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ABSTRACT
Objectives: The purpose of this study was to compare self-reported pain and “improvement” of patients with
symptomatic, magnetic resonance imaging–confirmed, lumbar disk herniations treated with either high-velocity, low-
amplitude spinal manipulative therapy (SMT) or nerve root injections (NRI).
Methods: This prospective cohort comparative effectiveness study included 102 age- and sex-matched patients
treated with either NRI or SMT. Numerical rating scale (NRS) pain data were collected before treatment. One month
after treatment, current NRS pain levels and overall improvement assessed using the Patient Global Impression of
Change scale were recorded. The proportion of patients, “improved” or “worse,” was calculated for each treatment.
Comparison of pretreatment and 1-month NRS scores used the paired t test. Numerical rating scale and NRS change
scores for the 2 groups were compared using the unpaired t test. The groups were also compared for “improvement”
using the χ2 test. Odds ratios with 95% confidence intervals were calculated. Average direct procedure costs for each
treatment were calculated.
Results: No significant differences for self-reported pain or improvement were found between the 2 groups.
“Improvement” was reported in 76.5% of SMT patients and in 62.7% of the NRI group. Both groups reported
significantly reduced NRS scores at 1 month (P = .0001). Average cost for treatment with SMT was Swiss Francs
533.77 (US $558.75) and Swiss Francs 697 (US $729.61) for NRI.
Conclusions: Most SMT and NRI patients with radicular low back pain and magnetic resonance imaging–confirmed
disk herniation matching symptomatic presentation reported significant and clinically relevant reduction in self-
reported pain level and increased global perception of improvement. There were no significant differences in
outcomes between NRI and SMT. When considering direct procedure costs, the average cost of SMT was slightly less
expensive. (J Manipulative Physiol Ther 2013;36:218-225)
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Approximately 70% of the population will suffer
from back pain at one point in time.1 One of the
most disabling kinds of low back pain (LBP) is that
with associated leg pain due to a herniated intervertebral
disk. Estimates of the point prevalence of symptomatic
lumbar disk herniation (LDH) are as high as 4.8%, whereas
magnetic resonance imaging (MRI)–proven lumbar disk
herniations are seen in 28% of asymptomatic people
younger than 60 years.2-4 Most patients with a symptomatic
LDH are between 30 and 50 years of age.5 A variety of
treatment options are available to the patient that can be
grouped into 2 categories: surgical and conservative care.
Conservative care may include oral medication, corticoste-
roid and anesthetic infiltrations (nerve root injections
[NRIs]), bed rest, exercise therapy, flexion/distraction
therapy, and spinal manipulative therapy (SMT).
Lumbar NRIs, also called lumbar transforaminal epidu-
ral injections, are a well-established treatment procedure for
patients with radicular LBP due to compression of a nerve
root from disk herniation, degenerative stenosis, or failed
back surgery syndrome who have failed more conservative
care and/or when surgery is not indicated.6-8 These
imaging-guided NRIs have a fair level of supporting
research evidence as a treatment for radicular pain, but
controversy persists due to the paucity of placebo-
controlled trials and whether corticosteroids add any
value compared with anesthetic alone.9-11

In 2003, Assendelft et al12 performed a meta-analysis
comparing the effectiveness of SMT for LBP patients with
disk herniations to other therapies. They concluded at that
time that spinal manipulation was neither more nor less
effective than other kinds of conservative care such as
physiotherapy, analgesics, exercise, or back school for
treating patients with lumbar disk herniations. However,
they did not include imaging-guided lumbar NRIs in their
comparisons. A systematic review of the literature done the
next year concluded that conservative care, consisting of
spinal manipulation, is a very safe and cost-effective option
to treat LDH.13 However, little research was cited to
support this conclusion at that time. That author also
recommended that a trial of spinal manipulation should be
implemented before surgery in most cases. A more recent
randomized clinical trial published in 2006 addressed the
paucity of evidence for the effectiveness of SMT in these
patients and compared active and simulated spinal manip-
ulation for patients with lumbar disk protrusions.14 This
study showed that patients who were treated with spinal
manipulation had greater pain relief and consumed fewer
drugs when receiving active spinal manipulation for back
pain and sciatica due to a disk protrusion. However, this
investigation did not include patients whose disk herniation
had ruptured through the annulus and/or posterior longitu-
dinal ligament. Therefore, although informative and
valuable, this research excluded many disk herniation
patients. The systematic review published in 2007,
evaluating the effectiveness of conservative treatments
for patients with lumbar radiculopathy, stated that no
conclusion could be drawn at that time whether physio-
therapy, medication, bed rest, or manipulation should be
prescribed.15 However, lumbar NRIs were not evaluated in
that systematic review. Similarly, an extensive literature
synthesis published in 2008 came to the same conclusion
that evidence is lacking for use of manipulation for
patients with LBP and radiating leg pain, sciatica, or
radiculopathy.16 The most recent systematic review
published in 2011 assessing spinal mobilization or
manipulation as treatments for patients with radiculopathy
concluded that moderate evidence exists that SMT is
better than sham SMT for patients with acute leg and
back pain in both the short and long terms, but that the
evidence comparing SMT with the other therapies inves-
tigated was of low quality.17 However, NRIs were never a
comparison therapy in any of the studies included in this
systematic review.

A recent pilot study compared outcomes of chronic
lumbar disk herniation patients (radiculopathy for over 3
months) who had failed 3 months of nonoperative and non
SMT treatment after randomly assigning them to receive
SMT or microdiscectomy.18 They found that 60% of these
patients benefited from SMT to the same degree as those
having surgical intervention. However, it is hard to
determine precisely what was considered “benefit” in
this study.

Despite the controversy in the literature, spinal manip-
ulation is widely used in chiropractic practice to treat LDH
in spite of the paucity of research studies to support this
treatment.17,19,20 The natural history of sciatica in disk
herniation patients is normally quite favorable, with most
patients having resolution of their leg pain within 8 weeks
of onset.21 Conservative treatments, including SMT or
lumbar NRIs, are often used to help the patients cope during
this acute period and avoid surgery or to provide treatment
for those with chronic lumbar disk herniation. No studies
were found comparing outcomes of lumbar disk herniation
patients receiving spinal manipulation with outcomes from
similar patients having imaging-guided lumbar NRIs. The
purpose of this comparative effectiveness research study is
to compare SMT and NRI in patients with symptomatic,
MRI-confirmed, lumbar disk herniation for patient self-
reported pain and “improvement” as well as direct
procedural costs with 2 prospective cohort groups.
METHODS

This is a comparative effectiveness observational study
using data from 2 prospective cohort study databases, one
including only patients receiving NRIs and the other with
patients only treated with SMT.22 Both databases are part of
the research and quality assurance projects for the radiology
and chiropractic departments at this university hospital.



Fig 1. Flow chart showing sources and numbers of patients for comparative effectiveness study.
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The NRI patients were all treated in the radiology
department, whereas the SMT patients were all treated at a
single chiropractic practice in Zürich that is involved in
research projects at this hospital. None of the NRI patients
had SMT during the data collection period, and none of the
SMT patients had an NRI.

Data for the NRI patients were collected between
October 14, 2010, and March 4, 2011. Data for the SMT
patients were collected between October 2010 and May 2,
2012. Patients were age and sex matched (±2 years)
between the 2 cohorts of MRI-confirmed symptomatic
lumbar disk herniation patients, resulting in 51 patients in
the group who had received an imaging-guided lumbar NRI
and 51 patients in the group who had received SMT (Fig 1)
using the same method of data collection for the 2 groups.
This number of patients is the maximum sample size
available, as no further telephone data collection has
occurred or will occur for the NRI cohort.

All patients were drawn from existing research databases
and had provided informed consent to be included in
research studies on these treatments. The patients' clinical
symptoms (dermatome, myotome, or reflex abnormalities)



Fig 2. Imaging-guided L5 NRI.

221Peterson et alJournal of Manipulative and Physiological Therapeutics
SMT or NRI in Disc Herniation PatientsVolume 36, Number 4
had to correspond to the level of disk herniation noted on
the MRI scans and specific nerve root affected. The age and
sex matching was done by one of the authors who was
blinded to the clinical outcomes. No other baseline data
were collected in the NRI database to allow for more
specific matching. Ethics approval from the orthopedic
university hospital Balgrist and Canton of Zürich ethics
commissions was obtained (EK-12/2009 and EK-22/2009),
and all patients signed informed consent.

For the SMT patient population, specific pathologies of
the lumbar spine that are considered possible contraindica-
tions to chiropractic manipulative treatment, such as
tumors, infections, inflammatory spondylarthropathies,
acute fractures, Paget disease, and severe osteoporosis,
were excluded. Also excluded were patients with previous
spinal surgery, signs of cauda equina syndrome, body mass
index greater than 30, spondylolisthesis, neurogenic
claudication, and pregnancy. Pregnancy was also an
exclusion criterion for patients receiving imaging-guided
lumbar NRIs, but a history of prior surgery was not an
exclusion criterion.

Before the NRI or first SMT treatment, all patients
indicated their current level of pain on the numerical rating
scale (NRS) where 0 is no pain and 10 is unbearable pain.
One month after the NRI or first SMT treatment, follow-
up data were collected via telephone interviews. These
interviews were done at the university hospital by research
assistants unknown to the patient and not involved in the
treatments. One research assistant phoned only NRI
patients, whereas 2 other research assistants phoned only
SMT patients. Thus, they were not blinded to the treatment
at the time of the telephone calls. Current pain level was
recorded using the NRS scale. In addition, the patients'
overall improvement was assessed using the Patient
Global Impression of Change (PGIC) scale. The PGIC
scale is a 7-point verbal scale, including “much better”
(score of 1), “better,” “slightly better,” “no change,”
“slightly worse,” “worse,” and “much worse” (score of 7)
and includes factors such as disability and overall well-
being.23 Patients responding “much better” or “better”
(scores of 1 or 2) were categorized as “improved.” This
was the primary outcome. All other patients were
categorized as “not improved.” “Slightly improved” was
not considered to be clinically relevant improvement in
order to error on the side of caution in determining
significant improvement. In addition, patients who
responded “slightly worse,” “worse,” and “much worse”
were categorized as “worse.” “Slightly worse” was
included in classifying patients as “worse” as an attempt
to avoid a positive bias.

Duration of complaint information was available for all
of the SMT patients, but reliable data were missing for
many of the NRI patients. For the SMT patients, this was
categorized as acute (b4 weeks), subacute (4-12 weeks),
and chronic (N12 weeks).
Lumbar NRI Procedure
Injections were performed under sterile conditions by

inserting a 21-gauge needle to the root of the relevant nerve
under tomography fluoroscopy–guided control (or com-
puted tomographic fluoroscopy control for the S1 level).
Location of the needle was confirmed with contrast medium
and radiography. Forty milligrams of Kenacort (Triamci-
noloni acetonium; Dermapharm AG, Huenenberg AG,
Switzerland) and 1-mL Ropivacaine 0.2% (Naropin; Astra-
Zeneca, Södertälje, Sweden) were then injected (Fig 2).
Spinal Manipulation Procedure
The specific lumbar spinal manipulation is dependent

upon whether the disk herniation is intraforaminal or
paramedian as seen on the magnetic resonance images.

Intraforaminal Disk Herniation: Modified Push Adjustment With a Kick.
The patient lies on the affected side with the top leg bent
similar to a push-position. The chiropractor then contacts
the mammillary process on the down-side of the superior
vertebra of the involved motion segment. By using his
index or middle finger, the chiropractor applies pressure
taking out joint and tissue slack and uses his knee to
stabilize the patient's spine with downward pressure.
Rotation is minimized during the procedure. The thrust is
delivered by the contact hand and body drop. This thrust is
aided by a kicking maneuver of the chiropractor's knee over
the patient's flexed leg. The force is directed at the
mammillary process of the superior vertebra of the involved
motion segment in a posterior to anterior direction (Fig 3).

Paramedian Disk Herniation: Pull Adjustment With a Kick. The
patient lies on the nonaffected side with the top leg bent. The
chiropractor hooks the spinous process of the inferior
vertebra of the involved motion segment and applies
traction to take out tissue and joint slack. This part of



Fig 3. Positioning for performing spinal manipulation for a
paramedian disk herniation.

Table 1. Proportion of patients treated at the specific nerve roo
levels

Nerve root level NRI, % SMT, %

L2 0 5.8
L3 3.9 13.1
L4 13.7 5.8
L4 and L5 2.0 0
L5 45.1 38.5
L5 and S1 3.9 0
S1 31.4 36.5

NRI, nerve root injection; SMT, spinal manipulative therapy.
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adjustment is assisted by downward pressure applied through
the chiropractor's knee to help stabilize the patient's spine. A
body drop through the contact and a pull are performed by the
chiropractor's contact hand over the patient's spinous process.
Treatment Cost Comparison Data
All 51 of the SMT patients had the costs of their

chiropractic treatment from first consultation to 1 month
calculated. An average of these 1-month costs was then
computed because treatment is individualized and the
number of SMT treatments is not the same for each patient.
The total 1-month cost of the imaging-guided lumbar nerve
root block procedure was obtained from the hospital billing
department. Added to the cost for the injection procedure
was the fee for 1 “simple” consultation (ie, the lowest
possible pretreatment office visit) with the referring
physician before the injection. These costs are fixed per
procedure, and there is no range of costs other than the fact
that 3 of the patients received an injection at more than 1
level, and this was, therefore, more expensive. The fixed
costs of these 3 patients were added to the fixed costs of the
other 48 NRI patients, and the total was divided by the total
number of patients (51) to obtain the mean per patient cost.
The costs of the MRI scans were not included in the cost
comparison as all patients in both groups received these
before treatment. This study only compared the average
cost of therapy and did not include costs for any treatments
or additional physician consultations that the patients may
have incurred outside of this study.
Statistical Analysis
The proportion (%) of patients “improved” or “worse”with

each of the 2 treatment methods was calculated. The
frequencies of specific nerve root level injection and specific
t

SMT nerve root treatment level were calculated. The
pretreatment and 1-month posttreatment NRS scores were
compared using the paired Student t test for each of the 2
groups separately. The NRS and NRS change scores for the
NRI and SMT groups were compared at baseline and at 1
month using the unpaired t test to detect significant
differences. ThemeanPGIC scores at 1monthwere compared
for significant differences using the Mann-Whitney U test as
this data were nonparametric. Score of 1 (much better) or 2
(better) on the PGIC scale was considered improved, and this
was the primary outcome. The percentage of patients who
were improved or worse was calculated. Scores of 5 (slightly
worse), 6 (worse), and 7 (much worse) were categorized as
worse. The NRI and SMT groups were also compared for
“improvement” using the χ2 test. P b .05 was considered
statistically significant. Odds ratios (ORs) with their 95%
confidence intervals (CIs) were also calculated.

Clinically meaningful change in NRS scores is consid-
ered to be a decrease of at least 30%.24 The 7-point PGIC
scale has been used as the “gold standard” in determining
clinically meaningful improvement in other studies, with
only the responses of “much better” and “better,” as used in
this current study, counting as improved.25,26

The proportion of acute and chronic SMT patients who
improved or were worse was calculated. Data on chronicity
of complaint were not available for the NRI patients.
RESULTS

One-month outcome data were available for all 102
patients. The mean patient age was 47.56 (SD, 10.62), and
62.7% (n = 64) were male. The most common nerve root
levels to be affected by a disk herniation for both treatment
groups were the L5 and S1 levels (Table 1). However, the
L5 level predominated in the NRI treatment group, whereas
the S1 nerve root level was slightly more common in the
SMT patients. Three patients (5.9%) received NRIs at more
than 1 level.

Comparing the proportion of patients reporting clinically
relevant improvement between the 2 groups was not
statistically significant (P = .15). Of all patients receiving
SMT, 76.5% (39/51) reported being “much better” or
“better” (OR, 1.93; 95% CI, 0.82-4.56) compared with

image of Fig�3


Table 2. Comparison of improvement and worsening between
NRI and SMT patients

Patients
NRI, %
(no. of patients)

SMT, %
(no. of patients)

Significantly improved 62.7 (n = 32) 76.5 (n = 39)
Worse 5.9 (n = 3) 2.0 (n = 1)

NRI, nerve root injection; SMT, spinal manipulative therapy.

Table 3. Comparison of mean pretreatment and 1-month NRS
scores within each group and between the 2 groups as well as the
PGIC at 1 month and NRS change scores between the 2 groups

NRI (mean and SD) SMT (mean and SD)

Pre-NRS score 7.36 (1.77) 6.34 (2.55) (P = .02)
1-mo NRS score 3.40 (2.81) ⁎ 2.52 (1.87) ⁎

1-mo PGIC 2.25 (1.38) 1.94 (1.04)
NRS change score 3.89 (2.86) 3.79 (2.80)
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NRI, nerve root injection; NRS, numerical rating scale; PGIC, Patien
Global Impression of Change; SMT, spinal manipulative therapy.

⁎ P = .0001 compared with baseline NRS score.
62.7% (32/51) of the NRI patients (OR, 0.52; 95% CI, 0.22-
1.23) (Table 2). In the few cases where “worsening” was
reported, this was categorized as “slight.” None of the SMT
patients required surgery. Three of the NRI patients
received a second injection after the 1-month data collection
period, and 3 others went on to have surgery.

Table 3 shows the mean NRS baseline and 1-month
scores, the mean PGIC scores at 1 month, and the mean
NRS change scores for the 2 treatment groups. Both
treatment groups had significant decreases in their NRS
scores at 1 month (P = .0001) with a 60% reduction for the
SMT cohort and a 53% reduction for the NRI group.
Comparing the 2 groups showed a significant difference in
the pretreatment NRS scores, with the NRI patients having
a mean score of 7.36 (SD, 1.77) compared with a mean
score of 6.34 (SD, 2.55) for the SMT patients (P = .02).
There were no significant differences in the 1-month NRS
scores, the 1-month PGIC scores, or the NRS change scores
between the 2 cohorts.

Seventy-five percent (22/29) of acute patients treated with
SMT reported improvement at 1 month, and 53% (8/15) of
the chronic patients treated with SMT reported that they were
improved at 1 month. One of the acute patients reported
being “slightly worse,” but none of the chronic patients
reported being “worse” at 1 month in the SMT cohort.

Direct Procedure Cost Comparison
The average number of SMT treatments within the month

was 11.20 (SD, 3.61) with a range of 5 to 20. The mean cost
of treatment for patients in the SMT group was 533.77 (SD,
177.67; range, 176.00-1056.00) Swiss Francs. For patients
in the NRI group, the treatment costs were 553.80 Swiss
Francs for the injection procedure alone plus 143.20 Swiss
Francs for a “simple” preinjection physician consultation,
resulting in a total cost of 697.00 Swiss Francs.

DISCUSSION

The purpose of this study was to perform direct
comparative effectiveness research on 2 conservative
therapies for patients with imaging-confirmed lumbar disk
herniations.22 Lumbar NRIs are a commonly used and
accepted treatment option for these patients, whereas
lumbar spinal manipulation as a treatment for disk
herniation remains controversial among some health care
professionals.6-11,14,16-21 Because large, prospective, cohort
studies are currently ongoing at this orthopedic university
t

hospital on patients who undergo lumbar NRIs as well as
patients receiving SMT for symptomatic imaging-con-
firmed disk herniations, the authors felt that this was an
excellent opportunity to do a direct comparison on age-,
sex-, and diagnosis-matched cohorts. Although this is not a
randomized, double-blind, clinical trial, the patients in these
2 cohorts are more likely to be representative of the patients
seen in daily clinical practice.

In general, the self-reported pain levels and improve-
ment were favorable for both treatment cohorts. The 60%
reduction in mean NRS scores for the SMT patients and a
53% reduction in mean NRS scores for the NRI patients far
exceed the minimum value of 30% required for a clinically
meaningful result.24 Although a higher percentage of
patients in the SMT group reported being “much better”
or “better” (ie, clinically relevant improvement)25,26 on the
PGIC scale (76.5% vs 62.7%) at 1 month, this was not
statistically significant. Comparing the NRS change scores
from pretreatment to 1 month after start of treatment also
showed no significant differences between the 2 treatments.

There were very few patients in either treatment group
reporting worsening of their condition after treatment, and
none of these patients required surgery. In each case, the
“worsening” was reported to be “slight.” However, 3 of the
NRI patients had a repeat injection after the 1-month data
collection period, and 3 other patients who did not improve
(but also were not worse) had surgery after the 1-month data
collection period. None of the SMT patients in this cohort
required surgery.

One reasonwhy the SMTgroupmay have a slightly higher
percentage of patients reporting that they are “improved”
could be due to chronicity of complaint. A fairly large
proportion of the SMT patients were acute (57%). Unfortu-
nately, reliable chronicity data were lacking for many of the
NRI patients and, therefore, could not be compared with the
SMT cohort. It is well documented that the natural history of
lumbar disk herniation in acute patients is favorable, and thus,
the slightly higher proportion of SMT patients reporting
improvementmay, at least in part, have been a result of natural
history.21,27 The fact that 53% of the chronic patients in the
SMT cohort reported improvement is important to note
because these patients' symptoms have exceeded the time
frame for improvement due to the natural history.



Practical Applications
• Patients with symptomatic lumbar disk her-
niations treated either with SMT or NRI
report favorable outcomes at 1 month.

• This study found no significant difference in
outcomes between patients treated with SMT
or NRI.

• The average cost of SMT treatment is slightly
less than NRI.
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Because there was no significant difference in the clinical
outcomes between these 2 treatments, the direct procedure
cost comparisons become increasingly important. One
month of SMT treatment on average was less expensive
than the NRI treatment, including the preinjection consulta-
tion, when only the specific treatment costs were compared
and no related costs. Although some of the SMTpatientsmay
continue to receive chiropractic treatment after the 1-month
data collection period used in this study, thus increasing the
costs for SMT, only the minimum costs for NRI were used in
this treatment cost comparison analysis. Additional consul-
tations with the referring clinicians and the costs of additional
NRIs or surgeries after the 1-month data collection period
were not included. In addition, no data were available to
compare time off work or disability payment costs between
the 2 groups. Detailed and inclusive cost comparisons of all
factors in patients receiving these 2 treatments are needed for
a truly accurate comparison. Although all SMT patients for
this study were required to have MRI confirmation of their
disk herniation corresponding to their level of radiculopathy,
certainly in the course of routine clinical practice, imaging
guidelines do not recommend MRI for these patients before
conservative care such as SMT.28 However, for patients
undergoing more invasive procedures such as epidural or
NRIs, MRI is frequently done before treatment.

Limitations to the Study
Because this was not a randomized clinical trial, the

outcomes of these patients cannot be directly attributed to
the specific treatments. The cohort design of this study as
well as the very limited demographic information available
for the NRI patients made it impossible to assess potential
differences in confounders between the 2 groups. This also
is likely to have influenced the patients or referring
clinicians to preferentially select 1 of the 2 treatments.

The relatively small sample sizes for the 2 cohorts are
also an important limitation. Because of the limited number
of NRI patients whose outcome data were specifically
collected only with telephone interviews (n = 102), larger
sample sizes were not possible when age matching within ±
2 years. Most of the NRI patients in the radiology database
had their 1-month outcomes reported using postal ques-
tionnaires. Previous research has shown that data collected
via telephone show slightly more positive responses
compared with data collected using postal questionnaires.29

Therefore, it was important that this current study uses the
same method of data collection for the 2 treatment cohorts to
reduce bias. However, power should not be an issue with
sample sizes including at least 100 patients.30

The fact that the NRI group had higher pretreatment pain
levels compared with the SMT patients suggests that this
patient population, although age, sex, and diagnosis
matched, may actually be different from the SMT cohort.
This is somewhat supported by the fairly large proportion of
SMT patients who were acute. Although reliable chronicity
data were missing for many of the NRI patients, duration of
complaint would be important to compare between these 2
groups, particularly if the NRI cohort contained more
chronic patients.

Another limitation to this study is the fact that quite
stringent inclusion and exclusion criteria were applied to the
SMT cohort compared with the NRI cohort. This may bias
the study and reduce the comparability between the 2
groups. Furthermore, although the SMT group also had
outcomes from the Oswestry pain and disability question-
naire available, including a long-term follow-up period of 1
year, the patients in the NRI cohort did not have these same
data collected. This is another limitation to this study but will
be reported in further papers focusing on the SMT cohort.

Finally, because only the direct procedure costs of
treatment between these 2 groups were compared and no
associated costs, the actual cost-effectiveness of these
treatments cannot be determined from this study. As noted
previously, MRI is not routinely indicated before conserva-
tive treatment in patients with clinical signs and symptoms
of lumbar disk herniation, whereas MRI is usually done
before more invasive diagnostic or therapeutic procedures
such as NRIs. Comprehensive cost comparisons should at
least include the use of physical therapy, medication, and
specialist consultations between the 2 cohorts.

CONCLUSIONS

Most patients with MRI-confirmed lumbar disk herni-
ation(s) treated with SMT or NRIs report significant and
clinically relevant improvement in pain and functioning 1
month after start of treatment. There were no significant
differences in outcomes between the more universally
accepted treatment procedure of NRI compared to SMT.
When considering the direct procedure costs, the average
cost of SMT was slightly less expensive.
FUNDING SOURCES AND POTENTIAL CONFLICTS OF INTEREST
Funding for this study was received from Vontobel-

Stiftung, Tödistrasse 17, 8002 Zürich; Balgrist Stiftung,
Forchstrasse 340, 8008 Zürich; and European Academy of



225Peterson et alJournal of Manipulative and Physiological Therapeutics
SMT or NRI in Disc Herniation PatientsVolume 36, Number 4
Chiropractic. No conflicts of interest were reported for
this study.

REFERENCES

1. van Tulder M, Koes B, Bombardier C. Low back pain. Best
Pract Res Clin Rheumatol 2002;16:761-75.

2. Heliovaara M, Impivaara O, Sievers K, et al. Lumbar disc
syndrome in Finland. J Epidemiol Community Health 1987;
41:251-8.

3. Heliovaara M, Makela M, Knekt P, Impivaara O, Aromaa A.
Determinants of sciatica and low back pain. Spine 1991;16:
608-14.

4. Boden SD, Davis DO, Dina TS, Patronas NJ, Wiesel SW.
Abnormal magnetic-resonance scans of the lumbar spine in
asymptomatic subjects. A prospective investigation. J Bone
Joint Surg Am 1990;72:403-8.

5. Weber H, Holme I, Amlie E. The natural course of acute
sciatica with nerve root symptoms in a double-blind placebo-
controlled trial evaluating the effect of piroxicam. Spine 1983;
18:1433-8.

6. Eckel T, BartynskiW. Epidural steroid injections and selective
nerve root blocks. Tech Vasc Interv Radiol 2009;12:11-21.

7. Manchikanti L, Boswell MV, Singh V, et al. Comprehensive
evidence-based guidelines for interventional techniques in the
management of chronic spinal pain. Pain Physician 2009;12:
699-802.

8. Peterson C, Hodler J. Evidence-based radiology (part 1): is
there sufficient research to support the use of therapeutic
injections for the spine and sacroiliac joints? Skeletal Radiol
2010;39:5-9.

9. Roberts S, Willick S, Rho M, Rittenberg J. Efficacy of
lumbosacral transforaminal epidural steroid injections: a
systematic review. PMR 2009;1:657-68.

10. Abdi S, Datta S, Trescot A, et al. Epidural steroids in the
management of chronic spinal pain: a systematic review. Pain
Physician 2007;10:185-212.

11. Datta S, Everett C, Trescot A, et al. An updated systematic
review of the diagnostic utility of selective nerve root blocks.
Pain Physician 2007;10:113-28.

12. Assendelft WJJ, Morton SC, Yu EI, Suttorp MJ, Shekelle PG.
Spinal manipulative therapy for low back pain: a meta-
analysis of effectiveness relative to other therapies. Ann Intern
Med 2003;138:871-81.

13. Oiphant D. Safety of spinal manipulation in the treatment of
lumbar disc herniations: a systematic review and risk
assessment. J Manipulative Physiol Ther 2004;27:197-210.

14. Santilli V, Beghi E, Finucci S. Chiropractic manipulation in
the treatment of acute back pain and sciatica with disc
protrusion: a randomized double-blind clinical trial of active
and simulated spinal manipulations. Spine J 2006;6:131-7.

15. Luijsterburg P, Verhagen A, Ostelo RW, van Os TA, Peul
WC, Koes BW. Effectiveness of conservative treatments for
the lumbosacral radicular syndrome: a systematic review. Eur
Spine J 2007;16:881-99.

16. Lawrence DJ, Meeker W, Branson R, et al. Chiropractic
management of low back pain and low back-related leg
complaints: a literature synthesis. J Manipulative Physiol Ther
2008;31:659-74.

17. Leininger B, Bronfort G, Evans R, Reiter T. Spinal
manipulation or mobilization for radiculopathy: a systematic
review. Phys Med Rehabil Clin N Am 2011;22:105-25.

18. McMorland G, Suter E, Casha S, du Plessis SJ, Hurlbert RJ.
Manipulation or microdiskectomy for sciatica? A prospective
randomized clinical study. J Manipulative Physiol Ther 2010;
33:576-84.

19. Lisi AJ, Holmes EJ, Ammendolia C. High-velocity low
amplitude spinal manipulation for symptomatic lumbar disk
disease: a systematic review of the literature. J Manipulative
Physiol Ther 2005;28:429-42.

20. Peterson CK, Bolton J, Humphreys BK. Predictors of
improvement in patients with acute and chronic low back
pain undergoing chiropractic treatment. J Manipulative
Physiol Ther 2012;35:525-33.

21. Peul WC, van Houwelingen HC, van den Hout WB, et al.
Surgery versus prolonged conservative treatment for sciatica.
N Engl J Med 2007;356:2245-56.

22. Tinetti ME, Studenski SA. Comparative effectiveness re-
search and patients with multiple chronic conditions. N Engl J
Med 2011;364:2478-81.

23. Fischer D, Stewart AL, Bloch DA, Lorig K, Laurent D,
Holman H. Capturing the patient's view of change as a clinical
outcome measure. JAMA 1999;282:1157-62.

24. Ostelo RW, Deyo RA, Stratford P, et al. Interpreting change
scores for pain and functional status in low back pain. Spine
2008;33:90-4.

25. Hurst H, Bolton J. Assessing the clinical significance of
change scores recorded on subjective outcome measures. J
Manipulative Physiol Ther 2004;27:26-35.

26. Newell D, Bolton JE. Responsiveness of the Bournemouth
questionnaire in determining minimal clinically important
change in subgroups of low back pain patients. Spine 2010;
35:1801-6.

27. Iversen T, Solberg TK, Romner B, et al. Effect of caudal
epidural steroid or saline injection in chronic lumbar
radiculopathy: multicentre, blinded, randomized controlled
trial. BMJ 2011;343:d5278, http://dx.doi.org/10.1136/bmj.
d5278.

28. Bussières A, Taylor J, Peterson C. Diagnostic imaging
practice guidelines for musculoskeletal complaint in adults
—an evidence-based approach: part 3: spine disorders. J
Manipulative Physiol Ther 2008;31:3-60.

29. Power JR, Mishra G, Young AF. Differences in mail and
telephone responses to self-rated health: use of multiple
imputation in correcting for response bias. Aust N Z J Public
Health 2005;29:149-54.

30. Pallant J. SPSS Survival Manual. 4th ed. New York:
McGraw-Hill; 2012.

http://dx.doi.org/10.1136/bmj.d5278
http://dx.doi.org/10.1136/bmj.d5278

	Symptomatic Magnetic Resonance Imaging–Confirmed Lumbar Disk Herniation Patients: A Comparative Effectiveness Prospective O...
	Methods
	Lumbar NRI Procedure
	Spinal Manipulation Procedure
	Intraforaminal Disk Herniation: Modified Push Adjustment With a Kick
	Paramedian Disk Herniation: Pull Adjustment With a Kick

	Treatment Cost Comparison Data
	Statistical Analysis

	Results
	Direct Procedure Cost Comparison

	Discussion
	Limitations to the Study

	Conclusions
	Funding Sources and Potential Conflicts of Interest
	References


