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Abstract

BACKGROUND CONTEXT—Comparing research studies of low back pain is difficult because 

of heterogeneity. There is no consensus among researchers on inclusion criteria or the definition of 

an episode.

PURPOSE—This study aimed to determine pattern(s) of recurrent non-specific low back pain 

from data collected over 27 months.

STUDY DESIGN/SETTING—This study used retrospective cohort study using administrative 

claims from multiple payers. Although claims are designed for capturing costs, not clinical 

complexity, they are valid for describing utilization patterns, which are not affected by potential 

“upcoding.”

PATIENT SAMPLE—The patient sample consisted of population-based, nationally generalizable 

sample of 65,790 adults with continuous medical and pharmaceutical commercial health insurance 

who received health care for incident, non-specific low back pain. Potential subjects were 

excluded for plausible cause of the pain, severe mental illness, or cognitive impairment.
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OUTCOME MEASURES—Diagnostic and therapeutic health-care services, including medical, 

surgical, pharmaceutical, and complementary, received in inpatient, outpatient, and emergency 

settings were the outcome measures for this study.

METHODS—The methods used for this study were latent class analysis of health-care utilization 

over 27 months (9 quarters) following index diagnosis of non-specific low back pain occurring in 

January–March 2009 and an analysis sample with 60% of subjects (n=39,597) and validation 

sample of 40% (n=26,193).

RESULTS—Four distinct groups of patients were identified and validated. One group (53.4%) of 

patients recovered immediately. One third of patients (31.7%) may appear to recover over 6 

months, but maintain a 37–48% likelihood of receiving care for low back pain in every subsequent 

quarter, implying frequent relapse. Two remaining groups of patients each maintain very high 

probabilities of receiving care in every quarter (65–78% and 84–90%), predominantly utilizing 

therapeutic services and pain medication, respectively. Probabilistic grouping relative to 

alternatives was very high (89.6–99.3%). Grouping was not related to demographic or clinical 

characteristics.

CONCLUSIONS—The four distinct sets of patient experiences have clear implications for 

research. Inclusion criteria should specify incident or recurrent cases. A 6-month clean period may 

not be sufficiently long to assess incidence. Reporting should specify the proportion recovering 

immediately to prevent mean recovery rates from masking between-group differences. Continuous 

measurement of pain or disability may be more reliable than measuring outcomes at distinct 

endpoints.
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Introduction

Research on treatments for low back pain has been challenged by differences in definitions, 

inclusion criteria, baseline assessments, and outcome measures, producing results that often 

cannot be directly compared [1–5]. Significant progress has been made in identifying 

specific spinal disorders which can be confidently attributed to structural pathologies such as 

intervertebral disk herniation or spinal stenosis, leading to a better understanding of effective 

treatments for those conditions [6–8]. The remaining cases, referred to as non-specific low 

back pain, comprising approximately 85% of all low back pain cases, have multifactorial 

causes and varied salient features with great clinical impact and cost [9,10].

The traditional time-based categorization of low back pain into acute or chronic has shifted 

to a broad acceptance of pain characterization as “recurrent,” “persistent,” or “fluctuating.” 

[2,11–17] The National Institutes of Health Pain Consortium’s Task Force on Research 

Standards for Chronic Low Back Pain defined a chronic case as one which has resulted in 

pain on at least half the days in the last 6 months, explicitly allowing for short pain-free 

periods [1]. The amount of time required to distinguish a discrete episode from a chronic 

case remains unknown [2,3]. With no standard definition of an episode, some meta-analyses 
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have defined acute cases based on a long-standing but weakly substantiated classification of 

symptoms lasting less than 6 weeks [11,12]. Differentiating between incident and recurrent 

episodes presents another important challenge because low back pain itself may cause 

anatomic, functional, neurologic, or structural changes [1,18,19]. Lack of differentiation to 

date could explain substantial within-study heterogeneity. Few studies report on whether 

inclusion criteria require incidence [20]. Symptom-free periods used to ascertain incidence 

have ranged from 28 days to a lifetime history [4,21]; some consider the specification 

“arbitrary” [2]. Research and clinical practice would benefit from a clinically based 

definition of an episode, including the duration required to make it a new episode.

Prior studies have investigated recurrence of non-specific low back pain over 6 or 12 months 

[13,15,16]. The objective of the present study is to determine the pattern(s) of recurrent non-

specific low back pain from data collected over more than 2 years.

Material and methods

We identified 65,790 adults who received health care for incident non-specific low back pain 

between January and March, 2009. We required two claims of low back pain, possibly on 

the same day, to avoid identification based on incorrect coding. We analyzed 27 months of 

health-care utilization data for each subject following their index diagnosis. The care was 

documented in the Ingenix Impact Research Database, which includes adjudicated medical 

and pharmaceutical claims for a nationally representative sample of commercial insurance 

consumers. We only included members with continuous medical and pharmaceutical 

coverage to be sure that periods with no health-care utilization were not the result of missing 

data. We limited the sample to adults aged 18–64 as people aged 65 and above are likely to 

be covered by Medicare and so could have low back pain services that are not in commercial 

claims.

The methodology for identifying non-specific low back pain using administrative data is 

fairly well established, with researchers largely agreeing on which codes should be used 

[22]. There is consensus on the use of complete, five-digit International Classification of 

Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes for their specificity. For 

example, code 738, “Other acquired deformity,” includes subcodes that specify 

spondylolisthesis, which is widely considered to be a specific, confirmable cause of low 

back pain [6], as well as subcodes that indicate non-specific low back pain.

We specified a set of five-digit ICD-9-CM codes identifying non-specific low back pain 

consistent with previous literature (Table 1) [23–28].

To identify subjects with incident low back pain, we required a 6-month clean period before 

the index diagnosis. We excluded potential subjects with any claim documenting nonspecific 

low back pain during the clean period (see Table 1). We also excluded subjects with a 

plausible cause of the pain, including specific structural pathologies that could result in low 

back pain (intervertebral disc herniation, spinal stenosis, and spondylolisthesis), back 

surgery, pregnancy, or trauma. (See Table 1 for the list of diagnosis and procedure codes 

used.) Back pain may also be attributed to existing conditions such as neoplasm, 
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inflammation, or infection [28]. We excluded people with evidence of these conditions 

during the clean period and, because they could be identified during diagnostic investigation 

of low back pain, within 90 days after their index diagnosis (n=14,371). Finally, we 

excluded people with serious mental illness, intellectual disabilities, or dementia (n=811), 

who are less likely to make their own health-care decisions [29,30].

Complex, latent class models require more information than simple ones [31]. Both the test 

and validation sample required large numbers of subjects. We randomly assigned the 

subjects to a 60% test sample (n=39,597) or a validation sample (n=26,193).

Health-care services data

We collected all medical claims for non-specific low back pain for 27 months (nine 90-day 

quarters) following each subject’s index diagnosis of low back pain. The primary diagnosis 

is commonly interpreted as the most clinically meaningful diagnosis, indicating the most 

salient aspect of the patient’s condition during the visit [32]. We included only claims with a 

relevant primary diagnosis to demonstrate the pattern of health-care services sought 

specifically for low back pain.

In order not to double-count services, we defined a visit as one encounter with one provider 

in 1 day and applied hierarchical logic to determine the type of service most salient to the 

patient. For example, a visit resulting in one therapeutic service claim and one evaluation 

and management claim was considered therapeutic.

We identified filled prescriptions associated with an episode of non-specific low back pain 

within the same 27-month period. Medications included narcotics, both agonist analgesics 

and agonist-antagonist, and non-narcotics including non-steroidal anti-inflammatory 

(NSAID) analgesics, centrally acting analgesics, non-steroidal anti-inflammatory analgesics, 

glucocorticoids, and skeletal muscle relaxants. Pharmaceutical claims cannot be directly 

linked to low back pain because they do not have a diagnosis code. We used the Episode 

Treatment Grouper(®) (ETG) which has been used in prior research to identify people with 

clinical conditions from claims data, to identify episodes [33,34].

For each 90-day quarter, a dichotomous indicator identified whether the patient received a 

specific type of service during the quarter. The four indicators identified (1) a filled 

prescription for pain medication not associated with a procedure, (2) a surgical procedure, 

epidural steroid injection, or imaging, (3) therapeutic manipulation, or (4) an office visit not 

associated with a prescription, procedure, or therapeutic services. The indicators are 

statistically independent across quarters.

Statistical analysis

Latent class analysis (LCA) identifies distinct subgroups (classes) of people who share 

unmeasurable (latent) characteristics that are inferred from a set of categorical variables. In 

this case, LCA used the four variables indicating whether each patient received each type of 

service during each quarter to identify groups with distinct utilization patterns and 

probabilistically assign each patient to one group.

Norton et al. Page 4

Spine J. Author manuscript; available in PMC 2016 August 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



For each group, LCA specified the probability of its members receiving each type of service 

for non-specific low back pain. The options included the probability of receiving, in each 

quarter (1) no service; (2) each type of service alone (eg, pain medication or therapeutic 

manipulation); (3) each combination of two types of service (eg, both pain medication and 

therapeutic manipulation); and (4) three or more types of service. Combining multiple types 

of service into one category avoided potential estimation problems due to sparseness in the 

data.

The number of groups is specified by the researcher. As the number of groups increases, the 

results reflect more precise underlying patterns. The researcher selects the model with the 

number of groups that best fit the data based on three criteria. First, the patterns must be 

clinically or behaviorally meaningful. Second, the goodness-of-fit statistics should 

demonstrate a close fit to the underlying data, achieving a balance of fit and parsimony [31]. 

Third, the model should not be overspecified to the sample.

We used Statistical Analysis Software PROC LCA Version 1.3.0 and employed the Akaike’s 

Information Criterion, then Bayesian Information Criterion goodness-of-fit statistics [31,35]. 

We estimated a series of models with 2, 3, 4, 5, and 6 groups.

Results

The four-class model produced four exhaustive, non-overlapping groups of subjects, each 

with a distinct pattern of low back pain health-care utilization with strong goodness of fit. 

The additional group identified by the five-class model did not add information or improve 

the goodness of fit substantially. Three of the four groups were labeled “Recurrent” as the 

service utilization pattern implied recurrent pain. Almost half (46.6%) of the patients were 

moderately to very likely to receive health-care services for low back pain in each of the 

nine quarters (90-day periods) following index diagnosis. This means each subject had a 

moderate to high likelihood of receiving services in any given quarter. (If patients had 

continuous low back pain, a group with an approximately 100% likelihood in all quarters 

would have emerged. This did not happen, even in the six-group model).

The groups were created based on their overall utilization. Patients in the “Recurrent-

PainMed” group (7.4% of the sample) had the highest overall utilization. These patients had 

an average 0.89 probability of services in each quarter. Subjects in the “Recurrent-

Therapeutic Services” group (8.1% of the sample) were nearly as likely (average 0.74) to 

receive low back pain care in each quarter (Fig. 1).

Approximately a third of the patients, the “Recurrent-Apparent Recovery” group (31.1% of 

the sample), seemed to recover as their probability of receiving back pain services declined 

each quarter from the first (0.92) to the fourth (0.41). However, they did not fully recover. 

The subsequent likelihood of each subject in this group getting care for low back pain in 

each quarter remained moderate, ranging between 0.37 and 0.40. The final group, 

“Recovery,” comprising about half the subjects (53.4%), are very unlikely to receive any 

health-care services for low back pain after their index diagnosis. Subjects in this group had 

Norton et al. Page 5

Spine J. Author manuscript; available in PMC 2016 August 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



only a 0.06 probability of receiving services in the first quarter and less than 0.01 in 

subsequent quarters.

The two groups with the greatest likelihood of back pain services use different types as well 

as volume of services. Table 2 shows the minimum probability of receiving each type of 

service in a given quarter. (If a patient received three or four types of services in a quarter, 

the specific types received cannot be distinguished.) After the first 90 days, patients in the 

Recurrent-PainMed group had an average 0.89 probability of services in each quarter. They 

had a minimum 0.71–0.83 probability of filling a prescription for pain medication, alone or 

with another type of service, in each quarter. In contrast, subjects in the Recurrent-

Therapeutic Services group had at least a 0.51 chance of receiving therapeutic services, 

including physical therapy, occupational therapy, and chiropractic manipulation in each 

quarter (Table 2 and Fig. 2). Overall, subjects in the Recurrent-Apparent Recovery group did 

not tend to get any particular type of service.

Subjects in the Recurrent-PainMed group were also most likely to receive multiple types of 

service in any given quarter. In the first 90 days after diagnosis, they have a 0.73 probability 

of getting two or more types of service during the quarter, compared with 0.56 for the 

Recurrent-Apparent Recovery, and 0.48 for the Recurrent-Therapeutic Services groups. 

After the third quarter, during which the likelihood is 0.32, it declined slowly to 0.25 in 

quarter 9. In contrast, subjects in the Recurrent-Therapeutic Services group had a 0.17–0.21 

likelihood of getting multiple services for low back pain during quarters 3 through 9, and the 

likelihood in the Recurrent-Apparent Recovery group was far lower, at 0.05–0.09.

Group characteristics

The four groups did not differ by sex, ranging from 53.1% to 54.3% (p=.53). The mean age 

for the groups was similar (range: 44.7–45.3 years) though statistically different (p<.0001). 

A review of the literature produced no consistent set of comorbidities to be assessed other 

than depression and anxiety. In this commercially insured population, all comorbidities were 

relatively rare. Table 3 compares comorbidities in at least 1% of the test sample across 

groups.

There was no evidence of seasonality in utilization for three of the groups.

Strength of assignment

Each subject had a probability of being assigned to each of the four groups based on their 

empirical experience. Probabilities ranged from 0.99 (0.049) for Recoverers to 0.89 (0.14 

SD) for the Therapeutic Services group. The mean probability for being in a group other 

than the assigned group ranged from 0.00 to 0.10. These probabilities compare well with 

published probabilities of 0.74–0.93 and >0.70 [13,16]. There is no test to determine 

whether the assignments were correct.

Validation sample

The 40% validation sample produced almost identical results to the test sample. Table 2 

demonstrates that not only was the distribution of patients across the four groups very 
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similar, but also the probability of receiving given sets of services was similar, within 

groups, across quarters. Table 3 shows that the samples have similar demographic and 

clinical profiles.

Discussion

We identified four discrete groups of patients with distinct experiences of non-specific low 

back pain as reflected in health-care utilization. For almost half the patients, an incident 

diagnosis was a very strong predictor of recurrent utilization. The Recurrent-PainMed and 

Recurrent-Therapeutic Services groups experienced near-continuous symptoms up to 27 

months after diagnosis, with occasional but brief relapses. A third group, Recurrent-

Apparent Recoverers, initially appeared to improve but sustained a moderate likelihood of 

receiving services each quarter, suggesting less frequent relapses.

The fourth group appears to improve immediately, with an extremely low likelihood of 

receiving care after the incident diagnosis, even in the first quarter.

There was no evidence of seasonality. Each subject’s index diagnosis was between January 1 

and March 30 so services in the fifth quarter after diagnosis occurred in the first half of the 

following year. The slight increase of services for Recurrent-Therapeutic Services group in 

Quarter 5 could reflect renewed insurance benefits, as most commercial plans offer a limited 

number of therapeutic services in any given plan year. However, there is no increase in 

Quarter 9, as would be expected if this were the case.

Our findings are consistent with previous literature showing a “general pattern of 

improvement over time (rapid initial improvement followed by a plateau),” [11,36] with the 

important addition that the plateau is at a moderate to high level. Those subjects whose low 

back pain will recur at all will likely use a high volume of services over time. Although we 

did not analyze costs, the continued high volume of treatment clearly would incur significant 

costs [37,38].

Future research could investigate the differences between a 6- and 12-month clean period 

and determine how patterns differ for people with recurrent, versus incident, low back pain. 

Researchers with access to administrative data that are linked to clinical data could 

investigate associations with structural, demographic, and psychosocial factors and work 

toward predicting which patients would end up in each group.

Implications for non-specific low back pain research

This study has several implications for advancing research on non-specific low back pain 

research. First, a clean period with no pain or loss of function must be at least 6, and 

preferably 12, months long to identify incident cases adequately. Over 6 months, half of 

incident cases have at least an 80% chance of getting care for a relapse. A 6-month clean 

period will identify and exclude most non-incident cases.

Second, our results reinforce the need for specifying and reporting inclusion criteria. If only 

recurrent cases are included, few subjects would be expected to make a full recovery over 6 

months. If only incident cases are included, half the subjects may improve rapidly. Only 
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results from studies with similar populations can be validly compared. Registries should also 

be sure to require adequate clean periods.

Third, recovery rates are not likely to have normal distribution. Mean rates of short-term 

improvement, although commonly reported, may be skewed by the Recovery class. We 

concur with the NIH Task Force’s recommendation to report the proportion of subjects who 

achieve certain thresholds rather than aggregated change from the baseline in the study 

population [1].

Fourth, measuring outcomes only at predetermined endpoints is subject to bias because 

relapse is randomly distributed. Continuous data collection may more accurately reflect 

treatment effectiveness as well as differentiate between continuous episodes and relapses 

[4,5]. Outcomes could include assessments of cumulative experience, such as total weeks 

with specific levels of symptoms. Tools such as text messages have been used to collect such 

data frequently with minimal respondent burden [15,39].

Strengths and Limitations

We studied the utilization of care for non-specific low back pain in almost 40,000 patients 

for 27 months, compared with existing studies following under 800 subjects for 6 or 12 

months [13,15,16]. Not only were the resulting categorizations of recovery types stable, with 

very strong average group assignments, but they were also validated with a second sample of 

26,000. The cohort is generalizable to an adult, commercially insured population. It is 

possible that coverage policies and utilization review affected subjects’ treatment options. 

Our analysis focused on frequency, not type, of treatment, but our results could 

underestimate underlying need.

Administrative claims databases are designed to track expenditures, not medical care. 

Interpretation of results must be grounded with the caveat that they are based on data from 

people who sought care, were insured, whose care was accurately reported, and whose 

claims were accepted by the insurer. Paid claims are an underestimate of underlying pain or 

disability [40,41].

Administrative data have numerous, well-documented limitations, including miscoding, 

whether intentional or from documentation errors [42]. Concerns with administrative data 

that may affect costs, such as “upcoding,” [43] or understanding clinical complexity are not 

relevant as they would not affect utilization rates.

Studies of low back pain using administrative data have been criticized for lacking clear 

definitions and methods, in particular, for not detailing the diagnoses used as inclusion or 

exclusion criteria and not specifying the diagnosis and procedure codes used [22]. The 

present study avoids these flaws by presenting transparent methodology.

We required subjects to have continuous medical and pharmaceutical coverage to ensure that 

quarters with no utilization accurately reflect time periods with no reimbursed low back pain 

care rather than missing data. Many subjects were likely employed during the entire time 

period and, as evidenced by the low rate of comorbidities, are likely to be healthier than the 

US population. Employment has been associated with improvement in functional status due 
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to low back pain [44]. Almost half the subjects received frequent low back pain care; a less 

healthy population may have greater need.

Conclusions

Research on non-specific low back pain should carefully specify inclusion and exclusion 

criteria. Research on incident cases should require a symptom-free period of at least 6 

months. Results should specify achievement of thresholds rather than mean change.
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Fig. 1. 
Likelihood of receiving any health care for low back pain, in each of nine quarters after 

index non-specific low back pain diagnosis, in four distinct groups of patients.
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Fig. 2. 
Distribution of type of health-care services in each group of people with non-specific low 

back pain, over nine quarters after index low back pain diagnosis.
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Table 1

ICD-9 diagnosis and procedure codes used to specify the study population

ICD-9 Definition

Codes used to define inclusion criteria and to confirm a low back pain-free clean 
period before index diagnosis of non-specific low back pain

353.4 Lumbosacral root lesions, not elsewhere 
classified

721.3 Lumbosacral spondylosis without myelopathy

721.4 Thoracic or lumbar spondylosis with myelopathy

721.42 Spondylosis with myelopathy, lumbar region

721.5 Kissing spine

721.6 Ankylosing vertebral hyperostosis

721.7 Traumatic spondylopathy

721.8 Other allied disorders of spine

721.9 Spondylosis of unspecified site

721.90 Spondylosis of unspecified site without mention 
of myelopathy

721.91 Spondylosis of unspecified site with myelopathy

722.1 Displacement of thoracic or lumbar 
intervertebral disc without myelopathy

722.3 Schmorl nodes

722.30 Schmorl nodes, unspecified region

722.32 Schmorl nodes, lumbar region

722.5 Degeneration of thoracic or lumbar intervertebral 
disc

722.52 Degeneration of lumbar or lumbosacral 
intervertebral disc

722.90 Other and unspecified disc disorder of 
unspecified region

722.93 Other and unspecified disc disorder of lumbar 
region

724.2 Lumbago

724.3 Sciatica

724.4 Thoracic or lumbosacral neuritis or radiculitis, 
unspecified

724.5 Unspecified backache

724.6 Disorders of sacrum

724.8 Other symptoms referable to back

724.9 Other unspecified back disorders

739.3 Non-allopathic lesion of lumbar region, not 
elsewhere classified

739.4 Non-allopathic lesion of sacral region, not 
elsewhere classified

846 Sprain and strain of sacroiliac region

846.0 Sprain and strain of lumbosacral (joint) 
(ligament)

846.1 Sprain and strain of sacroiliac (ligament)

846.2 Sprain and strain of sacrospinatus (ligament)

846.3 Sprain and strain of sacrotuberous (ligament)

Spine J. Author manuscript; available in PMC 2016 August 17.
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ICD-9 Definition

846.8 Other specified sites of sacroiliac region sprain 
and strain

846.9 Unspecified site of sacroiliac region sprain and 
strain

847.2 Lumbar sprain and strain

847.3 Sprain and strain of sacrum

847.4 Sprain and strain of coccyx

847.9 Sprain and strain of unspecified site of back

ICD-9 code Code description

Diagnosis codes used as exclusion criteria Specific causes of back pain

722.10, 722.2, 722.6, 722.73 Intervertebral disc herniation

724.00, 724.02, 724.03, 724.09 Spinal stenosis

738.4, 738.5, 756.11, 756,12 Spondylolisthesis

806.0–806.9 Fracture of vertebral column

805.1, 805.3, 805.5, 805.7, 805.9 Open vertebral fractures without spinal cord injury

805.0, 805.2, 805.4, 805.6, 805.8 Closed vertebral fractures without spinal cord injury

733.1 Pathologic fractures

839–839.59 Vertebral dislocations

720.0–720.9 Inflammatory spondyloarthropathies

324.1 Intraspinal abscess

353.2, 353.3, 721.0, 721.1, 721.2, 
721.41, 722.0, 722.11, 722.4, 722.71, 
722.72, 722.81, 722.82, 722.91, 
722.92, 723.0, 723.4, 724.01

Cervical and thoracic disorders (only if primary 
diagnosis)

Procedure codes used as exclusion criteria 03.2–03.29 Chordotomy

81.01–81.03 Cervical and dorsal fusions

03.0–03.1, 03.4–03.8, 03.93, 03,94, 
03.97, 03.98, 80.5–80.59, 81.00, 
81.04–81.09

Back surgery

78.59, 78.69 Possible back surgery

140–239.9 Neoplasms

630–676 Pregnancy

730–730.99 Osteomyelitis

E800–E849.9 Vehicular accidents

The majority of subjects with a claim using this diagnosis code were excluded for having a claim with a diagnosis of intervertebral disk herniation 
(353.4, 89.7%; 721.4, 58.8%; 722.1, 100.0%; 722.5, 90.1%; 722.6, 80.1%; and 724.03, 91.2%).

International Classification of Diseases, Ninth Revision, Clinical Modification.
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