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ARTICLE INFO ABSTRACT
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Neck pain

Background: The SANE is a PROM of recovery, which may assist clinicians in clinical decision-making and
discharge planning. The psychometric measurement properties of the SANE have yet to be determined for neck
pain.

Objectives: Threefold objectives included: 1)determine the numerical threshold for the SANE at which patients
with neck pain determine their symptoms are acceptable; 2)determine the association between scores for the NDI
and VAS, with the SANE; 3)determine the average number of visits, costs and value associated with the man-
agenient of neck pain.

Design: Longitudinal repeated measures cohort design.

Methods: Threshold measures for self-reported recovery with the SANE anchored to the PASS were examined
using ROC. PCC determined the relationship between the VAS/pain and NDI raw/percentage change scores and
the SANE at discharge. Descriptive statistics were used for number of visits and cost. Value was calculated as the
proportion of change on the NDI and VAS/$100 US dollars spent.

Results: 57 subjects completed full observation. ROC analysis indicates a threshold value of 82.5%(Sn = 56.0, Sp
= 85.7,+LR = 1.68,-LR = 0.29) on the SANE with an AUC of 0.820(95%CI = 0.638, 1.00). A weak correlation
was found between raw NDI(r = 0.39 p < 0.05)/Pain(r = 0.45 p < 0.05) scores and the SANE with a moderate
correlation between percent change scores of NDI(r = 0.52 p < 0.05)/PAIN(r = 0.54 p < 0.05) and the SANE.
The value proposition indicated cost of care amounted to a 10.5% and 12.9%; improvement in the NDI and pain
scores/$100 spent.

Conclusions: Patients reporting greater than 82.5% on the SANE are likely to find their present status acceptable
and potentially stop seeking care.

1. Introduction diseases, are responsible for gathering meaningful information

involving change in function/pain when providing care to each patient.

Neck pain is the fourth leading cause of disability in the United States
with an annual prevalence rate in adults exceeding 30% (Cohen, 2015).
In the United States, the costs of treating low back and neck pain are
higher than any other musculoskeletal condition (Dieleman et al.,
2020). Whereas the cost effectiveness of treating neck pain conserva-
tively is still unknown (Driessen et al., 2012), knowing when to stop
management or when the patient has reached their perceived acceptable
rate of improvement has the potential to reduce unnecessary care. Cli-
nicians, such as physical therapists, who manage non-communicable
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Nonetheless, challenges exist within clinical care pathways when
measuring patient reported outcome measures (PROM). These chal-
lenges include the administrative burden associated with instrument
completion and scoring, as well as the relevance of items within the
selected PROM measure to each unique individual presentation (Warren
and Smith, 2018; Black, 2013).

In order to justify ongoing care, inform decision-making, and justify
discharge planning, third party payers require demonstration of mean-
ingful improvement (Williams et al., 2007). As such, many facilities
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have implemented standard functional outcome instruments (i.e., legacy
measures) that are representative of either a specific disease state or the
body part under management (Bolt and Wendland, 2020). These tools
are designed to measure the complex and multidimensional health sta-
tus of each patient during their care process, including at discharge
(Maitland, 2013, 2014).

The Consensus-based Standards for the Selection of Health Mea-
surement Instruments (COSMIN) (Mokkink et al., 2010) suggests that in
research and clinical practice, the selection of PRO measures be based on
the measurement properties of the instrument (Portney and Watkins,
2004). An example includes the Patient-Reported Outcomes Measure-
ment Information System® (PROMIS®), which is a relatively new
multidimensional outcome instrument, and is endorsed by the National
Institutes of Health. At present, PROMIS has been subjected to limited
analysis of threshold values such as Minimal Clinically Important Dif-
ference (MCID) scores, with a wide range reported, depending on the
method of calculation (Hung et al., 2018a). This influences its inter-
pretability in clinical practice (Vaishnav et al., 2020). The NDI also
demonstrates a wide range of reported MCID from 6 to 22 points pre-
senting a challenge for clinician interpretability of change scores asso-
ciated with this instrument (Hung et al., 2018a).

The majority of legacy instruments (including PROMIS measures)
quantify current health status, but it is unclear whether they measure the
patient’s interpretation of their own recovery, or whether they are likely
to pursue continued care (Williams et al., 2007; Razaeian et al., 2020).
For patients with musculoskeletal pain, recovery is an individualist
concept that varies across patients. Some will experience resolution of
symptoms, some will modify their activities or readjust, while others
will simply adapt to living with the complaint or redefine it. The limited
research on what constitutes recovery from neck pain has largely
examined patient perception of the healthcare provided rather than
recovery itself (Beaton et al., 2001). The concept of recovery likely
drives future healthcare utilization use (Hush et al., 2012) and is likely a
driver of the total number of visits and cost per visit within an episode of
care. The Single Assessment Numerical Evaluation (SANE) is a multi-
dimensional single item tool that has been used by clinicians to measure
patients’ self-assessment of recovery (Nazari et al., 2020, 2021). It has
undergone criterion validation for a number of conditions including the
shoulder (Williams et al., 1999), back (Kvamme et al., 2010), knee and
ankle (Garcia et al., 2019) but has not been subjected to validation for
neck pain. The SANE has value, since shorter outcome measures can
effectively capture meaningful information and are preferred in a
traditional clinical setting (Nayak et al., 2015). The Patient Acceptable
Symptom State (PASS) is also a single item PROM measure. The PASS is
indicative of a status which the patient considers acceptable (Kvamme
et al., 2010) and beyond which they are unlikely to seek further care.

Understanding the patient’s recovery level with a simple, single
question may assist clinicians in making definitive care-related de-
cisions. In addition, knowing the number of visits required and cost of
care to reach an acceptable symptom state of self-reported recovery can
help reduce unnecessary care. The objectives of this study were to: 1)
determine the numerical threshold for the SANE at which patients with
mechanical neck pain determine their symptoms are acceptable; 2)
determine the association between scores reported for the Neck
Disability Index (NDI) and Visual Analog Scale (VAS) for pain, with the
SANE, and 3) determine the average number of visits, costs and value
associated with the conservative management of neck pain. Based on
prior work performed on low back pain using the ODI and VAS and also
subacromial impingement syndrome using the QuickDash and VAS, we
anticipated a weak positive correlation between the SANE and these
measures a priori (Wright and Cook, 2013; O’Halloran et al., 2013).
Lastly, to collect cost of care data to determine the efficiency of physical
therapy in the management of neck pain.
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2. Method

This study is a longitudinal repeated measures cohort design which
collected darta on patients with mechanical neck pain and used anchor-
based methodology to relate the score of the SANE to the external cri-
terion or independent measure of the PASS (Devji et al., 2020). The PASS
is a current, interpretable and relevant measure of the status of a pa-
tient’s perceived recovery (Wright and Cook, 2013; O’Halloran et al.,
2013). The study was approved by Andrews University Institutional
Review Board under IRB approval number IRB Protocol#:20-076 with
data collection performed between August of 2020 through January
2021.

3. Participants and centers

Consecutive subjects presenting for physical therapy management of
neck pain, were screened for inclusion by the treating physical therapist
during their first visit for therapy at one of ten physical therapy clinics
across seven states in the United States and was a purposive sample of
clinicians interested in patient reported outcome measures. These States
covered the Mid Atlantic, New England, West Coast and Southern re-
gions of the country. Patients were included and informed consent ob-
tained if they met the following criteria: 1) Currently presenting with
neck pain, 2) Over 18 years of age, 3) scores of greater than or equal to
2/10 on the VAS for pain and 4) English speaking. Exclusion criteria
included a past history of cervical surgery, absent upper extremity re-
flexes, weakness of neurological origin in the upper extremities (e.g.,
cervical radiculopathy), upper motor neuron signs including positive
clonus, positive Babinski or Hoffmann’s sign as well as the presence of
any red flags (i.e., fracture, osteoporosis, cancer, cervical instability
etc.).

All therapists involved in data collection were either Fellows of the
American Academy of Orthopedic Manual Physical Therapy
(FAAOMPT), or Fellows in Training for AAOMPT Fellowship programs.
These therapists performed the screening and participated in individual
training via video link with the Primary Investigator for screening and
data collection procedures and the forms used. It has been shown that
Fellowship trained therapists are more efficient in their management of
patients (Rodeghero et al., 2015), have a requirement for clinical
research in their fellowship training (Furze et al., 2016), and therefore
may be more practiced in the screening and data collection process.

4, Procedures

The study used a pragmatic interventional approach allowing ther-
apist discretion and clinical reasoning to guide care. Consequently, each
patient received the care that was identified as both preferential by the
patient and necessary by the treating clinician. Baseline demographic
data were collected, in conjunction with completion of patient reported
outcome measures (PROMs) on paper including the NDI and VAS for
pain at the first visit. Every 5th visit, the VAS for pain, SANE and PASS
were collected until the patient indicated a “yes” response on the PASS,
at which time the NDI would then be repeated or this would be collected
at discharge from care. The total number of visits and total costs of care
were also collected upon discharge.

4.1. Variables

Assessment Variables: The SANE was designed to identify the patient’s
impression of their own recovery percentage. The measure ranges from
0 to 100, with 100 being fully recovered. The single item included “How
would you rate your neck today as a percentage of normal using a 0%—
100% scale with 100% being normal?”. Criterion validity has been re-
ported for the SANE in the shoulder (O’Halloran et al., 2013) and for
mechanical low back pain (Wright and Cook, 2013) with both studies
using the PASS as an anchor for the SANE. Minimal clinically important
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Fig. 1. STROBE flow diagram for subject recruitment and retention.

threshold recovery scores of 87% (Garcia et al., 2019) and 82.5%* were
identified in those two studies.

The NDI is a self-report measure with 10 sections, each with a 5-point
Likert scale by which participants rate their perceived disability related
to neck pain. It has been demonstrated as valid and reliable for patients
with neck pain (Bobos et al., 2018). The VAS for pain is a 10-cm line with
anchors ranging from "no pain" to "worst imaginable pain". This has been
demonstrated as a valid and reliable tool for scoring pain (Lundeberg
et al., 2001). Participants were asked to rate their average neck pain
intensity over the past week. Percentage change scores for the VAS and
the NDI were calculated by taking the final value and subtracting it from
the initial value then dividing by the initial value; that value was then
multiplied by 100 to create a whole number.

Cost of Care and Value Variables: Upon discharge, the number of visits
and cost of care was also captured and recorded. Cost of care was
calculated based upon the summation of patient payment plus third
party payment and was collected by each therapist in consultation with
their practice reimbursement specialist upon closure of the billing/
administrative file. This was deemed an accurate reflection of total cost
of care rather than billable charges. This allowed the opportunity to
determine the value proposition of the physical therapy management of
neck pain by examining the metric of value defined as the change in
outcome per dollar spent (Horn et al., 2016). The calculation of metric
values was performed on the NDI and also the VAS pain scale. The metric
of value for disability and for pain was calculated as described by Horn
et al.(2016) (Horn et al., 2016) and allows for an interpretation of
change in disability, and also pain score per 100 dollars spent on care.
Smaller numbers indicate lower value and larger numbers higher value.

Anchor Variable: The PASS is a dichotomous, self reported patient
rate of recovery score. The question includes “Taking into account all the
activities you have during your daily life, your level of pain, and also
your functional impairment, do you consider your current state is
satisfactory?- yes/no” (Deyo et al., 1998). The PASS is a patient
self-reported status beyond which the patient considers their state
“acceptable” (Williams et al., 2007). This allows for a patient deter-
mined status report at discharge defined by a single question (Wright

and Cook, 2013; O’Halloran et al., 2013). Distribution based methods
consider the measurement precision of the instrument but because they
are entirely based on standard deviation, they are sample specific
whereas anchor based approaches consider the clinical relevance of the
measure but not the precision of the instrument (Jayadevappa et al.,
2012). As a result of these characteristics, it has been suggested that
anchor based, rather than distribution based methods of analysis are the
most useful methodology for practical applications (Hung et al., 2018a).

4.1.1. Sample size estimate

A priori analysis for sample size was performed using MEDCALC20
(MedCalc Statistical Softw, 2020). The sample size estimate was based
on the following parameters: Area under the ROC curve 0.725, Null
hypothesis value 0.5, Type I Error (Alpha Significance) = 0.05, Type 11
Error (Beta, 1-Power) = 0.20, which provided a sample size of 57. When
assuming a dropout rate of 10%, the total sample size required was
estimated to be 63 subjects enrolled.

4.2. Data analyses

All statistical analyses, apart from the a priori analysis, were per-
formed using Statistical Package for the Social Sciences (SPSS) version 27.
(IBM SPSS Sratistics for Windows) Descriptive statistics for age, sex,
duration of symptoms, raw score, change score for VAS and NDI, number
of visits and cost of care were expressed as means and standard de-
viations or proportions and frequencies. A Pearson correlation matrix
was used to assess the level of correlation between raw scores and per-
centage change scores of the VAS and NDI with the SANE. Strength of
association was determined according to the following -criteria,
0.00-0.19 was considered very weak, 0.20-0.39 as weak, 0.40-0.59 as
moderate, 0.60-0.79 as strong and 0.80-1.0 as very strong (Portney and
Watkins, 2004). A p < 0.05 was considered significant for all associa-
tions. An area under the curve (AUC) receiver operating characteristic
(ROC) (Hajian-Tilaki, 2013) curve was used to identify the optimal
cut-point for the SANE when anchored to the PASS. The method used to
identify the optimal cut-point was the point closest to-(0,1) corner in the
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Table 1

Characteristics of the sample including those who met and did not meet the PASS.

Musculoskeletal Science and Practice 56 (2021) 102467

s TOTAL MET PASS DID NOT MEET PASS
N Mean sD N Mean SD N Mean SD
Age 64 50.6 17.9 50 51.8 17.9 7 38.4 15.0
Duration (weeks) 64 27.3 74.6 50 29.6 82.8 7 21.3 26.8
Pain Initial 64 6.1 2.2 50 6.2 2.1 7 5.3 1.7
NDI Initial 64 32.3 17.8 50 30.4 16.9 7 40.0 20.1
Raw Pain Change 57 4.3 2.6 50 4.7 2.4 7 1.6 1.8
Raw NDI Change 56 18.0 17.6 50 18.3 17.0 6 16.0 23.6
% change Pain 57 70.5 31.7 50 75.8 27.4 7 30.2 31.2
% change NDI 56 55.7 32.6 50 60.2 30.0 6 40.0 41.7
Total Visits 64 7.3 6.7 50 7.7 7.2 7 l6.4 16.0
Total cost US$ 64 813 1102 50 846 1182 7 1182 867
PASS; Patient Acceptable Symptom State, NDI; Neck Disability Index, N; Sample size.
SD; standard deviation.
5. Results

ROC Curve

0.8

06

Sensitivity

04 £

0.0 0.2 0.4 0.6 08 1.0
1 - Specificity

Diagonal segments are produced by ties.

Fig. 2. Area under the curve = 0.820 (95%CI = 0.638, 1.00).

ROC plane which defines the optimal cut-point as the point minimizing
the Euclidean distance between the ROC curve and the (0,1) point (Unal,
2017). For AUC-ROC measures, values of 0.5-1.0 suggest the ability to
distinguish a meaningful threshold, with higher values suggesting better
performance of the model. A value of 0.5 suggests no discrimination,
0.7-0.8 is considered acceptable, 0.8-0.9 is considered excellent and
greater than 0.9 is considered outstanding (Hosmer and Lemeshow,
2004). Value was then calculated as the percent change and raw score
change on the NDI and the VAS per $100 collected for care.

Table 2
Pearson correlation matrix.

Sixty-four subjects were consented and seven were lost to follow up
prior to the fifth visit for follow up data collection leaving fifty-seven
subjects total (Fig. 1). The mean age of those enrolled was 50.6 years
(SD = 17.9) with 72% being women. The average duration of symptoms
since time of onset to presentation for care was 27.3 weeks (SD = 74.6).
The mean baseline score for the VAS was 6.1 (SD = 2.2) and for the NDI
32.3 (SD = 17.8), indicative of moderate to severe levels of pain and
impairment. There was marked improvement from baseline to discharge
with an average raw pain score improvement of 4.3 (SD = 2.6) for a
percent change of 70.5% (SD = 31.7). NDI raw scores also demonstrated
improvement of 18.0 points (SD = 17.6) for a percent change of 55.7%
(SD = 32.6). At discharge, 50 (88%) subjects met the “acceptable” status
on the PASS (Table 1). Seven subjects dropped out of care for unknown
reasons prior to the 5th visit and one subject did not complete the NDI at
the final visit due to data collection oversight.

The Area Under the Curve (AUC) was 0.820 (95%CI = 0.638, 1.00)
and Receiver Operating Characteristic curve modelling was significant
(p < 0.01) indicating excellent strength in the ability of the model to
distinguish the threshold of the SANE to the PASS (Fig. 2). The optimal
cut point on the ROC curve for self reported recovery as demonstrated
by the SANE, was >>82.5/100 which provided a Sensitivity of 56.0 and a
Specificity of 85.7. The Positive Likelihood Ratio was 1.95 and the
Negative Likelihood Ratio was 0.52, with 51% of subjects who
completed data collection meeting the cut point of 82.5.

Analysis of the Pearson correlation matrix demonstrated significant
relationships (p < 0.05) between all variables including SANE raw scores
and percent change scores for VAS for pain and the NDI. There was a
moderate positive correlation between the SANE and percent change for
both measures and a weak positive correlation between the SANE and
raw scores when comparing the initial visit to the final visit (Table 2).
The mean for total visits was 7.28 (SD = 6.69) with a median of 5 visits
(IQR = 4-10) and the mean cost of care was $813 (SD = 1102) with a
median of $511.50 (IQR = 281.5-917). Using the median value of cost

Variable SANE Raw Change Pain % Change Pain Raw Change NDI % Change NDI
SANE (Raw score) Pearson Correlation 1
N 57
Raw Change Pearson Correlation r = 0.45% 1
Pain N 57 57
% Change Pain Pearson Correlation r = 0.54% r = 0.84% 1
N 57 57 57
Raw Change Pearson Correlation r = 0.39% r = 0.62% r = 0.47% 1
NDI N 56 56 56 56
% Change Pearson Correlation r = 0.52% r = 0.49% r = 0.54% r = 0.64% 1
NDI N 56 56 56 56 56

SANE; Single Assessment Numerical Evaluation, NDI; Neck Disability Index, N; Sample size, N/A; Not applicable, *; correlation is significant at the 0.01 level (2-tailed).
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of care, this produces a 10.5% improvement on the NDI per $100 spent
and 12.9% improvement in the VAS Pain score per $100 spent (3.53 raw
NDI score improvement and 0.84 raw pain score improvement per $100
spent).

0. Discussion

In this study involving patients with neck pain, we identified 82.5%
as the optimal threshold for the SANE, which is consistent with previous
findings for the same instrument in low back pain (82.5%) (Wright and
Cook, 2013) and subacromial impingement syndrome (87%) (O’Hal-
loran et al., 2013). As a continuous measure that ranges from 0 to 100,
the SANE may provide interpretability advantages over the binary PASS.
Interpretability is an important characteristic of a measurement instru-
ment and can be described as the degree to which one can assign
qualitative meaning (that is, clinical or commonly understood conno-
tations) to an instrument’s quantitative scores or change in scores
(Mokkink et al., 2010). Interpretability may be considered a domain,
equal to reliability, validity and responsiveness and if we do so, then the
SANE can be considered as an interpretable patient reported measure
indicative of clinically meaningful change (Unal, 2017) as defined by
recovery, independent of change in status.

We anchored to the PASS as a measure that reflects on an individual
level (O’Halloran et al., 2013). Our threshold value is designed to reflect
the average patient’s acceptable state (Crosby et al., 2003), and is a
group based value. This has similar disadvantages to values that are
pre-determined from a group mean, selected by the therapist, identified
by an insurance company, or calculated from a legacy outcome measure.
For patients in our study, the threshold of 82.5% for the SANE can be
interpreted as a point where the patient has recovered enough that they
feel their current state is acceptable. The clinician, can use this for
discharge planning or advocacy for additional care in the presence of
mechanical neck pain patients, as this is indicative of patient perceived
interpretation of recovery rather than improvement, as measured by the
NDI. Using a SANE allows the clinician to advocate for more care, or
termination of care, even when values are markedly variable with
traditional legacy measures (Maltenfort and Diaz-Ledezma, 2017; Hung
et al., 2018b).

Our secondary objective was to look at the association between the
scores of the Neck Disability Index (NDI) and Visual Analog Scale (VAS)
for pain with the SANE. We found a moderate association between the
SANE and the percent change score of the NDI and VAS for pain and a
weak association between the SANE and raw scores. This confirmed our
a priori hypothesis of a weak positive correlation for raw scores. The
moderate positive association demonstrated for percent change scores
suggests that percent change scores from baseline may be a more
important measure of recovery than raw scores. Raw score calculations
are influenced by the level of the initial score. This conversion from raw
scores (interval data) into percent values, allows for the SANE (ratio
data), to be compared with percent values for the NDI and VAS (ratio
data) and may explain some of the difference in the level of association.
NDI and VAS pain raw scores may vary based upon the severity of the
initial presentation and often do not have the same discriminative
properties as percent change scores or the SANE.

This is also the first study to have examined the number of visits and
the cost of care rather than charges for care, determined by patient self-
reported recovery rather than improvement, over a wide geographic
catchment comprising ten separate data collection sites in seven states
with substantial demographic differences. The identification of the cost
of conservative care associated with the management of mechanical
neck pain as defined by the change in function/pain scores per 100
dollars spent also has significant potential for clinical utility. We found a
notable change in outcome for payments received.

With a median cost (we defined costs by the dollar amount actually
collected) of $120.20/visit and a median of 5 visits to meet the PASS,
patients demonstrated a 10.5% (3.53 points) and 12.9% (0.84 points)

Musculoskeletal Science and Practice 56 (2021) 102467

improvement on the NDI and the VAS for pain respectively. A similar
analysis by Horn et al., demonstrated only a 2.27% improvement in the
NDI per 100 dollars in total charges, and reported a 0.38 point
improvement in raw pain scores per 100 dollars in total charges. These
values are demonstrably lower than ours (Horn et al., 2016). Tt is likely
related to the use of charges, which are typically much higher than
payments received, and it may be related to the unreported experience
level of the clinicians. In our study, all therapists involved in data
collection were either Fellows or Fellows in Training for AAOMPT. It has
been suggested that Fellowship trained physical therapists are more
likely to achieve greater treatment effect size, greater functional status
change and greater efficiency than those without fellowship training
(Furze et al., 2016).

7. Limitations

We did not capture the level of education or socioeconomic status in
our patient demographics. This data may provide meaningful insight
into the contribution of social gradient on interpretability of the SANE
and may be useful to include in future studies of the psychometric
properties of this instrument. Clinician recruitment involved a purposive
selection of Fellowship trained therapists which may limit generaliz-
ability of these findings to generalist outpatient orthopedic physical
therapy settings. It would also have been useful to capture the self-
reported perception of recovery at the beginning of care in order to
clarify improvement that has already occurred as a result of previous
management and as a result of the natural history of the disorder
compared with that improvement which oeccurs during the time frame of
conservative care. This would have allowed the characterization of cost
associated with point change on the SANE, an additional measure of
value associated with the conservative management of neck pain. Cap-
ture of the EuroQol- 5 Dimension (EQ-5D) would also have allowed for
the opportunity not just to calculate value based on cost of care but also
provide a conversion into Quality Adjusted Life Years (QALY’s) and
consequent provision of Incremental Cost-Effectiveness Ratios (ICERs), a
cost comparison for which further research is warranted (Alvin et al.,
2019). There also appear to be two to three prognostic phenotypes
within the mechanical neck pain population with different trajectories
of recovery. Accounting for these confounders may improve the likeli-
hood of predicting those who may or may not meet the threshold of
recovery (Lee et al., 2020).

8. Conclusions

A majority of legacy outcomes measures do not reflect recovery and
may provide administrative burden in application to clinical practice.
The SANE is a single item tool, easily incorporated in clinical practice
and research, in which a threshold value of 82.5% reflects a groups’
unlikelihood of seeking further care. The SANE reflects recovery, and is
only marginally associated with other legacy measures of disability and
pain. Cost of care data provided a value determination indicating an
expectation of change on the order of 10.5% improvement on the NDI
per $100 spent and 12.9% improvement in the VAS Pain score per $100
spent. As we have no published comparator cost data for the conserva-
tive management of neck pain, this study provides a unique measure of
value for care. Future research expanding this work into other body
regions and conditions is warranted.
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