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Abstract

Objectives: Chronic low-back pain (CLBP) participants in a prior controlled study reported short-term pain relief
after caudal epidural injection of 5% dextrose (D5W). This study assessed whether repeated caudal epidural injections
of D5W results in serial short-term diminution of CLBP and progressive long-term decrease in pain and disability.

Design: Prospective uncontrolled study.
Settings/Location: Outpatient pain clinic.
Subjects: Adults with CLBP with radiation to gluteal or leg areas.
Interventions: Caudal epidural injection of 10 mL of D5W (without anesthetic) every 2 weeks for four

treatments and then as needed for 1 year.
Outcome measures: Numerical Rating Scale (NRS, pain, 0–10 points), Oswestry Disability Index (ODI,

disability, %), and fraction of participants with ‡50% reduction in NRS score. Analysis by intention to treat.
Results: Participants (n = 32, 55 – 9.8 years old, nine female) had moderate-to-severe CLBP (6.5 – 1.2 NRS

points) for 11.1 – 10.8 years. They received 5.5 – 2.9 caudal D5W injections through 12 months of follow-
up. The data capture rate for analysis was 94% at 12 months for NRS and ODI outcome measures, with 6%
carried forward by intention to treat. A consistent pattern of analgesia was demonstrated after D5W injection.
Compared with baseline status, NRS and ODI scores improved by 3.4 – 2.3 (52%) and 18.2 – 16.4% (42%)
points, respectively. The fraction of participants with 50% reduction in NRS-based pain was 21/32 (66%).

Conclusion: Epidural D5W injection, in the absence of anesthetic, resulted in consistent postinjection analgesia
and clinically significant improvement in pain and disability through 12 months for most participants. The
consistent pattern postinjection analgesia suggests a potential sensorineural effect of dextrose on neurogenic pain.
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Introduction

Nonsurgical chronic low-back pain (CLBP) is com-
mon, has high patient and societal impact, and is often

refractory to best-practice care.1 With a global prevalence
of 9.4%, it causes more disability than any other musculo-
skeletal condition.2 CLBP includes lumbar spinal stenosis,
lumbar radiculopathy, failed back surgery, and nonspecific
CLBP. Standard of care includes numerous therapies; none
is uniformly effective. Harms associated with commonly
used opioid prescription therapy are epidemic.3 Injection
therapy is common nonsurgical care. Systematic reviews
and trial reports have reported short-term efficacy of epidural
injection of lidocaine with or without corticosteroid in spinal
stenosis, radiculopathy,4 and failed back surgery.5 However,
these studies have not confirmed long-term pain relief and
systemic steroid effects can be problematic.6 Identification
of effective and safe therapy for CLBP remains a public
health priority.7

Dextrose in 12.5–25% concentration injection at entheses
and intra-articular joint spaces for chronic musculoskeletal
pain (prolotherapy) has been reported to reduce pain and
improve function in a variety of conditions.8,9 A multifactorial
mechanism has been proposed, including a direct sensori-
neural effect.10 Dextrose injections in 5–20% concentration
have been used to treat superficial peripheral sensory nerves
associated with chronic pain in uncontrolled11–13 and con-
trolled studies.14

Dextrose 5–10% has also been safely injected into the
epidural or intrathecal space to control epidural injectate
placement.15,16 A recent single-injection double-blind study
comparing the short-term analgesic effect of epidural 5%
dextrose (D5W) with that of saline reported a safe and sig-
nificant analgesic effect of D5W that endured for over
48 h.17 However, whether additional serial D5W injections
would result in repeated short-term and enduring long-
term pain diminution, and whether it has a concomitant
effect on disability are not known. Therefore, we tested the
hypothesis that serial caudal epidural injections of D5W
result in serial short-term diminution of CLBP and a
long-term decrease in pain and disability.

Materials and Methods

Recruitment criteria

The Western Institutional Review Board approved this
study (ClinicalTrials.gov NCT01547364). The researchers re-
cruited adults aged 19–75 from an outpatient physical medi-
cine practice. Eligibility criteria were identical to those of
the prior randomized controlled trial (RCT)17; inclusion
criteria included nonsurgical back pain below the iliac crest
for at least 6 months with accompanying buttock or leg pain
‡5 on a 0–10 point Numerical Rating Scale (NRS) in re-
sponse to the question ‘‘What is the intensity of your pain?’’
and failure of physical therapy, massage therapy, or acu-
puncture. Exclusion criteria included pregnancy, progres-
sive weakness, recent changes in opioid use, neurogenic
bowel or bladder dysfunction, an unstable psychiatric dis-
order, local infection, current anticoagulation, or medical
instability precluding study participation. All participants in
both control saline and D5W arms of the prior RCT were

offered enrollment in this open-label, nonrandomized pro-
spective uncontrolled study.

Diagnostic classification of participants

There is an absence of clear evidence-based guidelines for
subgroup classification of CLBP with or without leg pain
into tissue-specific diagnoses.18 Therefore, we assigned par-
ticipants to CLBP subgroups based on two sets of criteria:
(1) magnetic resonance imaging (MRI) or electromyographic
(EMG) findings concordant with findings on clinical exami-
nation; and (2) consistency with recent clinical trials on
efficacy of caudal epidural injection.19,20 These criteria re-
sulted in five diagnoses. Lumbar spinal stenosis in the pre-
sence of pseudoclaudication plus moderate or severe MRI
findings of stenosis;21 lumbar radiculopathy with both ra-
dicular symptoms and EMG findings consistent with radi-
culopathy;22 peripheral neuropathy with EMG findings of
peripheral neuropathy;23 failed back surgery based on his-
tory, and non specific low back pain if examination, MRI,
and EMG findings could not corroborate another diagnosis.

Treatment pattern

Pilot studies by one of the co-authors ( J.L.) utilized a
weekly to biweekly injection frequency for peripheral peri-
neural injection of dextrose 5–20% for neuropathic pain.11–13

Clinical observations after caudal epidural injection of D5W
by two co-authors (L.M.-S. and H.J.R.) in patients with CLBP
and buttock or leg pain suggested a rapid analgesic response
and pain recurrence after 4–48 h. A durable response was
generally observed after 3–4 biweekly injections (Un-
published data, L.M-S and H.J.R.), resulting in sustainable
improvement. This study was continuous with the prior RCT:
participants in the initial active arm received three additional
biweekly D5W injections and participants in the initial con-
trol arm received four additional biweekly D5W injections.
All participants were then offered additional caudal epidural
D5W injections at 3, 6, and 9 months and by request. They
were allowed to use oral analgesics if needed, but were
encouraged to refrain from other interventional injections,
physical therapy, or manipulation until 12 months.

Injection description

Caudal epidural injections of 10 mL of D5W were ad-
ministered at the level of the sacral hiatus, using a 25-gauge
3.8 cm needle, and a vertical needle entry, with confirmation
of epidural injection by epidurography.24 Injections were
performed by a fellowship-trained pain specialist (L.M.-S.) in
an outpatient pain clinic.

Outcome measures and diagnostic assessment

Baseline data collection occurred at the first caudal D5W
injection. Pain was assessed using a single-item 0–10-point
NRS in response to the question ‘‘What is the intensity of your
back pain now?’’ at baseline, before, and following each
injection (at 15 min in person and at 2, 4. and 48 h by tele-
phone). The NRS score for pain is commonly used in studies
of CLBP, including those assessing epidural injection.19 The
minimal important change (MIC) in the NRS when assessing
CLBP is 2.0 points or a 30% change from baseline.25
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Back pain-specific functional impairment (‘‘disability’’)
was assessed using the Oswestry Disability Index (ODI), a
validated outcome for CLBP26 measured as a percentage
from 0 to 100, with a higher percentage representing higher
disability levels. Its MIC in CLBP is 10.0 or a 30% change
from baseline.25

Long-term NRS and Oswestry scores were recorded in per-
son or by telephone at 3, 6, 9, and 12 months after enrollment.

CLBP improvement was additionally assessed at 12 months
by the percentage of participants who experienced a ‡50%
reduction in NRS score, a measure commonly utilized in re-
cent clinical trials to assess outcomes in low-back treatment,
including injection therapy.4,19

Side effects, adverse events, and use of additional therapy
were tracked. Demographics collected at baseline included
age, sex, weight and height, medication intake, and specific
CLBP diagnosis, and were used to characterize the sample
and in covariate analyses.

Statistical analysis

The data were analyzed by intention to treat using Pre-
dictive Analytics 180 software version 18.0.0 (PASW 18; IBM
Corp., Armonk, NY). Descriptive statistics (mean – standard
deviation) were reported at baseline and at each time point for
NRS pain and ODI values, and paired samples t-tests were
used to analyze the change between baseline and each follow-
up time point. Logistic regression analysis was utilized to
determine if any baseline continuous variable (age, pain
duration, pain improvement ‡50% at 15 min, and ODI value
at baseline or body mass index [BMI]) or categorical variable
(sex, diagnosis group, or narcotic intake) predicted long-term
success (‡50% pain reduction at 12-month follow-up). Ana-
lysis of differences between different diagnostic groups was
performed using multivariate analysis with Bonferroni cor-
rection for multiple groups.

Results

Study flow and demographics

Biweekly injection of D5W was offered to all 35 par-
ticipants who completed the prior RCT17 (Fig. 1). Three
participants who received initial saline injection declined

enrollment: two who had no residual pain and one with a
job conflict. Thirty-two participants were enrolled beginning
in February, 2012; the final data collection was in November,
2014. After initiation of treatment and before 3 months,
two participants left the study to pursue nonprotocol therapy.
Their data were carried forward from baseline for NRS and
ODI. Data from all 32 participants were analyzed at 0, 3, 6,
and 12 months. The participants (23 men and 9 women) had a
mean age of 55 – 9.8 years; 25 (78%) were either preobese
(BMI ‡25–30 kg/m2) or obese (BMI ‡30 kg/m2) (Table 1).
They had suffered from back pain for 11.1 – 10.8 years (6.5
months to 50 years). Baseline pain severity was moderate to
severe (6.5 – 1.2 [4–9] points). Their mean ODI score was
43.5 – 13.8%, which is in the lower range of severe disability
(41–60).27 Seventeen participants (53%) were taking or had
tried prescription of opioid medications for their low-back
pain. The three most common diagnoses were lumbar spinal
stenosis (n = 11, 34%), lumbar radiculopathy (n = 8, 25%),
and nonspecific low-back pain (n = 7, 22%). The number of
D5W injections through 3 months was 3.8 – 1.2 and from 3 to
12 months was 1.8 – 2.1.

Short-term outcomes

NRS pain change scores after each of the initial biweekly
injections were distributed in consistent reverse-U-shaped
curves with diminution of pain ‡70% compared with pre-
injection scores at 15 min, and 2 and 4 h ( p < 0.001), with
continued significant improvement through 48 h ( p < 0.05)
(Fig. 2). Longer-term cumulative benefit was suggested by
the step-wise decrease in preinjection and postinjection pain
score with each injection.

Twelve-month outcomes

In long-term follow-up, participants (n = 32) reported im-
provement in NRS pain and ODI scores compared to baseline
status (Table 2). Most of the improvement was attained by 3
months and sustained through 12 months (Figs. 2 and 3), at
which time, improvement in the NRS pain score was 3.4 – 2.3
points (52%; p < 0.001) and improvement in the ODI score
was 18.3% – 16.4% (42%; p < 0.001), exceeding 1.5 times the
MIC for improvement in NRS and ODI scores in patients

FIG. 1. Enrollment and
study flow. D5W, 5% dex-
trose; RCT, randomized
controlled trial.
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with low-back pain.25 Sixty-six percent (21/32) of partici-
pants achieved a ‡50% improvement in NRS pain score.
There were no significant predictors of ‡50% improvement at
12 months. The data capture rate for analysis was 94% at 12
months for NRS and ODI outcome measures.

NRS and ODI change scores varied by diagnostic group
through 12 months (Table 3). Participants with spinal ste-
nosis, nonspecific low-back pain or lumbar radiculopathy
responded well, with significant NRS score changes of 4.2 –
2.2 ( p < 0.001), 3.0 – 2.6 ( p = 0.01), and 3.6 – 2.3 ( p = 0.006)
points, respectively, and ODI percentage changes of 20.9 –
18.1 ( p = 0.003), 22.9 – 23.9 ( p = 0.03), and 11.7 – 6.7 ( p =
0.004) (Figs. 3–5). Failed back surgery participants reported
significant ODI improvement (17.0 – 6.8 [p = 0.02]). Peri-
pheral neuropathy participants reported no significant
change. There were no between-group differences ( p = 0.179).

One hundred and ninety-two caudal epidural injections
were performed during the 12-month treatment period. No
vasovagal events, postprocedure discomfort, or other ad-
verse effects were reported. Anecdotally assessed subject
satisfaction was high.

Discussion

This open-label study of serial caudal epidural D5W in-
jections using a small-needle vertical technique24 in patients
with one of several different CLBP diagnoses had two main
findings. First, participants reported consistent analgesia after
each injection, which peaked within 15 min and lasted 48 h.
Second, participants in all diagnostic groups, except pe-
ripheral neuropathy, reported clinically important and sta-
tistically significant improvements in pain and/or function at
12 months.

The finding that NRS scores improved in the first 48 h
after injection is consistent with our prior work.17 D5W-
injected participants in the prior RCT improved substantially

Table 1. Baseline Demographics

Characteristics

Female, n (%) 9 (28%)
Age, years, mean (SD) 55 – 9.8
Pain duration, years, mean (SD) 11.1 – 10.8
NRS pain, mean (SD) 6.5 – 1.2
ODI 2.0, mean (SD) 43.5 – 13.8
BMI, mean (SD) 30.1 – 7.4
Opioid intake history, n (%) 17 (53%)

Medication history
SSRI/SNRI intake, n (%) 3 (9%)
Gabapentin/pregabalin intake, n (%) 5 (16%)
Steroid epidural, n (%) 7 (22%)

Diagnosis
Lumbar spinal stenosis, n (%) 11 (34%)
Lumbar radiculopathy, n (%) 8 (25%)
Nonspecific low-back pain, n (%) 7 (22%)
Failed back surgery, n (%) 4 (13%)
Peripheral neuropathy, n (%) 2 (6%)

BMI, body mass index; NRS, Numerical Rating Scale; ODI,
Oswestry Disability Index; SD, standard deviation; SSRI, selective
serotonin reuptake inhibitor; SNRI, serotonin and norepinephrine
reuptake inhibitor; medication intake percentages include both current
and past usage.

FIG. 2. Analgesic response to 5% dextrose caudal epi-
dural injection and long-term pain course. NRS, Numerical
Rating Scale.

Table 2. Raw Score and Change Scores

for Numerical Rating Scale and Oswestry

Disability Index over Time

Baseline 3 Months 6 Months 12 Months
n = 32 n = 32 n = 32 n = 32

Raw
score
(SD)

6.5 (1.2) 3.5 (2.3) 3.4 (2.2) 3.1 (2.3)

Change
(SD)

NA 3.0 (2.3)a 3.1 (2.2)a 3.4 (2.3)a

Baseline 3 Months 6 Months 12 Months

Raw
score
(SD)

43.5 (13.8) 24.5 (15.6) 24.3 (15.8) 25.3 (16.9)

Change
(SD)

NA 19.1 (14.1)b 19.3 (14.2)b 18.3 (16.4)b

aPain values were significantly different from baseline at 3
( p < 0.001), 6 ( p < 0.001) and 12 months ( p < 0.001).

bODI values were significantly different from baseline at 3
( p < 0.001), 6 ( p < 0.001) and 12 months ( p < 0.001).

NA, not applicable; ODI, Oswestry Disability Index; SD, standard
deviation.

FIG. 3. Improvement in ODI score over 1 year. ODI,
Oswestry Disability Index.
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when compared to saline controls through 48 h, suggesting
that D5W has biological activity in this context. This study
adds the findings that D5W confers a consistent pattern of
short-term pain reduction after each of several D5W injec-
tions over time, and that after each D5W injection, the

postinjection pain peak after 48 h is less than the preinjection
pain, with progressive diminution of pain through 12 months.

A prior RCT has reported the independent clinical effect of
D5W compared with blinded saline injections for chronic
pain.8 The mechanism of action of D5W injection in acute

Table 3. Raw Score and Change Scores for Numerical Rating Scale

and Oswestry Disability Index Over Time by Diagnostic Category

Group Measure Baseline 3 Months 6 Months 12 Months

NRS 0–10
Spinal stenosis Raw score (SD) 6.6 (1.3) 2.9 (1.6) 2.7 (1.4) 2.5 (1.6)
n = 11 Change (SD) NA 3.7 (2.5)a 3.9 (2.2)a 4.2 (2.2)a

Lumbar radic. Raw score (SD) 5.5 (1.1) 2.4 (2.4) 2.5 (2.1) 2.5 (3.1)
n = 8 Change (SD) NA 3.3 (2.1)b 3.0 (1.9)b 3.0 (2.6)b

Nonspecific LBP Raw score (SD) 6.6 (1.1) 3.6 (1.6) 2.9 (1.3) 3.0 (1.5)
n = 7 Change (SD) NA 3.0 (2.4)c 3.7 (2.1)d 3.6 (2.3)d

Postlaminectomy Raw score (SD) 6.8 (0.5) 5.0 (2.3) 5.5 (1.9) 4.3 (1.7)
n = 4 Change (SD) NA 1.8 (2.1) 1.3 (1.5) 2.5 (1.7)
Periph. neurop. Raw score (SD) 8.5 (0.7) 8.0 (0.0) 8.0 (0.0) 7.5 (0.7)
n = 2 Change (SD) NA 0.5 (0.7) 0.5 (0.7) 1.0 (1.4)

ODI (0–100)
Spinal stenosis Raw score (SD) 45.4 (17.0) 23.4 (15.2) 23.4 (15.2) 24.5 (13.4)
n = 11 Change (SD) NA 22.0 (14.2)c 22.0 (14.2)c 20.9 (18.1)c

Lumbar radic. Raw score (SD) 43.3 (14.5) 16.0 (17.2) 15.8 (17.7) 20.4 (27.8)
n = 8 Change (SD) NA 27.3 (15.6)e 27.5 (16.3)e 22.9 (23.9)e

Nonspecific LBP Raw score (SD) 38.3 (9.9) 25.1 (10.2) 24.6 (9.9) 26.6 (8.5)
n = 7 Change (SD) NA 13.2 (7.8)f 13.7 (7.7)f 11.7 (6.7)f

Postlaminectomy Raw score (SD) 45.0 (12.5) 30.5 (10.9) 30.5 (10.9) 28.0 (8.2)
n = 4 Change (SD) NA 14.5 (10.9) 14.5 (10.9) 17.0 (6.8)g

Periph. neurop. Raw score (SD) 50.0 (11.3) 50.0 (11.3) 50.0 (11.3) 39.0 (12.8)
n = 2 Change (SD) NA 0.0 (0.0) 0.0 (0.0) 11.0 (1.4)

aPain values were significantly different from baseline at 3 ( p = 0.001), 6 ( p < 0.001), and 12 months ( p < 0.001).
bPain values were significantly different from baseline at 3 ( p = 0.003), 6 ( p = 0.002), and 12 months ( p = 0.01).
cODI values were significantly different from baseline at 3 ( p < 0.001), 6 ( p < 0.001), and 12 months ( p = 0.003).
dPain values were significantly different from baseline at 3 ( p = 0.016), 6 ( p = 0.003), and 12 months ( p = 0.006).
eODI values were significantly different from baseline at 3 ( p = 0.002), 6 ( p = 0.002), and 12 months ( p = 0.03).
fODI values were significantly different from baseline at 3 ( p = 0.004), 6 ( p = 0.003), and 12 months ( p = 0.004).
gODI values were significantly different from baseline at 12 months ( p = 0.02).
LBP, low-back pain; Lumbar Radic., lumbar radiculopathy; NA, not applicable; NRS, Numerical Rating Scale; ODI, Oswestry Disability

Index; Periph. Neurop., peripheral neuropathy; SD, standard deviation.

FIG. 4. Improvement in NRS
pain score over time by diagnostic
group. LBP, low-back pain; NRS,
Numerical Rating Scale.
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and chronic pain is unclear and has been hypothesized to be
multifactorial.10,28 Traditional prolotherapy, which includes
injection of 12.5–25% dextrose within joint spaces and at
bony soft tissue attachments,8 is thought to initiate a tissue-
level inflammatory response favoring anabolic processes,29,30

which is unlikely to be the mechanism in this study, given
that D5W is low concentration and does not have an in-
flammatory effect.31,32

What cellular mechanisms may explain the apparent an-
algesic effect of D5W in the prior RCT and in this longer-
term study? One randomized controlled study suggests a
potential nerve-specific, or sensorineural, mechanism for pain
reduction following perineural injection of D5W.33 The lit-
erature suggests three potential sensorineural mechanisms.
First, dextrose may act at the level of a key pain modulator,
for example, an ion channel. The transient receptor potential
vanilloid receptor-1 (TRPV1) ion channel plays a central role
in the development of allodynia and hyperalgesia in patients
with chronic pain.34,35 Chronic neuropathic pain is associated
with persistent upregulation of the TRPV1 ion channel.36

Mannitol, a metabolically inert sugar molecule that is struc-
turally similar to dextrose, has been reported to reduce pain
resulting from upregulation of TRPV1 ion channels in an
RCT using a capsaicin pain model.37 Perineural injection of
D5W and 5% mannitol have been anecdotally observed to
have similar effects on pain in a co-author’s clinic ( J.L.).
Although TRPV1 ion channels have no monosugar receptors,35

certain monosugars may modulate the effects of TRPV1
expression in an allosteric manner35 through a class effect.

Second, dextrose may replenish low energy stores in the
context of chronic pain. Peripheral nerves are particularly
sensitive to glycopenia,38,39 and develop histopathologic
evidence of damage with repeated reduction of systemic
dextrose by only 25%.39 Perineural glycopenia results in
progressive depolarization and hyperexcitability of noci-
ceptive nerve fibers, presumably through reduced effec-
tiveness of the ATPase pump, which depends on dextrose
for ATP production.40 In one study, nociceptive C-fibers
exposed to a temporary glycopenic environment demon-
strated a 653% – 23% increase in action potential frequency

within 15 min, with prompt return to a normal firing rate
upon return to baseline dextrose levels.40 Dextrose injections
may provide analgesia through correction of local glycopenia.
However, confirming that the perineural environment is rel-
atively glycopenic will require microdialysis or other analysis
methods for confirmation.41

Third, elevation of extracellular dextrose levels by dextrose
injection may hyperpolarize nerves through another mecha-
nism. For example, activation of tandem-pore K+ channels by
dextrose leads to increased K+ conductance and resulting
neuronal hyperpolarization.42 Elevation of extracellular dex-
trose to 0.5% from normal levels of 0.1% in the gut hyper-
polarizes enterocyte cell membranes promptly by the Na/
dextrose cotransporter (SGLT1),43 but SGLT1 has a much
less significant role in transport across neuronal mem-
branes.44 Although the mechanism of nociceptive fiber
calming by dextrose injection has not been confirmed, a
hyperpolarization effect is consistent with recent reports of
co-administration of D5W to decrease the pain from infusion
of certain chemotherapeutic agents45,46 or microspheres.47

In this study, CLBP may be partially a product of sensi-
tization of small fibers in the somatosensory system, par-
ticularly C-fibers expressing a TRPV1 channel, which is
increasingly recognized as an important sensor ion channel
both within and peripheral to the spinal cord.36,48 The source
of nociceptive C-fiber sensitization is likely to be multi-
factorial, given the diversity of participants with low-back
pain enrolled in this study. The injection of epidural D5W
may reduce the firing threshold of nociceptive C-fibers by
one or more of the mechanisms described above. However,
these potential mechanisms, while informed by the medical
literature, are speculative, have not been formally tested,
and do not explain the temporal effect of diminishing pain
with serial injections.

Although this study did not utilize hypertonic (> 6.5%)
levels of dextrose, the cumulative long-term effect of serial
epidural D5W injections on pain and dysfunction may pro-
vide a partial explanation for the favorable outcomes seen in
RCTs assessing hypertonic dextrose injection for the treat-
ment of chronic painful musculoskeletal conditions such as

FIG. 5. Improvement in ODI
score over time by diagnostic
group. LBP, low-back pain; ODI,
Oswestry Disability Index.
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knee osteoarthritis,8,49–51 Osgood Schlatter disease,52 rota-
tor cuff tendinopathy,53 hand osteoarthritis,54,55 Sacroiliac
joint dysfunction,56 and lateral epicondylosis.57 Longer-
term pain diminution in this study is also consistent with case
series and randomized controlled studies assessing subcuta-
neous dextrose 5–20% injection for pain syndromes with a
neuropathic pain component.11–14

The limitations of this study include a small sample size
and lack of a control group. In addition, control participants
received epidural saline as part of the preceding RCT and
then received epidural D5W without a washout period, po-
tentially affecting the results, although the effect of epidural
saline was minimal.17 This study was not powered to detect
rare events, but caudal epidural D5W injection appeared to be
safe; no unexpected side effects or adverse effects were re-
ported. This is consistent with a lack of evidence of toxic-
ity of dextrose in multiple previous studies, in which dextrose
5–10% was included in anesthetic solutions injected in the
subdural space to facilitate distribution of the injectate.15,16

The strengths of this study include generalized low-back pain
as an eligibility criterion, which facilitated the inclusion of
several different nonsurgical subgroups. Participant retention
and data collection were effective. Further studies are indi-
cated to better evaluate the clinical indications and effects of
epidural D5W compared both to control and active therapy.
While the safety of D5W is advantageous, future work should
also consider other concentrations of dextrose, and be pow-
ered to detect rare procedure-related adverse events.

Conclusion

Serial caudal epidural injection of D5W resulted in rapid,
serial short-term analgesia and a progressive decrease in
pain and disability through 12 months among participants
with CLBP with buttock and leg pain of varying etiologies.
Caudal D5W injections may be appropriate therapy for some
patients with CLBP.

Acknowledgments

Our primary acknowledgment is to the University of
Wisconsin Prolotherapy Education and Research Lab (UW
PEARL). We also wish to thank Roquita Kaisen, office
manager, and Sasha Mooina, medical receptionist, at the
primary research sites in Hawaii, and to acknowledge Edi-
tage for editing services.

Author Disclosure Statement

No competing financial interests exist.

References

1. Mesner SA, Foster NE, French SD. Implementation inter-
ventions to improve the management of non-specific low
back pain: A systematic review. BMC Musculoskelet Dis-
ord 2016;17:258.

2. Hoy D, March L, Brooks P, et al. The global burden of low
back pain: Estimates from the global burden of disease
2010 study. Ann Rheum Dis 2014;73:968–974.

3. Park PW, Dryer RD, Hegeman-Dingle R, et al. Cost
burden of chronic pain patients in a large integrated
delivery system in the United States. Pain Pract 2015;16:
1001–1011.

4. Manchikanti L, Knezevic NN, Boswell MV, et al. Epidural
injections for lumbar radiculopathy and spinal stenosis: A
comparative systematic review and meta-analysis. Pain
Physician 2016;19:E365–E410.

5. Epstein NS. The risks of epidural and transforaminal steroid
injections in the spine: Commentary and a comprehensive re-
view of the literature. Surg Neurol Int 2013;4(Suppl 2):S74–S93.

6. Bicket MC, Chakravarthy K, Chang D, Cohen SP. Epidural
steroid injections: An updated review on recent trends in
safety and complications. Pain Manag 2015;5:129–146.

7. Pizzo P, Clark N, Carter-Pokras O, et al. Relieving pain in
America: A blueprint for transforming prevention, care,
education, and research [homepage on the Internet]. In-
stitute of Medicine (IOM) of the National Academies,
2011. Online document at: http://nationalacademies.org/
hmd/Reports/2011/Relieving-Pain-in-America-A-Blueprint-
for-Transforming-Prevention-Care-Education-Research.aspx,
accessed July 20, 2016.

8. Rabago D, Patterson JJ, Mundt M, et al. Dextrose pro-
lotherapy for knee osteoarthritis: A randomized controlled
trial. Ann Fam Med 2013;11:229–237.

9. Rabago D, Slattengren A, Zgierska A. Prolotherapy in
primary care practice. Prim Care 2010;37:65–80.

10. Rabago D, Kijowski R, Woods M, et al. Association between
disease-specific quality-of-life and magnetic resonance im-
aging outcomes in a clinical trial of prolotherapy for knee
osteoarthritis. Arch Phys Med Rehabil 2013;94:2075–2082.

11. Lyftogt J. Prolotherapy for recalcitrant lumbago. Aust Mus-
culoskelet Med 2008;13:18–20.

12. Lyftogt J. Subcutaneous prolotherapy for Achilles tendi-
nopathy. Aust Musculoskelet Med 2007;12:107–109.

13. Lyftogt J. Subcutaneous prolotherapy treatment of refrac-
tory knee, shoulder and lateral elbow pain. Aust Muscu-
loskelet Med 2007;12:110–112.

14. Yelland MJ, Sweeting KR, Lyftogt JA, et al. Prolotherapy
injections and eccentric loading exercises for painful Achilles
tendinosis: A randomised trial. Br J Sports Med 2009;45:
421–428.

15. Munishankar B, Fettes P, Moore C, McLeod GA. A double-
blind randomised controlled trial of paracetamol, diclofenac
or the combination for pain relief after caesarean section. Int
J Obstet Anesth 2008;17:9–14.

16. White JL, Stevens RA, Kao TC. Differential sensory block:
Spinal vs epidural with lidocaine. Can J Anaesth 1998;45:
1049–1053.

17. Maniquis-Smigel L, Reeves KD, Rosen JH, et al. Short
term analgesic effects of 5% dextrose epidural injection for
chronic low back pain. A randomized controlled trial.
Anesth Pain Med 2017;7:e42550.

18. Stynes S, Konstantinou K, Dun KM. Classification of pa-
tients with low back-related leg pain: A systematic review.
BMC Musculoskelet Disord 2016;17:226.

19. Manchikanti L CK, McManus CD, Pampati V, Fellows B.
Results of 2-year follow-up of a randomized, double-blind,
controlled trial of fluoroscopic caudal epidural injections in
central spinal stenosis. Pain Physician 2012;15:371–384.

20. Manchikanti L, Singh V, Cash KA, et al. A randomized,
controlled, double-blind trial of fluoroscopic caudal epi-
dural injections in the treatment of lumbar disc herniation
and radiculitis. Spine (Phila Pa 1976) 2011;36:1897–1905.

21. de Schepper EI, Overdevest GM, Suri P, et al. Diagnosis of
lumbar spinal stenosis: An updated systematic review of the
accuracy of diagnostic tests. Spine (Phila Pa 1976) 2013;38:
E469–E481.

CAUDAL EPIDURAL D5W 1195



22. Tong HC. Specificity of needle electromyography for
lumbar radiculopathy in 55- to 79-yr-old subjects with low
back pain and sciatica without stenosis. Am J Phys Med
Rehabil 2011;90:233–238.

23. Bromberg MB. An electrodiagnostic approach to the
evaluation of peripheral neuropathies. Phys Med Rehabil
Clin N Am 2013;24:153–168.

24. Maniquis-Smigel L, Reeves KD, Rosen JH, Rabago PD.
Vertical small-needle caudal epidural injection technique.
Anesth Pain Med 2016;6:e35340.

25. Ostelo RW, Deyo RA, Stratford P, et al. Interpreting
change scores for pain and functional status in low back
pain: Towards international consensus regarding minimal
important change. Spine (Phila Pa 1976) 2008;33:90–94.

26. Cleland J, Gillani R, Bienen E, Sadosky A. Assessing di-
mensionality and responsiveness of outcomes measures for
patients with low back pain. Pain Pract 2011;11:57–69.

27. Fairbank J, Pynsent P. The Oswestry disability index. Spine
(Phila Pa 1976) 2000;25:2940–2952.

28. Topol GA, Podesta LA, Reeves KD, et al. The chondrogenic
effect of intra-articular hypertonic-dextrose (prolotherapy)
in severe knee osteoarthritis. PM R 2016;8:1072–1082.

29. Jensen KT, Rabago DP, Best TM, et al. Early inflammatory
response of knee ligaments to prolotherapy in a rat model.
J Orthop Res 2008;26:816–823.

30. Jensen KT, Rabago D, Best TM, et al. Longer term re-
sponse of knee ligaments to prolotherapy in a rat injury
model. Am J Sports Med 2008;36:1347–1357.

31. Oh S, Ettema AM, Zhao C, et al. Dextrose-induced sub-
synovial connective tissue fibrosis in the rabbit carpal
tunnel: A potential model to study carpal tunnel syndrome?
Hand 2008;3:34–40.

32. Yoshii Y, Zhao C, Schmelzer JD, et al. Effects of multiple
injections of hypertonic dextrose in the rabbit carpal tunnel:
A potential model of carpal tunnel syndrome development.
Hand 2014;9:52–57.

33. Wu P, Diaz R, Borg-Stein J. Platelet-rich plasma. Phys Med
Rehabil Clin N Am 2016;27:825–853.

34. Basbaum AI, Bautista DM, Scherrer G, Julius D. Cellular
and molecular mechanisms of pain. Cell 2009;139:267–284.

35. Cui M, Gosu V, Basith S, et al. Polymodal transient re-
ceptor potential vanilloid type 1 nocisensor: Structure,
modulators, and therapeutic applications. Adv Protein
Chem Struct Biol 2016;104:81–125.

36. Malek N, Pajak A, Kolosowska N, et al. The importance of
TRPV1-sensitisation factors for the development of neu-
ropathic pain. Mol Cell Neurosci 2015;65:1–10.

37. Bertrand H, Kyriazis M, Reeves KD, et al. Mannitol cream
in the treatment of postherpetic neuralgia: Randomized,
placebo-controlled, crossover pilot study (Abs). Can Fam
Physician 2017;63(Suppl 1):S106.

38. Jensen VF, Bøghm IB, Lykkesfeldt J. Effect of insulin-induced
hypoglycaemia on the central nervous system: Evidence from
experimental studies. J Neuroendocrinol 2014;26:123–150.

39. Jensen VF, Molck AM, Bogh IB, Lykkesfeldt J. Effect of
insulin-induced hypoglycaemia on the peripheral nervous sys-
tem: Focus on adaptive mechanisms, pathogenesis and histo-
pathological changes. J Neuroendocrinol 2014;26:482–496.

40. MacIver MB, Tanelian DL. Activation of C fibers by
metabolic perturbations associated with tourniquet ische-
mia. Anesthesiology 1992;76:617–623.

41. Baumeister FA, Hack A, Busch R. Glucose-monitoring
with continuous subcutaneous microdialysis in neonatal
diabetes mellitus. Klin Padiatr 2006;218:230–232.

42. Burdakov D, Jensen LT, Alexopoulos H, et al. Tandem-
pore K+ channels mediate inhibition of orexin neurons by
glucose. Neuron 2006;50:711–722.

43. Chen L, Tuo B, Dong H. Regulation of intestinal glucose
absorption by ion channels and transporters. Nutrients
2016;8:E43.

44. Patching SG. Glucose transporters at the blood–brain bar-
rier: Function, regulation and gateways for drug delivery.
Mol Neurobiol 2017;54:1046–1077.

45. Hosokawa A, Nakashima T, Ogawa Y, et al. Coadminis-
tration of 5% glucose solution relieves vascular pain in the
patients administered gemcitabine immediately. J Oncol
Pharm Pract 2013;19:190–192.

46. Nakashima T, Ogawa Y, Kimura A, et al. Coadministration of
5% glucose solution has a decrease in bendamustine-related
vascular pain grade. J Oncol Pharm Pract 2012;18:445–447.

47. Paprottka KJ, Lehner A, Fendler WP, et al. Reduced peri-
procedural analgesia after replacement of water for injec-
tion with glucose 5% solution as the infusion medium for
90Y-Resin microspheres. J Nucl Med 2016;57:1679–1684.

48. Choi SI, Lim JY, Yoo S, et al. Emerging role of spinal cord
TRPV1 in pain exacerbation. Neural Plast 2016;2016:5954890

49. Dumais R, Benoit C, Dumais A, et al. Effect of regenera-
tive injection therapy on function and pain in patients with
knee osteoarthritis: A randomized crossover study. Pain
Med 2012;13:990–999.

50. Reeves KD, Hassanein K. Randomized prospective double-
blind placebo-controlled study of dextrose prolotherapy for
knee osteoarthritis with or without ACL laxity. Altern Ther
Health Med 2000;6:68–80.

51. Sit RWS, Chung VCH, Reeves KD, et al. Hypertonic dextrose
injections (prolotherapy) in the treatment of symptomatic
knee osteoarthritis: A systematic review and meta-analysis.
Sci Rep 2016;6:25247.

52. Topol GA, Podesta LA, Reeves KD, et al. Hyperosmolar
dextrose injection for recalcitrant Osgood-Schlatter disease.
Pediatrics 2011;128:e1121–e1128.

53. Bertrand H, Reeves KD, Bennett CJ, et al. Dextrose pro-
lotherapy versus control injections in painful rotator cuff
tendinopathy. Arch Phys Med Rehabil 2016;97:17–25.

54. Jahangiri A, Moghaddam FR, Najafi S. Hypertonic dextrose
versus corticosteroid local injection for the treatment of os-
teoarthritis in the first carpometacarpal joint: A double-blind
randomized clinical trial. J Orthop Sci 2014;19:737–743.

55. Reeves KD, Hassanein K. Randomized prospective placebo-
controlled double-blind study of dextrose prolotherapy for
osteoarthritic thumbs and fingers (DIP, PIP and trapezio-
metacarpal joints): Evidence of clinical efficacy. J Altern
Complement Med 2000;6:311–320.

56. Kim WM, Lee HG, Jeong CW, et al. A randomized con-
trolled trial of intra-articular prolotherapy versus steroid
injection for sacroiliac joint pain. J Altern Complement
Med 2010;16:1285–1290.

57. Rabago D, Lee KS, Ryan M, et al. Hypertonic dextrose and
morrhuate sodium injections (prolotherapy) for lateral epi-
condylosis (tennis elbow): Results of a single-blind, pilot-
level, randomized controlled trial. Am J Phys Med Rehabil
2013;92:587–596.

Address correspondence to:
Kenneth Dean Reeves, MD

4740 El Monte
Roeland Park, KS 66205-1348

E-mail: DeanReevesMD@gmail.com

1196 MANIQUIS-SMIGEL ET AL.


