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Spinal manipulative therapy (SMT) creates health benefits for some while for others, no benefit or even adverse events. Understanding these differential responses is important to optimize patient care and safety. Toward this, characterizing how loads created by SMT relate to those created by typical motions is fundamental. Using robotic testing, it is now possible to make these comparisons to determine if SMT generates unique loading scenarios. In 12 porcine cadavers, SMT and passive motions were applied to the L3/L4 segment and the resulting kinematics tracked. The L3/L4 segment was removed, mounted in a parallel robot and kinematics of SMT and passive movements replayed robotically. The resulting forces experienced by L3/L4 were collected. Overall, SMT created both significantly greater and smaller loads compared to passive motions, with SMT generating greater anterioposterior peak force (the direction of force application) compared to all passive motions. In some comparisons, SMT did not create significantly different loads in the intact specimen, but did so in specific spinal tissues. Despite methodological differences between studies, SMT forces and loading rates fell below published injury values. Future studies are warranted to understand if loading scenarios unique to SMT confer its differential therapeutic effects.

From the FULL TEXT Article:

Introduction

Low back pain — the leading cause of global disability [1] — is recognized as an important public health concern, because it is associated with considerable burden to individuals, industry, and society. [2–5] It affects about 70% of all people in their lifetime, and between 15 and 30% on any given day, with varying types of clinical presentations. [6–8] Symptomatic lumbar disc herniation (LDH) can be one of the most recognizable presentations of low back pain. The diagnosis is typically based on a combination of symptoms and signs suggesting lumbar spinal nerve root compression or irritation including: lumbosacral radiculopathy (i.e., radicular leg pain or “sciatica”), nerve root tension signs, neurologic deficits (i.e., muscle weakness and reflex changes), and advanced imaging (i.e., MRI or CT) findings that correlate with the clinical syndrome. [9–11] However, many patients present with a less clear clinical picture involving low back pain in the early (prodromal) phase that then progresses to radicular leg pain with or without neurologic signs. [12, 13] In addition, diagnostic imaging may only be indicated in the prodromal phase if there is suspicion of serious underlying pathology (e.g., infection or malignancy). [14] These factors contribute in making diagnosis during the early course of symptomatic LDH especially difficult.

In North America, back pain is managed primarily by physicians, chiropractors, and physical therapists. [15] Approximately 12% of American and Canadian adults seek chiropractic care annually, and about 95% of chiropractic visits involve spinal manipulation treatment. [16–19] Several systematic reviews suggest that chiropractic spinal manipulation can benefit low back pain, but the summarized studies are of varying quality and too small to evaluate the risk for rare serious adverse events. [20–25] In addition, there is evidence from randomized clinical trials showing benefit of spinal manipulation for the management of LDH with radiculopathy [26–28], yet little is known about the safety of this treatment. To date, no valid epidemiologic assessment of the risk for acute disc herniation following chiropractic treatment is available in the scientific literature. [29, 30] The current literature presents case reports and small case series linking lumbar spine manipulation to disc herniation and cauda equina syndrome. [31] However, case reports offer the lowest level of scientific evidence with regard to the determination of risk and cannot be used to make valid inferences about the lack of safety of a treatment. They have, however, raised a hypothesis of potential harm.

Individuals in the early prodromal phase of a symptomatic LDH often complain of back pain. [12, 13] As the condition progresses, most develop sciatica. At different points in time along this course, they may seek healthcare for assessment and intervention. If chiropractic treatment occurs before an LDH progresses to radiculopathy or neurologic deficit and is thus diagnosed, then the treatment itself can be erroneously blamed for causing the LDH. This systematic error — known as protopathic bias — is a type of reverse-causality bias due to processes that occur before a diagnosed or measured outcome event. [32, 33] Given that LDH can initially present as low back pain, it is possible that these patients seek chiropractic care in the prodromal phase of LDH [34], implying that an observed association between chiropractic care and acute LDH may not be causal. Since patients also commonly see primary care physicians (PCPs) for back pain and this healthcare encounter is unlikely to cause disc herniation, an observed association between PCP visits and acute LDH could be attributed to care seeking for the initial symptoms of LDH (protopathic bias).

Rigorous epidemiological studies are needed to assess the possibility of increased risk for acute LDH following chiropractic care. Our objective was to investigate and compare the associations between both chiropractic and PCP care, and acute LDH with incident early surgery using the self-controlled case series method and population-based healthcare data from Ontario, Canada. We hypothesized that evidence that chiropractic care increases the risk for acute LDH would be present if the measured association between chiropractic visits and acute LDH exceeds the association between PCP visits and acute LDH.

Methods

      Data sources

We combined data from four population-based healthcare databases, totaling over 100 million person-years of observation:

(1)   the Ontario Registered Persons Database;
(2)   the Discharge Abstract Database (DAD);
(3)   the National Ambulatory Care Reporting System (NACRS); and
(4)   the Ontario Health Insurance Plan Billings Database (OHIP).

These administrative health data include information on patients’ hospitalizations and surgeries, emergency department (ED) visits, and practitioner (chiropractor and physician) and other healthcare utilization as documented by fee-for-service billings. Linkage between data sets used encrypted health card numbers as unique identifiers, and all health information obtained was anonymous. We requested and received these data from the Health Data Branch of the Ontario Ministry of Health and Long-Term Care. Research ethics board approval was received at the University Health Network (REB #09-0668-AE).

      Study design


Figure 1

The self-controlled case series method is a cohort study in which the relative risk is based on within-person comparisons rather than between-person comparisons, with each person contributing to both the exposed and unexposed observation time (i.e., a case-only design). [35, 36] Using patients as their own controls, the design produces estimates that are controlled for variables, such as sex and genetics, that are fixed (time-invariant) over the observation period. This design is most appropriate when a brief, well-defined exposure (e.g., a chiropractic or PCP visit) is associated with a transient change in risk for a rare-onset disease or event (e.g., acute LDH with early surgery). The main advantage of this design is that inference is within a person, so that the confounding effects of both known and unknown confounders that do not vary with time during the observation period are eliminated by design.

Figure 1 illustrates the self-controlled case series design.

      Source population

All Ontario residents, aged 18 years or older, who were covered by the provincial universal healthcare system between April 1, 1992 and November 30, 2004, were the source population. We had to limit the study period to November 30, 2004, because this was the last date that chiropractic care was covered by the universal healthcare plan in Ontario, limiting our ability to identify chiropractic visits after this date. Members of the armed forces, federal inmates, the Royal Canadian Mounted Police, and First Nation individuals living on reserves were ineligible for the study, as they have federal rather then provincial healthcare coverage.

      Outcome and case definition

We used the following four-step approach to define cases of acute LDH with incident early surgery (codes detailed in Online Resource 1):

Cases of incident LDH surgery between April 1, 1994 and November 30, 2004, with at least 2 years of healthcare coverage prior to their surgery (so that exposure visits to chiropractors and PCPs could be extracted), were identified using at least one disc surgery intervention code and one LDH diagnosis code from DAD or NACRS data. Hospital discharge codes for LDH have been shown to have a high positive predictive value (93%) when compared to chart review. [37]

Candidate cases of acute LDH with incident early surgery were then identified using OHIP and NACRS data by including persons from Step 1 who presented to a hospital ED for LDH within 8 weeks prior to their LDH surgery. The 8–week ED visit window (ED window) prior to LDH surgery was chosen in consultation with a spine surgery expert and evidence, suggesting that early surgery for severe or intractable radiculopathy due to disc herniation can occur 6–12 weeks following the onset of symptoms. [38, 39] We hypothesized that this outcome event scenario (ED visit for LDH followed by early surgical intervention) would most reliably represent a clinically relevant acute LDH event (i.e., acute LDH conceptualized as a rare serious adverse event following chiropractic treatment) that could be reproducibly identified using administrative health data. The event index date was defined as this date of service for LDH at the ED within 8 weeks prior to the LDH surgery date.

Using DAD and NACRS data, we excluded persons who had a diagnosis of LDH or other conditions potentially associated with LDH, 21 months prior to their event index date (the maximum time window for which we could consistently apply exclusions prior to the index date given access to up to 2 years of healthcare utilization data prior to patients’ surgery date). Excluded also were those with other spine surgery interventions on or prior to their date of incident LDH surgery.

Using OHIP data, we excluded persons who had, within 21 months prior to their event index date, a diagnosis of LDH or other conditions potentially associated with LDH, specialist visits to neurosurgeons, orthopaedic surgeons, neurologists, physiatrists and rheumatologists, or advanced spine imaging or diagnostic testing related to LDH. Long-term care patients in the 2 years prior to LDH surgery were also excluded.


      Exposures

Healthcare visits to chiropractors and PCPs were the exposures of interest. In the 1–year period before the event index date, we identified all ambulatory care billing records for chiropractic and PCP visits in the OHIP data (codes detailed in Online Resource 2). Multiple billings of the same type on the same date were counted as one visit. Lumbar spine-related chiropractic visits were defined using chiropractic diagnosis codes: C07–C09, lumbar, lumbosacral, sacroiliac, and coccyx subluxation; C13–15, multiple site subluxation; C20–24, acquired, postural or congenital spine curvature; C31–C32, lumbosacral sprain/strain. For PCP visits, we included community medicine physicians if they submitted ambulatory fee codes to OHIP. PCP visits for natal care, ophthalmology care, genetic screening, and group counselling were excluded. Lumbar spine-related PCP visits were identified using diagnosis codes: 724, lumbar strain, lumbago, coccydynia, sciatica; and 847, low back, coccyx sprain/ strain.

      Statistical analysis

For descriptive purposes, we identified cases with a diagnosis of diabetes, hypertension, coronary heart disease, high cholesterol, osteoarthritis, and rheumatoid arthritis using OHIP billing diagnosis codes during the 2 years prior to their LDH surgery. We defined each condition according to the following OHIP diagnosis codes: diabetes (code 250), hypertension (codes 401–403), coronary heart disease (codes 410–415 and 426–429), high cholesterol (code 272), osteoarthritis (code 715), and rheumatoid arthritis (code 714).

An important assumption underpinning the standard self-controlled case series method is that the occurrence of an event must not alter the probability of subsequent exposure. However, this assumption does not hold for healthcare exposures such as chiropractic or PCP visits, because the occurrence of acute LDH requiring early surgery likely influences the probability of post-event visits to a chiropractor or PCP. Therefore, we used a validated approach to estimate the relative incidence that was designed to address this curtailment of exposures and that uses only exposures experienced prior to the event. [35, 40, 41]

The observation time in the year prior to the index acute LDH ED visit was divided into risk periods and baseline (unexposed) time. We ran analyses with risk periods of four different lengths:

(1)   0–2 days after a visit,
(2)   0–7 days after a visit,
(3)   0–14 days after a visit, and (4)   0–28 days after a visit; the baseline period comprised remaining unexposed time.

To estimate the associations between acute LDH and chiropractic care, and acute LDH and PCP care, we used conditional Poisson regression to calculate incidence rate ratios (IRRs) and 95% confidence intervals for events occurring within each risk period compared to baseline. [35, 39–42] In the case of overlapping risk periods, we adopted a convention used in the selfcontrolled case series method: later exposure visits take precedence over earlier ones. [36] Separate analyses were conducted for exposure to any chiropractic and PCP visits, and lumbar spine-related chiropractic and PCP visits. All analyses were performed using R, version 2.15.1. [46]

We examined the annual number of events by fiscal year of data (1–April to 31–March) and observed an unequal distribution of events corresponding to the implementation of the NACRS database in the Ontario healthcare system beginning in 2002. The implementation of the NACRS introduced a new administrative health database for ED and day surgery services along with ICD–10 codes for diagnoses and interventions within these settings. To assess the impact of event misclassification that may have been related to the initiation of the NACRS on April 1, 2002, we also calculated “NACRS-adjusted” risk estimates for all analyses.

We ran several sensitivity analyses:

(1)   To investigate the effect of different time intervals defining “early” surgery after an acute LDH ED visit, we also examined time intervals of 4 and 12 weeks between an ED LDH visit and LDH surgery date.

(2)   To examine the impact of potential misclassification of the event diagnosis, we repeated analyses using a broader (more sensitive) set of codes for LDH diagnosis on the index date (Online Resource 1).

(3)   To assess the effect of visits to chiropractors and PCPs that occurred on the event index date (event-day exposures leading to possible reverse-causality associations), we ran analyses with a 1–day lag on exposure dates to estimate incidence ratios excluding event-day exposure visits.

(4)   Where possible, we also performed analyses in subgroups of patients whom only had chiropractic care and those whom only had PCP care during their observation period.

Finally, we used the nonparametric bootstrap for two additional analyses:

(1)   To check the model-based confidence intervals for our primary model IRR estimates, we took 2000 bootstrap resamples from the cases of acute LDH with early surgery and refitted the models for both DC visits and PCP visits to each sample. The 2.5th and 97.5th percentiles of the 2000 estimates of the IRRs were used to estimate the 95% confidence interval for the IRR;

(2)   for each of the bootstrap samples, we divided the IRR for a DC visit by the IRR for a PCP visit, thereby estimating the specific effect on the risk for acute LDH with early surgery of seeing a chiropractor relative to seeing a PCP.


      Role of the funding source

The sponsors of the study had no role in study design, data collection, data analysis, data interpretation, the writing of the report, or in the decision to submit the report for publication.

Results

      Identification of acute LDH cases


Figure 2


Table 1


Table 2

A total of 36,745 persons were identified with incident disc surgery during the study period. Of these, we excluded 423 that were under 18 years of age at the time of their surgery, 180 with a history of long-term care service in the 2 years prior to their surgery, 9,576 with no LDH diagnosis linked to their disc surgery, 25,323 with no ED LDH visit within 8 weeks prior to their LDH surgery date, and 1,048 with prevalent LDH or associated diagnoses and interventions within 21 months prior to the acute LDH event index date. Figure 2 shows the case selection and exclusions process. For our primary analysis, 195 cases of acute LDH requiring ED visit and early surgery met our case definition criteria, and are described in Table 1. The mean age of cases was 43 years at the LDH surgery date, and 60% were male. Of the 195 cases, 72 (37%) had visited a chiropractor during the observation period starting 12 months prior to their event index date, while 186 (95%) had visited a PCP within that time. Comorbidities were as common in patients with chiropractic visits as in patients with PCP visits.

      Description of visits

Overall, 22% of cases had a chiropractic visit within 14 days prior to the event index date, while 59% of cases had a PCP visit within that same time interval (Table 2). A total of 57 cases were identified during the first 8 years of the study period (April 1, 1994–March 31, 2002). 138 cases were identified during the balance of the study period (April 1, 2002–November 30, 2004), which corresponded with the initiation of the NACRS database for ED services in Ontario, on April 1, 2002. Table 2 shows that visits were just as common prior to the 2002 fiscal year (pre-NACRS) as they were after the start of the NACRS database. For instance, among cases whose event occurred prior to the 2002 fiscal year, 16% had consulted a chiropractor within 7 days of their index date, and 47% had consulted a PCP within the same interval. Among cases whose event occurred after the start of the NACRS database (event fiscal year ≥ 2002), 21% had consulted a chiropractor within 7 days of their index date, and 44% had consulted a PCP within the same interval.

      Self-controlled case series results

We found evidence of positive associations between chiropractic visits and acute LDH with early surgery regardless of the length of the risk period (Table 3). For the risk period 0–7 days after a chiropractor visit, there was a total of 9 patient-years of exposed time and 38 patients experienced an acute LDH with early surgery event. The adjusted IRR for this exposed period was 12.9 (95% CI 7.2–23.3).

There was similar evidence of strong positive associations between PCP visits and acute LDH with early surgery for all risk periods up to 28 days after a visit (Table 3). In a total of 28 patient-years of exposed time 0–7 days after a PCP visit, 87 persons experienced an acute LDH event, resulting in an IRR of 14.5 (95% CI 9.9–21.2).

When restricting the analyses to visits related to lumbar spine complaints, we observed increases in associations for PCP visits, but not for associations for chiropractic visits (Table 3). Adjustment for the initiation of the NACRS database (April 1, 2002) reduced the observed associations; however, the estimates remained consistently high for all risk period lengths, for both chiropractic and PCP visits, with substantial overlap of confidence intervals.

      Results of sensitivity and secondary analyses


Table 3


Table 4

The sensitivity analyses gave qualitatively similar results to the primary analysis (Table 4), showing consistently strong positive associations between acute LDH with early surgical intervention and both chiropractic and PCP visits. As in the primary analyses, restricting to lumbar spine visits resulted in substantially increased IRRs for PCPs visits but not chiropractic visits.

Sensitivity analyses that used a broader (more sensitive) set of codes for the event index of acute LDH presenting to the ED prior to LDH surgery resulted in more precise confidence interval estimates and less overlap of the confidence intervals for chiropractic and PCP care (Table 4). In particular, the largest analytical sample involving up to a 12–week window of time between acute LDH presenting to the ED and LDH surgery, more sensitive codes for the ED LDH visit, and exposure to any chiropractic and PCP visit (n = 961) gave results with no overlap of the confidence intervals (DC care IRR 10.0; 95% CI 7.4–13.5 vs. PCP care IRR 18.6, 95% CI 15.0–23.0).

The bootstrap estimates of the CIs for IRRs in the primary analysis of any visit exposure with a risk period of 0–7 days were in line with our model estimates: adjusted IRR for acute LDH with early surgery, 9.5 (95% CI 3.0–35.5) for chiropractic care, compared with 14.4 (95% CI 7.6–29.3) for PCP care. Finally, the bootstrap analysis of the ratio of chiropractic care to PCP care IRRs suggested a positive safety profile for chiropractic care relative to the baseline risk represented by PCP care, with a median ratio of the chiropractic care to PCP care IRRs of 0.6 (95% CI 0.2–2.4). The majority (72%) of the 2000 bootstrapped values had a smaller incidence ratio for a DC visit than for a PCP visit.

Discussion

Our study is the first population-based epidemiologic investigation of the association between chiropractic care and acute LDH conceptualized as a serious adverse event, that is, acute LDH presenting to an ED with incident early surgical intervention. We found a positive association between chiropractic care and the incidence of acute LDH with early surgery. We also found a strong positive association between PCP visits and subsequent acute LDH with early surgery. We believe that protopathic bias explains our findings—some patients with low back pain, a common early symptom of LDH, may have sought healthcare due to this prodromal symptom prior to LDH being diagnosed. Since PCPs would not plausibly cause LDH through their typical care for these patients, we posit that that the observed association between recent PCP visits and acute LDH with early surgical management represents the background risk associated with patients seeking healthcare for early prodromal symptoms of LDH. Our findings should be interpreted cautiously and considered within clinical context. Chiropractic care is not likely to be a major cause of these rare events. Nevertheless, we cannot exclude the possibility that spinal manipulation, or even simple physical examination by any healthcare practitioner, could cause an exacerbation of a developing or underlying disc herniation leading to full clinical expression of the pre-existing condition.

In studies examining the risk for acute LDH following a healthcare visit, the potential for confounding is great, because persons who seek healthcare may differ from those who do not in ways that may be difficult to measure and control for. A major strength of our study is that we used the self-controlled case series method, in which within-person comparisons are made, thereby controlling for both known and unknown confounding factors that do not change over time and which could affect the risk for acute LDH. This is important, because smoking, obesity, average occupational lumbar spine load, and other important risk factors for symptomatic LDH [44] are not commonly recorded in administrative health data. Confounding could have occurred only if patients had risk factors for surgically managed acute LDH that changed over time, and if these factors were also associated with the timing of visits to chiropractors and PCPs, and if these time-dependent effects existed for a high proportion of study participants.

Our study population included the entire population registered in Ontario’s provincial healthcare system over an 11–year period, representing over 100 million person-years of observation. This allowed us to identify all incident early surgically managed cases of acute LDH, as well as OHIPinsured visits to chiropractors and PCPs. Yet, we identified only 195 acute LDH cases for our primary analysis, limiting the precision of our estimates. In particular, further stratification by lumbar spine visit diagnosis codes yielded wider confidence intervals. Nonetheless, there are few other jurisdictions in the world where it would be possible to carry out a population-based study linking incident surgically managed acute LDH with chiropractic and PCP visits.

Key limitations of our study should be considered. Misclassification bias is an important limitation of using administrative healthcare data. Our case conceptualization is an algorithm of surgical intervention codes, hospital diagnosis codes, and health services diagnosis and fee codes, from multiple databases over an 11–year study period. The reliability and validity of our case definition is unknown. It is possible that our case definition algorithm resulted in an overinclusive or underinclusive cohort of cases, and our definition does not capture events that were managed without early surgery. To investigate the potential impact of misclassification bias, we carried out sensitivity analyses varying the time interval between the LDH surgery and the preceding ED visit for disc herniation, and repeated analyses using a broader (more sensitive) set of codes for ED LDH diagnosis on the index date. These sensitivity analyses yielded results similar to our primary analysis and did not change our conclusions (Table 4). It is possible that some chiropractic visits did not involve spinal manipulation treatment—some empirical evidence suggests this may be about 5% of visits. [18, 19] It is also not known what other modalities, if any, were prescribed and received by patients following both PCP and chiropractic visits. It seems reasonable to assume that a PCP visit could have resulted in exposure to a number of potential treatments such as medication, bed rest, physical therapy, and exercise. It is also possible that chiropractic visits may have also involved other therapeutic modalities besides spinal manipulation, including exercise, modified activities, and nonprescription medication. This type of potential misclassification bias may have resulted in some attenuation of the estimates, but is not expected to alter our conclusions assuming nondifferential misclassification of chiropractic and PCP visits.

In our study, the risk period starts on the same day as a visit to a chiropractor or PCP; therefore, the day of a health encounter contributes to the exposed period. This leads to the challenge of dealing with events that occurred on the same day as an exposure visit and the possibility that the exposure visit may have taken place after the ED LDH visit, which could have been possible for both chiropractic and PCP event-day visits. This potential reverse-causality bias would lead to our estimates overestimating the associations between acute LDH and both chiropractic and PCP care. To assess the effect of event-day visits to chiropractors and PCPs, we conducted a sensitivity analysis with a 1–day lag on exposure visit dates to estimate incidence ratios excluding event-day exposure visits. This, in effect, re-specified the risk period intervals as: 1–3, 1–8, 1–15, and 1–29 days after a visit, thereby removing the effect of event-day exposure visits on our estimates. Our analysis showed some attenuation of the PCP estimates, but made no material difference to our findings (Table 4).

Although our study period could only extend up until December 2004 due to the limitation of OHIP coverage for chiropractic care in Ontario, our findings are likely still relevant today as the practice of chiropractic and primary medical care for acute low back pain and the indications for early LDH surgery (i.e., severe intractable pain or neurologic deficit) have not changed materially over the ensuing time period.

Our findings are similar to a previous study examining the association between chiropractic care and vertebrobasilar stroke, in which similar associations were found between both chiropractic care and PCP care, and the outcome of vertebrobasilar stroke. [45] Cassidy and colleagues reported no evidence of excess risk for vertebrobasilar stroke associated with chiropractic care compared to primary medical care. They attributed their observed associations to the effect of patients seeking healthcare, from both chiropractors and PCPs, for prodromal neck pain and headache before receiving a diagnosis of vertebrobasilar stroke. [45]

Clinical and research challenges remain. There are no clinical screening tests to identify patients with back pain that may be at increased risk of developing acute disc herniation [46], and the current evidence indicates poor diagnostic performance of most physical tests used to identify LDH. [10, 47] Future studies would need to be multi-centred and undertake prospective, unbiased, and detailed ascertainment of patients’ reasons for seeking healthcare. With respect to clinical practice in light of our current state of knowledge, decisions on how to treat patients with low back pain should continue to be guided primarily by clinical effectiveness and current best practice for patient-centred care. [48, 49]

Conclusion

Our population-based self-controlled case series study found positive associations between acute LDH requiring ED visit and early surgical intervention, and health care visits to both chiropractors and PCPs. This suggests that patients with prodromal back pain related to a developing disc herniation seek healthcare from both chiropractors and PCPs before full clinical expression of acute LDH that is subsequently managed with early surgery.
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