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Abstract
Study Design—Retrospective cross-sectional analysis of administrative data.

Objective—To examine the relationship between regional chiropractic supply and both use and
utilization intensity of chiropractic services among Medicare beneficiaries.

Summary of Background Data—Numerous studies have documented trends and patterns in
the utilization of chiropractic services in the United States, but little is known about geographic
variation in the relationship between chiropractic supply and utilization.

Methods—We analyzed Medicare claims data for services provided by chiropractic physicians in
2008. We aggregated the data to the hospital referral region level and employed small area
analysis techniques to generate descriptive statistics. We mapped geographic variations in
chiropractic supply, use and utilization intensity (treatments per user) and quantified the variation
by coefficient of variation and extremal ratio. We employed Spearman’s rank correlation
coefficient to correlate use with supply. We employed a logistic regression model for chiropractic
use and a multiple linear regression model for chiropractic utilization intensity.

Results—The average regional supply of chiropractic physicians was 21.5 per 100,000 adult
capita. The average percentage of beneficiaries who used chiropractic was approximately 7.6 (SD
3.9). The average utilization intensity was 10.6 (SD 1.8). Regional chiropractic supply varied
more than 14 fold, and chiropractic use varied more than 17 fold. Chiropractic supply and use
were positively correlated (Spearman’s rho 0.68; p<.001). A low back or cervical spine problem
was strongly associated with chiropractic use (OR 21.6 and 14.3, respectively). Increased
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chiropractic supply was associated with increased chiropractic use (OR 1.04), but not with
increased chiropractic utilization intensity.

Conclusion—Both the supply of chiropractors and the utilization of chiropractic by older US
adults varied widely by region. Increased chiropractic supply was associated with increased
chiropractic use, but not with increased chiropractic utilization intensity. Utilization of
chiropractic care is likely sensitive to both supply and patient preference.
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Introduction
The phenomenon of unwarranted geographic variations in medical care has been well
documented. Through the use of small area analysis methods that define and evaluate health
care markets, previous studies have uncovered significant variations in the distribution and
use of medical services across the United States (US). For example, a high degree of
regional variation in rates of lumbar spine surgery has been reported.1 Such variations are
likely to be unwarranted if they cannot be explained by patient preferences or underlying
differences in population disease rates. In medical care, over-utilization of supply-sensitive
care occurs when care is rendered in proportion to increased availability rather than clinical
necessity. In many areas, more medical resources means delivery of more medical services,
often without a corresponding improvement in health outcomes or better patient
satisfaction.2, 3 Despite the significant policy implications of these findings for medical and
surgical services, few studies have explored geographic variations in the supply and
utilization of alternative and complementary health services such as chiropractic.

Patients utilize chiropractic spinal manipulation (CSM) for treatment of pain. CSM has been
found to be an effective treatment for certain types of pain of spinal origin, including lower
back pain, neck pain and headaches.4–9 Numerous studies have documented trends and
patterns in the utilization of chiropractic services in the US.10–21 Sharma and colleagues
(2003) used logistic regression models for determinants of self-referral to chiropractors
among adults, and found low back pain, increased patient age and income, availability of
insurance coverage, and confidence in chiropractic physicians were among the factors
associated with choice of chiropractic care.22 Whedon and Song (in press) found that
average chiropractic users in Medicare were 74 years old, 58–59% female and 96–97%
White.18 Weigel and colleagues (2010) found that chiropractic users in Medicare were more
likely to visit medical physicians more frequently, live in the Midwest, and live in an area
with fewer physicians per capita.16

Estimates of chiropractic supply run somewhat lower than Grier and Lepnurm’s (1995)
proposed ideal ratio of 3.8 chiropractors per 10,000 population,23 (a generous estimate based
upon the number of chiropractors that would be required to care for all patients with
musculoskeletal disorders). Davis and colleagues (2009) estimated the supply of US
chiropractors to be 2.4 per 10,000 adults in 2004,12 but little is known about geographic
variation in the relationship between chiropractic supply and utilization. Several studies
have reported geographic variations in chiropractic utilization, but acknowledged the results
may not have been nationally representative.13, 24–26 A survey of 121 chiropractors found no
correlation between numbers of new patients or patient visits and the chiropractor/
population ratio in Australia,27 where chiropractic is covered under federal insurance plans
only by medical referral.28 A national study of chiropractic utilization in the US found the
use of chiropractic services under Medicare to be strongly correlated with the number of
chiropractors per state.17 Actual patterns of patient utilization of clinical services however
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often cross state borders, and US states typically contain multiple local health care markets,
so state-level patterns of utilization may obscure local variations.29–31

A more granular geographic analysis should more accurately reflect patterns of chiropractic
utilization and provide a better assessment of the supply sensitivity of chiropractic care. This
investigation employed techniques of small area analysis in the evaluation of chiropractic
supply and utilization under Medicare. Medicare is a US government administered health
insurance program that provides access to health care services for US citizens aged 65 and
older and for younger people with disabilities and certain illnesses. In 1972, Congress
mandated the inclusion of chiropractic services as a Medicare benefit with limited
coverage.32 Medicare payments for chiropractic services are restricted to spinal
manipulation treatments. Allowable reimbursement levels vary geographically and are
determined by each of 15 Medicare administrative carrier jurisdictions. In 2008, chiropractic
physicians provided 18.6 million clinical services under Medicare Part B at a cost of $420
million.20

The volume of chiropractic services in a given region is a function of both the number of
chiropractic users and the utilization intensity (number of services per user). Geographic
variations in the volume of services may therefore be sensitive to either the proportion of
chiropractic users per region, the utilization intensity, or both. Increased regional supply
could create a competitive environment that drives increased utilization intensity, and/or low
supply could limit access to services, leading to decreased utilization. Chiropractors’
recommendations to their patients would likely influence the number of services their
patients utilized, but chiropractors may lack similar opportunities to influence the initial
choice to use chiropractic care. Therefore we hypothesized that an increased supply of
chiropractors would be associated with increased utilization intensity, but the proportion of
the population that used chiropractic would be less dependent on supply. The primary
objective of this study was to examine the relationship between regional chiropractic supply
and both use and utilization intensity of chiropractic services among Medicare beneficiaries.

Materials and Methods
Study Design

We used a cross-sectional design to analyze Medicare claims data for services provided by
chiropractic physicians in 2008. The data used in this study were acquired and analyzed
under a data user agreement with The Centers for Medicare and Medicaid Services (CMS).
We performed the data analyses in STATA 11 (StataCorp LP, College Station, Texas) and
SAS (SAS Institute Inc., Cary, North Carolina). We mapped geographic variations with
ArcMap 10.0 (ESRI, Redlands, California). The author’s institutional review board
reviewed and approved the research plan.

Sample
Chiropractic claims were identified by provider specialty code 35. We merged claims data in
Carrier files with beneficiary demographics data in Denominator files. We based the file
merger on the unique beneficary identifier. The resultant file was merged by Hospital
Referral Region (HRR)33 with US Census data from 2000 to provide population level data.
The Carrier files provided a 20% representative sample of all Medicare Part B Fee-For-
Service claims. The sample was restricted to beneficiaries aged 65–99 (living as of January
1st 2008), and the analysis was restricted to claims originating in the fifty US states and the
District of Columbia. We excluded unallowed claims and duplicate claims for the same
patient, provider, procedure and date of service. We excluded Medicare beneficiaries older
than 99 to reduce the likelihood of individual identification, and suppressed data fields with
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fewer than 11 observations, in accordance with CMS rules for privacy protection. We
aggregated the data to the HRR level and generated statistics for the 306 HRRs in the US.34

The number of Medicare beneficiaries in the 20% sample was 5,022,782.

Analyses
We employed small area analysis techniques 35 to generate descriptive statistics by each of
the 306 HRRs. We identified chiropractic users as beneficiaries with at least one claim for
chiropractic services in 2008. We analyzed geographic variations in chiropractic supply
(chiropractic physicians per 100,000 population), chiropractic use (chiropractic users per
1,000 Medicare beneficiaries), and chiropractic utilization intensity (services per
chiropractic user).

The only chiropractic clinical service covered under Medicare is CSM, and Medicare will
pay for only one clinical encounter per patient per day; so number of services may be
equated with number of office visits. Chiropractic users (defined as beneficiaries with at
least one chiropractic claim in 2008) were categorized by diagnosis code, using the
International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM).
CMS allows claims for CSM only for certain specified diagnoses. Drawing from the ICD-9-
CM codes allowable for chiropractic claims under Medicare,36 we created categories
intended to capture by anatomic region the pain disorders of spinal origin most effectively
treated by chiropractors; low back pain, neck pain and headaches.5, 6, 9, 37, 38 The three
categories were “Low Back/Pelvis”, “Cervical Spine” and “Cranial”.[Appendix A] All
Medicare beneficiaries were assigned to a diagnostic category if at least one of the diagnoses
associated with a claim for any healthcare service under Medicare Part B was included in
that category.

We mapped variations in chiropractic supply, use and utilization intensity under Medicare
by HRR, and quantified the amount of variation by coefficient of variation (CV) and
extremal ratio (ER). We employed Spearman’s rank correlation coefficient to correlate use
with supply. We employed a logistic regression model for chiropractic use (as defined
above) among Medicare Part B beneficaries. Multiple independent variables included both
continuous and categorical covariates for provider supply and subject characteristics.
Individual beneficiary age in years was categorized as 65–69 (the referent category), 70–74,
75–79, 80–84, and 85–99. Female gender was modeled in reference to male gender. Race
was categorized as White (the referent category), Black, Hispanic, Asian, Native American
and Other/Unknown. Diagnoses were categorized as described above. Two other group level
independent variables from 2000 US census data measured subject demographic
characteristics: percent of population with high school education (by zip code), and
population median household income (in dollars, by zip code). Chiropractic and primary
care physician supply were defined as providers per 100,000 general population. Primary
care physicians (PCPs) were defined as medical doctors specializing in Internal Medicine,
Family Medicine or General Practice. All provider types were identified by physician
specialty code. We also modeled utilization intensity (as defined above) among beneficiaries
who were chiropractic users; the multiple linear regression model used the same covariates
as the logistic regression.

Results
The average regional supply of chiropractic physicians was 21.5 per 100,000 population in
2008.[Table 1] The average percentage of beneficiaries who used CSM was approximately
7.6 (SD 3.9). CSM was used by an average 31% (SD 12.6) of 3,295 beneficiaries with an
allowable lower back/pelvis diagnosis, 46% (SD 14.9) of 1,446 beneficiaries with an
allowable cervical spine diagnosis, and 19% (SD 10.1) of 310 beneficiaries with an
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allowable cranial diagnosis. The average number of CSM treatments provided per user was
10.6 (SD 1.8).

Chiropractic Supply
Chiropractic supply varied regionally by a factor of more than 14 (CV 0.44). [Table 1] Areas
where chiropractic supply was the highest included the Iowa regions of Davenport (79.8
chiropractic physicians per 100,000 population), Iowa City (47.8), and Sioux City (46.3), as
well as Bismarck, North Dakota (48.1) and Sioux Falls, South Dakota (44.1). Among
regions where supply was the lowest were the Mississippi regions of Oxford (5.6
chiropractic physicians per 100,000 population), Meridian (6.1), and Jackson (6.3), and the
Texas regions of McAllen (6.5) and Harlingen (6.8). [Figure 1]

Chiropractic Use
Figure 2 illustrates regional geographic variations in chiropractic use. Overall use varied
regionally by a factor of more than 17 (CV 0.51). Areas where chiropractic use was the
highest included Mason City, Iowa (217 chiropractic users per 1,000 Medicare beneficiaries)
as well as four of the regions with the highest chiropractic supply: Davenport (209) and
Sioux City (254) in Iowa, Bismarck, North Dakota (245), and Sioux Falls, South Dakota
(244). Among regions where chiropractic use was the lowest were the Louisiana regions of
New Orleans (15 chiropractic users per 1,000 Medicare beneficiaries), Baton Rouge (20),
and Metairie (23), as well as Takoma Park, Maryland (19) and Honolulu, Hawaii (22). The
turnip plot further illustrates the distribution of regional variation in chiropractic use. [Figure
3] The greatest amount of variation in use was observed at the high end, beyond one
standard deviation above the mean.

We found a strong positive correlation by HRR between chiropractic supply and overall
chiropractic use. (Spearman’s rho 0.68, p<.001). [Figure 4] Chiropractic use declined as age
increased. Asians, Hispanics Blacks and Native Americans were less likely to use
chiropractic than Whites. A low back/pelvis or cervical spine problem (OR 21.6 and 14.3,
respectively) was strongly associated with chiropractic use, but a cranial problem had no
significant effect on the likelihood of chiropractic use. Higher population levels of income
and PCP supply were associated with very small decreases in the likelihood of chiropractic
use among beneficiaries. Chiropractic supply was associated with chiropractic use,
independent of rates of allowable back and neck pain diagnoses in the Medicare beneficiary
population (OR 1.04); for every additional chiropractor per 100,000 Medicare beneficiaries,
the odds of a beneficiary being a chiropractic user increased by 4%. [Appendix B]

Chiropractic Utilization Intensity
Regional variation in utilization intensity (CV 0.17) was low relative to chiropractic supply
(CV 0.44) and chiropractic use (CV 0.51). Chiropractic users aged 80–99 had significantly
fewer visits than those aged 65–69. Female chiropractic users had more visits than male
users. Asian, Hispanic and Native American chiropractic users had lower but Black users
higher utilization intensity, as compared with White users. Patients with back or neck pain
were more likely to receive more intensive treatment than those with cranial complaints.
Level of chiropractic supply was not associated with level of utilization intensity. Higher
population levels of education, income and PCP supply were associated with slightly greater
utilization intensity among chiropractic users. [Appendix C]

Whedon et al. Page 5

Spine (Phila Pa 1976). Author manuscript; available in PMC 2013 September 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Discussion
Implications

Our estimate of the supply of chiropractors is consistent with previous reports,12, 17 and our
regression model confirmed that chiropractic use was sensitive to gender and race.18 The
observed patterns of geographic variation in use, and the correlation between supply and use
also confirmed previous findings.17 Contrary to our hypotheses, increased chiropractic
supply was associated with increased use, but not with increased utilization intensity. We
were surprised to find that a greater percentage of patients with allowable cervical spine
problems (46%) than with allowable lower back problems (31%) used CSM, because the
evidence for CSM is stronger for lower back problems than for cervical spine problems.
Most chiropractic users were diagnosed with both lower back/pelvis and cervical spine
problems, consistent with the increasingly common practice by chiropractors of treating
three to four spinal regions per clinical encounter.20 The inverse relationship between PCP
supply and chiropractic use, although unexplained, is consistent with previous findings.16

The curious relationship between PCP supply and chiropractic utilization intensity could
reflect chiropractors’ response to competition from PCPs.

A patient’s decision to utilize a healthcare service should be based on need and/or
preference. A Medicare beneficiary with primary and secondary diagnoses allowable for
chiropractic claims meets the diagnostic criteria for “medical necessity” of CSM, as defined
by CMS,36 but a procedure that is medically necessary for purposes of claims processing
should not be confused with clinically necessary care. For most of the conditions that
chiropractors treat, such as non-specific low back pain, CSM is not the only appropriate
treatment choice. Thus, use of CSM is likely preference sensitive. It is not known how the
inclusion of information on chiropractic in shared clinical decision making process would
affect rates of chiropractic use. Because the determinants of patient preference for
chiropractic use are uncertain, it is not possible to determine optimal levels of chiropractic
use. However, given the high degree of regional variation, it seems reasonable to conclude
that use is not optimal everywhere. Our findings suggest that, regardless of beneficiary
characteristic or diagnosis, the greater the regional supply of chiropractors, the more
Medicare beneficiaries will use CSM. Use of CSM is likely sensitive in varying degrees to
both supply and patient preference.

Analyzing for Geographic Variations in Chiropractic: Choice of Geographic Unit
Patient choice of physician in the US is not always constrained by political boundaries, and
patients frequently cross municipal, county and even state lines when seeking clinical care.
Observation of actual medical utilization patterns has led to the development of several
geographic units of analysis to facilitate the study of small area variations in healthcare.34, 39

The 3,436 Hospital Service Areas (HSAs) and 6,542 Primary Care Service Areas (PCSAs)
are small local markets for hospital care and primary care, respectively. The 306 Hospital
Referral Regions (HRRs) are larger regional markets for tertiary health care. Localized
patterns of chiropractic utilization have not been observed on a national basis, so no
“chiropractic service areas” have been defined.

Chiropractic physicians practice in some ways like primary care doctors, and in other ways
as specialists. Actual chiropractic utilization patterns may more closely resemble those of
primary care than tertiary care, but the PCSA is too fine a unit of analysis for a national
study of chiropractic. Because patients use fewer chiropractic services than medical services,
analysis using small markets such as the HSA, PCSA or county would result in numerous
units without data. Our use of the HRR as the unit of analysis represented a compromise
between choice of units that that are either too big or too small. The development of
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chiropractic service areas would facilitate the conduct of future studies of geographic
variations in chiropractic care.

Limitations
This study was subject to the limitations imposed by analysis of administrative data.
Specifically, inconsistencies in the use of diagnosis codes is a threat to the validity of results
related to patient condition. Our use of broad diagnostic categories was intended to blunt the
impact of this issue. The results of the regression models may have been subjected to
confounding because not all predictors of utilization were available for inclusion as
covariates, and limited information on patient characteristics and clinical indications likely
constrained the explanatory power of the models. The degree to which description of
variation by HRR reflects actual utilization patterns is uncertain, but the size of the HRR
appears to be a reasonable fit for the number and geographic distribution of chiropractic
providers and users. Because chiropractic services have been available in certain Veteran’s
Administration (VA) hospitals since 2004, our analysis may have underestimated
chiropractic use among Medicare beneficiaries who were also eligible to receive VA health
services. Finally, because of the restrictive nature of chiropractic coverage under Medicare,
the results of this study cannot be used to evaluate chiropractic care in general - only CSM
specifically.40

Conclusions
The supply of US chiropractors and utilization of CSM by older US adults varied widely by
region. The variations cannot be entirely explained by basic patient characteristics or clinical
indication, and there is insufficient evidence to explain the variation by patient preferences.
Increased chiropractic supply was associated with increased CSM use, but not with
increased CSM utilization intensity. Utilization of chiropractic care is likely sensitive to both
supply and patient preference. To better inform the most advantageous allocation and
patient-centered utilization of chiropractic resources, more research is needed on how and
why patients do or do not choose chiropractic care.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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KEY POINTS

• Chiropractic supply and utilization under Medicare varied widely by US region.

• There was a strong positive correlation between chiropractic supply and overall
chiropractic use among Medicare beneficiaries.

• The regional supply of chiropractors was predictive of use of chiropractic care
by Medicare beneficiaries, but did not predict number of visits per user.

• Utilization of chiropractic care by Medicare beneficiaries is likely sensitive to
both supply and patient preference.
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Figure 1.
Variation by Hospital Referral Region in Supply of Chiropractors per 100,000 Population
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Figure 2.
Variation by Hospital Referral Region in Chiropractic Users per 1,000 Medicare
Beneficiaries
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Figure 3.
Distribution by Hospital Referral Region in Chiropractic Users per 1,000 Medicare
Beneficiaries
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Figure 4.
Correlation by Hospital Referral Region between Chiropractor Supply and Chiropractic Use
among Medicare Beneficiaries
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