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ABSTRACT

Background and Purpose:The Stanmore Percentage of Normal Shoulder Assessment (SPONSA) is
a patient-reported outcome measure (PROM). The score assesses pain, range of movement, strength,
stability and function of the shoulder. The aim of this work was to formally validate the SPONSA.
Materials and Methods: Validation of this score was carried out by measuring reproducibility,
construct validity and sensitivity to change. Time to completion was also recorded. The Oxford
Shoulder Score (OSS) and Constant Score (CS) were used for comparison. These assessments
were performed with 61 individuals undergoing shoulder interventions.

Results: There was excellent preoperative reproducibility in both intra- and inter-observer groups.
The SPONSA had a 0.79 correlation with the OSS and 0.78 with the CS. The overall effect size
of the SPONSA was 0.72, which was comparable to OSS (0.65) and greater than CS (0.34),
implying equal or better sensitivity to change.

Conclusions: The SPONSA is practical and quick to perform and also a reproducible and a
sensitive instrument. This simple PROM is a commendable addition to the existing validated
scoring methods for the shoulder.

Level of Evidence: |; testing of previously developed diagnostic criteria on consecutive patients
(with universally applied reference “gold” standard).
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INTRODUCTION

Numerous shoulder assessment systems are used as tools
for clinical practice and research."”! A percentage of normal
assessment tool is used as a simple patient-reported outcome
measure (PROM) for the shoulder at our institution and the
use of similar tools has been described by other authors.’*
Such a tool is simple and rapid to perform and provides a
useful adjunct to the existing shoulder assessments. This study
aims to formally validate a percentage subjective shoulder
assessment tool by assessing reproducibility, construct validity
and sensitivity to change.

MATERIALS AND METHODS

A single-question, the Stanmore Percentage of Normal Shoulder

Assessment (SPONSA), for obtaining a percentage outcome
score for the shoulder has been developed by the senior author
through discussion with patients, surgeons and shoulder
physiotherapy colleagues. It asks about symptoms most
noted to affect the quality of life of individuals with shoulder
complaints. It, therefore, includes statements about pain, range
of movement, strength, stability and function. The following
script is read to the patient and a verbal response obtained:

“A normal shoulder is one which is pain-free, with a full range
of movement, normal strength and stability, and allows you
to do what you feel your shoulder, if normal, should allow
you to do. A normal shoulder is scored as 100 percent, while
a completely useless shoulder is scored as o percent. Overall
where would you rate your shoulder between o and 100
percent, at this present time?”
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Pre-testing was undertaken to ensure the question was
understood. Ten patients with shoulder complaints were asked
the question and they reported no difficulty in comprehension.
In order to assess the validity of our tool, we analyzed the scores
of patients undergoing treatment.

Established outcome tools were used for comparison to
determine validity. The assessments used for comparison had
to be validated shoulder scores that were in common use
across Europe. The Constant Score (CS) is partly subjective
(patient-based), with questions about pain and activities of
daily living, and partly objective (clinician-based) involving
examination of range of movement and power measured
using a spring balance or dynamometer. The CSP! has been
validated through repeated use and is the only outcome tool
recommended by the European Society for Surgery of the
Shoulder and the Elbow (ESSSE). The Oxford Shoulder Score
(OSS)! is a validated, widely used PROM (Patient-Reported
Outcome Score) with subjective questions about pain and
activities of daily living. All three scores were administered in
English. Although all patients had good command of the English
language, we had provisionally planned to exclude anyone who
required translation.

Sixty-one consecutive patients were recruited at the
preoperative assessment clinic at our institution. All patients
had previously undergone clinical assessment and were to
undergo shoulder intervention under the care of the senior
authors. All patients were included irrespective of age, gender,
pathology and type of intervention. Patients were assessed at
three separate intervals. Interview A was conducted in the
preoperative assessment clinic (2—3 weeks pre-operatively),
interview B immediately preoperatively and interview C at
3—6 months postoperative outpatient review. Interview B was
conducted in two ways: for group B1, assessment was performed
by the same observer to assess (test—retest) intra-observer
reliability, while group B2 was assessed by different observers
at the two interviews to assess inter-observer reliability.

At interviews A and C, the patients completed an OSS,
answered the Stanmore (SPONSA) question and had the CS
performed by one of three independent assessors (DR, AN,
TW). The time taken to perform each test was recorded.
Before interview B (immediately preoperatively), the patients
were randomized into two groups. Randomization was by a
computer-generated list indicating if the patient was to be
assessed by the same observer as in interview A or by a different
observer. The randomization process was carried out by a
research physiotherapist who ensured allocation concealment
and informed the assessors of their allocated interview B on
the morning of the task. At interview B, all patients were
asked if there had been any change in their symptoms since
interview A at the preoperative assessment clinic. The purpose
of interview B was to collect data to test reproducibility of the
SPONSA score. It was not expected that the subject’s symptoms
would change significantly in the weeks between interview
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A and B, but for the purposes of testing reproducibility, if a
change in symptoms was reported (e.g. “my shoulder is more/
less painful”), then that subjects data were excluded from
calculations to assess the reproducibility of the score. Data
collected from that subject and interviews A and C were still
used for the purposes of other statistical analyses.

At interview C, the SPONSA, OSS and CS were administered
and performed by the same assessor as in interview A. Patients
were also asked if the operation or intervention was successful
or not (yes or no response).

Statistical methods

A combination of SPSS™ (IBM Corp., Armonk, NY, USA) and
Microsoft Excel™ (Microsoft, Redmont, WA, USA) was used
for statistical analysis.

Reproducibility

We assessed test—retest reliability of the SPONSA by measuring
and comparing the SPONSA scores at points A and B. Before
SPONSA B, all patients were asked if there was a change in their
shoulder symptoms. Only those who reported no change were
included so that we could measure the true reproducibility
of the score. Reproducibility was assessed using the method
described by Bland and Altman.s! Those patients with scores
collected by the same observer at interviews A and B (group
B1) were analyzed to provide information about the patients
consistency of rating or the intra-observer reproducibility. The
influence of the assessor or the inter-observer reproducibility
was determined by comparing scores for patients assessed by
a different observer (group B2). Differences in scores between
points A and B of less than 2 standard deviations from the mean
difference represent good agreement.

Construct validity

The Pearson Correlation Coefficient was calculated to
determine the correlation between the SPONSA and the
OSS and CS. The correlation of the SPONSA score with the
OSS and CS was calculated for data collected preoperatively
(point A) and postoperatively (point C). When calculating the
correlation between the SPONSA and OSS, the 10 subjects
with shoulder instability were excluded from calculations as
the OSS is not validated for assessing instability. Significance
level was set at P<o.os.

Sensitivity to change

Sensitivity to change was assessed by calculating the effect size
(z-score) for the SPONSA, OSS and CS. Effect size is a means
of measuring the extent of change detected by outcome tools.!!
It is calculated by dividing the difference between the mean
preoperative and postoperative scores by the standard deviation
of the preoperative scores. An effect size of 1.0 is equivalent to a
change of 1 standard deviation in the sample. When calculating
the effect size for the OSS, the 10 subjects with shoulder
instability were excluded. When calculating the effect size, we
firstly included all preoperative and postoperative scores for
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the SPONSA, OSS and CS. As a second analysis for the effect
size, we split the data into two groups according to the answer
to the question, “Was your operation or intervention successful
or not” (yes or no response).

Binary logistic regression analysis

It was used to determine the odds ratio of true success for a
change in 5, 7, 15, 20, 25 and 30 points (%) in the SPONSA
between preoperative and postoperative analysis.

Time taken to perform the SPONSA was compared to the OSS
and CS for each subject using a paired -test.

We aimed to recruit 60 patients as this number was used to
validate the OSS and our methods for validation were to be
similar. It was calculated that this sample size gave us 80%
power to detect an effect size of 0.8 or greater at the 5% level.l's

RESULTS

Sixty-one consecutive subjects were recruited. Fifty-five
underwent the planned treatment. Four procedures were
postponed as planned preoperative medical optimization was
not fully completed and two procedures were cancelled due
to symptomatic improvement. These patients did undergo
assessment at point B, so they could be included in determining
reproducibility of the SPONSA. Data collected at point A
from the six patients who did not undergo treatment could
not be used for calculation of construct validity or effect size.
The diagnosis and operative procedures of the patients are
summarized in Table 1.

Table 1: Diagnoses and procedures

Overall, 11 patients were not assessed at point C. This was due
to unavailability of patient to attend the final postoperative
follow-up assessment in the research clinic. The overall follow-
up rate was 82%.

The differences in the scores between points A and B were
plotted against the mean difference and 2 standard deviations
in Figures 1 and 2. The mean score difference for those patients
assessed by the same observer was 1.42 and for those assessed by
different observers was —1.1. These estimated means of score
difference were not significantly different from o. Bland and
Altman have described that good reproducibility (test—retest
reliability) is represented if 95% of the individual differences
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Figure 1: Intra-observer reliability of the SPONSA. SPONSA performed
by observer 1 at points A and B (n=31). Bland and Altman plot of scores
for intra-observer reliability showing that only two subjects in each group
were outside 2 standard deviations of the mean difference and 93% of
the subjects were within 2 standard deviations

Diagnosis No.

Procedure

Osteoarthritis

13

11 Primary TSA
2 Postponed

2 First stage revision TSA

3 Second stage revision CADCAM TSA

1 Single stage revision CADCAM TSA

1 Reduction of displaced prosthetic humeral head
2 Single stage revision to Bayley-Walker TSA

1 Single stage revision to unconstrained TSA

Arthroscopic subacromial decompression

1 Broca/Bankhart repair

3 Diagnostic arthroscopy and specialist physiotherapy

1 Rotator cuff reconstruction

5 Open rotator cuff reconstruction

2 Symptoms improved, non-operative management continued
1 CADCAM distal humerus replacement

1 Plate and bone graft to clavicle

1 Removal of Philos plate and insertion of unconstrained TSA

Rheumatoid arthritis 4 3 CADCAM TSA
1 Postponed
Revision arthroplasty 11
1 Postponed
Subacromial impingement 11
Instability 10 5 Bankhart repair
Rotator cuff tear 7
Non-union of fracture 3
Adhesive capsulitis 2

MUA and arthroscopy

TSA — Total shoulder arthroplasty; CADCAM — Computer aided design computer aided manufacture; MUA — Manipulation under anaesthetic
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between the two measurements lie within 2 standard deviations
of the mean difference in scores. Scores of only two subjects
in each group were outside 2 standard deviations of the mean,
which is equivalent to 93% of subjects (intra-observer group
2/30, inter-observer group 2/31) within 2 standard deviations.
In these two cases, the answers varied by 10 points only. In
93% of the cases, the score differences were oxs points. Our
findings represent good reproducibility.

The Pearson Correlation Coefficient (r) was calculated to
assess correlation of the SPONSA with OSS and CS with both
preoperative and postoperative scores. Perfect correlation
is indicated if r=1 or —1, and in the case of no correlation,
r=o. As the OSS is a negative score, increasing in value with
worsening shoulder function, a negative coefficient implies good
correlation. The overall correlation of SPONSA with OSS was
r=—0.79 (P<o0.001) and the overall correlation of SPONSA with
CS calculated was r=0.78 (P<o.001). This trend is summarized
in Figures 3 and 4.

The effect size (representing sensitivity to change between
preoperative and postoperative scores) of the SPONSA was
0.72 (n=44), OSS was —0.65 (n=44) and CS was 0.34 (n=34).
These results demonstrate comparable sensitivity to change to
the OSS and greater sensitivity to change than the CS.

We examined the relationship between responses when
individuals were asked whether surgery was a success or not
and the effect size. For those who reported the operation was
a success, the mean increase in SPONSA was 29 points (SD 24
points) and the effect size for change in SPONSA score was 1.2
and for OSS was —1.1. For those reporting the operation to be
unsuccessful, the mean SPONSA score dropped as expected
by 7 points (SD 24 points) and the effect sizes for SPONSA
and OSS were —o0.24 and 0.33. In this particular aspect, the
SPONSA was also comparable to OSS. It also showed that
the SPONSA is very sensitive to change after successful
treatment and not very sensitive to change if the treatment
was unsuccessful.

Binary logistic regression analysis was used to determine the
odds ratio of true success. These values are summarized in
Table 2. So, when a SPONSA score increases by 10 points, the
chances of that change representing a successful treatment as
opposed to unsuccessful treatment are 2.7:1 (95% CI 1.4—5.1).

The mean time to complete the SPONSA was 31.9s (SD 7.2 s),
OSS 129.5 s (SD 40.6 s) and CS 163.3 s (SD 41.5 s) [Figure 5.
Time to perform the SPONSA was significantly less compared
to the OSS and the CS (P<o.0001 for both).

DISCUSSION
A recent review identified 44 outcome scores for the
shoulder.'¥! Many are used inappropriately or modified and

not tested for validity, reproducibility or sensitivity to change.
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Figure 2: Inter-observer reliability of the SPONSA. SPONSA performed
by observer 1 at point A and observer 2 at point B (n=30). Bland and
Altman plot of scores for inter-observer reliability showing that only two
subjects in each group were outside 2 standard deviations of the mean
difference and 93% of the subjects were within 2 standard deviations
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Figure 3: Correlation of SPONSA with Oxford Shoulder Score.
Combined pre- and post-op treatment. Pearson correlation
coefficient=-0.79 (n=105). A graphical representation of the correlation
between the SPONSA and the Oxford Shoulder Score
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Figure 4: Correlation of SPONSA with Constant Score. Combined
pre- and post-treatment. Pearson correlation coefficient=0.78 (n=95).
A graphical representation of the correlation between the SPONSA
and the Constant Score

Full validation of a scoring system is essential before it can
be recommended for clinical or research use. There remain
methodological inconsistencies and difficulties with some
widely used scores.®
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Table 2: Percentage increase in SPONSA score after
treatment and the odds ratio of successful treatment

Percentage increase in Odds ratio for successful treatment

SPONSA score (95% confidence intervals)
5 1.6 (1.2-2.3)

7 2.0 (1.3-3.1)

10 2.7 (1.4-5.1)

15 4.4 (1.7-11.5)

20 7.2 (2.0-26.0)

25 11.9 (2.4-58.8)

30 19.5 (2.9-133.8)

SPONSA — Stanmore percentage of normal shoulder assessment
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Figure 5: Time to complete scores: The time to complete the SPONSA,
OSS and CM scores with 2 SD

The Clinical Effectiveness Unit of The Royal College of
Surgeons of England recommends subjective, patient-based
outcome measures (PROMs) in the assessment of surgical
outcomes. Such measures minimise the confusion of which
physiological components are to be assessed and it is considered
that the patient’s perceived health status and quality of life are
the most important outcomes in surgery besides mortality.'”

We have demonstrated a verbally administered percentage
of normal outcome assessment to be quick, reliable, valid
construct which is sensitive to change. It is reproducible if
performed by either the same or different observers. We have
also demonstrated good correlation of the SPONSA with the
existing scoring systems.

Good correlation of subjective percentage shoulder scoring
with the existing shoulder assessment tools has also been
demonstrated by other authors.[**°) Williams et al. have
demonstrated good correlation with the Rowel®! and Society
of American Shoulder and Elbow Surgeons®™ outcome scores
in young patients following surgery for shoulder instability.!

Other widely used shoulder outcome measures are well-
established tools in research and clinical practice. The more
detailed information that is obtained with multi-point scores
may be useful to the clinician in guiding treatment. However,
a significant number of these scores are time consuming and
require special equipment. The existing subjective, patient-
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based assessment tools vary in their complexity. The Disabilities
of the Arm Shoulder and Hand outcome measure is a 30-point
questionnaire on common daily activities and pain, with
answers on a 1—5 scale.'”) The Shoulder Pain and Disability
Index (SPADI) is a 13-point questionnaire with sections on pain
(5) and the performance of everyday tasks (8).t The OSS is a
validated subjective tool.B! Four of 12 questions are specifically
about pain. Tools for assessment of shoulder instability such
as the Western Ontario Shoulder Instability Index (WOSI), a
21-point questionnaire with visual analogue scale response, are
also fully validated. As no clinical assessment is required, these
subjective assessments may be completed by the patient alone
as a paper questionnaire.

The question posed to the patient when performing the
SPONSA asks about subjects, similar to other outcome scores,
i.e. pain, range of movement, strength, stability and function.
We speculate the SPONSA is very sensitive to change because
unlike other scores, we do not artificially allocate a specific
weight to each of these symptoms. Most outcome tools
score components of shoulder morbidity (e.g. pain, range
of movement, ability to perform daily tasks) individually,
summing them to reach a final score. Careful item identification,
reduction, weighting of items and testing in the development
of a questionnaire as a shoulder outcome tool, demonstrated
by Kirley et al.”’ must be undertaken in the development of
a reliable, responsive shoulder questionnaire. In such a system
with multiple questions, each carries a fixed weight in the
overall score. However, one particular shoulder symptom may
have a larger effect on the quality of life as perceived by the
individual. There will, therefore, be a “ceiling” to the overall
score for the most severe symptom regardless of the overall
real morbidity. This is one of the reasons why the CS and the
OSS perform poorly for shoulder instability. The SPONSA is
a percentage of normal score that allows the patient to weight
the score to reflect their most problematic symptoms, therefore
allowing it to be more sensitive to change after successful
treatment. The odds ratio in Table 2 is a useful indicator of
the chance of a successful treatment for any given percentage
increase in SPONSA score.

A potential weakness of this study is that our sample contained
no subjects with normal shoulders. If an individual experiences
no shoulder symptoms, perhaps it is reasonable to assume
that when our assessment is performed, the individual would
report a score of 100% or near 100%. In such individuals, it is
possible that an outcome tool with an objective, clinician-based
component may not give maximal scores as correction for age
and sex might not account for functionally normal variations
in power and range of movement.

CONCLUSIONS

This study adds to the weight of evidence for the value and
utility of a subjective percentage shoulder assessment tool
by the process of formal validation. It is relevant to note
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that the SPONSA as assessment tool is not diagnosis specific,
and can therefore be used to evaluate comparative values
of interventions for shoulder conditions. With an increasing
emphasis on patient-reported outcomes in everyday clinical
practice, a percentage assessment tool will be advantageous as
it is simple and fast to administer. [t may act as a useful adjunct
to the existing outcome tools.
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