although active and passive
glenohumeral abduction had the narrowest limit range (ie, more
agreement between the methods of measurement and UG), and
forward flexion resulted in a larger range of values.

Nineteen participants (25.3%) were not able to complete strength
assessments as a result of pain (n=15) or loss of ROM (n=4). These
participants were assigned a strength score of 0 in calculating UCLA
and CM scores. When the CM and UCLA scores were calculated for
each method of assessing ROM, all methods revealed identical mean
CM scores (74; range, 6-100) and mean UCLA scores (29; range,
7-35).

Discussion

This study demonstrated that the ROM measurements in patho-
logic shoulders are consistent in comparing a UG with visual
estimates and 2 different smartphone ROM apps. It also demon-
strated that there is no difference in the calculated shoulder UCLA
and CM scores using the 4 different methods, suggesting that newer
technologies that use smartphone applications may be a useful tool
in the clinical setting.

Previous studies®'?'72% have assessed the accuracy and validity
of smartphone apps in measuring joint ROM; however, those focused
on the shoulder were limited by assessing only normal shoulders
in healthy, young individuals.''®?! In contrast, this study assessed
patients of varying ages with a spectrum of shoulder diseases, thus
providing a relevant clinical context and a broader spectrum of as-
sessable shoulder ranges over which to compare the assessment
modalities. Previous studies were also limited to the assessment of
active shoulder motion only.>'#2! In addition to examining both
active and passive ROM, this study also assessed a more complete
set of shoulder movements, including internal and external rota-
tion, abduction, and forward flexion. This study also assessed the
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clinically relevant movement of glenohumeral joint abduction, an
important sign that can assist in differentiating subacromial and sub-
deltoid adhesions from adhesive capsulitis in pathologic and
postoperative patients. To the authors’ knowledge, this movement
has not previously been investigated using different ROM assess-
ment modalities.

This study is the first to compare 4 different shoulder ROM as-
sessment tools in a pathologic patient cohort. The 4 assessment
modalities used (the clinician’s visual estimation, inclinometer-
based smartphone application [GetMyROM], photograph-based
[DrGoniometer] smartphone application, and UG) demonstrated ex-
cellent agreement. This finding was similar to that of Werner et al,
who assessed postsurgical shoulder ROM in patients having un-
dergone total shoulder replacement surgery and reported excellent
correlation when using an inclinometer Smartphone application in
isolation.?” This study is also one of the few studies that assessed
an older population cohort (mean age, 46 years), in various planes
of shoulder movement, with various shoulder diseases and diag-
noses. The only other study to examine inclinometer- and
photograph-based shoulder assessment tools relied exclusively on
measurements of external rotation performed on young, healthy sub-
jects (mean age, 26.4 + 7.6 years).?!

Certain advantages exist in adopting these new technologies.
Inclinometry-based applications allow fast, reliable measure-
ments of shoulder ROM and are widely available and cost-effective,
given the prevalence of smartphone ownership in the general pop-
ulation. They are available not only to physicians but also to allied
health professionals and patients. As well as being used in a clin-
ical setting, the inclinometry-based apps allow patient
self-measurement,'? providing real-time feedback for exercise com-
pleted at home. This may be of particular benefit to those with
limited access to health care because of rural location or disabili-
ty, for whom some assessment may be performed by a combination
of telephone, tele-link, or secured e-mail.

Photograph-based applications, whereby clinicians make mea-
surements in a delayed fashion (post-production and independent
of the patient’s location), allow images to be printed and filed in
patient notes for comparison during subsequent visits. Like
inclinometry-based apps, photograph-based applications allow ac-
curate ROM assessment when a goniometer is not available or when
a face-to-face interaction with a health professional is not imme-
diately available. Moreover, the physician-patient interaction can
potentially be enhanced by demonstrating the patient’s progress in
ROM over time.!'?2°

Whereas visual assessment of ROM may require experience to
give an accurate estimation, a recent study? reported that the skill
level of medical assessor does not influence the ROM assessment
with use of smartphone applications (ie, student vs. medical clini-
cian). This is important, as clinicians and allied health practitioners
who do not have exclusively musculoskeletal practices may employ
these smartphone applications with the confidence that they will
produce consistent results. Non-musculoskeletal-focused clini-
cians are less likely to have experience with visual estimation of
shoulder ROM, and consequently the measurements obtained may
be affected.

The UCLA and CM scores are important adjuncts to the man-
agement of patients with shoulder disease and can be used to assess
for change in function over time. Both have subjective and objec-
tive components that allow a more balanced interpretation of a
patient’s true shoulder function. This is the first study to compare
smartphone applications for measuring shoulder ROM in a patho-
logic patient cohort and subsequently using these measurements
to calculate and to compare UCLA and CM shoulder scores. In this
study, both the UCLA and CM shoulder scores were similar in com-
paring various modalities of ROM measurement. These findings
suggest that these smartphone applications can be used with con-

fidence to calculate UCLA and CM shoulder scores in patients with
a spectrum of shoulder diseases.

Limitations exist in using inclinometer- and photograph-based
smartphone applications for shoulder ROM measurement. Incli-
nometer applications require the mobile device to be in contact with
the patient. This is best achieved with an instrument that physi-
cally holds the phone to the patient (such as an armband).?® Hygiene
issues may be raised when an armband is used repeatedly and
suggest the need for disposable armbands.'?” The position of the
measurement device is important to achieve consistent results. It
was our experience that the armband sometimes required adjust-
ment (eg, rotated around the longitudinal axis of the humerus) to
attain the appropriate measure. Vigilance of the assessor was re-
quired to adjust the armband if it slipped or loosened after initial
application.

Photograph-based smartphone applications had similar consid-
erations, especially when the examiner was taking the picture and
in positioning the virtual goniometer on anatomic landmarks to
measure the angles under investigation.'? Errors could be made if
the picture was taken short of maximal ROM or if the photograph
was mistimed (and not picked up). Care needed to be taken in mea-
suring the angles under investigation in the photographs, especially
in placing markers on the desired anatomic landmarks.

There are limitations to this study. The 2 observers were highly
trained and had many years of experience in shoulder examina-
tion. This may have influenced the visual estimation results, which
may not be reproducible for clinicians with less experience. Care
should be taken in interpreting this result, as visual estimation re-
quires a certain level of expertise and practice, which may take
several years to achieve. This modality has the most inherent vari-
ability and is not recommended for routine use (especially for
clinicians who have not self-evaluated their assessments). Ongoing
self-evaluation is required to confirm that this technique is valid
for each clinician.

Another limitation was the sample size, which was not random-
ized and was composed of more men than women. The average age
of the sample was skewed to the elderly (likely representative of
the larger proportion of disease found in the older age groups). A
broader and larger sample would allow a more in-depth analysis
by gender and age subsets. Future studies could incorporate exam-
ination of dynamic movements in addition to static assessments.

Conclusion

Technologic advances offer the opportunity to adopt new tools
that can improve patient assessments and follow-up and ultimate-
ly lead to improved clinical outcomes. Smartphone app use is a
widely available, cost-effective method to assist clinicians in accu-
rately measuring joint range of movement, including that of the
shoulder, knee, spine, elbow, and ankle.>'?17*% This study demon-
strates that shoulder ROM can be reproducibly measured using 4
independent methods. Smartphones can be used with confidence
by clinicians to provide a reliable, reproducible, practical, and in-
expensive way of assessing shoulder ROM.
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