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Figure S1: Graphical representation of study design. The vertical gray arrow indicates the index date (cohort entry date -- day 0), 
representing is the when spinal manipulative therapy (SMT) or ibuprofen are received and other criteria are met. Text and boxes 
describe study eligibility criteria which were assessed during time windows ([#, #]) in days relative to the index date. Figure 
created by Robert J. Trager using a Creative Commons template from Wang et al [1]. 



Table S1: Exclusion criteria for all patients. Abbreviations: Central nervous system (CNS); 
Current Procedural Terminology (CPT); International Classification of Diseases, 10th Revision 
(ICD-10); Logical Observation Identifiers Names and Codes (LOINC®), normalized names for 
clinical drugs (RxNorm); custom TriNetX code (NA) 

Code Description Window 
(days) 

Serious pathology (ICD-10) 

C00-C96 Malignant neoplasm -365 to 0 

G06 Intracranial and intraspinal abscess and granuloma -365 to 0 

G83.4 Cauda equina syndrome -365 to 0 

M46 Other inflammatory spondyloarthropathies (includes infections) -365 to 0 

M48.4 Fatigue fracture of vertebra -365 to 0 

M48.5 Collapsed vertebra, not elsewhere classified -365 to 0 

Z51.5 Encounter for palliative care -365 to 0 

Substance Use Disorders (ICD-10) 

F11 Opioid related disorders (includes heroin) -365 to 0 

F15 Other stimulant related disorders (includes methamphetamines) -365 to 0 

F14 Cocaine related disorders -365 to 0 

F15  Other stimulant-related disorders (includes amphetamines) -365 to 0 

Alternate conditions (ICD-10)  

G35 Multiple sclerosis -365 to 0 

G54.1 Lumbosacral plexus disorders -365 to 0 

G95 Other and unspecified diseases of spinal cord -365 to 0 

G99.2 Myelopathy in diseases classified elsewhere -365 to 0 

M41 Scoliosis -365 to 0 

M43.16 Spondylolisthesis, lumbar region -365 to 0 

M43.17 Spondylolisthesis, lumbosacral region -365 to 0 

M48.0 Spinal stenosis (includes lumbar stenosis with neurogenic claudication) -365 to 0 

M50.0 Cervical disc disorder with myelopathy -365 to 0 

M51.0 Thoracic, thoracolumbar, and lumbosacral intervertebral disc disorders with 
myelopathy 

-365 to 0 

M96.1 Postlaminectomy syndrome, not elsewhere classified -365 to 0 

O00-O9A Pregnancy -280 to 365 

Z98.1 Arthrodesis status -365 to 0 

Medications 

7242 Naloxone -365 to 0 

CN101 (VA) Opioid analgesics -365 to 0 

N02A (ATC) Opioids -365 to 0 

Z79.891 (ICD-
10) 

Long term (current) use of opiate analgesic -365 to 0 

Tests 

3397-7 (LOINC) Cocaine in urine (presence) -365 to 0 

3414-0 (LOINC) Buprenorphine in urine (presence) -365 to 0 

19550-3 (LOINC) Methadone in urine (presence) -365 to 0 

19554-5 (LOINC) Methamphetamine in urine (presence) -365 to 0 

59673-4 (LOINC) Fentanyl in urine (presence) -365 to 0 

LG7013-8 (TNX) Opiates in urine (presence) -365 to 0 

Post- surgery 

1004038 (CPT) Surgical procedures on the spine (vertebral column) -365 to 0 

1002796 (CPT) Anesthesia -1 to 0 

27130 (CPT) Arthroplasty, acetabular and proximal femoral prosthetic replacement (total hip 
arthroplasty), with or without autograft or allograft 

-1 to 0 

New care episode for low back pain with or without leg pain 

Various Lumbosacral root disorders (G54.4), radiculopathy, lumbar, lumbosacral, sacral, or 
coccygeal region (M54.16, M54.17, M54.18), sciatica (M54.3), lumbago with 
sciatica (M54.4), low back pain (M54.5) 

-91 to -1 

Opioid use disorder (see Table S3) -365 to 0 

 



Table S2: Variables controlled for in propensity score matching. Abbreviations: Anatomical Therapeutic Chemical 
Classification (ATC), Current Procedural Terminology (CPT), normalized names for clinical drugs (RxNorm); 
International Classification of Diseases, 10th Revision (ICD-10); Veterans Health Administration National Drug File 
(VA) 

Variable/Code Description Reference(s) 

Demographics Patient age, sex, race, and ethnicity [2,3] 

Diagnoses (ICD-10)  

B18.2 Chronic viral hepatitis C [2] 

E55 Vitamin D deficiency [4] 

F10-F19 Mental and behavioral disorders due to psychoactive substance 
use, including alcohol, opioid, and other substances 

[2,3] 

F10 Alcohol related disorders [2,3] 

F17 Nicotine dependence (includes smoking, vaping) [2,3] 

F30-F39 Mood disorders (includes depression, bipolar) [2] 

F40-F48 Anxiety, dissociative, stress-related, somatoform and other 
nonpsychotic mental disorders 

[2] 

G54 Nerve root and plexus disorders [2] 

G89.2 Chronic pain, not elsewhere classified [5] 

M05-M14 Inflammatory polyarthropathies [2] 

M19 Other and unspecified osteoarthritis [2] 

M48.02 Lumbar stenosis with neurogenic claudication [2] 

M54.1 Radiculopathy [2] 

M54.3 Sciatica [2] 

M54.4 Lumbago with sciatica [2] 

R45.851  Suicidal ideations [3] 

T14.91 Suicide attempt [3] 

Z55-Z65 Adverse socioeconomic and psychosocial circumstances [3] 

Z72.0 Tobacco use [2,3] 

Z81.4 Family history of other psychoactive substance abuse and 
dependence 

[6] 

Z91.4 Personal history of psychological trauma, not elsewhere classified [2] 

Z91.5 Personal history of self-harm [3] 

Visits and prescription medications  

1013729 (CPT) Critical Care Services [5] 

1003143 (CPT) Surgery [5] 

AD100 (VA) Alcohol deterrents [2,3] 

CN300 (VA) Sedatives/hypnotics (includes benzodiazepines) [2,3] 

CN800 (VA) Central nervous system stimulants [3] 

VA000 (VANDF) Medications (any) NA 

 

  



Table S3: Codes applied to identify opioid use disorder 

Code(s) Definition Reference 

F11 (ICD-10) Opioid related disorders [7–9] 

T40.0, T40.2, T40.3, 
T40.4 (ICD-10) 

Poisoning by, adverse effect of and underdosing of opium, other 
opioids, methadone, and other synthetic narcotics 

[7,8,10] 

J2310, J2315 (HCPCS) Injection, naloxone [8,10] 

J0570, J0571, J0572, 
J0573, J0574, J0575, 
J0592 (HCPCS) 

Buprenorphine and/or naloxone administration [7–10] 

 

S0109 (HCPCS) Methadone, oral, 5 mg [7,10] 

J1230 (HCPCS) Injection, methadone hcl, up to 10 mg [7,8] 

1819 (RxNorm) Buprenorphine [8,11] 

6813 (RxNorm) Methadone [8,11] 

Q9991, Q9992 (HCPCS) Injection, buprenorphine extended-release (sublocade) [9] 

HZ81ZZZ (ICD-10-PCS) Medication management for substance abuse treatment, 
methadone maintenance 

[8] 

HZ91ZZZ (ICD-10-PCS) Pharmacotherapy for substance abuse treatment, methadone 
maintenance 

[8] 

HZ85ZZZ (ICD-10-PCS) Medication management for substance abuse treatment, naloxone [8] 

HZ95ZZZ (ICD-10-PCS) Pharmacotherapy for substance abuse treatment, naloxone [8] 

H0020 (HCPCS) Alcohol and/or drug services; methadone administration and/or 
service (provision of the drug by a licensed program) 

[10] 

G2067 through G2080 
(HCPCS) 

Provision of the services by a Medicare-enrolled opioid treatment 
program 

[9,12] 

 

Table S4: Negative control outcomes unrelated to chiropractic spinal manipulation. Abbreviations: Current Procedural 
Terminology (CPT); International Classification of Diseases, 10th Revision (ICD-10) 

Variable Definition 

1022231 (CPT) Colonoscopy 

18631 (CPT) Azithromycin 

J00-J06 (ICD-10) Acute upper respiratory infections 

K35 (ICD-10) Acute appendicitis 

 



 

Figure S2: Propensity score density graph. Density scores before (A) and after (B) matching. Orange bars represent the 
chiropractic spinal manipulative therapy (SMT) cohort while blue bars represent the ibuprofen control cohort. After matching, 
densities overlap closely (shown in gray), suggesting adequate balance of covariates. 

 



 

Figure S3: Covariate balance (Love) plot. Standardized mean differences (SMDs) are shown which represent the between-cohort 
balance of key covariates cohorts before and after propensity score matching. The vertical dashed line at SMD=0.1 represents 
the threshold for optimal covariate balance [13,14]. Triangles indicate SMD values before matching, while squares show SMDs 
after matching. This plot shows improvement in covariate balance following matching, with all covariates having optimal 
balance after matching. Plot created by Robert J. Trager using R and R studio (version 4.2.2, Vienna, AT [15]) and the ggplot2 
package [16]. 

 



 

Figure S4. Follow-up data. A: This graph shows the percentage of patients remaining at each timepoint during follow-up per 
cohort, showing the spinal manipulative therapy (SMT) cohort in orange and ibuprofen cohort in blue. This plot uses locally 
estimated scatterplot smoothing. B: This plot shows the percentage of patients per cohort who had at least the maximum 
follow-up time available (i.e., ibuprofen: 86.6%; SMT: 81.1%). Plots were created by Robert J. Trager using R and R studio 
(version 4.2.2, Vienna, AT [15]) and the ggplot2 package [16]. 
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