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Background: Previous studies have shown varying results between lumbosacral 
transforaminal epidural steroid injections (TFESIs) performed with particulate ver-
sus non-particulate corticosteroids. The purpose of this study was to investigate the 
difference in pain relief and functional improvement between particulate and non-
particulate lumbosacral TFESIs in patients who had undergone both injections, se-
quentially.
Methods: This was a self-controlled, retrospective study of 20 patients who under-
went both a methylprednisolone and a dexamethasone TFESI to the same vertebral 
level and side. Primary outcomes included pain relief according to the visual ana-
logue scale (VAS) and functional improvement determined by a yes/no answer to 
questions regarding mobility and the activities of daily living. Post-injection data was 
recorded at 2, 3, and 6 months. 
Results: A decrease in VAS scores of –3.4 ± 3.0 (mean ± standard deviation), –3.1 
± 3.1, and –2.8 ± 3.4 was seen for the methylprednisolone group at 2, 3, and 6 
months, respectively. Similar decreases of –3.9 ± 3.5, –3.4 ± 2.8, and –2.3 ± 3.4 
were seen in the dexamethasone group. There was no significant difference in pain 
relief at any point between the two medications. The percentage of subjects who 
reported improved function at 2, 3, and 6 months was 65%, 51%, and 41%, respec-
tively, for the methylprednisolone group and 75%, 53%, and 42% for the dexameth-
asone group. 
Conclusions: These findings support the use of non-particulate corticosteroids for 
lumbosacral TFESIs in the context of documented safety concerns with particulate 
corticosteroids. 
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INTRODUCTION
Transforaminal epidural steroid injections (TFESIs) have 
been shown in the past to be an effective treatment for low 
back pain with radicular symptoms [1-6]. Various cortico-
steroids have historically been used for these injections 
and are differentiated into two categories, particulate and 
non-particulate, based on their solubility in water as well 
as their tendency to aggregate [7]. Particulate corticoste-
roids tend to be larger in size (0.5-100 µg) and less water 
soluble, resulting in possible aggregation and crystalliza-
tion in hydrophilic environments. Particulate corticoste-
roids include methylprednisolone acetate, prednisolone 
acetate, triamcinolone acetonide, and betamethasone ac-
etate. On the other hand, non-particulate corticosteroids 
like dexamethasone sodium phosphate tend to be smaller 
in size (0.5 µg) and are freely water-soluble. 

The safety of particulate corticosteroids for both cervi-
cal and lumbosacral epidural injections has been called 
into question since at least 2002, after the publication of 
multiple case reports and case series identifying severe 
post-injection complications including paraplegia, quad-
riplegia, stroke, and even death [8-15]. While the exact 
pathophysiology is still being investigated, the cause of 
these catastrophic complications is thought to be tied 
both to the larger size of the particulate molecules and 
their lower water solubility, both of which could lead to 
occlusion of smaller radiculomedullary arteries leading to 
the spinal cord [16,17]. The result of these reports culmi-
nated in safety announcements and a new label require-
ment by the U.S. Food and Drug Administration (FDA) in 
2011 regarding epidural administration of triamcinolone 
acetonide. The documents state, “Epidural and intrathe-
cal administration of this product is not recommended. 
Reports of serious medical events, including death, have 
been associated with epidural and intrathecal routes of 
corticosteroid administration… Spinal cord infarction, 
paraplegia, quadriplegia, cortical blindness, and stroke 
(including brainstem) have been reported after epidural 
administration of corticosteroids” [18]. 

Despite the concerns raised by the above cases and the 
FDA announcement, some practitioners still favor the use 
of particulate corticosteroids for thoracic and lumbar TFE-
SIs. Some challenge the underlying embolization theories 
and attribute the complications to poor needle tip place-
ment [19]. Others may support the continued use of partic-
ulate corticosteroids because of a few studies that suggest 
superior pain relief or duration of relief with particulate 
corticosteroids [20-22].

The purpose of this study was to compare the degree 
of pain relief between particulate and non-particulate 
lumbosacral TFESIs up to 6 months post-injection. While 

several studies have investigated this matter in the past, 
to our knowledge none have used a self-controlled design. 
By using this method many confounders have been elimi-
nated. In our study, the same patient underwent a lum-
bosacral TFESI with each type of medication, at the same 
vertebral level and side. Our hypothesis was that there 
would be no significant difference in pain relief or dura-
tion of pain relief between the two types of corticosteroids. 
A secondary investigation of this study was to examine 
differences in functional improvement between the two 
types of medication, with the hypothesis that there also 
would be no significant difference. 

MATERIALS AND METHODS
This was a retrospective, self-controlled study that was 
approved by the Institutional Review Board of the Medi-
cal College of Wisconsin (approval No. PRO00033474). 
The procedure log from a local pain medicine physician 
from 06/01/2009 to 08/01/2018 was reviewed. The charts 
of patients who had undergone more than one lumbosa-
cral TFESI at the same level and side for the treatment of 
radicular low back pain at the level of injection were then 
reviewed. Further inclusion criteria for subjects in this 
study were 1) age greater than 18 years, 2) symptoms and 
physical exam findings suggestive of nerve root compres-
sion with confirmatory magnetic resonance imaging (MRI) 
findings, 3) a history of both types of corticosteroid injec-
tion at the same lumbosacral side and level, 4) no prior or 
subsequent spinal injection within 6 months, and 5) no 
subsequent spinal surgical intervention within the data 
collection period. Post-injection follow-up appointments 
were at 2, 3, and 6 months, at which time pain level and 
functional data were collected. The pain medicine physi-
cian involved in this study stopped using methylpredniso-
lone for TFESIs and switched to dexamethasone in 2014 
due to the safety concerns addressed above. Therefore, all 
of the methylprednisolone injections occurred first, and in 
some cases were years prior to the dexamethasone injec-
tions.

The primary outcomes for this study were both pain 
relief and duration of relief. Pain severity was measured 
by the visual analogue scale (VAS), which rates pain levels 
from 0-10, with ‘0’ meaning no pain and ‘10’ meaning the 
worst possible pain. VAS data was collected at the appoint-
ment prior to the injection and at all subsequent follow-
up appointments. A secondary outcome was functional 
improvement following injection, which was determined 
by a simple ‘yes/no’ question at each follow-up appoint-
ment regarding whether the patient believed their overall 
mobility or ability to perform activities of daily living’s had 
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improved since the TFESI. 

1. Procedure description

Ever y injection was performed by the same board-
certified pain medicine physician. The traditional ‘safe 
triangle’ approach described in the well-known text by 
Berkwits et al. [23] was used for every subject. In brief, 
following local infiltration with 3 mL of 1% lidocaine hy-
drochloride, a 12.7-cm long, 22-gauge spinal needle was 
advanced towards the 6 o’clock position of the pedicle un-
til bone was touched. The needle tip was then walked off 
inferiorly, and advanced until the 6 o’clock position of the 
pedicle was reached again in the anterior-posterior posi-
tion. The fluoroscope was then redirected to the lateral 
position to verify needle placement. Negative aspiration 
was performed followed by injection of 1 mL of iohexol 
contrast medium. The imaging showed the spread of the 
contrast medium along the targeted nerve sheath with no 
intravascular, intrathecal, or subdural spread. After care-
ful negative aspiration, a 3 mL mixture consisting of 2 mL 
1% lidocaine hydrochloride and either 1 mL 40 mg meth-
ylprednisolone acetate or 1 mL 10 mg of dexamethasone 
sodium phosphate was injected. The needle tract was in-
filtrated with another 1 mL of 1% lidocaine hydrochloride 
while the needle was withdrawn. 

2. Statistical analysis 

Baseline comparisons between patient-specific charac-
teristics (age, medications, and pre-injection VAS score) 
were completed with paired t-tests. Comparisons of VAS 
scores at specific follow-up visits were also performed with 
paired t-tests. Further, changes in VAS scores were ana-
lyzed using linear mixed models with a random subject ef-
fect and a random injection effect controlling for repeated 
measures. The effect of injection and its interaction with 
time on VAS changes were tested controlling for the effects 
of baseline VAS scores and time effect (follow-up visits) 
within linear mixed models. The use of the McNemar test 
for dichotomous variables, such as change in function, 
was evaluated, but this was eventually discarded due to 
the limited sample size created by the need for discordant 
pairs in order to run this analysis. Therefore, improvement 
in function is reported in percentages at each visit, along 
with 95% point-wise confidence intervals. The analysis 
was performed using R ver. 3.5.0 (R Foundation, Vienna, 
Austria). All continuous data were summarized by mean ± 
standard deviation, and a 95% confidence interval (CI) was 
added where appropriate. P values < 0.05 were considered 
significant.

RESULTS
A total of 20 patients satisfied the inclusion criteria for this 
study. Demographic information is included in Table 1. 
The average age for the methylprednisolone group was 63 
± 16 years vs. 65 ± 16 years for the dexamethasone group 
(P < 0.001). There were 16 females and 4 males. The mean 
duration of symptoms for the methylprednisolone group 
was 6 ± 6 years compared to 8 ± 6 years for dexamethasone 
(P = 0.03). The significant difference in age and duration 
of symptoms was anticipated, as the methylpredniso-
lone injections all occurred prior to the dexamethasone 
TFESIs, as stated above. There were no differences in pre-
injection mean VAS scores between the groups (methyl-
prednisolone mean VAS score = 7.3 ± 1.5; dexamethasone 
mean VAS score = 6.8 ± 2.4; P = 0.38). The average duration 
between the two injections was 18.2 ± 16.1 months (range 
6.3-69 mo). There was no significant difference in medica-
tions used prior to each injection (Table 1). Opioid use ap-
proached significance (P = 0.06), with three fewer patients 
prescribed opioids in the dexamethasone group; however, 
no medication had any significant impact on pain relief on 
further paired analysis. Etiologies of nerve root compres-
sion on MRI included central and paracentral disc hernia-
tions, often combined with some degree of facet arthropa-
thy. The severity of foraminal stenosis included 2/20 mild, 
8/20 moderate, and 10/20 severe cases.

Fig. 1A portrays absolute values for the pre-injection 
and post-injection mean VAS scores. While the slope of 
the dexamethasone scores appears steeper after 2 months 
and crosses the methylprednisolone line at 6 months, 
these differences never reach a level of significance (P > 
0.05). Mean VAS scores were lower than baseline in both 
the methylprednisolone and dexamethasone groups at all 
three time points (P < 0.001). 

Changes in mean VAS scores for each medication are 
reported in Fig. 1B. A decrease of –3.4 ± 3.0, –3.1 ± 3.1, and 

Table 1. Demographics and Baseline Pain Levels

Variable
Methylpred-

nisolone
Dexametha-

sone
P value

Age (yr) 63 ± 16 65 ± 16 < 0.001
Sex (M/F) 4/16 4/16 NA
Duration of symptoms (yr) 6 ± 6 8 ± 6 0.03
Medications 
     NSAIDs
     Muscle relaxants
     Neuromodulators
     Opioids

  7
  5
12
13

  6
  5
  9
10

0.65
1.0
0.25
0.06

Pre-injection pain level (VAS) 7.3 ± 1.5 6.8 ± 2.4 0.38

Values are presented as mean ± standard deviation or number only.
NA: not applicable, NSAIDs: non-steroidal anti-inflammatory drugs, VAS: 
visual analogue scale (0: no pain, 10: maximal pain imaginable). 
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–2.8 ± 3.4 was seen for the methylprednisolone group at 2, 
3, and 6 months, respectively. Similar decreases of –3.9 ± 
3.5, –3.4 ± 2.8, and –2.3 ± 3.4 were seen in the dexametha-
sone group. While all of these VAS scores were significant-
ly improved compared to pre-injection scores (P < 0.001), 
there was no significant difference in pain relief at any 
point between the two types of medication. 

Self-reported improvement in function for the two 
groups is presented in Fig. 2. The data is presented as 
the percentage of subjects in each group who reported 
improvement in function at each data collection point. 
For the methylprednisolone group, 65%, 51%, and 41% 
endorsed improvement in function at 2, 3, and 6 months, 
respectively. For the dexamethasone group, the relevant 
values were 75%, 53%, and 42%. 

DISCUSSION
The goal of this study was to investigate the difference in 
pain relief and functional improvement in patients who 
had undergone injections of both particulate and non-
particulate TFESIs. The primary results of this study show 
that there was no significant difference in the degree of 
pain relief for patients who underwent TFESI with each 
type of corticosteroid at the same lumbosacral level and 
side for up to 6 months. Our data also showed very similar 
rates of functional improvement for both types of medica-
tions at 2, 3, and 6 months. 

Similar results between particulate and non-particulate 
corticosteroids have been reported in the literature. Denis 
et al. [24] compared the efficacy of 7.5 mg dexamethasone 
to 6 mg betamethasone in a double-blind, randomized 
control trial (RCT) (n = 56). They followed patients at 1-, 3-, 

and 6-month intervals with change in VAS score as a pri-
mary outcome, and functional improvement as measured 
by the Oswestry disability index (ODI) as a secondary 
outcome. A significant decrease in VAS scores compared 
to pre-injection levels was noted in both groups at 3 and 6 
months, as was the decrease in ODI scores. However, no 
significant difference was found between the groups for 
difference in VAS scores. A multivariate regression analy-
sis did show statistically significant improvement in ODI 
scores for the dexamethasone group at the 6-month inter-
val compared to the betamethasone group, whereas our 
study showed similar rates of functional improvement at 
all data points. 

Kennedy et al. [25] performed a double-blind RCT with 
78 subjects who were divided into groups who underwent 
single-level TFESIs either with 15 mg dexamethasone or 
60 mg triamcinolone acetonide. They found no signifi-
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Fig. 1. Absolute pain rating (A) and change in pain rating (B) on the visual analogue scale (VAS) in patients receiving either methylprednisolone or dexa-
methasone lumbosacral transforaminal epidural steroid injections. Patients reported a significant reduction in pain at 2, 3, and 6 months compared to 
pre-injection values; however, there was no difference in pain reduction between the groups. Values are presented as mean ± standard deviation. *P < 
0.05 vs. pre-injection.
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Fig. 2. Self-reported improvement in function in patients receiving either 
methylprednisolone or dexamethasone lumbosacral transforaminal epi-
dural steroid injections. Values are presented as percentage of respon-
dents who self-reported improvement in function. 
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cant difference in pain relief between the two groups at 2 
weeks, 3 months, and 6 months. They also found compa-
rable rates of eventual spinal surgery (14.6% for the dexa-
methasone group and 18.9% for the triamcinolone). The 
dexamethasone group, however, did have a significantly 
higher percentage of patients undergo 3 injections com-
pared to the triamcinolone group (17.1% and 2.7%, respec-
tively [P = 0.0052]), which may have impacted results. 

In contrast, other studies have shown significant dif-
ferences between the effects of particulate and non-
particulate TFESIs. Park et al. [22] performed an RCT with 
a sample of 106 subjects who were divided into groups who 
received either 40 mg triamcinolone or 7.5 mg dexametha-
sone. Primary outcomes included the decrease in pain 
as measured by the VAS, and the short-form McGill pain 
questionnaire, as well as improvement in function per 
the revised ODI. Post-injection data were collected at one 
follow-up visit at 4 weeks. While this study showed sig-
nificant improvement in pain scores compared to the pre-
injection scores for both groups, the particulate cortico-
steroid group had a significantly greater reduction in pain 
compared to the non-particulate group on the VAS score 
(–5.9 for triamcinolone vs. –3.3 for dexamethasone). How-
ever, no significant difference was found for the McGill 
pain questionnaire nor the revised ODI. It is worth noting, 
the Park et al.’s study [22] also differs from this study by us-
ing a lower dose of 7.5 mg dexamethasone. 

El-Yahchouchi et al. [26] performed a retrospective study 
of 2,634 radicular pain subjects and compared the results 
of three different corticosteroid TFESIs: 10 mg dexametha-
sone, 80 mg triamcinolone, and 12 mg betamethasone. 
Primary outcomes included changes in pain level accord-
ing to the numerical rating scale (NRS), as well as func-
tional disability according to the Roland–Morris disability 
questionnaire (R–M). The authors evaluated both continu-
ous scores as well as categorical outcomes. They defined 
successful pain relief as > 50% reduction in NRS or a report 
of 0/10 pain. A successful functional response was a de-
crease in R–M score by 40% or more. When analyzed cate-
gorically, there was no significant difference in either pain 
relief or function between the three corticosteroids at 2 
weeks and 2 months post-injection. However, the continu-
ous outcomes did reveal the superiority of dexamethasone 
at 2 months post-injection in both pain relief and func-
tional improvement (–0.57 [CI –0.89 to –0.31] for change in 
NRS, –1.1 [CI –1.7 to –0.5] for change in R–M). It was noted 
that while this was a statistically significant difference, the 
absolute values involved (–0.57 on NRS and –1.1 on R–M) 
are small and the clinical significance may be questioned. 

As noted above, the current literature comparing the 
effectiveness of particulate and non-particulate lumbosa-
cral TFESIs has shown varying results. While some studies 

may show subtle differences in pain relief, duration of re-
lief, or functional improvement at one moment or another, 
it is important to note that these studies all show signifi-
cant improvement in pain levels for weeks to months after 
injection compared to baseline levels of pain. The study 
presented here showed no statistical difference in pain 
relief or duration of relief up to 6 months post-injection 
between 10 mg dexamethasone and 40 mg methylpred-
nisolone TFESIs when administered sequentially to the 
same patients. Given the fact that there are serious safety 
concerns for the particulate corticosteroid injections, the 
findings of this study would strongly support the use of 
non-particulate corticosteroids for lumbosacral TFESIs. 
We believe that the value and novelty of this study is that 
it was self-controlled: the same subject underwent TFESIs 
with each type of medication at the same level and side. To 
our knowledge, the results of such a strict study design and 
the inherent control of variables has not been reported in 
the literature. 

This study did have limitations. First, it was a retrospec-
tive study and therefore bears the increased risk of selec-
tion bias inherent in such study designs. The small sample 
is another limitation, as only 20 subjects were found to 
satisfy the very strict inclusion criteria. However, given 
how closely pain reduction and improvement in function 
were matched between the groups it is unlikely having a 
higher number of patients would yield different results 
than those presented here. As noted above, no statistical 
analysis was able to be performed regarding improvement 
in function. A paired analysis of these data is only possible 
with discordant results, and rate of similar results yielded 
an insufficient sample for analysis. 

This study demonstrates the similar efficacy in pain 
relief and duration of relief up to 6 months between 10 mg 
dexamethasone and 40 mg methylprednisolone lumbo-
sacral TFESIs for the treatment of lumbosacral radicular 
pain. Our results also suggest similar rates of functional 
improvement between the two corticosteroid injections at 
2, 3, and 6 months. These findings support the use of non-
particulate corticosteroids for lumbosacral TFESIs in the 
context of severe safety risks with particulate corticoste-
roids. 
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