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A B S T R A C T   

Objectives: To evaluate the effectiveness of cervical transforaminal epidural steroid injection (CTFESI) for the 
treatment of unilateral cervical radicular pain. 
Design: Single-group prospective cohort study. 
Methods: Outcomes included ≥50% reductions in Numeric Rating Scale (NRS) for arm pain, ≥30% Neck 
Disability Index (NDI-5) improvement, health-related quality of life (EQ-5D), global improvement (PGIC), per-
sonal goal achievement (COMBI), Chronic Pain Sleep Index (CPSI), and healthcare utilization at one, three, six, 
and 12 months. Data analysis included descriptive statistics with the calculations of 95% confidence intervals 
(CIs), contingency table analysis, and multilevel logistic regression (LR) analysis, including a worst-case (WC) 
sensitivity analysis in which missing data were treated as treatment failure. Participants who were treated 
surgically were considered failures in the categorical analyses. 
Results: 33 consecutively enrolled participants (63.6% females, 51.2 ± 12.2 years of age, BMI 28.3 ± 4.5 kg/m2) 
were analyzed. Success rates for ≥50% reduction in NRS for arm pain at one, three, six and 12 months were 
57.6% (95% CI 40.8–72.8%), 71.9% (95% CI 54.6–84.4%), 64.5% (95% CI 46.9–78.9%), and 64.5% (95% CI 
46.9–78.9%). Success rates for ≥30% improvement in NDI-5 were 60.6% (95% CI 43.7–75.3%), 68.8% (95% CI 
51.4–82.0%), 61.3% (95% CI 43.8–76.3%), and 71.0% (95% CI 53.4–83.9%). In WC analysis, success rates for 
≥50% arm NRS and NDI-5 were 0–4.3% lower between 1 and 12 months. PGIC scores were at least “much 
improved” or “very much improved,” in 48.4–65.6% of participants between 1 and 12 months. 6.1%, 6.1%, and 
3.0% had one, two, or three repeat injections, respectively. 18.2% of participants underwent surgery by 12 
months. Participants showed significant improvements in arm NRS and NDI-5 after treatment (p < 0.05), 
multilevel logistic regression models showed no significant decline in improvements across the follow-up time 
points (p > 0.05). 
Conclusion: Statistically significant and clinically meaningful improvements in pain and disability were observed 
after CTFESI for up to 12 months in individuals with unilateral cervical radicular pain.   
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1. Introduction 

Cervical radiculopathy is a common source of neck and radiating arm 
pain. Population-based cohort studies have estimated that the annual 
prevalence of cervical radiculopathy at 83 per 100,000 individuals, with 
age-related cervical spondylosis and disc herniation being the most 
common causes [1]. Although the natural history of cervical radicul-
opathy is favorable, a significant proportion of patients seek medical 
care due to severe pain and disability [2]. First-line treatments for cer-
vical radiculopathy include activity modification, physical therapy, and 
oral analgesics, but where conservative management fails cervical 
epidural steroid injections (ESI) may be performed to reduce pain and 
improve function. 

Epidural administration of anesthetic and corticosteroid is hypoth-
esized to reduce inflammation, stabilize neural membranes of C-fibers, 
and reduce nociceptive activity in the dorsal root ganglion [3–5]. Mul-
tiple approaches exist for cervical ESI which appear similarly effective 
[6–9]. Previous systematic reviews have concluded that cervical trans-
foraminal epidural steroid injection (CTFESI) reduces pain and disability 
associated with cervical radicular pain with single arm meta-analysis 
demonstrating reduction in pain scores by ≥50% in 48% (95% CI: 
34–61%) and 62% (95% CI: 49–75%) of patients at one and three 
months after CTFESI, respectively [10]. Further, a systematic review 
published in the Journal of Bone and Joint Surgery concluded that 
CTFESI reduces pain above the minimally clinical important difference 
(MCID) for cervical radiculopathy [11]. Few studies have reported 
outcomes beyond three months, and little is known about the impact of 
CTFESI on surgical rates. 

Given these knowledge gaps, further research is needed to better 
describe the effectiveness of CTFESI in those with refractory radicular 
pain. The present study was conceived to measure long-term pain 
reduction and functional improvement after CTFESI but also quantify 
effects on quality of life, sleep quality, personal goal achievement, 
analgesic consumption, healthcare utilization, and surgical rates. This 
study was funded by a generous grant from the International Pain and 
Spine Intervention Society (IPSIS). 

2. Methods 

2.1. Study design and participants 

This was a single-center, prospective, observational study evaluating 
the effectiveness of CTFESI for treating refractory unilateral cervical 
radicular pain (NCT# 04544683). After IRB approval (IRB# 
00116,040), participants were recruited from outpatient Neurosurgery, 
Orthopedic Surgery, and Physical Medicine and Rehabilitation clinics at 
the University of Utah. Consecutively identified individuals were 
screened for eligibility. Primary inclusion criteria were adults with at 
least 4/10 cervical radicular pain (with arm pain greater than neck pain) 
for at least six weeks, but not longer than six months secondary to either 
one-level cervical disc herniation, disc-osteophyte complex, or degen-
erative foraminal stenosis on MRI. Primary exclusion criteria included 
BMI >35, active litigation or remuneration related to pain, multilevel 
unilateral or bilateral radicular symptoms, history of cervical spine 
surgery, or prior epidural steroid injection for the current episode of 
pain. Appendix A lists the complete inclusion/exclusion criteria. 

2.2. Recruitment, enrollment, data collection 

Between March 2019 and May 2022, clinical research coordinators 
identified potential participants from procedure and clinic schedules. 
Upon confirmation of eligibility, baseline measurements were recorded 
and input into a web-based clinical research database. Study data were 
collected in-person, via internet link, and/or telephone and managed 
using REDCap (Research Electronic Data Capture) [12], a secure, 
web-based software platform designed to support data capture for 

research studies. 

2.3. Study intervention 

CTFESI was performed by three Physical Medicine and Rehabilita-
tion physicians with subspecialty training in either Pain Medicine or 
Sports Medicine. Up to three repeat injections were allowed during the 
study based on the treating physician’s discretion. 

Participants were positioned supine or lateral recumbent on a fluo-
roscopy table, and the cervical spine was prepared and draped in a 
sterile fashion. After injecting 1–2 mL of 1% lidocaine into the superfi-
cial tissues, a 25-gauge spinal needle was guided under fluoroscopy to 
the target position in the neuro-foramen. Once the target position was 
confirmed with multiplanar fluoroscopy, 0.5–3 mL of contrast was 
injected under live fluoroscopy with and without digital subtraction 
imaging. After demonstration of epidural contrast spread without 
vascular uptake, the injectate was delivered, a mixture consisting of 1 
mL of dexamethasone sodium phosphate (10 mg/mL) and 0.5 mL of 1 or 
2% preservative-free lidocaine. 

Participants who achieved significant pain relief after the initial in-
jection and subsequently experienced a recurrence of their index pain 
were offered a repeat procedure, at the discretion of the treating 
physician. “Usual pain” was defined as cervical radicular pain (upper 
extremity or shoulder girdle/periscapular pain) greater than axial neck 
pain. 

2.4. Outcome measures 

This study examined the effectiveness of CTFESI using multiple 
validated scales considered important in pain research [13]. Pain was 
measured using the NRS scale for both arm and neck pain. Arm pain was 
defined and explained to participants as being discomfort experienced in 
the periscapular, shoulder, upper arm, lower arm, or hand, while neck 
pain was considered pain localized to the cervical spine. Other measures 
recorded at baseline and follow-up time points included Neck Disability 
Index (NDI-5) [14], Patient Global Impression of Change (PGIC) [15], 
EuroQol Health-related Quality of life (EQ-5D-5L) [16], key activity 
restoration from the Clinical Outcome Measurement Brief Instrument 
(COMBI) [17], analgesic use via Medication Quantification Scale 
(MQS-III) [18], and Chronic Pain Sleep Inventory (CPSI) [19]. The pri-
mary outcome was the proportion of participants reporting ≥50% NRS 
arm pain reduction at one, three, six, and 12 months after CTFESI. 
Secondary outcomes also measured at these time points included the 
proportion of participants with a minimally import clinical change 
(MCIC) of ≥50% NRS neck pain reduction, ≥30% improvement in NDI-5 
[20], ≥0.03 change in EQ-5D score [21], ≥6.8 point change (equivalent 
to 10 oral morphine equivalents) in MQS-III score [17], ≥30% change in 
CPSI score [19], substantial or complete restoration of at least three of 
four key activities from COMBI (described as “a lot” or “completely” 
restored) [17], and global improvement rated as “improved” or “much 
improved (PGIC scores 6–7). Rates of repeat injection, surgery, and 
other cervical spine pain-related healthcare utilization were also 
captured throughout the study. 

Additionally, demographic, clinical, radiographic, and psychological 
variables were captured at baseline (Table 1). Radiographic variables 
included categorization of the structural reason for radicular pain (i.e., 
cervical disc herniation, disc-osteophyte, or foraminal stenosis), and 
quantification of severity of foraminal stenosis according to the Park 
classification [22]. The Park classification system is as follows: Grade 0, 
indicating no significant stenosis or perineural fat obliteration; Grade 1 
(mild), with less than 50% nerve root circumference involvement of 
perineural fat and no morphological change in the nerve root; Grade 2 
(moderate), with greater than 50% nerve root circumference involve-
ment of perineural fat yet without morphological change; and Grade 3 
(severe), characterized by extensive perineural fat obliteration accom-
panied by morphological collapse of the nerve root. 
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2.5. Statistical analysis 

The sample size for this study was determined based upon the find-
ings of Dreyfuss et al. [23] wherein 60% of subjects who received a 
cervical TFESI with dexamethasone reported at least 50% improvement 
in NRS score (95% CI 35–85%) at 4 weeks. To distinguish the lower 
bound of a 95% confidence interval from a theoretical placebo/sham 
response rate of 30%, but also from less than a 50% responder rate, a 
sample size of 105 participants was considered necessary (95% CI 
51–69%, assuming a 60% responder rate). To account for a conservative 
10% attrition rate by the 4-week primary endpoint, we initially sought 
to enroll 117 participants. During the study, the authors encountered 
unanticipated challenges in participant enrollment, primarily due to 
stringent inclusion and exclusion criteria (see Appendix A). The most 
significant hurdles stemmed from prospective participants’ previous 
cervical spine surgeries, predominant neck pain compared to arm pain, 
or the presence of multi-level or bilateral symptoms, as illustrated in 
Fig. 1. These factors contributed to an enrollment rate of 6%. After three 
years, only 28% of the target sample size was enrolled, and given the low 
rate of enrollment, the authors determined that continuing the study was 
not feasible. 

Descriptive statistics were calculated for demographics and clinical 
characteristics of participants, as well as for outcome variables. Specif-
ically, mean and standard deviation (SD) were used for continuous 
variables, while categorical variables were summarized with frequency 
and percentage. A 95% confidence interval (CI) was calculated for select 
statistics. A multivariate analysis, a mixed-effects logistic regression 
model was fit to the data on categorical outcome variables, using 
different set (=model) of covariates. An odds ratio (OR) and its 95% CI 
were calculated for each model to aid in interpretations. Participants 
who were treated surgically were considered failures in the categorical 
and logistic regression analyses. Missing data in categorical outcome 
variables were treated by two approaches: 1) completer analysis in 
which missing data were excluded and 2) worst-case (WC) analysis in 
which missing data were treated as treatment failure. All the analyses 
were conducted using Stata/MP 17.0 (StataCorp LLC, College Station, 
TX), with an α level of 0.05 as statistical significance. 

3. Results 

3.1. Demographics 

Between March 2019 and May 2022, 510 consecutive individuals 
were screened for potential enrollment with 33 ultimately meeting study 
inclusion criteria after review by investigators (see Fig. 1). De-
mographics and clinical characteristics of the participants are summa-
rized in Table 1. The majority were females (n = 21 or 63.6%), with an 
average age of 51.2 ± 12.2 years. C6 and C7 were the affected spinal 
nerve root levels in 55% and 42% of participants, respectively. Most 
participants suffered from pain for more than three, but less than six 
months (n = 20 or 60.6%), as compared to six weeks to three months (n 
= 13 or 39.4%). At affected levels, participant MRI’s showed cervical 
disc herniation (n = 11 or 33.0%), disc-osteophyte complex (n = 15 or 
45.5%), or stenosis due to boney elements (n = 9 or 27.3%). Severity of 
neuroforaminal stenosis on MRI by Park Classification was grade 0–1 (n 
= 9 or 27.3%), grade 2 (n = 7 or 21.2%), or grade 3 stenosis (n = 17 or 
51.5%). Very few participants reported prior (n = 3 or 9.1%) or current 

Table 1 
Demographics and clinical characteristics of patients.  

Variable Frequency (%) 

Gender 
Male 12 (36.4) 
Female 21 (63.6) 

Obesity 
Yes 15 (45.5) 
No 18 (54.6) 

History of tobacco use 
Yes 3 (9.1) 
No 30 (90.9) 

Current tobacco use 
Yes 2 (6.1) 
No 31 (93.9) 

Level of radicular pain - C4 
Yes 0 (0.0) 
No 33 (100.0) 

Level of radicular pain - C5 
Yes 0 (0.0) 
No 33 (100.0) 

Level of radicular pain - C6 
Yes 18 (54.6) 
No 15 (45.4) 

Level of radicular pain - C7 
Yes 14 (42.4) 
No 19 (57.6) 

Level of radicular pain - C8 
Yes 1 (3.0) 
No 32 (97.0) 

Cervical disc herniation 
Yes 11 (33.3) 
No 22 (66.7) 

Disc-osteophyte complex 
Yes 15 (45.5) 
No 18 (54.6) 

Foraminal stenosis related to boney elements 
Yes 9 (27.3) 
No 24 (72.7) 

Severity of stenosis (Park Classification) 
Grade of 0 & 1 9 (27.3) 
Grade of 2 7 (21.2) 
Grade of 3 17 (51.5) 

Spurlings test 
Negative 10 (30.3) 
Positive 23 (69.7) 

Myotomal strength asymmetry 
Yes 4 (12.1)  

29 (87.9) 
DTR asymmetry on exam 

Yes 2 (6.1) 
No 31 (93.9) 

Duration of pain 
6 weeks to 3 months 13 (39.4) 
3–6 months 20 (60.6) 

Description of pain: burning/electric 
Yes 14 (42.4) 
No 19 (57.6) 

Description of pain: aching 
Yes 20 (60.6) 
No 13 (39.4) 

Description of pain: sharp 
Yes 23 (69.7) 
No 10 (30.3) 

Description of pain: other (vs. no) 
Yes 9 (27.3) 
No 24 (72.7) 

Depression 
Yes 9 (27.3) 
No 24 (72.7) 

Anxiety 
Yes 7 (21.2) 
No 26 (78.8) 

PHQ total score 
None-minimal 18 (54.6) 
Mild-moderate 13 (39.4) 
Moderately-severe to severe 2 (6.1)  

Table 1 (continued ) 

Variable Frequency (%) 

Age [mean (SD)] 51.2 (12.2) 
Height (cm) [mean (SD)] 170.8 (11.6) 
Weight (kg) [mean (SD)] 83.0 (16.8) 
Body mass index (kg/m2) [mean (SD)] 28.3 (4.5) 
PHQ total [mean (SD)] 5.8 (6.3)  
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tobacco use (n = 2 or 6.1%). A history of depression (n = 9 or 27.3%), or 
anxiety (n = 7 or 21.2%), was noted in a minority of participants, 
whereas direct screening with the Patient Health Questionnaire 9 (PHQ- 
9) demonstrated that mild to moderate depression (n = 13 or 39.4%), or 
moderately severe to severe depression (n = 2 or 6.1%) was present in 
nearly half of participants. 

3.2. Arm pain numerical rating scale 

Table 2 summarizes unadjusted continuous arm NRS scores by 
follow-up time. Mean arm NRS ranged from 6.5 ± 1.4 (baseline; 95% CI 
= 6.0, 7.0) to 1.8 ± 2.0 (12-month; 95% CI = 1.0, 2.6). The change in 
arm NRS from baseline to 1-month follow-up was 3.7 ± 2.5 (95% CI =
2.8, 4.7), while that from baseline to the rest of each follow-up time 
point was over 4.0. The smallest and largest percentage changes in arm 
NRS from baseline were 57.4 ± 35.7 (1-month; 95% CI = 44.0, 70.7) 
and 72.0 ± 30.3 (95% CI = 59.5, 84.5), respectively. 

The majority of participants reported ≥50% reduction in arm NRS 
scores from baseline (Table 3 and Fig. 2). Success rates at 1-month, 3- 
month, 6-month, and 12-month follow-ups were 57.6% (95% CI = 40.8, 
72.8%), 71.9% (95% CI = 54.6, 84.4%), 64.5% (95% CI = 46.9, 78.9%), 
and 64.5% (95% CI = 46.9, 78.9%), respectively, with similar rates in 
WC analysis. The smallest number of participants reporting ≥50% 
reduction in arm NRS was observed at 1-month follow-up (n = 19), 
whereas 20 or more participants reported ≥50% reduction in arm NRS 
at the other follow-up time points. Some participants reported ≥80% 

reduction in arm NRS from baseline (Fig. 3), ranging from 30.3% (95% 
CI = 15.6, 48.7) at 1-month follow-up to 48.4% (95% CI = 30.2, 66.9%) 
at 6 -month follow-up, with WC analysis producing comparable results. 

Mixed-effects logistic regression models on ≥ 50% reduction in arm 
NRS score by set (=model) of covariates are summarized in Table 4. 
There was no statistically significant covariate in any model (p > 0.05). 

Fig. 1. CONSORT diagram.  

Table 2 
Summary measures of continuous arm numerical rating scale.  

Variable Follow-up time N Mean (SD) Min, Max 

Arm NRS Baseline 33 6.5 (1.4) 4, 9 
1-month 30 2.8 (2.5) 0, 9 
3-month 28 2.1 (2.0) 0, 8 
6-month 26 2.1 (2.5) 0, 8 
12-month 25 1.8 (2.0) 0, 7 

Change in arm NRSa 1-month 30 3.7 (2.5) − 1, 8 
3-month 28 4.4 (2.3) − 2, 8 
6-month 26 4.3 (2.8) − 2, 8 
12-month 25 4.6 (2.2) 0, 9 

% change in arm NRSa 1-month 30 57.4 (35.7) − 12.5, 100.0 
3-month 28 67.0 (30.3) − 33.3, 100.0 
6-month 26 66.3 (42.2) − 33.3, 100.0 
12-month 25 72.0 (30.3) 0.0, 100.0 

NRS = Numerical Rating Scale; SD = standard deviation; Min = minimum value; 
Max = maximum value. 

a From baseline to each follow-up time point (i.e., value at baseline minus 
value at each follow-up time point). 
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A nonsignificant covariate of follow-up time in these models indicated 
that the success rate of ≥50% reduction in arm NRS score was sustained 
throughout the follow-up period. 

3.3. Neck pain numerical rating scale 

Mean neck NRS score was 4.5 ± 2.9 (95% CI = 3.5, 5.6) at baseline, 
and ranged from 2.3 ± 2.1 (95% CI = 1.5, 3.1; 3-month) to 3.1 ± 2.5 

Table 3 
Percentage of participants reporting ≥50% reduction in arm NRS from baseline 
to each follow-up time point.  

Missing data handling Follow-up time ≥50% reduction in arm NRS 

Yes No 

Completer analysisa 1-month 19 (57.6) 14 (42.4) 
3-month 23 (71.9) 9 (28.1) 
6-month 20 (64.5) 11 (35.5) 
12-month 20 (64.5) 11 (35.5) 

Worst-case analysisb 1-month 19 (57.6) 14 (42.4) 
3-month 23 (69.7) 10 (30.3) 
6-month 20 (60.6) 13 (39.4) 
12-month 20 (60.6) 13 (39.4) 

Note: Values are frequency (%). 
NRS = Numerical Rating Scale. 

a Missing data excluded. 
b Missing data treated as treatment failure. 

Fig. 2. Unadjusted responder analysis for ≥50% reduction in arm numerical 
rating scale score by follow-up time point. 
Missing data are excluded. 

Fig. 3. Unadjusted responder analysis for 50–79% and ≥80% reduction in arm 
numerical rating scale score by follow-up time point 
Missing data are excluded. 

Table 4 
Mixed-effects logistic regression models on ≥ 50% reduction in arm numerical 
rating scale by set (=model) of covariates.  

Model Predictor OR (95% CI) p 

Radiographic model 
Clinical variables 
model 

Follow-up time (vs. 1- 
month)    
3-month 3.76 (0.74, 

19.04) 
0.110 

6-month 1.66 (0.35, 7.82) 0.519 
12-month 1.66 (0.35, 7.82) 0.519 
Cervical disc herniation 
(vs. no)    
Yes 16.91 (0.24, 

1177.42) 
0.192 

Disc-osteophyte complex 
(vs. no)    
Yes 10.16 (0.23, 

444.30) 
0.229 

Foraminal stenosis (vs. 
no)    
Yes 19.91 (0.30, 

1300.58) 
0.161 

Severity of stenosis (vs. 
Grade of 0 & 1)    
Grade of 2 0.04 (0.00, 1.62) 0.088 
Grade of 3 0.06 (0.00, 1.45) 0.083 
Follow-up time (vs. 1- 
month)    
3-month 4.00 (0.79, 

20.17) 
0.093 

6-month 1.72 (0.37, 8.05) 0.494 
12-month 1.72 (0.37, 8.05) 0.494 
Spurlings test (vs. 
negative)    
Positive 0.34 (0.03, 3.94) 0.386 
Myotomal strength 
asymetry (vs. no)    
Yes Emptya 

DTR asymmetry on exam 
(vs. no)    
Yes 4.40 (0.02, 

810.77) 
0.578 

Duration of pain (vs. 6 
weeks to 3 months)    
3–6 months 3.77 (0.33, 

42.72) 
0.284 

Description of pain: 
burning/electric (vs. no)    
Yes 0.23 (0.02, 3.02) 0.263 
Description of pain: 
aching (vs. no)    
Yes 0.73 (0.05, 9.75) 0.811 
Description of pain: 
sharp (vs. no)    
Yes 0.25 (0.02, 3.32) 0.295 
Description of pain: other 
(vs. no)    
Yes 0.33 (0.02, 5.46) 0.441 

Demographics 
model 
Psychological 
model 

Follow-up time (vs. 1- 
month)    
3-month 3.72 (0.74, 

18.68) 
0.110 

6-month 1.66 (0.35, 7.72) 0.521 
12-month 1.66 (0.35, 7.72) 0.521 
Gender (vs. female)    
Male 1.84 (0.16, 

20.68) 
0.621 

Age 1.05 (0.95, 1.17) 0.363 
Obesity (vs. no)    
Yes 0.18 (0.01, 2.32) 0.190 
Current Tobacco use (vs. 
no)    
Yes 0.17 (0.00, 

26.33) 
0.489 

Follow-up time (vs. 1- 
month)    

(continued on next page) 
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(95% CI = 2.1, 4.1; 6-month) during the follow-up period. Changes in 
neck NRS score were rather smaller than those in arm NRS score, as the 
minimum and maximum changes were 1.0 ± 3.5 (95% CI = − 0.4, 2.5) 
at 6-month and 1.9 ± 3.9 (95% CI = 0.4, 3.4) at 3-month, respectively. 
As a result, percentage changes in neck NRS score were less than 40% 
(minimum = 5.0% at 6-month) at any follow-up time point. Between 
36.0% (95% CI = 20.2, 55.5; 6-month) and 53.9% (95% CI = 35.5, 71.2; 
3-month) of the participants reported ≥50% reduction in neck NRS from 
baseline, with the improvement as low as 27.3% (95% CI = 15.1, 44.2) 
in WC analysis, in which missing data were treated as treatment failure. 
Meanwhile, as much as 30.8% (95% CI = 14.3, 51.8; 3- and 12-month) 
of the participants reported ≥80% reduction in neck NRS from baseline. 

Mixed-effects logistic regression models examining ≥50% reduction 
in neck NRS score by the same sets of covariates as those in ≥50% 
reduction in arm NRS showed that none of the covariates in any model 
(radiographic, clinical, demographic, or psychological models) was 
significant (p > 0.05), except anxiety in the psychological model (p =
0.027). Specifically, the odds of achieving ≥50% reduction in neck NRS 
for participants with anxiety was 97% (OR = 0.03; 95% CI = 0.01, 0.67) 
lower than the odds for those without anxiety. 

3.4. Neck Disability Index 

NDI-5 was, on average, 9.4 ± 3.9 (95% CI = 8.0, 10.8) at baseline, 
while, during follow-up, it was as low as 2.7 ± 2.5 (95% CI = 1.7, 3.8; 
12-month; Table 5). Consequently, the changes in NDI-5 from baseline 

ranged from 4.9 ± 4.6 (95% CI = 3.2, 6.6 at 1-month to 6.6 ± 4.0 (95% 
CI = 4.9, 8.3) at 12-month, resulting in percentage changes in NDI-5 
between 49.2 ± 36.0% (95% CI = 35.7, 62.6; 1-month) and 69.6 ±
29.4% (95% CI = 57.5, 81.8; 12-month). Most participants achieved 
≥30% improvement in NDI-5 scores from baseline to all follow-up time 
points, which also held true in WC analysis (Table 6). Specifically, as 
many as 71.0% (95% CI = 53.4, 83.9) of the participants reported ≥30% 
improvement in NDI-5 scores at 12 months. 

3.5. Health-related quality of life 

The mean EQ-5D score at baseline was 0.61 ± 0.17 (95% CI = 0.55, 
0.67), which improved at all follow-up time points, ranging from 0.80 ±
0.16 (95% CI = 0.74, 0.86) at 1-month to 0.86 ± 0.14 (95% CI = 0.80, 
0.91) at 12-month (Table 7). Average changes in EQ-5D were between 
− 0.19 at 1- and 6-month and − 0.24 at 3- and 12-month. As few as 61.3% 
(95% CI = 43.8, 76.3; 6-month) and as many as 78.1% (95% CI = 61.2, 
89.0; 3-month) of the participants reported ≥0.03-point improvement in 
EQ-5D scores from baseline, with similar improvements in the WC 
analysis (Table 8). 

3.6. Clinical Outcome Measurement Brief Instrument 

Table 9 Appendix B shows the numbers and percentages of partici-
pants who reported substantial or complete recovery of at least three of 
four key activities between one and 12 months. The lowest and highest 
percentages were 33.3% (95% CI = 19.8, 50.4) at 1-month and 56.3% 
(95% CI = 39.3, 71.8) at 6-month, respectively, which was similar in WC 
analysis. 

3.7. Chronic Pain Sleep Inventory 

The mean CPSI score at baseline was 51.9 ± 30.7 (95% CI = 41.0, 
62.8), whereas, except at 3-month (51.2 ± 35.4), it was higher at any 
other follow-up time points (mean ranging from 60.0 to 68.3; Table 10 
Appendix C). There was great variability of the changes in follow-up 
CPSI, as shown by high SDs and ranges (minimum to maximum 
values). Less than 50% of the participants showed ≥30% reduction in 
CPSI from baseline to any follow-up time point, with the highest per-
centage reported at 3-month (40.0%; 95% CI = 24.6, 57.7; Table 11 
Appendix D). 

3.8. Global impression of change 

PGIC was rather consistent during follow-up, as the mean ranged 
between 5.6 and 5.9, while the median was 6 at all follow-up time points 
(Table 12 Appendix E). The majority of participants reported being 
“improved or much improved” (PGIC 6–7) at all follow-up time points, 

Table 4 (continued ) 

Model Predictor OR (95% CI) p 

3-month 3.80 (0.75, 
19.27) 

0.108 

6-month 1.69 (0.36, 7.94) 0.509 
12-month 1.69 (0.36, 7.94) 0.509 
Depression (vs. no)    
Yes 0.20 (0.01, 4.46) 0.307 
Anxiety (vs. no)    
Yes 1.19 (0.05, 

28.14) 
0.913 

PHQ total (vs. none to 
minimal)    
Mild to moderate 0.28 (0.02, 3.67) 0.333 
Moderately-severe to 
severe 

0.09 (0.00, 
13.78) 

0.352 

Note: Outcome = ≥50% reduction in arm numerical rating scale; Missing data 
are excluded. 
OR = odds ratio; CI = confidence interval. 

a All patients with myotomal strength asymmetry had ≥50% change in arm 
numerical rating scale. 

Table 5 
Summary measures of continuous Neck Disability Index.  

Variable Follow-up time N Mean (SD) Min, Max 

NDI Baseline 33 9.4 (3.9) 2, 19 
1-month 30 4.3 (3.3) 0, 12 
3-month 28 3.4 (3.0) 0, 13 
6-month 26 4.0 (2.6) 0, 9 
12-month 25 2.7 (2.5) 0, 9 

Change in NDIa 1-month 30 4.9 (4.6) − 2, 19 
3-month 28 5.8 (4.4) − 4, 15 
6-month 26 5.2 (4.8) − 3, 16 
12-month 25 6.6 (4.0) 0, 16 

% change in NDIa 1-month 30 49.2 (36.0) − 33.3, 100.0 
3-month 28 56.9 (43.1) − 100.0, 100.0 
6-month 26 43.5 (55.0) − 150.0, 100.0 
12-month 25 69.6 (29.4) 0.0, 100.0 

NDI = Neck Disability Index; SD = standard deviation; Min = minimum value; 
Max = maximum value. 

a From baseline to each follow-up time point (i.e., value at baseline minus 
value at each follow-up time point). 

Table 6 
Percentage of participants reporting ≥30% reduction in NDI-5 from baseline to 
each follow-up time point.  

Missing data handling Follow-up time ≥30% reduction in NDI 

Yes No 

Completer analysisa 1-month 20 (60.6) 13 (39.4) 
3-month 22 (68.8) 10 (31.2) 
6-month 19 (61.3) 12 (38.7) 
12-month 22 (71.0) 9 (29.0) 

Worst-case scenario analysisb 1-month 20 (60.6) 13 (39.4) 
3-month 22 (66.7) 11 (33.3) 
6-month 19 (57.6) 14 (42.4) 
12-month 22 (66.7) 11 (33.3) 

Note: Values are frequency (%). 
NDI-5 = Neck Disability Index. 

a Missing data excluded. 
b Missing data treated as treatment failure. 
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except at 6-month (48.4%), which was also consistent in WC analysis 
(Table 13 Appendix F). 

3.9. Analgesic medication and cervical spine-related healthcare 
utilization 

Details of interventional and surgical healthcare utilization are 
shown in Table 14 Appendix G. Surgery was performed for a minority of 
participants (n = 6 or 18.2%), with 50% occurring before the one-month 
data collection timepoint. 90.9% of participants received only the index 
injection, whereas one participant received two injections, one partici-
pant received three injections, and one participant received four 
injections. 

The mean MQS-3 score at baseline was 6.0 ± 4.8 (95% CI = 4.3, 7.7). 
Lower MQS-3 scores were reported at follow-up, ranging from 3.6 ± 4.8 
(95% CI = 1.6, 5.6) at 12-month to 5.5 ± 5.1 (95% CI = 3.6, 7.5) at 1- 
month (Table 15 Appendix H). Changes in MQS-3 were between 0.4 ±
5.1 (95% CI = − 1.6, 2.3) at 1-month and 2.8 ± 4.9 (95% CI = 0.8, 4.8) at 
12-month. As many participants had MQS-3 scores below 6.8 at base-
line, less than 20% of the participants ultimately showed ≥6.8-point 
change during the study period (Table 16 Appendix I). 

3.10. Logistic regression models on secondary outcome variables 

Mixed-effects logistic regression models examining secondary 
outcome variables by the same sets of covariates as those in ≥50% 
reduction in arm NRS analysis showed that none of the covariates in any 
model (radiographic, clinical variables, demographics, or psychological 
models) was significant (p > 0.05), except the presence of a positive 
Spurling’s test for NDI-5 scores in the clinical variables model (p =

0.039) and description of pain as “burning/electric” for CPSI scores in 
the clinical variables model (p = 0.027). Specifically, the odds of 
achieving ≥30% improvement in NDI-5 for participants with a positive 
Spurling’s test was 90% (OR = 0.10; 95% CI = 0.01–0.89) lower than 
the odds for those without a positive test. Similarly, the odds of 
achieving ≥30% improvement in CPSI scores for participants who 
described their pain as “burning/electric” was about 12 times (OR =
12.30; 95% CI = 1.33–113.48) greater than the odds for those who 
described their pain differently, though it should be noted that the 95% 
CI of the OR was wide. 

3.11. Adverse effects 

There were no serious adverse effects or complications related to 
CTFESI during this study. 

4. Discussion 

Following CTFESI, participants reported statistically significant and 
clinically meaningful improvements in pain and disability for up to one 
year. Additionally, CTFESI appears to have positively impacted health- 
related quality of life, personal goal achievement, and reduced pain- 
related sleep disturbance. Specifically, arm NRS improved by ≥ 50% 
in 58–65%, NDI-5 improved by ≥ 30% in 61–71%, health related quality 
of life (EQ-5D) improved by ≥ 0.03 in 61–78%. Between 48 and 66% of 
participants described their global state as “improved” or “much 
improved” during the study period. At one month, only 33% reported 
substantial or complete restoration of most key activities, but this 
increased to 45–56% at subsequent time points. Success rates for neck 
pain and pain related sleep disturbance were lower than other outcomes, 
with 36–54% of the participants reporting ≥50% reduction in neck NRS 
and 17–40% reporting ≥30% improvement in CPSI scores. During the 
study, 91% of participants required only a single injection, potentially 
indicating the effectiveness of the initial injection. Furthermore, surgical 
avoidance was relatively high, as only 9% of participants underwent 
surgery after the first month. 

Our findings are similar to previously reported outcomes of CTFESI 
when participants were strictly selected and when the procedure was 
performed according to recognized guidelines. Dreyfuss et al. reported a 
60% responder rate for ≥50% pain relief at short-term follow-up [23] 
Notably, that study enrolled 30 participants after screening 420, or 
approximately 7%. We used similarly strict criteria for eligibility, 
screening 510 with 33, or about 6%, ultimately being eligible. This 
suggests that CTFESI effectively reduces pain and disability in carefully 
selected individuals, but these outcomes may not be generalizable to all 
populations with cervical radicular pain. On the other hand, 
meta-analysis of multiple studies (some with less strict enrollment cri-
terion and lower screening rates), has demonstrated responder rates 
between 48 and 62% at short term follow-up [10]. 

Very few studies have reported long-term outcomes after CTFESI. 
Data from an RCT comparing interlaminar ESI to CTFESI demonstrated 
52% and 61% responder rates for ≥50% pain relief and ≥30% NDI 
improvement, respectively, at one year for those treated with CTFESI 
[24]. A cross-sectional study polling individuals treated with CTFESI 
found that 81% experienced ≥50% pain relief for an average duration of 
13.3 ± 9.44 months [25]. Other prospective studies have demonstrated 
a pattern of continued pain relief at long-term follow-up and surgical 
avoidance in 80% of patients who underwent ESI [26]. We observed 
similar proportions of surgical treatment in our study, with 18% un-
dergoing anterior cervical discectomy and fusion (ACDF) or disc 
arthroplasty during the one-year study period with 50% of these par-
ticipants undergoing surgery prior to one-month post-CTFESI. 

In addition to pain and function outcomes, this study observed sig-
nificant improvements in health-related quality of life, personal goal 
achievement, and to a lesser degree, pain-related sleep interference. 
Despite guidelines emphasizing the importance of assessing sleep 

Table 7 
Summary measures of continuous Health-related Quality of life as measured by 
EQ-5D.  

Variable Follow-up time N Mean (SD) Min, Max 

EQ-5D Baseline 33 0.61 (0.17) 0.17, 0.87 
1-month 30 0.80 (0.16) 0.37, 1.00 
3-month 28 0.85 (0.11) 0.58, 1.00 
6-month 26 0.81 (0.15) 0.46, 1.00 
12-month 25 0.86 (0.14) 0.38, 1.00 

Change in EQ-5Da 1-month 30 − 0.19 (0.22) − 0.77, 0.21 
3-month 28 − 0.24 (0.19) − 0.58, 0.20 
6-month 26 − 0.19 (0.23) − 0.50, 0.35 
12-month 25 − 0.24 (0.15) − 0.50, 0.07 

EQ-5D = EuroQol Health-related Quality of life; SD = standard deviation; Min =
minimum value; Max = maximum value. 

a From baseline to each follow-up time point (i.e., value at baseline minus 
value at each follow-up time point). 

Table 8 
Percentage of participants reporting ≥0.03-point increase in Health-related 
Quality of life from EQ-5D at each follow-up time point.  

Missing data handling Follow-up time ≥0.03-point increase in EQ-5D 

Yes No 

Completer analysisa 1-month 25 (75.8) 8 (24.2) 
3-month 25 (78.1) 7 (21.9) 
6-month 19 (61.3) 12 (38.7) 
12-month 23 (74.2) 8 (25.8) 

Worst-case scenario analysisb 1-month 25 (75.8) 8 (24.2) 
3-month 25 (75.8) 8 (24.2) 
6-month 19 (57.6) 14 (42.4) 
12-month 23 (69.7) 10 (30.3) 

Note: Values are frequency (%). 
EQ-5D = EuroQol Health-related Quality of life. 

a Missing data excluded. 
b Missing data treated as treatment failure. 
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quality in clinical trials involving patients with chronic pain, a recent 
scoping review found that less than 5% of studies have adhered to these 
recommendations [27]. Patients with pain often report frequent dis-
ruptions in sleep patterns including increased arousal, prolonged 
awakenings, and periodic body movements. Substantial evidence sug-
gests a mutually reinforcing association where pain contributes to sleep 
disturbance and vice versa [28,29]. Further, pain alleviation has been 
linked to a reduction in self-reported sleep problems, while improved 
sleep has been associated with decreased pain symptoms [30]. We 
observed significant improvement in sleep quality following CTFESI, 
with 17–40% of participants showing improvement at different time 
points. However, the data displayed significant variability, evidenced by 
high standard deviations and broad ranges (minimum to maximum 
values). This could either indicate that the measurement tool used was 
not sensitive enough or, more plausibly, that factors other than cervical 
radicular pain may have influenced sleep quality. The fact that most 
participants continued to report significant pain-related sleep distur-
bance raises concern and highlights the need for more comprehensive 
assessments including this often-overlooked metric in future studies. 

Despite the favorable outcomes in this study and others like it, 
CTFESI may not be an effective treatment in all individuals. Certain 
factors are known to decrease the probability of treatment success with 
interventional pain treatments, such as severe depression. Prior studies 
involving patients with cervical and lumbar radicular pain have 
demonstrated worse outcomes in those with significant depression, with 
responder rates as low as 19% amongst depressed patients [31,32]. 
Regarding depression, we did not find a notable impact on treatment 
success rates. This is likely because only 6% of participants exhibited 
more than moderate depression, while 55% had either no or minimal 
depression in our cohort. Interestingly, we found that a significant 
number of participants had previously undiagnosed depression, which 
highlights the importance of point-of-care mental health screening in 
those seeking treatment for chronic pain conditions. 

Certain radiographic factors have also been associated with different 
outcomes after CTFESI. Studies exist which have demonstrated that 
more severe central or neuroforaminal stenosis is negatively associated 
with treatment success of interlaminar and transforaminal ESI [33,34], 
while other studies have not demonstrated this same relationship [35, 
36]. Our results were consistent with these latter studies; while 
approximately 50% of the participants in our study had severe neuro-
foraminal stenosis (Park grade 3), success rates across all outcomes did 
not appear significantly different depending on the severity of neuro-
foraminal stenosis. 

Limitations of this study must be acknowledged. Due to the absence 
of a control group, the specific effect of CTFESI cannot be separated from 
the natural course of cervical radicular pain. Although the natural his-
tory of cervical radiculopathy is generally considered favorable, con-
flicting evidence exists about the expected duration of pain at short and 
intermediate time points. For example, some studies indicate that up to 
66% of patients may continue to experience severe pain and functional 
limitations despite non-operative treatments [37,38] and only 29% 
completely recover [39]. These populations may be more representative 
of patients in our study—those referred to a tertiary care spine clinic. In 
contrast, population-based cohort studies have shown that after an 
average follow-up of 5.9 years 90% report being asymptomatic or only 
mildly affected [1]. It is important to note that a substantial proportion 
(61%) of participants in our study presented with chronic symptoms 
persisting between three to six months prior to their enrollment. This 
duration of symptoms diminishes the probability that the improvements 
observed can be attributed solely to natural recovery. 

This study was also limited by lower-than-anticipated enrollment, 
largely a result of the stringent inclusion and exclusion criteria, resulting 
in a smaller study cohort. This restricted our ability to conduct in-depth 
analyses on demographic and radiographic variables related to treat-
ment success or failure. To address the impact of low enrollment, the 
authors constructed several sets of regression analyses centered on 

clusters of variables, including radiographic, clinical, demographic, and 
psychological factors (Table 4). Despite the small sample size, the study 
demonstrated statistically significant and clinically meaningful im-
provements in both the primary and various secondary outcomes. 
Strengths of the study include high rate of follow-up and robust long 
term outcome measurement across domains including pain, function, 
quality of life, pain-related sleep interference, and global improvement. 

5. Conclusion 

In individuals with unilateral cervical radicular pain, clinically 
meaningful improvements in pain, disability, health related quality of 
life, personal goal achievement, and pain-related sleep disturbance were 
observed for up to 12 months after CTFESI. These findings were also 
accompanied by reduced analgesic use and relatively low cervical spine 
pain-related healthcare utilization. This study provides further evidence 
that CTFESI benefits carefully selected patients with cervical radicular 
pain. Future, larger-scale studies that include a control group will offer a 
more accurate assessment of the treatment’s relative effectiveness. 
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