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ABSTRACT

Study Design: Retrospective cohort study.

Objective: To compare utilization patterns for patients with new-onset neck pain by initial
provider specialty.

Summary of Background Data: Initial provider specialty has been associated with distinct care
patterns among patients with acute back pain; little is known about care patterns among patients
with acute neck pain.

Methods: Deidentified administrative claims and electronic health record (EHR) data derived
from the Optum Labs Data Warehouse, which contains longitudinal health information on over
200M enrollees and patients, representing a mixture of ages and geographical regions across the
U.S. Patients had outpatient visits for new-onset neck pain from October 1, 2016 to September
30, 2019, classified by initial provider specialty. Utilization was assessed during a 180-day
follow-up period, including subsequent neck pain visits, diagnostic imaging, and therapeutic
interventions.

Results: The cohort included 770,326 patients with new-onset neck pain visits. The most
common initial provider specialty was chiropractor (45.2%), followed by primary care (33.4%).
Initial provider specialty was strongly associated with the receipt of subsequent neck pain visits
with the same provider specialty. Rates and types of diagnostic imaging and therapeutic
interventions during follow-up also varied widely by initial provider specialty. While uncommon
after initial visits with chiropractors (<2%), CT or MRI scans occurred in over 30% of patients
with initial visits with emergency physicians, orthopedists, or neurologists. Similarly, 6.8% and
3.4% of patients initially seen by orthopedists received therapeutic injection and major surgery,

respectively, as compared to 0.4% and 0.1% of patients initially seen by a chiropractor.
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Conclusion: Within a large, national cohort, chiropractors were the initial provider for a

plurality of patients with new-onset neck pain. Compared to patients initially seen by physician

providers, patients with chiropractor initial providers received fewer and less costly imaging

services and were less likely to receive invasive therapeutic interventions during follow-up.

KEY POINTS

In a national U.S. sample, chiropractors were the initial care provider for a
plurality of patients (45.2%) with new-onset neck pain.

Except for patients initially seen by emergency physicians, patients were most
likely to obtain subsequent neck pain visits with providers in the same specialty as
the initial visit, including 78.7% and 85.5% of patients initially seen by
chiropractors and physical/occupational therapists, respectively.

Receipt of imaging within 180-days of initial visits was strongly associated with
initial care provider specialty with much lower rates of cervical spine MRI among
patients initially seen by chiropractors (2.0%) compared to primary care physicians
(10.9%) or orthopedists (31.6%).

Initial provider specialty was also strongly associated with the types and intensity
of therapeutic interventions within 180-days of initial visits with manipulative and
physical therapies predominating in patients initially seen by chiropractors or
physical/occupational therapists and more invasive and costly therapies in patients

initially seen by orthopedists.
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INTRODUCTION

Neck pain is the fourth most common cause of disability worldwide,' resulting in
substantial activity limitation, work time lost, and associated costs.!> Most people experience
neck pain over their lifetimes, and the point prevalence of neck pain in the general population
likely exceeds 10%.>*

Prior research among U.S low back pain patients suggests that initial care providers can
powerfully influence subsequent care patterns and costs.” In U.S. practice, it is also likely that
patients with new-onset neck pain seek initial care from providers of varying specialties. Within
a Utah health system, patients with acute neck pain who were initially seen by primary care
rather than specialty physicians had lower rates of spinal imaging and injection during follow-
up.'® To our knowledge, the care patterns of patients with acute neck pain have not been
evaluated in a national sample, particularly with classification by initial provider specialty.

Our goal was to assess the relationship between provider types and treatment patterns for
neck pain, as well as care pathways for neck pain treatment in the six months after the initial

neck pain visit within a national sample of commercial and Medicare Advantage enrollees.

MATERIALS AND METHODS
Design, Data, and Subjects

We performed a retrospective cohort study using de-identified administrative claims data
from the Optum Labs Data Warehouse (OLDW), which includes medical and pharmacy claims
and enrollment records for commercial and Medicare Advantage (MA) enrollees, from the fourth
quarter of 2015 through the first quarter of 2020.° The database contains longitudinal health

information on enrollees and patients, representing a mixture of ages and geographical regions
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across the U.S.!! Since this study involves analysis of de-identified data, the University of
California determined that it was exempt from Institutional Review Board approval.

We identified a cohort of commercially insured or MA enrollees, aged 18 to 89 years,
who had an initial visit for neck pain based on International Classification of Diseases, 10"
Revision, Clinical Modification (ICD-10-CM) diagnosis codes on an outpatient provider claim
between October 1, 2016 and September 30, 2019 (Supplemental File, Supplemental Digital
Content 1, http://links.Iww.com/BRS/C178). Patients were required to be continuously enrolled
with medical and pharmacy coverage for at least 18 months, including 12 months before and at
least 6 months after the index date of the neck pain visit. To ensure the cohort represented
patients with acute or new-onset neck pain, patients were excluded if they had one of the
following exclusion criteria during the 12 months before the index date: 1) any visit for neck
pain or injury, based on either ICD-10-CM diagnosis codes or Current Procedural Terminology
(CPT®) procedure codes (Supplemental File, Supplemental Digital Content 1,
http://links.Iww.com/BRS/C178); 2) any visit for solid organ malignancy (Supplemental File,
Supplemental Digital Content 1, http://links.lww.com/BRS/C178); 3) opioid prescription
coverage for the 30 days prior to the index date or at least 90 days during the 11 months before
that 30-day period; 4) any prescription for buprenorphine. Based on these criteria, we identified
1,027,101 continuously insured patients with new-onset neck pain during the three-year study
period (Figure 1). For 50,122 patients with more than one qualifying neck pain episode during

the period, we included only the first.

Assignment of Initial Provider
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We used physician and facility claims from the index date to classify patients by the following
initial provider types: chiropractor, primary care (including family practice and internal
medicine), emergency medicine, orthopedics, physical/occupational therapy (PT/OT), neurology,
or rehabilitation medicine. Coverage policies of participating health plans during the study
period allowed patient self-referral to any of these provider types. Most classifications were
based on the provider specialty codes on physician claims, although a small percentage were
assigned an PT/OT initial provider based on revenue codes for PT/OT services. Of the 1,027,101
patients with new neck pain diagnoses, 770,326 patients could be assigned one of the initial
providers above. Of those who could not be categorized (n=256,775), 57% had neck pain
diagnoses on isolated radiology claims, suggesting evaluation for acute illness or injury. Other
reasons for non-assignment of an initial provider were 1solated neck pain claims from ancillary
services (e.g., nursing, home health, social work) or other specialty provider types. When >2
claims on the same date occurred from different provider types, we prioritized PCPs over

specialist physicians, and physician or chiropractor care over PT/OTs.

Outcomes

We assessed utilization outcomes at 30, 90, and 180 days after the index neck pain visit by initial
provider, including services received on the index date. First, we examined the frequency of
additional neck pain visits for neck pain with providers in the same versus other specialties.
Second, by initial provider, we used CPT® procedure codes to identify receipt of the following
imaging tests: cervical spine radiography (72040, 72050, 72052), computed tomography (CT) of
the cervical spine (72125-72127) or soft tissue of the neck (70490-70492), and magnetic

resonance imaging (MRI) of the cervical spine (72141-72142, 72156) or soft tissue of the neck
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(70547-70549). Third, we used CPT® procedure codes to identify receipt of the following
therapeutic interventions: physical (97161-97163) or occupational (97165-97167) therapy,
massage (97124) or other manual therapy (97140), osteopathic (98925-98929) or chiropractic
(98940-98943) manipulative therapy, acupuncture (97810-97814), therapeutic injection, and
major cervical spinal surgery (Supplemental File, Supplemental Digital Content 1,
http://links.Iww.com/BRS/C178). Because few therapeutic injections and major surgical
procedures occurred during the first 30 days of follow-up, we report these outcomes only at 180

days of follow-up.

Covariates

Sociodemographic information included age, sex, rurality of residence (creating binary indicators
of “small town” and “rural” residence using Rural-Urban Commuting Area codes),'? and
insurance status (commercial vs. Medicare Advantage). Using claims during the year prior to
index date, we used the Elixhauser comorbidity index to assess comorbidities,?? identified prior
visits with headache, low back pain, or acute non-cervical trauma, and computed counts of visits
with each provider specialty for non-neck pain diagnoses (e.g., chiropractor, primary care, etc.).
We also specified the presence of the following diagnoses on the index visit date: cervical
dislocation injury, cervical fracture, cervical radiculopathy, cervical myelopathy, headache, and

low back pain.

Analyses
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We performed bivariate cross-tabulations of utilization outcomes by initial provider. Because of
the large magnitude of absolute differences by initial provider and the very large sample sizes,
we expected bivariate findings to be robust to multivariate adjustment. To confirm the robustness
of bivariate analyses, we performed multivariate adjusted analyses for the following outcomes at
180 days: plain radiography, cervical spine MRI, cervical spine CT, therapeutic injection, and
major surgery. For these binary outcomes, we used logistic regression with simultaneous
adjustment for age (age squared), sex, commercial vs. Medicare Advantage insurance, small
town or rural residential indicators, indicators of four complicating diagnoses at index date (i.e.,
cervical radiculopathy, cervical myelopathy, headache, and low back pain), indicators of any
visits for headache, low back pain, or acute non-cervical trauma during the prior year, and
indicators of 35 Elixhauser index comorbidities.?” For the therapeutic injections and major
surgery, we also adjusted for an indicator of any recurrent neck pain visits within 6 months after
the index date. For major surgery, we also included indicators of cervical dislocation and cervical
fracture on the index date. After fitting logistic regression models, we computed adjusted mean
rates by entry point provider using predicted marginal means. Analyses were conducted using

PROC LOGISTIC and LSMEANS in SAS, Version 9.4 (Cary, NC).

RESULTS

The patient sample included 770,326 patients with a mean age of 51.6 years (SD 17.6); 58.6%
were female, and 72.5% had commercial insurance rather than MA (Table 1). Chiropractors were
the most common initial provider (45.2%), followed by PCPs (33.4%). Younger and

commercially insured patients were more likely to have chiropractor initial providers than older
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or MA patients; patients with chiropractor initial providers were more likely than other patients
to have concurrent low back pain.

Initial provider specialty was strongly associated with patients receiving subsequent neck pain
visits with the same provider type (Table 2). Of patients who initially saw chiropractors or
PT/OTs, for example, 78.7% and 85.5%, respectively, had subsequent neck pain visits with
providers in the same discipline. After initial visits with orthopedic, neurology, and rehabilitation
medicine providers, 40.4% to 48.0% had subsequent neck pain visits with the same discipline.
Patients whose initial neck pain provider was an emergency medicine physician were most likely
to receive subsequent neck pain care from PCPs (16.1%). Meanwhile, the frequency of
subsequent visits for neck pain with provider types that differed from the specialty of the index
neck pain visit ranged from 5.5% among patients initially seen by chiropractors to 59.2% among
patients with emergency medicine initial providers.

Patterns of imaging utilization during the follow-up period also differed substantially by initial
provider (Table 3). Within 180 days of follow-up, plain radiography of the cervical spine was
performed on 69.6%, 30.3%, and 26.4% of patients initiating care with orthopedists, PCPs, or
emergency physicians, respectively, as compared to 17.7% of patients initiating care with
chiropractors and 7.7% initiating care with PT/OTs. While CT and MRI of the neck were
uncommon after index visits with chiropractors and PT/OTs, CT or MRI scans occurred within
180 days in over 30% of patients with initial visits with emergency physicians, orthopedists, or
neurologists. After initial visits with PCPs, MRI of the cervical spine occurred in 10.9% of
patients during the 180-day follow-up, compared with 2.0% of patients initiating care with

chiropractors.
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Initial provider specialty was also strongly associated with the types and intensity of therapeutic
interventions during the 180-day follow-up period (Table 4). While nearly all patients with
chiropractors as initial providers received chiropractic manipulation, only 6.9% of patients
presenting to PCPs received chiropractic manipulation within the 180-day follow-up period.
Manual therapies, such as massage or trigger point therapies, were commonly received across
initial providers, but especially among patients with PT/OT initial providers. An orthopedist
initial provider was strongly associated with both therapeutic injection and major surgery within
180-days (6.8% and 3.4%, respectively), compared with patients first seen by chiropractors
(0.4% and 0.1%, respectively) or PCPs (1.8% and 0.9%, respectively).

For plain radiography, cervical spine CT, MRI, therapeutic injection, and major surgery within
180 days, associations observed in bivariate analyses were robust to multivariate adjustment
(Table 5 and Supplemental File, Supplemental Digital Content 1,

http://links.Iww.com/BRS/C178).

DISCUSSION

This descriptive study of a large cohort of patients with new-onset neck pain yields novel
insights regarding the pattern and intensity of subsequent diagnostic and therapeutic
interventions after initial encounters with different provider types. In this national sample of
commercial and MA patients with uniform benefits allowing self-referral to provider specialty of
choice, chiropractors were the initial providers for a plurality of patients with new onset neck
pain (45.2%). Compared to patients with PCP or specialist physician initial providers, patients
with chiropractor initial providers had substantially lower rates of imaging and invasive

therapeutic interventions, including injections and surgery, during a 180-day follow-up period.
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Our study adds to a sparse literature on the initial and downstream utilization patterns of patients
with new-onset neck pain. In a recent analysis of U.S. insured patients with new-onset neck pain,
early conservative treatment with either chiropractic care or physical therapy was associated with
lower rates of spinal injections and lower total costs during a one-year follow-up.!* Within a
Utah health system from 2012-2013, neck pain patients who sought initial care from
chiropractors had significantly lower rates of advanced imaging and spinal injections than
patients who sought initial care from PCPs or specialists.!® We similarly found that rates of both
plain radiography and advanced imaging were substantially lower in patients whose initial
provider was a chiropractor as compared to a PCP. As starting with a chiropractor was also
associated with lower rates of invasive therapeutic interventions and surgery, our study suggests
initial care for new-onset neck pain by chiropractors is likely associated lower longer-term care
intensity and costs.

Except for patients who initially saw emergency physicians, most patients with new-onset neck
pain received follow-up care from the same provider type as their initial provider. Less than 6%
of patients whose initial neck pain visit was with a chiropractor subsequently saw any type of
physician for neck pain, and fewer than 6% of patients whose initial neck pain visit was with any
type of physician subsequently saw a chiropractor for neck pain. Referrals to PT/OTs occurred
with moderate frequency after initial visits with both primary care (12.0%) and specialty
physicians (7.2% to 23.3%), and rarely after initial visits with a chiropractor (1.8%). Our
findings raise the question whether more frequent referrals from physicians to chiropractors or
PT/OTs might enhance the efficiency of care for patients with new onset neck pain.

We observed wide variation across initial provider types in the use of imaging and the types of

imaging studies obtained. Patients initially seen by emergency physicians received CTs at much

© 2023 Wolters Kluwer Health, Inc. All rights reserved. Unauthorized reproduction of the article is prohibited.



8L+AWAOANOMMN8eAAIAYO/FONEIDYIASALLIAIPO0ALIEAHIDI/AD AUMY L XOMAD

UOINXFOHISABZIYTM+EFNSO L WINOTZ L ABYHJRGHNAUS AG [BUINOfaUIdS/L0D MM|"S[EUINO//:dy WO} pepeojumoQ

€202/10/80 uo

higher frequency, likely due to the ready availability of CT in emergency settings. Patients
initially seen by orthopedic surgeons and neurologists meanwhile received MRI at higher rates.
Patients initially seen by chiropractors or physical/occupational therapists, in contrast, received
fewer and lower-intensity imaging studies, perhaps because these providers prioritize physical
diagnosis and immediate therapeutic intervention. In addition, in most U.S. settings, PT/OTs
cannot independently order imaging tests.

Our findings related to therapeutic interventions also suggest that providers in different
specialties perceive themselves to have distinct therapeutic roles and, hence, may offer patients a
limited range of therapeutic options with widely varying intensity and costs. Even after extensive
adjustment for sociodemographic and clinical characteristics, patients who started with an
orthopedic surgeon, for example, had substantially higher rates of therapeutic injection and major
surgery within 180-days of follow-up than patients who started with a chiropractor. Patients who
started with an orthopedist also commonly received physical and manual therapies but rarely
chiropractic therapy. While provider factors may drive care selection and intensity, we also
recognize that patients may select an entry provider based on the type of intervention that they
would prefer or provider availability.!*

Our results may have implications the design of health benefits or systems. While many payors
and health systems allow patient self-referral to chiropractors and physical therapists, patients are
also often able to self-refer to specialist physicians. For patients with new-onset neck pain, self-
referral to specialist physicians may be comparatively inefficient as higher care intensity may not
improve the prognosis of acute musculoskeletal pain conditions.’ Health systems may seek
means of incentivizing initial care for musculoskeletal neck pain with chiropractors or

physical/occupational therapists, while implementing protocols or criteria for referral to
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physician specialists. Health systems may also seek means of engendering more frequent
referrals from primary care or specialist physicians to chiropractors for patients with new-onset
neck pain. Health system interventions to facilitate initial neck pain care by chiropractors or
physical/occupational therapists warrant careful evaluation to assess impacts on patient
outcomes, utilization, and access to care.

Our study has several limitations. First, our sample derived from a national claims database
representing commercially insured and MA enrollees. Our results may not generalize to
Medicaid, uninsured, or other populations. Second, our analysis focuses on the impact of the
initial provider on subsequent care utilization, although we acknowledge that patients may select
initial providers based on underlying disease severity or patient preferences may be associated
with subsequent care intensity. Third, although unadjusted results for imaging, therapeutic
injection, and major surgery were robust to multivariate adjustment, unmeasured patient
characteristics may still confound adjusted associations between initial provider and diagnostic
and therapeutic outcomes. On the other hand, some multivariate analyses may be overadjusted
by including diagnoses that may be found at imaging (e.g., cervical radiculopathy) or events
along the causal pathway between the initial visit and the outcome (e.g., recurrent neck pain
visits). Fourth, our data derive from claims and lack information to judge the appropriateness of
services delivered or to compare patient-level pain or functional outcomes. Fifth, although all
patients had no neck pain diagnoses during a baseline year, some may have had had prior neck
pain episodes prior to the baseline year without neck pain diagnoses.

In conclusion, within a large, national cohort of patients with new-onset neck pain, we found that
chiropractors were the initial provider for a plurality of patients and that patients with

chiropractor or PT/OT initial providers received fewer and less costly imaging services and were
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less likely to receive invasive therapeutic interventions such as injection or major surgery during

follow-up.
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Figure 1. Flow diagram of cohort identification based on inclusion and exclusion criteria
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Table 1. Characteristics of patients with new-onset neck pain by initial provider type

Physical
. Emerg | Orthop |/ -
Characteris | Tota | Chiropr Prim ency edic Occupat | Neurol R?hablht
. ary . . . . ation
tic 1 actor Medici | Surgeo | ional ogist . .
Care . Medicine
ne n Therapi
st
N (%) 770, 256,9
326 | 348,042 | 57 62,072 | 34,327 | 24,465 24,297 | 20,166
(100. | (45.2) (334 | (8.1) (4.5) (3.2) (3.2) (2.6)
0) )
Age, y, 316 1 465 338 1535|578 |553 576 | 547
mean (SD) | (17.6 (17.2
) (16.5) ) (19.9) | (15.5) | (17.7) (16.7) 16.6)
Female sex | 451, 153,3
(n, column | 685 | 196,678 | 81 38,021 | 19,610 | 16,308 15,695 | 11,992
%) (58.6 | (56.5) (59.7 | (61.2) | (57.1) |(66.7) (64.6) (59.5)
) )
Commercial
t‘v‘:“r‘"‘ce 559, 163,1
Me.dicare 024 | 294,557 |89 36,636 | 21,272 | 15,981 13,812 | 13,577
Advantage), §72.5 (84.6) 563.5 (59.0) |(62.0) |(65.3) (56.9) (67.3)
(n, column
%)!
No. of
Elixhauser | 1.5 1.7 2.1 1.9 2.5
conditions, | (19) | "1\ 19) 104y oy [17CY |4 |70
mean (SD)
Rural Urban Commuting
Area, RUCA (n, column %)
Metropolitan | 665, 2255
128 |292,463 | 68 53,682 | 30,718 | 22,011 21,799 | 18,887
(86.3 | (84.0) (87.8 | (86.5) |(89.5) |(90.0) (89.7) (93.7)
) )

© 2023 Wolters Kluwer Health, Inc. All rights reserved. Unauthorized reproduction of the article is prohibited.
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Micropolitan

55,0

16,89

27,764 4,954 2,098 1,256 1,387

18 ’ 3 ’ ) , , 666 (3.3)
(7.1) (8.0) (6.6) (8.0) (6.1) (5.1) (5.7)

Small town | 29,5
62 15,782 9,051 | 2,253 840 643 (2.6) 658 335 (1.7)
(3.8) 4.5 (3.5) |(3.6) (2.5) 2.7)

Rural areas 18,0
31 10,752 4,840 | 1,023 488 410 (1.7) 340 178 (0.9)

(3.1) (1.9) | (1.7) (1.4) (1.4)

(2.3)

Unknown/M | 2,58

. ’ 1,281 605 160 183 113

ultiarea 20.3) (0.3) ©0.2) |(02) 0.5) 145 (0.6) (0.4) 100 (0.4)

Any visits with complicating diagnoses at the index date (n, column %)

Headache 1348 113636 | 1910 12203 101 | 670 7514 | 409 25)

2 .

(4.5) (3.9 (4.0) (3.7) (0.3) 2.7) (30.9)

Low Back 381, 42,32

Pain 437 |1300,686 |2 13,696 | 7,234 6,290 3,807 7,402
(49.5 | (86.4) (16.5 | (22.1) | (21.1) |(25.7) (15.7) | (36.7)
) )

Acute Non- 1.48

Cervical ’ 242 | 459 %

Trau 4 686 (0.2) ©.1) |(0.7) 55(0.2) 11(0.1) | 29 (0.1)
ma (0.2)

Any visits with complicating diagnoses

during one year before index date (n, column %)

Headache

445

14,24

61 16,335 3 3,438 1,684 2,223 5,389 1,249
(5.8) 4.7) (5.5) (5.5 (4.9) 9.1 (22.2) (6.2)
Low Back 166, 48,75
Pain 871 79,405 1 11,234 | 8,587 6,773 6,013 6,108
(21.7 | (22.8) (19.0 | (18.1) (25.0) (27.7) (24.8) (30.3)
) )
Acute Non- 1.69
Cervical ’ 554 192 135
Trau f() . 594 (0.2) ©02) | (0.3) (0.4) 83(0.3) | 78(0.3) | 59 (0.3)
ma )
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1<0.1% of patients (n=193 of total) had both commercial and Medicare Advantage insurance on
cohort entry.

’Due to fewer than 11 patients with acute non-cervical trauma, numbers rounded to preserve de-
identification.
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Table 2. Frequency of Subsequent Neck Pain Visits during the 180-day Follow-Up by
Initial Provider and Subsequent Provider Type (N=770,326)

Initial Provider for Index Neck Pain Visit (n, column % )

Provider Type for Emerge Physical/
Subsequent Neck Chiro Pri . -
N - pra [Primary |ncy Orthope [)ccupati [NeurologRehabilita
Pain Visits During |, Care  |[Medicin |dist pal : list tion
180 days of follow-|N_348 ¢ |(N=256,9le (N=34,32 T erapist [(N=24,29 Medicine
up 42) 57) (N=62,0 [7) (N=24,46 [1) (N=20,166)
72) 5)

. 074,056 9,755 | 1,897 [1,206 660 1,087
Chiropractor |2¢v" 138y |31 35 [PG0 [agn |54
Primary Care 12093 62976 9,996 B.893 102 2,692 | 1,951

y (3.6) 245 | (161) [11.3) [8.6) 11.1) | (9.7)
Emergency 1,283 [036 | 2,475 215
Medicine ©04) (12 | @0 [IOONIBOT) | g | 15308
. 3,176 9,405 | 2,354  [13,908 1,370 | 1,186
Orthopedist 50" 137 |38 |405) [2°@9 @40 |59
Physical/

. 6,194 [30,730 | 4495 8,005 0,925 | 2,866 | 4,196
Occupational ] g) (12.0) | (72)  |(23.3) [(85.5) (11.8) | (20.8)
Therapist

. 1,626 5,443 [ 1,315 1,370 9,819
Neurologist (0.5) 2.1) 2.1) (4.0) 401 (1.6) (40.4) 498 (2.5)
Rehabilitation  B.060  [7.267 [ 1,330 620 |, o [ 597 9,678
Medicine 0.9)  [2.8) 2.1) (7.6 0 125 | 48.0)
Different
Provider Type [19281  [74,832 | 36,808 |[I1,184 [2,642 8275 | 6,325
from Initial Neck [(5.5)  [29.1) | (59.2) [32.5) [10.8) | (34.1) | (31.4)
Pain Visit*

*Number (%) of patients who saw a different provider type for subsequent neck pain visits than
for the initial neck pain visit. The total is less than the sum of subsequent visits across different
provider types because some patients may have seen multiple different provider types for
subsequent neck pain visits.
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Table 3. Diagnostic imaging utilization within 180 days of index neck pain visit by initial

provider
Imagi | Initial Provider Type
ng :
moda }’hyswal
lity Emerg -
by Total Chiropr | Primar | ency Orthop Occupat Neurol ?Il{t?(l)l;:blht
follo (N=770 actor y Care | Medici | edist ol ogist Medicine
w-up | 360 > | (N=348, | (N=256, | ne (N=34,3 Therapi (N=24, (N=20,16
inter 042) 957) (N=62, |27) st 297) 6) ’
val 072) (N=24,4

65)

Plain Radiography (n, column %)
30 170,713 | 55,237 68,105 | 14,802 | 23,015 783 (3.2) 1,420 7,351
days | (22.2) (15.9) (26.5) (23.9) | (67.1) ' (5.8) (36.5)
90 182,874 | 58,554 73,913 | 15,684 | 23,590 | 1,386 2,013 7,734
days | (23.7) (16.8) (28.8) (25.3) | (68.7) (5.7) (8.3) (38.4)
180 192,000 | 61,582 77,780 | 16,363 | 23,907 | 1,894 2,450 8,024
days | (24.9) (17.7) (30.3) (26.4) | (69.6) (7.7) (10.1) [ (39.8)
CT of cervical spine (n, column %)
30 31,539 5,504 24,520 | 448 383
days |41 | PTODIo 1@esy a3 |20 Jae [1710O9
90 34,494 | 1,017 6,894 24,774 | 763 585
days | (45 |03 |7 |399 |@2 |PPO9|qs [30805)
180 37,739 | 1,788 8,360 25,054 | 1,049 815
days | (49) |05 |33 |@04) |31 |200D sy 40720
CT of neck soft tissue (n, column %)
30 2,919 1,491 1,196
days | (0.4) 128 (0.0) (0.6) (1.9) 31(0.1) | 19(0.1) |37(0.2) | 17(0.1)
90 3,991 2,039 1,302
days | (0.5) 374 (0.1) 0.8) @.1) 91 (0.3) | 51(0.2) |94(0.4)|40(0.2)
180 5,166 2,562 1,423 158 143
dys |07 |77OD 100 |23y |05 |00 1o |7OD
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MRI of cervical spine (n, column %)

30 40,548 | 2,366 17,350 | 3,199 8,178 456 (1.9) 5,726 3,273
days | (5.3) (0.7) (6.8) (5.2) (23.8) ' (23.6) (16.2)
90 55,490 | 4,813 24,123 | 4,376 10,135 | 1,074 6,834 4,135
days | (7.2) (1.4) (9.4) (7.1) (29.5) (4.4) (28.1) (20.5)
180 64,105 | 6,807 28,088 | 4,985 10,858 | 1,514 7,319 4,534
days | (8.3) (2.0) (10.9) (8.0) (31.6) (6.2) (30.1) (22.5)
MRI of neck soft tissue (n, column %)

30 1,071 339 288 257

days | (0.1) 128 (0.0) 0.1) 0.5) 18 (0.1) | 25(0.1) (1.1) 16 (0.1)
90 1,635 562 348 346

days | (0.2) 251 (0.1) (0.2) (0.6) 44 (0.1) | 51(0.2) (1.4) 33 (0.2)
180 2,290 812 423 408

days | (0.3) 433 (0.1) (0.3) 0.7) 78 (0.2) |77 (0.3) (1.7) 59(0.3)

Abbreviations: CT=computed tomography, MRI=magnetic resonance imaging

© 2023 Wolters Kluwer Health, Inc. All rights reserved. Unauthorized reproduction of the article is prohibited.
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Table 4. Therapeutic interventions received within 180-days of index neck pain visits by
initial provider

Therap | Initial Provider Type

eutic .

interve Phys'Q

ntion Emerg / Rehabili

by Total Chiropr | Primar | ency Orthop Occupat Neurol | tation

follow- (N=770 actor y Care | Medici | edist idfal ogist Medicin

up 326) (N=348, | (N=256 | ne (N=34, Therapi (N=24, | e

interval |’ 042) 957) (N=62, | 327) st 297) (N=20,16

072) (N=24,4 6)
65)

Chiropractic manipulative therapy (n, column %)

30 days | 350,691 | 334,397 | 11,456 | 1,339 | 743 885 (3.6) 376 1,495
(45.5) (96.1) (4.5) (2.2) (2.2) ) (1.6) (7.4)

90 days | 357,022 | 335,600 | 14,578 | 1,909 1,219 1,271 663 1,782
(46.4) (96.4) (5.7) (3.1 (3.6) (5.2) 2.7) (8.8)

180 362,881 | 336,327 | 17,598 | 2,493 1,680 1,723 966 2,094

days (47.1) (96.6) (6.9) (4.0) (4.9) (7.0) (4.0) (10.4)

Physical therapy (n, column %)

30 days | 69,881 | 6,257 24,062 | 4,214 8,386 19,914 2,166 4,882
9.1 (1.8) 94) (6.8) (24.4) (81.4) (8.9) (24.2)

90 days | 100,386 | 15,264 36,424 | 7,133 11,304 | 20,130 3,864 6,267
(13.0) (4.4) (14.2) (11.5) | (32.9) (82.3) (15.9) | @31.1)

180 126,862 | 25,691 45,859 9,212 13,139 | 20,461 5,259 7,241

days (16.5) (7.4) (17.9) (14.8) | (38.3) (83.6) (21.6) | (35.9)

Manual therapy (n, column %)

30 days | 131,938 | 66,589 26,084 | 3,137 | 7,770 19,947 2,029 6,382
(17.1) (19.1) (10.2) (5.1 (22.6) (81.5) (8.4) (31.7)

90 days | 160,017 | 75,712 37,099 | 5,509 10,321 | 20,294 3,392 7,690
(20.8) (21.8) (14.4) (8.9) (30.1) (83.0) (14.0) | (38.1)

180 180,954 | 84,400 44,513 | 6,917 11,778 | 20,492 4,396 8,458

days (23.5) (24.3) (17.3) (11.1) | (34.3) (83.8) (18.1) | (41.9)

© 2023 Wolters Kluwer Health, Inc. All rights reserved. Unauthorized reproduction of the article is prohibited.
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Osteopathic manipulative therapy (n, column %)

30days [ 9,603 | L116 |7263 |112 206
Oy los o s |72 3200 |5 60360
90 days | 10,298 | 1349 | 7,565 | 155 30
L Lew |oo on |8803]©03 Ty 6262
180 10929 | 1,608 |7,798 |196 | 107 453
days | (14) |05 |30 |©3) |©03 |T7TOD 1q9 [67063
Occupational therapy (n, column %)
30 days | 2,821 813|704 | 221 197
on 370D 03 |1 e 3809 |05 | 15108)
90 days | 5,976 | 1,138 | 1.885 | 1,159 | 351 466
08 [©03) |07 a9 |ae |04 [30805)
180 9937 |2292 |323% | 1,655 |870 743
days |13 |07 a3 |len |es |[82C9ay [P11ES)
Acupuncture (n, column %)
30days 7,330 3911 | 1486 |66 125 1397
10 |an |6 fon |70 280D 65 |69
O0days [ 9241|4949 |18 |18 | 127 | oo o TT87 | 1502
12 a4 08 |02 |04 D08 | (7.5
180 11047 5939 |2458 | 171 (183 |0 1049 | Leol
days |14 @7 @0 |03 |05 B a0 |79
Therapeutic injection (n, column %)
180 [11263 [1363 [ 4699 [739  [2328 | o (o Ta6d [ 1367
days | (15) |04 |18 |12 |68 2119 |38
Major surgery (n, column %)
180 | 5353 2229 565 | 1,155 412
days |07 [3%OD100 109 |34 |TTCH a7 10905
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Table 5. Adjusted associations between initial provider type and diagnostic or therapeutic
interventions received within 180-days of index neck pain visit (N=770,326 patients)

Diagnosti | Initial Provider Type

cor

Therapeu

tic

.Intervent Prima Emerge Physical/ Rehabilita

on Chiropra ncy Orthope | ti | Neurolo | .

(Wlthln l‘y o o . ccupa 1 . thIl
ctor ¢ Medicin | dist onal gist Medici

180 days are | Thora SR edicine

of index erap

neck pain

visit)

Plain

Radiogra

phy

gg‘gg‘% 1.0 (re) (11'99_ 1.6 (1.6- | 9.1 (8.9- |0.4(0.4- |0.4(04- |2.7(2.7-

cn! 1.9) 1.6) 9.4) 0.4) 0.5) 2.8)

Adjusted | 18.1 29.4 26.0 66.8

Risk, % | (18.0- (29.2- | (25.8- (66.5- ;'%(7'3' g.g)(&% g;'g)(37'3’

(95% CI)! | 18.1) 29.5) | 26.1) 67.1) ' ' '

CT of

Cervical

Spine

Adjusted 6.4 131.9

OR (95% | 1.0 (ref) (6.1- | (124.9- 2'2)(5'4- g'g)(l'% 2.491)(5.0- 2'2)6'5_

ChH! 6.8) 139.2) ’ ' ' '

Adusted 505 |30 1388 1h706 0909 25024 [18017-

Risk, % 0.5) (3.0- | (38.5- 2.8) 1.0) 2.6) 1.9)

95% CD! | ™ 3.0) 39.0) ' ' ' '

MRI of

Cervical

Spine

© 2023 Wolters Kluwer Health, Inc. All rights reserved. Unauthorized reproduction of the article is prohibited.
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Adjusted 55 15.4 14.9

OR (95% |1.0(reh) | (53- 3'2)(4'3' (14.9- g'g)@ﬁ‘ (14.3- }8'2)(9'9‘
CI! 5.6) ' 16.0) ' 15.6) '
Adusted 1 915 |94 1787 [ 228 s149- |22 16.5 (16.2-
Risk, % | |'g) 04| 57, @25- |3 @19- | )
(95% CI)! | 9.5) ' 23.0) ' 22.5) '
Therapeu

tic

Injection

Adjusted 6.1 13.3

OR(OS | 10Ge) |Go |S3E0 | zx |2E09 3864 150038
CI)? 6.5) ' 14.4) ' ' '
ﬁfﬁ“ﬁ}fd 0.1(0.1- ?(')66_ 0.6 (0.6- | 1.4(1.3- [ 02(0.2- |0.4(0.4- | 1.6(1.5-
©3% cn? | &) 0 |09 1.4) 0.2) 0.4) 1.6)
Major

Surgery

Adjusted 6.7 10.0 13.1

OR (95% | 1.0 (ref) | (6.0- | (8.8- (11.7- 5'2)(1 6 g'g)(”' g.g)(s >
CI)3 7.5) | 11.4) 14.8) ' ' '
Adjusted | 0.02 0.12 |0.8 0.24 0.04 0.15 0.12 (0.10-
Risk, % | (0.02- (0.11- [(0.16- | (0.21- | (0.03- (0.13- | g5
(95% CI)3 | 0.02) 0.13) |0.20) 0.26) 0.04) 0.17) '

Abbreviations: OR=0dds ratio, Ref=reference

1 Adjusted for age, age?, sex, commercial vs. Medical Advantage insurance, rural residence,
small town residence, any visits with complications at index date (i.e., cervical radiculopathy,
cervical myelopathy, headache, and low back pain), any visits with complications during one
year before index date (i.e., headache, low back pain, and acute non-cervical trauma), number of
visits with a provider in each specialty (i.e., primary care, emergency medicine, neurologist,
orthopedist, rehabilitation medicine, chiropractor, physical or occupational therapist) during one
year before index date, and indicators comorbidities in the Elixhauser index.

2 Model adjusted for all factors above in addition to any recurrent neck pain visits within 6

months after index date.

3 Model adjusted for all factors above in addition to cervical dislocation injury or cervical
fracture diagnoses at index date.
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