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Introduction: As patient-reported outcome measures (PROMs) continue to evolve as vital measures of patient
status, it may be useful to identify efficiently, Single Assessment Numeric Evaluation (SANE) scores that are valid
and related to the patient's specific functional needs.

Objective: To evaluate the concurrent validity between SANE scores and commonly used body region-specific
functional PROMs, functional percentage change scores, and total visits in patients with musculoskeletal (MSK)
disorders.

Methods: 479 patients completed the SANE and one of the following PROMs at physical therapy discharge:
Modified Low Back Pain Disability Questionnaire [MDQ], Neck Disability Index [NDI], Penn Shoulder Score
[PSS], International Knee Documentation Committee [IKDC], Lower Extremity Functional Scale [LEFS]. Pearson
correlation coefficients were used to assess the relationship between SANE and the aforementioned outcomes
and total visits.

Results: The SANE was moderately negatively correlated with the MDQ and NDI at discharge. There were high
positive correlations between SANE and PSS and IKDC and moderate positive correlation between SANE and
LEFS. The SANE and MDQ and IKDQ demonstrated low positive correlation for functional percentage change
scores, and the SANE and NDI demonstrated moderate positive correlation for functional percentage change
scores. For total visits outcome, there was a negligible negative correlation between SANE and MDQ and NDI at
discharge.

Conclusion: The SANE exhibits acceptable concurrent validity across all investigated PROMs at physical therapy
discharge. However, inconsistent relationships across body regions for functional percentage change and total
visits suggest differences in these values as compared to raw discharge scores.

1. Introduction

Patient-reported outcome measures (PROMs) are defined by the
National Quality Forum as ‘any report of the status of a patient's (or
person's) health condition, health behavior, or experience with
healthcare that comes directly from the patient, without interpretation
of the patient's response by a clinician or anyone else’ (National Quality
Forum, 2019). Providers often collect body-region specific PROMs

assessing symptom severity and functional status as part of their routine
physical examination of patients (e.g., Modified Low Back Pain Dis-
ability Questionnaire [MDQ], Neck Disability Index [NDI], Penn
Shoulder Score [PSS], International Knee Documentation Committee
[IKDC], Lower Extremity Functional Scale [LEFS]) (Fairbank et al.,
1980; Leggin et al., 2006a; Fritz and Irrgang, 2001; Binkley et al., 1999;
Irrgang et al., 2001). Routine collection of the region-specific PROMs in
an episode of care provides the patient and clinician with important
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measures of functional progress (or lack thereof), informs clinical de-
cision-making, and can even influence reimbursement (Weldring and
Smith, 2013; Black, 2013). However, because of their length, PROM
collection in an episode of care can be burdensome to patients, provi-
ders, and administrators (Black, 2013). The Single Assessment Numeric
Evaluation (SANE) (Williams et al., 1999) was introduced as an effi-
cient single-item survey that can be applied for assessing the functional
status of a variety of orthopedic conditions related to the shoulder,
back, knee, and ankle (Sueyoshi et al., 2017; Winterstein et al., 2013;
Thigpen et al., 2018; Shelbourne et al., 2012; Hunt and Sherman, 2003;
Wright and Cook, 2013).

The Consensus-based Standards for the Selection of Health
Measurement Instruments (COSMIN) (Mokkink et al.,, 2010) re-
commends that an adequate choice of PROMs in clinical practice and
research should be made based on its measurement properties. Validity
is one of these measurement properties that refers to ‘the extent to
which an instrument accurately measures what is supposed to measure’
(Messick, 1980; Chiarotto et al., 2018). This measurement property
encompasses three types of validity content validity, construct validity
and criterion validity. In this paper, we focused on concurrent validity
which is a subtype of criterion validity domain and is defined as a
method that involves administering the test of interest and reference
standard test at nearly the same time (Terwee et al., 2018; Jewell,
2014). Current evidence demonstrates that the SANE has moderate to
high concurrent validity with other PROMs investigating function as a
construct [i.e. MDQ (Wright and Cook, 2013), American Shoulder and
Elbow Surgeons (ASES)] (Cunningham et al., 2015).

At present, selected PROMs are considered reference standards
(proxy measures) of health profiles for patients. As PROMs continue to
evolve as vital measures of patient condition, and as the burden of time
demands for implementation of healthcare increase, it may be useful to
identify efficient, single-item surveys (SANEs) that are similarly related
to reference standard PROMs. Although the SANE was validated in
comparison with other PROMs for specific populations, to our knowl-
edge, no studies have examined its concurrent validity of a wide array
of PROMs for a broad range of MSK conditions (Prinsen et al., 2018).
Thus, this study aimed to evaluate the concurrent validity of the SANE
and functional PROMs across patients with a wide array of MSK dis-
orders (back, neck, shoulder, knee and hip).

The investigation of a wide range of PROMs of MSK conditions using
a robust sample may provide more consistent information and better
reflect the reality of the value of SANEs in clinical practice. All PROMs
used in this study are accepted and validated instruments to measure
functional constructs. For comprehensiveness, we considered two dif-
ferent mechanisms in which PROMS are reported in the literature, a) a
final score (to reflect the correlation between the measures at dis-
charge) (Cunningham et al., 2015; Saad et al., 2018; Pietrosimone et al.,
2017), and b) a percent change from baseline (to reflect the rate of
recovery percentage) (Wright and Cook, 2013; Vickers, 2001). In ad-
dition, the concurrent validity between SANE and total visits was in-
vestigated to identify whether patients who had improved also has a
lower number of visits. We hypothesized that the SANE would show a
high negative correlation with low and neck function measure scores
(because lower PROM scores in these regions suggest greater function)
and high positive correlation with shoulder, knee and hip function
measure scores (because higher PROM scores in these regions suggest
greater function) at discharge. We have also hypothesized that there
would be a high negative correlation between SANE and total visits
since more visits are likely associated with individuals who do not
improve as markedly.

2. Methods
2.1. Reporting guideline

This study used the REporting of studies Conducted using
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Observational Routinely collected Data (RECORD) to guide the re-
porting (Benchimol et al., 2015).

2.2. Study design

The study was an observational design (retrospective database
study), reviewed and approved by Pro0092671 Institutional Review
Board.

2.3. Participants and setting

Baseline patient and clinical data for non-operative complaints re-
lated to the MSK disorders between 2016 and 2017 were extracted from
the ATI Patient Outcomes Registry (atient Outcomes Regi, 2019), which
is registered with ClinicalTrials.gov (NCT02285868) and the US De-
partment of Health and Human Services Agency for Healthcare Re-
search and Quality in the Registry of Patient Registries (2608). This
involved an initial sample of 1137 individuals with acute (< 90 days)
and chronic (=90 days) complaints who were treated at one of multiple
physical therapy clinics in South Carolina.

2.4. Treatment

Treatment was provided in a pragmatic fashion. All clinicians em-
ployed at the participating facilities had previously been educated in
6-8h of online and in-person training. The goal of the educational
session was to improve guideline-based practice and reduce variation in
care. Best practice parameters were suggested following similar treat-
ment-based approach, but there were no prescriptive elements to the
care of patients (Denninger et al., 2017; Tate et al., 2010; McClure and
Michener, 2015).

2.5. Descriptive variables

Patient characteristics were captured at baseline including age, sex,
body mass index (BMI), comorbidities, baseline health-related quality
of life (physical and mental components score) and baseline function.
Health-related quality of life was measured by 12-item Veteran's RAND
Health Survey (including physical and mental components scores),
which corresponds to a reliable questionnaire developed from a mod-
ified version of the Short Form Survey (SF-36) (Kazis et al., 2004).
Higher scores of the VR-12 indicate better health status (Selim et al.,
2009). Description of all body-region specific PROMs (including their
measurement properties) used to evaluate distinct MSK disorders are
reported in Table 1.

2.6. Outcome measures

Outcome measures included: 1) the Single Assessment Numeric
Evaluation (SANE) at discharge, 2) Body-region specific PROMs at
discharge (Table 1), 3) PROM percentage change score and 4) Total
number of visits. The SANE is a 1-item, valid and responsive measure
that rates patients’ perceived function requesting them to answer the
question, “How would you rate your [body region] today as a percen-
tage of normal (0%-100% scale with 100% being normal) (Williams
et al., 1999; Thigpen et al., 2018). At present, the SANE has assessed for
concurrent validity only in populations with shoulder, knee and low
back dysfunction (Williams et al., 1999, 2000; Sueyoshi et al., 2017;
Thigpen et al., 2018; Shelbourne et al., 2012; Wright and Cook, 2013;
Cunningham et al., 2015). The outcomes were collected at the time of
initial evaluation and follow up. Patients were provided with paper
surveys upon arrival from the desk staff.

The International Classification of Functioning, Disability, and
Health (ICF) defines disability as “is an umbrella term for impairments,
activity limitations (difficulties an individual may have in executing
activities) and participation restrictions (problems an individual may
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Total of individuals from the ATI Patient
Outcomes Registry (2016 to 2018)

n=1137

Excluded n =658

Reason: did not completed the
outcomes of interest in this
study

A

Low back disorders n =175

Neck disorders n=140

Selected sample n =479
Diagnosed with musculoskeletal

disorders Shoulder disorders n= 64
l Knee disorders n =78
\\Hip disorders n =22
{ Analyzed n =479 ]

Fig. 1. Flow diagram of the study.

within population norms (Selim et al., 2009). Patients with LBP and
neck pain initiated the treatment with minimal levels of disability
(mean = 13.77, SD = 7.58), whereas patients with shoulder pain had a
high disability (mean = 42, SD = 9.21) at baseline and patients with
knee and hip pain had a moderate disability at baseline (mean = 48.29,
SD = 16.19). Fig. 2 displays the means (SDs) of SANE and functional
PROMs scores at discharge and total visits by body region.

Table 2
Patient demographic and clinical characteristics (n = 479).
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3.2. Concurrent validity

Table 3, and Appendix 1 (scatter plots) display the results of con-
current validity correlation.

3.3. SANE score versus functional PROM:s scores at discharge

There was negative correlation between SANE and MDQ
(r= —0.65, p < 0.01) and NDI (r = —0.63, p < 0.01). Participants
with higher SANE scores demonstrated a lower MDQ and NDI scores at
discharge. There was high positive correlation between SANE and PSS
(r=0.76, p < 0.01) and IKDC (r = 0.76, p < 0.01) and moderate
positive correlation between SANE and LEFS (r = 0.66, p < 0.01).
Participants with higher SANE scores demonstrated higher PSS, IKDC
and LEFS scores at discharge.

3.4. SANE score versus functional percentage change scores

There was low positive correlation between SANE and MDQ
(r =43, p < 0.01), moderate positive correlation between SANE and
NDI (r = 0.52, p < 0.01) and low positive correlation between SANE
and IKDC (r = 0.43, p < 0.01). There were non-significant negligible
and low positive correlation between SANE and PSS and LEFS, re-
spectively.

3.5. SANE score versus total visits

For total visits outcome, there was negligible negative correlation
between SANE and MDQ (r = —0.26, p < 0.01) and NDI (r = —0.20,
p < 0.05). There was a non-significant negligible negative correlation
between SANE and PSS, IKDCregion-specific and LEFS.

Variables Musculoskeletal disorders (body-region)
Low Back Neck = 140 Shoulder Knee Hip
N =175 N = 64 N=78 N =22
Age 47.0 (12.3) 46.1 (10.6) 47.6 (12.6) 46.4 (13.0) 50.3 (12.0)
Gender
Female 137.0 (78.3) 126.0 (90.0) 38.0 (59.4) 60.0 (76.9) 19.0 (86.4)
Male 38.0 (21.7) 14.0 (10.0) 26.0 (40.6) 18.0 (23.1) 3.0 (13.6)
Body mass index 29 (6.2) 28 (6.7) 29.27 (7.0) 30 (8.6) 31 (8.5)
Baseline PCS of VR-12 39 (6.4) 38.3 (6.5) 39.1 (5.0) 40.3 (5.0) 40.7 (5.2)
Baseline MCS of VR-12 39.6 (7.0) 39.1 (5.7) 39.4 (5.0) 38.7 (6.5) 38.1 (5.5)
Baseline Function Score® 14.2 (8.6) 13.3 (6.4) 42.0 (9.2) 49.1 (16.0) 47.4 (16.4)
Comorbidities
Arthritis 43.0 (24.6) 28.0 (20.0) 18.0 (28.1) 24.0 (31.0) 10.0 (45.5)
Asthma 22.0 (12.6) 13.0 (9.3) 3.0 4.7) 6.0 (7.7) 5.0 (22.7)
Deep vein thrombosis 2.0(1.1) 2.0(1.4) 0 (0) 3.0 (4.0) 1.0 (4.5)
Cancer 9.0 (5.1) 11.0 (8.0) 4.0 (6.3) 1.0 (1.3) 4.0 (18.2)
Chest pain 4.0 (2.3) 5.0 (3.6) 3.0 (4.7) 0(0) 0(0)
Diabetes 18.0 (10.3) 17.0 (12.1) 8.0 (12.5) 4.0 (5.1) 1.0 (4.5)
Double vision 3.0 (1.7) 2.0 (1.4 0 (0) 0 (0) 0 (0)
Fever nausea 2.0(1.1) 4.0 (3.0) 0 (0) 1.0 (1.3) 1.0 (4.5)
Fracture 11.0 (6.3) 5.0 (3.6) 1.0 (1.6) 2.0 (2.6) 1.0 (4.5)
Heart condition 14.0 (8.0) 14.0 (10.0) 3.0 (5.0) 2.0 (2.6) 0 (0)
High blood pressure 42.0 (24.0) 33.0 (23.6) 15.0 (23.4) 16.0 (20.5) 5.0 (22.7)
Infection 1.0 (0.6) 5.0 (3.6) 1.0 (1.6) 0 (0) 1.0 (4.5)
Kidney disease 6.0 (3.49) 1.0 (0.7) 5.0 (8.0) 1.0 (1.3) 1.0 (4.5)
Osteoporosis 8.0 (4.6) 5.0 (3.6) 1.0 (1.6) 4.0 (5.1) 2.0 (9.1)
Psychological disorders 11.0 (6.3) 9.0 (6.4) 2.0 (3.1) 8.0 (10.3) 1.0 (4.5)
Smoking 8.0 (4.6) 8.0 (5.7) 3.0 (4.7) 6.0 (8.0) 0(0)
Stroke 0 (0) 1.0 (0.7) 1.0 (1.6) 0 (0) 0 (0)
Unexplained weight of loss 1.0 (0.6) 0 (0) 0 (0) 2.0 (2.6) 0 (0)

PCS: physical component score, MCS: mental component score. VR: veteran's rand. Higher scores of the VR-12 indicate better health status.

@ Measures: MDQ: Modified Low Back Pain Disability Questionnaire, NDI: Neck Disability Index, PSC: Penn Shoulder score, IKDC: International Knee
Documentation Committee, LEFS: The Lower Extremity Functional Scale. MDQ (0-100) and NDI (0-50) measured low back and neck pain disability (lower score
indicates greater function), PSS (0-100) measured shoulder disability (higher score indicates greater function), IKDC (0-100) measured knee disability (higher score
indicates greater function) and LEFS (0-80) measured hip disability (higher score indicates greater function).
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A. SANE and Functional patient-reported outcome measures (PROMs) at discharge

= SANE at discharge ~ # Functional PROMs at discharge
100
83.3 80.3 82.6 —Kg
~ 80 ik ik L 172.1 A
a = = IGO
2 60 49.6
: .
s 40
= 20
0 ==
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MSK disorders

B. Functional percentage change scores
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C. Total visits
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Musculoskeletal disorders
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Fig. 2. Mean (SD) of SANE and functional PROMs scores at discharge (A), functional percentage change scores (B) and total visits (C). MDQ (0-100) and NDI (0-50)
measured low back and neck pain disability (lower score indicates greater function), PSS (0-100) measured shoulder disability (higher score indicates greater
function), IKDC (0-100) measured knee disability (higher score indicates greater function) and LEFS (0-80) measured hip disability (higher score indicates greater

function).

4. Discussion
4.1. Summary of findings

In our study, we sought to evaluate whether the SANE could capture
similar findings to functional PROM status at discharge, functional
percentage change scores and total visits. The main finding of our study
is the ability to demonstrate a moderately high correlation between the
SANE scores and all functional PROMs at discharge. Our results also
show negligible to moderate correlations between the SANE score and
the MDQ, NDI, and IKDC functional percentage change scores, respec-
tively. For total visits, our results show a negligible negative correlation
between SANE and MDQ and NDI at discharge.

4.2. Comparison with other studies

We found a higher correlation between SANE and the PSS and IKDC
measure scores and moderate correlation between SANE and the MDQ,
NDI, and LEFS. Similarly, previous studies identified a high correlation
between SANE and American Shoulder and Elbow Surgeons scores in
rotator cuff and Superior Labrum Anterior and Posterior repairs
(Cunningham et al., 2015) and after shoulder surgery (Williams et al.,
1999), and between SANE and PF-CAT in sports medicine patients with
shoulder disorders (Robins et al., 2017). Other studies demonstrated
that the SANE score has moderate correlation with MDQ in patients
with LBP who received physical therapy treatment (Wright and Cook,
2013), PROMIS Global-10 in rotator cuff pathology (Nicholson et al.,
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Table 3
Concurrent validity correlations between SANE scores and functional PROMs.
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SANE PROMs Pearson correlation coefficients (r)

Measure Function at discharge Functional percentage change scores Total visits
Low back disorders MDQ —0.65%* 0.43** —0.26%*
Neck disorders NDI —0.63** 0.52%* —-0.20*
Shoulder disorders PSS 0.76** 0.13 -0.11
Knee disorders IKDC 0.76%* 0.43%* -0.11
Hip disorders LEFS 0.66** 0.41 —0.04

MDQ: Modified Low Back Pain Disability Questionnaire, NDI: Neck Disability Index, PSC: Penn Shoulder score, IKDC: International Knee Documentation Committee,
LEFS: The Lower Extremity Functional Scale, SANE: Single Assessment Numeric Evaluation.

SANE = higher score indicates greater function.

MDQ and NDI = lower score indicates greater function (opposite direction to SANE).

PSS, IKDC and LEFS = higher score indicates greater function (same direction of SANE).

**Correlation is significant at the 0.01 level (2-tailed), “Correlation is significant at the 0.05 level (2-tailed).

r 0.00 to 0.30 (—0.00 to —0.30): negligible correlation; r > 0.30 to 0.50 (—0.30 to —0.50): low positive (negative) correlation; r > 0.50 to 0.70 (—0.50 to —0.70):
moderate positive (negative) correlation; r > 0.70 to 0.90 (—0.70 to —0.90): high positive (negative) correlation and r > 0.90 to 1.0 (—0.90 to —1.0): very high

correlation.

2018), Rowe score in patients after shoulder surgery (Williams et al.,
1999), IKDC in patients with knee disorders (Winterstein et al., 2013;
Robins et al.,, 2017), the modified Cincinnati Knee Rating System
(CKRS) after anterior cruciate ligament reconstruction and arthroscopy
(Shelbourne et al., 2012) and Lysholm score in patients with anterior
cruciate ligament reconstruction (Williams et al., 2000). In contrast, a
few studies showed a low correlation between SANE and PROMIS
Global-10 in patients with shoulder arthritis (Saad et al., 2018), the
Western Ontario and McMaster Universities (WOMAC) in patients with
knee arthritis (Pietrosimone et al., 2017) and Lysholm scores in patients
who underwent total knee arthroplasty (Sueyoshi et al., 2017). We did
not identify studies investigating concurrent validity in patients with
neck and hip disorders.

4.3. Interpretation of the findings

The PROMs provide valuable information on the functional impacts
of related health conditions, influence intervention strategies, and
gauge efficacy and effectiveness of intervention strategies in clinical
and research settings (Chiarotto, 2019). Our findings support our hy-
potheses that a single-item function measure captures findings con-
sistent with improvements in function measured by a wide array of
PROMs, mostly PSS and IKDC. It is worth noting that although SANE
correlated well with all functional measures investigated at discharge, it
does not mean that they measure identical constructs, but likely have
overlapping conceptual elements to the patient. For instance, MDQ
(Fairbank et al., 1980; Fritz and Irrgang, 2001), NDI (Vernon, 2008),
PSS (Leggin et al., 2006b), IKDC (Hefti et al., 1993), and LEFS (Binkley
et al., 1999) cover wide aspects of physical function (i.e., daily activ-
ities, self-care, vigorous physical activities, work-related activities,
mobility) (Rose et al., 2008), whereas by proxy the SANE provides a
general estimate of one's perception of normal wellbeing. Perhaps most
importantly, although all PROMs generally allow the patients to define
their health and wellbeing relative to a sequence of common functional
demands, the SANE allows flexibility for the patients to define their
overall status relative to their perception of “normal” which implies
patient's expressed values and needs. In contrast, the standardized
scales of the MDQ, NDI, PSS, IKDC, and LEFS allow less flexibility for
the patient to define their present state. On the other hand, considering
the complexity of recovery, which is most likely multidimensional, the
assessor may not really know what the patient takes into account when
making the rating of SANE. It is likely that patients will consider dif-
ferent aspects of their health to be relevant and will respond based on a
varied set of parameters.

Because the routine collection of PROMs requires additional patient
and clinician time and resources, it is often seen as burdensome to

patients resulting in poor adherence to PROM collections programs
(Winterstein et al., 2013; Shelbourne et al., 2012; Robins et al., 2017).
Adopting the use of functional PROMs to benchmark patient status at
baseline and discharge, and the use of SANE for intermediate and
progression of care may minimize time burden on patients and staff,
increase PROMs completion rates and facilitate the coordination and
integration of care. We feel that at a minimum, the capture of a SANE
routinely or each visit will better provide a comprehensive overview of
a patient's self-report of their condition.

We have also identified a low positive correlation between SANE
and MDQ and IKDC, a moderate positive correlation between SANE and
NDI for a functional percentage change scores and a negligible negative
correlation between SANE and MDQ and NDI for total visits. These
results imply patients with a higher SANE score demonstrated a greater
MDQ, NDI, and IKDC percentage change score and those with back and
neck disorders demonstrated lower total visits. SANE did not capture
functional change score in patients with shoulder and hip disorders.
Similarly, SANE was not associated with total visits outcome in patients
with shoulder, knee and hip disorders.

4.4. Study limitations

The results of this study should be interpreted within the context of
the sample and limitations. A range of patients with varying degrees of
MSK disorders and who received diverse physiotherapy treatment ap-
proaches was included in the sample. Further, the subjects included in
the final analysis are a subset of a larger population who may have
unique characteristics and outcomes. We compared the SANE score
with only one function measure used to assess a specific disorder. It is
possible that our results were more substantial if we had compared
SANE with at least two functional measures or with function and psy-
chological measures combined for each MSK disorder investigated. Pain
intensity and psychosocial variables (i.e., depression, fear of movement,
anxiety) were not available. Further, despite SANE correlated well with
all functional measures at discharge, we did not identify a perfect
correlation, which suggests that SANE may not reflect all aspects of
physical function measured by the functional measures investigated.
Finally, although SANE is commonly used in clinical practice, reliability
and validity have not yet been thoroughly examined for all body re-
gions/diagnostics (Thigpen et al., 2018; Robins et al., 2017; Sciascia
et al., 2017).

5. Conclusion

The SANE exhibits acceptable concurrent validity in the back, neck,
shoulder, knee, and hip with measures of MDQ, NDI, PSS, IKDC, and
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LEFS. These findings suggest that a single-item function measure may
capture a dimension of function in patients with a wide array of MSK
disorders at discharge, mostly shoulder and knee disorders. Patients
with higher SANE scores may have greater MDQ, NDI and IKDC change
score. Finally, patients with lower back/neck disorders and higher
SANE at discharge may have lower total visits. Adopting the use of
functional PROMs to benchmark patient status at baseline and dis-
charge and the use of SANE for intermediate and progression of care
may minimize time burden on patients and staff and increase PROMs
completion rates. More studies are needed to investigate concurrent
validity between SANE, functional, and psychosocial measures at
multiple time-points in patients with MSK disorders, mostly neck, back,
and hip disorders.
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