Appendix to “Geographic variation in utilization of chiropractic and primary care for new onset neck pain among Medicare fee-for-service beneficiaries in the United States in 2021”

Appendix Table 1. ICD-10 Diagnosis Codes for Neck Pain.
	ICD-10 Diagnosis Code
	Description

		M40.03

	M40.12

	M40.13

	M40.202

	M40.203

	M40.292

	M41.23

	M42.12

	M42.13

	M43.02

	M43.03

	M43.12

	M43.13

	M43.5X2

	M43.5X3

	M43.6

	M43.8X2

	M43.8X3

	M46.02

	M46.03

	M47.12

	M47.13

	M47.22

	M47.23

	M47.812

	M47.813

	M47.892

	M47.893

	M48.02

	M48.03

	M50.00

	M50.01

	M50.02

	M50.03

	M50.10

	M50.11

	M50.12

	M50.13

	M50.20

	M50.21

	M50.22

	M50.23

	M50.30

	M50.31

	M50.32

	M50.33

	M50.8

	M50.90

	M50.93

	M53.0

	M53.1

	M53.82

	M54.12

	M54.13

	M54.2

	M95.3

	M99.00

	M99.01

	M99.10

	M99.11

	M99.51

	M99.81

	S13.4XXA

	S13.4XXD

	S13.8XXA

	S13.8XXD

	S13.9XXA

	S13.9XXD

	S14.2XXA

	S14.2XXD

	S16.1XXA

	S16.1XXD

	S16.1XXS

	S19.9XXA

	S19.9XXAD



		Postural kyphosis, cervicothoracic region

	Other secondary kyphosis, cervical region

	Other secondary kyphosis, cervicothoracic region

	Unspecified kyphosis, cervical region

	Unspecified kyphosis, cervicothoracic region

	Other kyphosis, cervical region

	Other idiopathic scoliosis, cervicothoracic region

	Adult osteochondrosis, cervical region

	Adult osteochondrosis, cervicothoracic region

	Spondylolysis, cervical region

	Spondylolysis, cervicothoracic region

	Spondylolisthesis, cervical region

	Spondylolisthesis, cervicothoracic region

	Other recurrent vertebral dislocation cervical region

	Other recurrent vertebral dislocation cervicothoracic region

	Torticollis

	Other specified deforming dorsopathies, cervical region

	Other specified deforming dorsopathies, cervicothoracic region

	Spinal enthesopathy, cervical region

	Spinal enthesopathy, cervicothoracic region

	Other spondylosis with myelopathy, cervical region

	Other spondylosis with myelopathy, cervicothoracic region

	Other spondylosis with radiculopathy, cervical region

	Other spondylosis with radiculopathy, cervicothoracic region

	Spondylosis without myelopathy or radiculopathy, cervical region

	Spondylosis without myelopathy or radiculopathy, cervicothoracic region

	Other spondylosis, cervical region

	Other spondylosis, cervicothoracic region

	Spinal stenosis, cervical region

	Spinal stenosis, cervicothoracic region

	Cervical disc disorder with myelopathy, unspecified cervical region

	Cervical disc disorder with myelopathy, high cervical region

	Cervical disc disorder with myelopathy, mid cervical region

	Cervical disc disorder with myelopathy, cervicothoracic region

	Cervical disc disorder with radiculopathy, unspecified cervical region

	Cervical disc disorder with radiculopathy, high cervical region

	Cervical disc disorder with radiculopathy, mid cervical region

	Cervical disc disorder with radiculopathy, cervicothoracic region

	Other cervical disc displacement, unspecified cervical region

	Other cervical disc displacement, high cervical region

	Other cervical disc displacement, mid cervical region

	Other cervical disc displacement, cervicothoracic region

	Other cervical disc degeneration, unspecified cervical region

	Other cervical disc degeneration, high cervical region

	Other cervical disc degeneration, mid cervical region

	Other cervical disc degeneration, cervicothoracic region

	Other cervical disc disorders

	Cervical disc disorder, unspecified, unspecified cervical region

	Cervical disc disorder, unspecified, cervicothoracic region

	Cervicocranial syndrome

	Cervicobrachial syndrome

	Other specified dorsopathies, cervical region

	Radiculopathy, cervical region

	Radiculopathy, cervicothoracic region

	Cervicalgia

	Acquired deformity of neck

	Segmental and somatic dysfunction of cervical region

	Segmental and somatic dysfunction of cervical region

	Subluxation complex of head region

	Subluxation complex of cervical region

	Intervertebral disc stenosis of neural canal of cervical region

	Other biomechanical lesions of cervical region

	Sprain of ligaments of cervical spine, initial encounter

	Sprain of ligaments of cervical spine, subsequent encounter

	Sprain of joints and ligaments of other part neck, initial encounter

	Sprain of joints and ligaments of other part neck, subsequent encounter

	Sprain of joints and ligaments of unspecified parts of neck, initial encounter

	Sprain of joints and ligaments of unspecified parts of neck, subsequent encounter

	Injury of nerve root of cervical spine, initial encounter

	Injury of nerve root of cervical spine, subsequent encounter

	Strain of muscle, fascia and tendon at neck level, initial encounter

	Strain of muscle, fascia and tendon at neck level, subsequent encounter

	Strain of muscle, fascia and tendon at neck level, sequela

	Unspecified injury of neck, initial encounter

	Unspecified injury of neck, subsequent encounter






Appendix Table 2. National Provider Availability (i.e., identified by National Provider Identifier [NPI] for providers that billed Medicare at least once in 2021) and Utilization at Initial Encounter for Neck Pain in the US in 2021.
	Provider Type
	Medicare Provider Specialty Code
	Total Medicare FFS Provider Availability
n (%)
	Provider Type at Initial Visit for Medicare FFS Beneficiaries with Neck Pain
n (%)

	General Practice
	01
	3,770 (0.51)
	1,008 (0.43)

	Anesthesiology
	05
	39,708 (5.34)
	7,901 (3.33)

	Family Practice
	08
	85,181 (11.45)
	14,978 (6.32)

	Interventional Pain Management
	09
	1,583 (0.21)
	7,845 (3.31)

	Internal Medicine
	11
	95,329 (12.82)
	11,856 (5.00)

	Osteopathic Manipulative Therapy
	12
	699 (0.09)
	1,989 (0.84)

	Neurology
	13
	15,691 (2.11)
	8,372 (3.53)

	Neurosurgery
	14
	5,087 (0.68)
	6,120 (2.58)

	Orthopedic Surgery
	20
	21,969 (2.95)
	13,335 (5.63)

	Sports Medicine
	23
	1,573 (0.21)
	686 (0.29)

	Physical Medicine and Rehabilitation
	25
	8,265 (1.11)
	11,785 (4.97)

	Diagnostic Radiology
	30
	31,528 (4.24)
	4,764 (2.01)

	Chiropractic
	35
	40,226 (5.41)
	112,668 (47.54)

	Independent Diagnostic Testing Facility
	47
	2,307 (0.31)
	558 (0.24)

	Nurse Practitioner
	50
	170,239 (22.89)
	6,889 (2.91)

	Physical Therapist
	65
	70,143 (9.43)
	11,476 (4.84)

	Rheumatology
	66
	4,939 (0.66)
	2,302 (0.97)

	Pain Management
	72
	2,678 (0.36)
	5,243 (2.21)

	Emergency Medicine
	93
	46,975 (6.32)
	204 (0.09)

	Physician Assistant
	97
	95,801 (12.88)
	4,008 (1.69)

	NPI = national provider identifier
FFS = fee-for-service













Appendix Supplemental Text 1. Additional information about spatial analysis methods.
A spatial weights matrix was created based on first-order queen polygon continuity. The queen polygon continuity approach includes both boundaries and vertices, whereas rook continuity only includes boundaries and bishop continuity only includes vertices (1). While the effects of this contiguity approach are sufficient to capture spatial autocorrelation in the contiguous US, Alaska and Hawaii are isolated (i.e., without neighbors) and were excluded from spatial autocorrelation assessments. 
Spatial autocorrelation was assessed using global and local Moran’s indices. Specifically, Global Moran’s I and Anselin local Moran’s I (Local Indicator of Spatial Association, LISA) were used to detect spatial patterns and to identify specific states or regions exhibiting spatial autocorrelation as clusters or outliers. Positive spatial autocorrelation indicates that neighboring areas are similar, suggesting spatial dependency, while a spatial autocorrelation value of zero suggests spatial randomness (i.e., no spatial pattern) and a negative value suggests spatial dispersion (i.e., when observations with dissimilar values are close together) (2). 
Statistical inference was based on Monte Carlo randomization at 999 permutations (this allows for a smallest pseudo p-value of 0.001). Significance was determined by pseudo p-value <0.05. The pseudo p-values are not analytical and can suffer from the problem of multiple comparisons (3). Specifically, the traditional alpha level of 0.05 could lead to many false positives (3). Therefore, sensitivity analyses were conducted for the LISA maps using Bonferroni bounds at 99,999 permutations and False Discovery Rate at 999 permutations (3). 
Univariate spatial autocorrelation analyses (e.g., univariate global Moran’s I) compare the value observed at each location with the average value at neighboring locations (i.e., spatial lag). By contrast, bivariate spatial autocorrelation analysis (e.g., bivariate global Moran’s I) compares the value of one variable at a location with the spatial lag of a second, different variable. However, bivariate Moran’s I statistics do not reflect correlation between two variables at the same location (4). For this reason, we also assessed non-spatial correlation, as it allowed us to account for correlation between two variables in the same location. Before assessing non-spatial correlation, the normality of the data was assessed using Q-Q plots. Due to lack of normal distribution of the variables, the non-parametric Spearman’s correlation test was used.

















Appendix Supplemental Text 2. Additional information about regression modeling methods.
We used regression models to assess the relationship between the rates of (i) chiropractic utilization and (ii) primary care utilization and selected sociodemographic risk factors. Spatial regression analyses were used because regression models that do not explicitly account for spatial effects that exist in the data can lead to inaccurate inferences about independent variables (5). A spatial error model incorporates spatial dependence in the errors and produces a coefficient on the spatially correlated error (lambda). When using a spatial error model, the observed spatial clustering in the outcome variable is accounted for by the geographic patterning of both measured and unmeasured independent variables (6). 












Appendix Table 3. State-level age-standardized NP rates, rates of provider availability and rates of provider utilization at initial visit for new onset NP in the US in 2021.
	State
	Age-standardized NP Rate
(per 1000 beneficiaries)
	Rates of Provider Availability 
(per 1000 beneficiaries)
	Rates of Provider Utilization at Initial Visit 
(per 1000 beneficiaries with NP)

	
	
	Chiropractic
	Primary Care
	Total Provider Availability
	Chiropractic
	Primary Care

	Alabama
	183.04
	31.34
	181.64
	711.61
	396.28
	145.83

	Alaska
	260.49
	123.97
	335.86
	1562.30
	494.48
	88.40

	Arizona
	228.57
	25.31
	112.13
	506.33
	465.13
	112.18

	Arkansas
	173.84
	23.90
	134.28
	488.17
	450.09
	161.22

	California
	217.17
	26.35
	157.49
	497.70
	402.52
	171.30

	Colorado
	188.67
	37.30
	159.45
	759.27
	464.96
	110.64

	Connecticut
	152.53
	33.56
	191.55
	892.76
	270.06
	118.56

	Delaware
	182.95
	23.28
	100.32
	442.64
	328.06
	133.22

	District of Columbia
	161.42
	9.42
	482.73
	1518.84
	146.34
	102.44

	Florida
	218.74
	22.81
	126.61
	478.83
	332.47
	124.95

	Georgia
	196.78
	29.31
	158.99
	645.37
	403.18
	88.71

	Hawaii
	168.05
	33.03
	293.56
	953.15
	372.19
	167.69

	Idaho
	180.50
	45.14
	121.68
	601.43
	710.26
	41.91

	Illinois
	173.03
	37.90
	134.01
	536.70
	560.99
	106.65

	Indiana
	153.00
	27.11
	141.70
	611.08
	436.64
	136.30

	Iowa
	269.05
	41.39
	59.18
	281.73
	851.96
	36.52

	Kansas
	218.86
	37.73
	88.17
	393.40
	778.29
	80.00

	Kentucky
	160.20
	35.69
	160.11
	772.18
	436.32
	125.68

	Louisiana
	172.09
	21.24
	169.03
	689.46
	294.32
	129.08

	Maine
	132.14
	50.37
	228.73
	1013.39
	503.50
	117.13

	Maryland
	166.89
	18.83
	164.10
	684.02
	231.74
	136.00

	Massachusetts
	147.81
	26.69
	178.62
	697.18
	464.05
	155.14

	Michigan
	171.89
	46.89
	161.75
	628.04
	580.10
	113.02

	Minnesota
	181.74
	67.66
	191.28
	741.85
	739.96
	51.42

	Mississippi
	152.32
	14.44
	113.48
	533.71
	283.88
	124.93

	Missouri
	176.19
	41.25
	131.08
	541.23
	656.33
	83.24

	Montana
	240.58
	43.15
	103.53
	519.29
	788.77
	39.23

	Nebraska
	215.81
	39.94
	81.47
	411.75
	736.79
	76.46

	Nevada
	219.29
	17.71
	124.77
	539.17
	345.27
	111.93

	New Hampshire
	175.08
	27.48
	130.93
	604.80
	583.46
	62.02

	New Jersey
	198.11
	38.52
	126.77
	519.30
	416.38
	115.62

	New Mexico
	196.03
	22.65
	168.68
	633.82
	616.30
	73.12

	New York
	206.29
	26.58
	170.71
	719.81
	297.87
	124.65

	North Carolina
	151.43
	26.53
	151.67
	702.76
	374.84
	117.85

	North Dakota
	310.81
	49.65
	60.18
	349.55
	925.67
	14.31

	Ohio
	154.70
	30.31
	152.05
	634.23
	579.60
	121.54

	Oklahoma
	180.14
	26.91
	114.82
	461.04
	467.00
	146.33

	Oregon
	190.08
	46.31
	199.11
	780.63
	497.67
	128.30

	Pennsylvania
	183.93
	40.36
	167.80
	673.36
	571.34
	117.12

	Rhode Island
	184.60
	29.42
	236.50
	822.62
	422.54
	131.46

	South Carolina
	188.96
	24.45
	107.48
	439.72
	429.15
	106.95

	South Dakota
	274.31
	43.93
	81.09
	388.06
	904.56
	17.27

	Tennessee
	175.56
	26.02
	147.61
	694.65
	414.75
	131.94

	Texas
	174.13
	24.55
	165.83
	616.78
	349.02
	129.41

	Utah
	210.78
	40.44
	173.88
	822.46
	467.81
	87.06

	Vermont
	151.61
	37.40
	143.90
	567.21
	707.45
	70.92

	Virginia
	157.67
	23.41
	143.58
	589.37
	343.21
	153.11

	Washington
	205.52
	51.44
	167.53
	693.51
	670.54
	93.98

	West Virginia
	106.61
	24.28
	202.33
	768.21
	454.27
	128.05

	Wisconsin
	159.34
	75.20
	170.98
	775.58
	730.18
	70.41

	Wyoming
	225.16
	25.85
	89.53
	439.65
	622.22
	59.65

	NP = neck pain



















Appendix Supplemental Text 3. Results of global spatial autocorrelation analysis of state-level regression model covariates.
Spatial autocorrelation was assessed for all model covariates using global Moran’s I (Appendix Table 4). Among the risk factors analyzed, all but the rate of primary care availability, the proportion of Medicare FFS beneficiaries who were female, and the proportion of beneficiaries who were classified as low SES had significant global spatial autocorrelation. The risk factors that were most spatially autocorrelated were the proportion of beneficiaries aged 66-70 years (Moran’s I = 0.529, pseudo p=0.001), with a CCI score of zero (Moran’s I = 0.535, pseudo p=0.001) or one (Moran’s I = 0.550, pseudo p=0.001), and with lower back pain (Moran’s I = 0.520, pseudo p=0.001).












Appendix Table 4. Global spatial autocorrelation for state-level Medicare FFS population covariates.
	Variable
	Global Spatial Autocorrelation

	
	Univariate Moran’s I
	Pseudo p-value
	z-value (variance)

	Provider Availability
	Rate of Chiropractic Availability among Medicare FFS Beneficiaries
	0.443
	0.001
	4.810

	
	Rate of Primary Care Availability among Medicare FFS Beneficiaries
	0.103
	0.064
	1.583

	Age Groups
	Proportion of Medicare FFS Population Aged 66-70 Years
	0.529
	0.001
	5.407

	
	Proportion of Medicare FFS Population Aged 71-75 Years
	0.171
	0.026
	2.025

	
	Proportion of Medicare FFS Population Aged 76-80 Years
	0.291
	0.005
	3.161

	
	Proportion of Medicare FFS Population Aged 81-85 Years
	0.152
	0.036
	1.799

	
	Proportion of Medicare FFS Population Aged 86-99 Years
	0.427
	0.001
	4.654

	Sex
	Proportion of Medicare FFS Population Female
	0.122
	0.074
	1.486

	Race/ Ethnicity
	Proportion of Medicare FFS Population Black
	0.355
	0.001
	4.775

	
	Proportion of Medicare FFS Population Hispanic
	0.244
	0.007
	3.178

	
	Proportion of Medicare FFS Population Other/Unknown 
	0.251
	0.006
	3.032

	
	Proportion of Medicare FFS Population White
	0.305
	0.002
	3.722

	SES
	Proportion of Medicare FFS Population Low SES
	0.129
	0.071
	1.566

	Charlston Comorbidity Index Scores
	Proportion of Medicare FFS Population with CCI Score=0
	0.535
	0.001
	5.822

	
	Proportion of Medicare FFS Population with CCI Score=1
	0.550
	0.001
	5.989

	
	Proportion of Medicare FFS Population with CCI Score=2
	0.496
	0.001
	5.442

	
	Proportion of Medicare FFS Population with CCI Score=3
	0.333
	0.002
	3.755

	
	Proportion of Medicare FFS Population with CCI Score=4+
	0.257
	0.007
	2.949

	Comorbidities
	Proportion of Medicare FFS Population with Knee Osteoarthritis
	0.470
	0.001
	5.165

	
	Proportion of Medicare FFS Population with Hip Osteoarthritis
	0.327
	0.002
	3.515

	
	Proportion of Medicare FFS Population with Fibromyalgia
	0.405
	0.002
	4.164

	
	Proportion of Medicare FFS Population with Opioid Use Disorder
	0.413
	0.001
	4.385

	
	Proportion of Medicare FFS Population with Depressive Disorder
	0.336
	0.001
	3.678

	
	Proportion of Medicare FFS Population with Low Back Pain
	0.520
	0.001
	5.690

	Spatial autocorrelations in bold are significant at pseudo p<0.05 for conditional 999 permutations
SES = socioeconomic status
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