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ABSTRACT

Background: Cervical radiculopathy is caused by dysfunction of nerve roots in the cervical spine. While many studies have as-
sessed the effectiveness of interlaminar epidural steroid injection (ILESI) and stabilisation exercises separately for this condition,
our study aims to evaluate the impact of different stabilisation exercise programmes following ILESI on treatment outcomes in
radiculopathy patients.

Methods: Sixty-two patients with cervical radiculopathy were randomised into three groups: cervical ILESI-only (CO), neck
stabilisation group (NSG) and scapular stabilisation group (SSG). The CO group received only ILESI, while NSG and SSG un-
derwent stabilisation exercises following ILESI. Outcomes were assessed using the Numerical Rating Scale (NRS) for neck and
arm pain, the Neck Disability Index (NDI) for functionality and the Short Form-12 (SF-12) for quality of life at baseline, 1 and
3months posttreatment.

Results: When NRS, NDI and SF-12 parameters were analysed in all groups, a statistically significant improvement was ob-
served in the 1st and 3rd months compared to the pretreatment period. While the improvement in SF-12 physical parameters was
significant in SSG and NSG in the 1st month compared to the pretreatment period, no significant difference was found in the
CO group in the posttreatment periods. When the 1st and 3rd month results were analysed in NSG, a greater improvement was
observed in terms of NRS . .. parameter in both evaluations compared to the other groups.

Conclusions: Stabilisation exercise programme, especially neck stabilisation, should be included after ILESI treatment due to
positive effects on treatment outcomes.

Significance: To the best of our knowledge, our study is the first to investigate the effect of a stabilisation exercise programme
after ILEST on treatment outcomes in patients with radiculopathy due to cervical disc herniation. It is a valuable study in terms
of its prospective design, its specific and homogeneous patient population and its results. Our study will help clinicians when
prescribing exercise programmes for these patients.

Trial Registration: NCT05307211
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1 | Introduction

Cervical radiculopathy is a neurological disorder resulting from
dysfunction of the nerve roots in the cervical spine. It typically
presents with arm pain and may affect sensation, motor strength
and reflexes along the innervation pathway of the affected root
(Bogduk 2003). Cervical radicular pain and cervical radiculopa-
thy frequently occur simultaneously, and cervical radicular pain
may evolve into radiculopathy when the underlying disorder pro-
gresses (Peene et al. 2023). Stabilisation training is a conservative
therapy often used with manual interventions in chiropractic and
physiotherapy, aiming to achieve optimal stabilisation in the tar-
get area to manage pain effectively (Kuligowski et al. 2021).

The literature shows that physiotherapy for cervical radicu-
lopathy typically includes nerve mobilisation, postural train-
ing, exercise and manual therapy for the cervical and thoracic
spine (Shafique, Ahmad, and Shakil-Ur-Rehman 2019; Young
et al. 2009). Cervical epidural steroid injections are often used in
clinical practice as a key alternative for patients who do not re-
spond to conservative treatments such as activity modification,
medication and physical therapy (Stout 2011).

Overall, there is strong evidence supporting the efficacy of cervi-
cal interlaminar epidural steroid injections (ILESI) in the treat-
ment of cervical disc herniation, as well as moderate evidence
for their use in central spinal stenosis and postlaminectomy
syndrome (Manchikanti et al. 2014). However, although studies
support cervical transforaminal epidural injections, the level of
evidence is lower (Borton et al. 2022). Additionally, while com-
plications associated with cervical ILESI are rare, they are more
common with transforaminal epidural injections (Manchikanti
et al. 2014, 2019; Mesregah et al. 2020).

Cervical stabilisation training is applied to patients diagnosed
with cervical disc herniation as an exercise programme to sta-
bilise the cervical vertebrae, reduce pain and increase function-
ality (Buyukturan et al. 2017). In addition, it aims to retrain and
strengthen deep cervical muscles, regulate the overwork of superfi-
cial muscles and has positive effects on chronic neck pain (Celenay
et al. 2021). Cervical radiculopathy, especially affecting the C6 and
C7 nerve roots, is commonly linked to scapular and interscapular
pain, along with neurogenic symptoms and reflex changes in the
upper extremity (Waldman 2022, 2024). Alterations in dynamic
scapular stability have been found in patients with chronic neck
pain. As the scapula connects the neck and shoulder, stability of
this complex is crucial in these patients (Seo et al. 2020).

There are many studies in the literature that investigate the effec-
tiveness of ILESI in radiculopathy due to cervical disc herniation
or the effectiveness of stabilisation exercises and physical ther-
apy modalities separately in these patients and show their effects
(Akkan and Gelecek 2018; Cohen et al. 2014; Eubanks 2010). To
our knowledge, no studies have identified the optimal exercise
programme after injection or its impact on outcomes. Given the
benefits of exercise for cervical disc herniation-induced radiculop-
athy, we hypothesised that post-ILESI stabilisation exercises could
improve outcomes compared to no exercise therapy. Our primary
aim was to evaluate the effects of different stabilisation exercises
after ILESI on treatment outcomes and provide guidance for clini-
cians in selecting the best exercise programme for these patients.

2 | Materials and Methods
2.1 | Participants

The research received ethical committee permission from the
Marmara University Faculty of Medicine Ethics Committee
(Protocol No.: 09.2022.357, date of ethics approval: 04.03.2022).
The protocol of the study was registered at ClinicalTrials.gov.
Patients between the ages of 18 and 65 who wanted treatment
from outpatient clinics for physical medicine and rehabilitation
and pain medicine for at least 3 months due to arm and neck pain
and who, following a clinical examination, cervical MRI and di-
agnosis of unilateral chronic radiculopathy due to cervical disc
herniation, did not improve with conservative measures (phys-
ical therapy applications, medication therapy, exercise therapy,
etc.) included in the study. All study participants received a cer-
vical ILESI from a pain medicine specialist with at least 10years
of experience; the specialist was blind to the patient's group as-
signment once all relevant information was provided and the
patient's written and verbal consent was obtained. During the
follow-up, no new analgesic treatment was started, and the exist-
ing analgesic treatment was not changed.

2.1.1 | Inclusion Criteria

« To be between the ages of 18-65
« Failure to respond to conservative treatment methods

« Presence of paracentral protruding disc herniation on cer-
vical MRI responsible for the clinical presentation of the
patient

« Complaint of neck and arm pain for at least 3months
« NRS 4 and above

» Volunteering to participate in the study and signing a con-
sent form

2.1.2 | Exclusion Criteria

« History of cervical surgery

« Cervical ILESI within the last 6 months

« Presence of entrapment neuropathy in the upper extremity
« Signs of trauma, fracture, malignancy or active infection

« Shoulder pathologies (adhesive capsulitis, rotator cuff tear,
dislocation, fracture, etc.)

« Presence of rheumatological (RA-AS etc.) endocrinologi-
cal (osteoporosis, Paget's disease, etc.) diseases that may
change the anatomical or physiological structure of the rel-
evant regions

« Bleeding diathesis
« Bilateral cervical radiculopathy

« Cervical central/for aminal spinal stenosis and extrude/se-
questered disc herniation

« Pregnancy and breastfeeding
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« Known history of allergic reaction to the injectables to be
administered

» Presence of mental disorder or known psychiatric illness
that may complicate the implementation of the study and
follow-up steps

+ Presence of cardiopulmonary disease that may lead to exer-
cise intolerance

+ Presence of cervical myelopathy

« Disc herniation above the level of C4-5 intervertebral disc

2.2 | Randomisation

Participants were randomly assigned to three groups using a
computer-assisted randomisation programme: cervical ILESE-
only (CO), neck stabilisation group (NSG) and scapular stabi-
lisation group (SSG). Allocation concealment was ensured by
keeping the randomisation numbers in sealed envelopes, which
were opened by the physiotherapist in charge of the exercise pro-
gramme just before the intervention. The randomisation process
was carried out by a clinician who was independent of the study
workflow to prevent any potential bias. These measures were im-
plemented to minimise selection bias and ensure that the group
assignment process was unbiased. During the follow-up phase,
the physician evaluating the outcome measures was blinded to

the groups to which the patients were assigned and the interven-
tions administered. The study flow chart is shown in Figure 1.

2.3 | Intervention
2.3.1 | Cervical ILESI

The pain medicine clinic typically applies this interventional
pain procedure in patients with chronic radicular pain due to
cervical radiculopathy resulting from cervical disc herniation,
who have not responded to conservative treatment. Patients
are given detailed information regarding the injection before
it is administered, and their written and verbal consent is ob-
tained. The intravenous access line is opened to handle any
problems and side effects. Throughout the procedure, all pa-
tients were monitored for blood pressure, heart rate and oxy-
gen saturation. Patients are lying in a prone position, with a
pillow placed beneath the chest to bring the head to maximum
flexion. The region to be treated is cleansed three times with
an antiseptic solution (povidone-iodine complex) and draped
with a sterile cloth. Local anaesthesia is applied to the skin
and subcutaneous tissues in the relevant area with 3cc of 2%
lidocaine. The procedure is performed under fluoroscopic
guidance using a coaxial technique with an 18-gauge Tuohy
needle on the right or left paramedian side of the C7-T1 inter-
val in the direction of the patient's complaint. To visualise the
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L Participation in different treatment programs
(@=2)
Eligible patients (n=62)
l Randomization }7 l
BSG (@=20) NSG (n=20)
CI (u=22) Patients performing neck Patients performing neck and
Patients treated with ILESI stabilization exercises after [LESI scapular stabilization exercises
treatment after ILESI treatment
l L Post-treatment J l
| Analysis (2=22) | ‘ Analysis (a=20) I \ Analysis (a=20)
Post Follow-up
Not participating in

the follow-up

assessment (n=2)

Analysis (m=20)

| Study flowchart.

FIGURE1

Analysis (n=18)

Not participating in
the follow-up

Not participating in
the follow-up

aecepcment (n=2) assessment (n=2)

Analysis (n=18)

30f12

850807 SUOWIW0D aA1e1D 3|dedlidde aup Aq peusenob ae e YO ‘88N JO Se|nJ 10y ArIqIT8UIIUO /8|1 UO (SUOTPUCD-PUR-SLUBIAL0D" A8 | 1M AleIq Ul UO//:SANY) SUORIPUOD pue Swid | 841 89S *[9202/T0/60] Lo ArigiTauluo Aejim ‘Aiseaiun jodipe i Inquess| Aq 22/+°die/z00T 0T/10p/L0o" A8 1w AReiq1jeuljuo//Sdny Woly papeo|umod ‘Z ‘G202 ‘67T22esT



depth of the needle, a contralateral oblique fluoroscopy angle
of approximately 55°-60° is given, and the ventrospinolami-
nar area is approached with sequential images. After reaching
the relevant area, the needle is confirmed to be in the epidural
space using the hanging drop technique. Afterwards, 1cc of
iohexol contrast material is administered to check for possible
intravenous and subdural/intrathecal spread. After checking
that the needle is in the right place, a mixture of 12mg dexa-
methasone, 1cc 2% lidocaine and 1cc 0.9% saline is injected.
The patient is taken to the rest area after the procedure and
followed up for 2 h for the presence of complications.

2.3.2 | Exercise Therapy

The first group in the study was the injection-only group,
where patients received ILESI and were advised to remain ac-
tive without any additional exercise programme. The second
and third groups participated in a supervised exercise pro-
gramme at the physical therapy unit, starting between 24 and
72h post-ILESI. The second group engaged in a neck stabili-
sation exercise programme, while the third group performed a

scapular stabilisation exercise programme in addition to neck
stabilisation.

Both groups engaged in warm-up exercises prior to the main ex-
ercise and cool-down exercises afterwards. Both the warm-up
and cool-down phases included range of motion exercises (8-10
repetitions) and stretching exercises in all directions, with each
stretch held for 15s at the endpoint (five repetitions) (Figure 2).
Exercise sessions were conducted three times a week for a dura-
tion of 4 weeks under the supervision of a physiotherapist. During
the 1st week, the exercises consisted of 7-10 repetitions, followed
by 10-12 repetitions in the 2nd and 3rd weeks and 12-15 repe-
titions in the 4th week. The number of repetitions was progres-
sively increased based on the patient’s condition and pain level.

In the NSG, the 1st week focused on tilt exercises activating the
deep neck flexors in various positions, including supine, prone,
on the elbows, crawling, sitting and standing (Figure 3). In
the 2nd and 3rd weeks, a dynamic phase was introduced, in-
corporating tilt exercises with resistance bands to strengthen
peripheral neck muscles through rotation and lateral flexion
(Figure 4). By the 4th week, patients advanced to the functional

FIGURE2 | Warm-up and cool-down exercises.

. [— .

40f 12

European Journal of Pain, 2025

850807 SUOWIW0D aA1e1D 3|dedlidde aup Aq peusenob ae e YO ‘88N JO Se|nJ 10y ArIqIT8UIIUO /8|1 UO (SUOTPUCD-PUR-SLUBIAL0D" A8 | 1M AleIq Ul UO//:SANY) SUORIPUOD pue Swid | 841 89S *[9202/T0/60] Lo ArigiTauluo Aejim ‘Aiseaiun jodipe i Inquess| Aq 22/+°die/z00T 0T/10p/L0o" A8 1w AReiq1jeuljuo//Sdny Woly papeo|umod ‘Z ‘G202 ‘67T22esT



FIGURE 3 | Neck stabilisation exercises (1st-week static phase exercises).

e 4

i
i

—

FIGURE4 | Neck stabilisation exercises (2nd- and 3rd-week dynamic phase exercises).

phase, performing exercises with a Pilates ball and resistance
bands to maintain neck tilt in increasingly challenging positions
(Figure 5).

The SSG followed a similar structure but added exercises to
strengthen and stabilise the scapular muscles. These included
resistance exercises targeting scapular elevation, depression, re-
traction, protraction, abduction and adduction (Figure 6), sup-
plementing the neck stabilisation exercises.

2.4 | Outcome Measures

All patients were evaluated face to face before the start of the
programme with the Numerical Rating Scale (NRS) for neck
and arm pain, the Neck Disability Index (NDI) for disability
and functionality and the Short Form-12 (SF-12) Quality-of-Life
Scale for quality of life. In patients in all three treatment pro-
gramme groups (CO, NSG and SSG), pain intensity of the neck
and arm was evaluated with NRS at the 1st-hour control after
ILESI. In the NSG and SSG groups, NRS -y, NRS, i, NDI
and SF-12 were evaluated at the 1st and 3rd months after the

end of the 4-week exercise programme applied after injection. In
the CO group, neck and arm NRS, NDI and SF-12 assessments
were performed in the 1st and 3rd months after the injection
treatment.

Demographic and clinical data: Information such as age, gender,
body mass index (BMI), occupation, comorbidities, medications
used, duration and side effects of symptoms and previous treat-
ments were questioned in detail and recorded.

NRS: The NRS is widely used in research and clinical settings to
assess pain severity (Griffin et al. 2020). In the NRS, the absence
of pain is indicated as 0, and the most severe possible pain as 10
(Naylor et al. 2020). The NRS is moderately reliable, and it has
been reported that a change of 1.0 points can be considered a
clinically significant difference for patients with cervical radic-
ulopathy (Cleland et al. 2006; Langevin et al. 2015).

NDI: The NDI is a validated 10-item questionnaire that mea-
sures a patient's self-reported disability due to neck pain. The
score ranges from 0 (no disability) to 100 (total disability). For
patients with cervical radiculopathy, the minimum detectable
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FIGURE5 | Neck stabilisation exercises (Week 4 functional phase exercises).

FIGURE 6 | Scapular stabilisation exercises.

change is 10 points, and the clinically important difference
(CID) is 14 points (Langevin et al. 2015).

SF-12 Quality-of-Life Scale: The SF-12, developed in 1994, is a
scale that assesses the quality of life for the last 4 weeks with-
out focusing on a specific age or disease group. It consists of 12
questions, all selected from the SF-36 Health Questionnaire.
The SF-12 consists of physical functioning, physical role,
pain, general health, emotional role, mental health, social
functioning and vitality subcomponents (Sonmez et al. 2007).
The summary of the mental components has six items, and
the summary of the physical components also has six items.
Physical and mental standardisation values are calculated sep-
arately for the answers given by the individuals. In the final
stage, the summary of the physical components is calculated
by adding 56,57,706 to the sum of the physical standardisation

obtained for 12 questions, and the summary of the mental
components is obtained by adding 60,75,781 to the sum of
the mental standardisation calculated for 12 questions. High
scores are considered to reflect a good health status (Derya,
Erdemoglu, and Ozsahin 2019).

2.5 | Sample Size

The power analysis to determine the number of patients to
be included in the study was calculated in the G Power 3.1
programme. According to the data of a study conducted by
Manchikanti et al. (2010) on the efficacy of cervical ILESI ap-
plied to patients with chronic cervical disc herniation and ra-
diculitis, it was determined that 18 patients from each group
should be included in the study for 80% power at «=0.05 and

6 of 12

European Journal of Pain, 2025

850807 SUOWIW0D aA1e1D 3|dedlidde aup Aq peusenob ae e YO ‘88N JO Se|nJ 10y ArIqIT8UIIUO /8|1 UO (SUOTPUCD-PUR-SLUBIAL0D" A8 | 1M AleIq Ul UO//:SANY) SUORIPUOD pue Swid | 841 89S *[9202/T0/60] Lo ArigiTauluo Aejim ‘Aiseaiun jodipe i Inquess| Aq 22/+°die/z00T 0T/10p/L0o" A8 1w AReiq1jeuljuo//Sdny Woly papeo|umod ‘Z ‘G202 ‘67T22esT



wide level (0.80) based on a significant decrease in NRS score
at 3months. Considering the patients who would be excluded in
the follow-up, a total of 66 patients were included in the study,
including at least 20 patients from each group.

2.6 | Statistical Analysis

Descriptive statistics of the measurements were calculated as
mean, standard deviation, first (25th) and third (75th) quar-
tiles, median, number and % frequencies. The conformity of the
numerical data to the normal distribution was analysed by the
Shapiro-Wilk test. The Kruskal-Wallis test was used to com-
pare the groups in terms of numerical measurements that did
not show a normal distribution, and Dunn's test was used to de-
termine the different groups. The Friedman test was used for
the comparison of the periods in each group, and Dunn's test
was used to determine the different periods. A one-way ANOVA
and post hoc Tukey test were used to compare the groups in
terms of numerical measurements with a normal distribution.
One-way repeated measures analysis of variance and the post
hoc Sidak test were used to compare the periods in each group
separately. The distribution of gender, occupation, type of an-
algesic medication used and education levels according to the
groups was evaluated by the Pearson chi-square test. p<0.05
was accepted as a statistical significance level, and the SPSS
version 23 (IBM Corp., Armonk, NY) programme was used for
statistical analysis.

3 | Results

A total of 62 patients were included in the study. Of these,
20 were in the CO group, 18 were in the NSG and 18 were in
the SSG. The average age of the patients in the CO and NSG
groups were 48.80+9.84 and 48.11 +8.20, respectively, while
the average age in the SSG group was 46.11 +£9.88. There was
no significant difference between the three groups in terms of
age, gender, BMI, pain medications used and symptom dura-
tion (Table 1).

TABLE1 | Demographic and clinical data between the groups.

In all groups, a significant improvement was observed in NRS
scores at the 1st h, 1stmonth and 3rd month compared to pre-
procedural NRS (p<0.001). Significant improvements were
also found in NDI and SF-12 scores in the 1st and 3rd months
compared to preprocedural scores. However, while the improve-
ment in SF-12 physical parameters was significant in the SSG
and NSG groups in both the 1st and 3rd months compared to
the pretreatment period, no significant difference was found in
the CO group during the posttreatment periods (Table 2). When
evaluating the changes in NRS, NDI and SF-12 scores between
the preprocedure and the 1st and 3rd months, it was determined
that the positive changes were more pronounced in all groups,
particularly in the 1st month. However, the improvement in
NRS neck, NDI and SF-12 physical scores from preprocedural to
1month was greater in the NSG compared to the other groups.
Additionally, the improvement in SF-12 physical scores from
preprocedural to 3months was again more pronounced in the
NSG than in the other groups (Table 3).

The CID values determined from the literature for NRS and
NDI were 1.0 and 14.0 points, respectively (Cleland et al. 2006;
Langevin et al. 2015). It was observed that the 1-month and 3-
month changes in NRS neck were significantly higher than the
CID in all three groups. For NRS arm, the 1-month and 3-month
changes were considerably higher than the CID in the NSG and
SSG groups. However, in the injection group, the 1-month and
3-month changes were similar to the CID (Table 4). No major
complications were detected during the injections. There were
two minor complications: a vasovagal reaction in one patient in
the CO group and a transient increase in pain at the injection
site in one patient in the SSG group.

4 | Discussion

This study aimed to investigate the effects of different stabili-
sation exercises on short-term treatment outcomes after ILESI
in patients with radiculopathy due to cervical disc hernia-
tion. Our study results support our hypothesis that a stabili-
sation exercise programme has a positive effect on treatment

Variable value CO (n=20) NSG (n=18) SSG (n=18) P
Age (years) 48.80+9.84 48.11+8.20 46.11+9.88 0.663
BMI (kg/m?) 26.71+3.55 28.01+5.80 27.33+5.49 0.726
Symptom duration (months) 18.85+12.34 9.00+18.43 25.22+22.67 0.483
Gender (n)
Male 8 6 9 0.592
Female 12 12 9
Pain medications (n)
NSAIDs 3 9 5 0.381
Opioids 1 1 0
Gabapentinoids 11 4 8

Abbreviations: BMI, Body Mass Index; CO, Cervical ILESI-Only; NSG, Neck Stabilisation Group; SSG, Scapular Stabilisation Group.
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TABLE 2 | Changesin NRS, NDI, and SF-12 scores over time in the CI, NSG, and NSG groups.

Variable CO (Mean* £SD) P NSG (Mean* £ SD) P SSG (Mean*+SD) P
NRSy ;o Pre 8.15°+1.27 0.001** 8.119+1.32 0.001** 7.949+1.80 0.001**
NRS ;o 1-hour 1.752+2.22 0.612+1.33 2.112+2.03

NRSycx 1.month 5.05°+2.06 2.61°+1.91 4.17°+£1.92

NRSy;cx 3-month 5.70P+2.15 4.28°+1.64 5.39°+2.40

NRS, ; Pre 7.05¢+2.91 0.001** 6.22¢+3.57 0.001** 7.39°+2.43 0.001**
NRS, z, 1.hour 1.852+2.52 1.282+2.67 2.56%+2.59

NRS, z,, 1.month 475> +2.79 2.332£2.09 4.392+2.09

NRS, ;.\ 3-month 4.90°+2.38 3.22°+2.24 5.50°+2.41

NDI Pre 52.56°+20.51 0.005** 45.83°+14.86 0.001** 45.40°+13.32 0.001**
NDI 1.month 40.232+21.21 21.432+17.78 31.332+14.31

NDI 3.month 41.06" +20.84 29.87°+16.69 38.35+15.32
SF-12,, . ray Pre 34.882+7.15 0.005%** 43.622+8.34 0.049%** 33.992+11.07 0.003***
SF-12; 01 rap, 1.month 43.38"+10.61 48.69°+ 8.60 43.61°+8.02

SF-12\; .\ rap 3-month 41.35*+7.31 42.862+9.64 40.79°+9.04

SF-12,,vrcar PTE 33.80+7.46 0.427%%* 30.472+5.45 0.001*** 33.828+7.51 0.001+**
SF-12,v61car, 1.-month 36.08+9.14 49.41°+7.21 40.67°+6.70

SF-12,,v61car, 3-month 34.75+6.17 43.38+8.43 36.662+7.31

Note: Values with p<0.05 are indicated in bold in the table.

Abbreviations: CO, Cervical ILESI-Only; NDI, Neck Disability Index; NRS, Numerical Rating Scale; NSG, Neck Stabilization Group; Pre, Before the injection; SD,

Standard Deviation; SF-12, Short Form 12; SSG, Scapular Stabilization Group.

*Superscripts (a, b, ¢) indicate statistically significant differences between groups or periods (p <0.05).

**Friedman test and post hoc Dunn test.
***One Way Repeated measurement analysis of variance and post hoc Sidak test.

outcomes in patients with radiculopathy due to cervical disc
herniation. Additionally, the findings suggest that a neck sta-
bilisation exercise programme may be a better option for this
patient group.

Epidural steroid injections in the cervical region can be ap-
plied using transforaminal and interlaminar methods. Both
methods can be preferred in patients with chronic cervical
radiculopathy who do not respond to conservative treatment
(House et al. 2018). In a study conducted on patients with cer-
vical radicular pain, one group received an epidural steroid
injection via the interlaminar method, while the other group
received it via the transforaminal method. When the results
were analysed, significant improvements were observed in
NRS and NDI parameters in the 1st and 3rd months. However,
minor side effects, such as a transient increase in pain and par-
aesthesia, were more common in patients who underwent the
transforaminal method (Sim et al. 2021). When we look at the
literature, we see that the treatment effects of these two meth-
ods are similar, but the transforaminal method causes more
serious catastrophic complications (Manchikanti et al. 2014).
For this reason, we chose the interlaminar method as the epi-
dural injection approach in our study because it is safer. In our
study, we did not observe any serious complications except for
a vasovagal reaction in one patient and a transient increase in
pain at the injection site in another patient. At the same time,

we found significant improvement in NRS scores and NDI in
the short term in all three treatment groups, similar to the
literature.

In the study conducted by Cohen et al. (2014), patients with
cervical radicular pain of less than 4years' duration were
included and randomly divided into three groups. The first
group received pharmacotherapy and physiotherapy; the sec-
ond group received ILESI therapy; and the third group re-
ceived a combination of these treatments. The results of the
study showed that patients who received the combination of
treatments were superior to the other groups in some criteria.
In this trial, where the physiotherapy programme included
massage, ultrasound, electrotherapy and exercise, there is
no information about the specific exercise programme given,
whether it was supervised by a physiotherapist or done as a
home exercise programme. However, in our study, patients
underwent physiotherapist-supervised stabilisation exercises
starting as early as 24h and no later than 72h after ILESI,
three times a week for 4weeks, with a recommendation to
continue at home thereafter. In addition, no other physio-
therapy modalities were applied to the patients in our study,
allowing a more objective assessment of the effect of stabili-
sation exercises on the results of injection therapy. In review-
ing our results, significant improvements were observed in
all groups, similar to the aforementioned study, with patients
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TABLE 3 | Descriptive values of the changes between pre-injection and the 1st and 3rd months by group.

Initial - 1st month difference

Initial - 3rd month difference

Variable Groups Mean change* + SD change p** Mean change* + SD change p**

NRS, ok co 3100° +2222 0.003 2450+2523 0.092
NSG 5500+ 2065 3833+1790
SSG 37782+ 1768 2556 +2121

NRS,xm CO 23002958 0.348 2150+ 3133 0.461
NSG 3889+ 3142 3000+2787
SSG 30001782 1889 +1779

NDI CcO 12,3392+18,913 0.039 11,507 21,228 0.188
NSG 24,391+ 18,549 15,956 +17,207
SSG 14,0712 +£10,924 7,047 £12,050

SF-12 0 rar co ~8502+12,510 0.730 —6474+9934 0.126
NSG —5068 +12,386 0.756 £13,702
SSG -9624+11,685 —6807+10,154

SF-12, vsrcaL co —2275°+ 7423 0.001 —0.944% +6804 0.001
NSG -18,941° £ 7924 -12,907°+ 8771
SSG —68512+7931 —2840%+ 7441

Note: Values with p<0.05 are indicated in bold in the table.

Abbreviations: CO, Cervical ILESI-Only; NDI, Neck Disability Index; NRS, Numerical Rating Scale; NSG, Neck Stabilization Group; SD, Standard Deviation; SF-12,

Short Form 12; SSG, Scapular Stabilization Group.

*Superscripts (a, b) indicate statistically significant differences between groups or periods (p <0.05).

**Kruskal-Wallis and post hoc Dunn test.

TABLE 4 | Comparison of 1-month and 3-month changes with CID in each group separately.

Initial - 1st month difference

Initial - 3rd month difference

Variable Groups Mean change +SD change  CID* p Mean change +SD change  CID* P
NRSy gk CO 31002222 1.0 <0.001 24502523 1.0 0.019
NSG 55002065 <0.001 3833+1790 <0.001
SSG 3778 £1768 <0.001 2556 £2121 0.006
NRS, xt co 23002958 0.064 21503133 0.117
NSG 3889+ 3142 0.001 30002787 0.001
SSG 3000+1782 <0.001 1889+1779 0.049
NDI CcO 12,339+18,913 14.0 0.699 11,507 £ 21,228 14.0 0.606
NSG 24,391 +18,549 0.029 15,956 +17,207 0.636
SSG 14,071+10,924 0.978 7047 £12,050 0.026

Note: Values with p<0.05 are indicated in bold in the table.

Abbreviations: CO, Cervical ILESI-Only; NDI, Neck Disability Index; NRS, Numerical Rating Scale; NSG, Neck Stabilization Group; SD, Standart Deviation; SSG,

Scapular Stabilization Group.

*The clinically important difference (CID) is 1.0 point for NRS and 14.0 points for NDI.

who received stabilisation exercises in addition to injection
therapy showing superiority in terms of improvement in cer-
tain parameters.

Cervical stabilisation exercises are a safe method employed to
enhance cervical spine stability. Additionally, these exercises
can improve mobility, vertebral alignment and sensorimotor

function (Oh and Yoo 2016). The findings of a randomised con-
trolled trial suggest that a protocol incorporating various phys-
iotherapeutic interventions, such as hot packs, electrotherapy,
exercise and patient education, effectively reduces pain severity
and perceived disability in patients with cervical disc hernia-
tion in the short term. Moreover, the integration of stabilisation
exercises into a standard neck exercise programme has been
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demonstrated to yield similar improvements in parameters like
pain severity, grip strength, level of disability and quality of life,
except for posture. Multifaceted physiotherapy programmes
exhibit short-term efficacy in Akkan and Gelecek (2018). We
recognise the significance of stabilisation exercises and their po-
tential as a safe intervention. Therefore, in our study, we opted
for stabilisation exercises within the selected exercise regimen
for our patients. Consistent with the aforementioned studies,
we observed notable enhancements in pain, functionality and
quality of life in the stabilisation exercise groups in addition to
the ILESI method. Furthermore, significant changes over time
in the NRS ., parameter were found to exceed the CID in all
control periods compared to the group of patients advised to
remain active without exercise therapy. Additionally, the stabi-
lisation exercise group exhibited superior, significant improve-
ments in the NDI parameter at 1month and in the NRS .
parameter at 1 and 3 months compared to the other groups.

In a study of people with chronic neck pain, active scapular cor-
rection exercises were compared with passive scapular correc-
tion treatments. The study found that in the treatment group,
active scapular correction exercises immediately reduced pain
and tenderness at the most symptomatic cervical segment in
people with chronic neck pain and scapular dysfunction. No
effect was observed in those who received passive scapular cor-
rection (Lluch et al. 2014). In another study of patients with non-
specific neck pain, participants in the treatment group received
neck-focused exercises and scapular stabilisation training, while
participants in the control group received neck-focused exercise
training only. The study found significant improvements in neck
pain and disability levels after treatment in both groups, with
no differences observed between the groups (Yildiz, Turgut,
and Duzgun 2018). Similarly, in our study, we observed positive
effects and significant improvements in pain, functionality and
quality of life in the group that added scapular stabilisation ex-
ercises to cervical stabilisation exercises after ILESI compared
to before treatment. In addition, similar to the study by Yildiz
et al., we found that adding scapular stabilisation exercises to
neck stabilisation exercises did not provide any additional bene-
fit to the outcome of neck stabilisation exercises.

Several factors have been identified in the literature to influ-
ence the outcome of cervical ILESI. In a retrospective study by
Sencan et al. (2020), severe foraminal stenosis and a high degree
of herniation were identified as factors that may adversely affect
the short- and medium-term outcomes of patients with cervical
radiculopathy undergoing ILESI. Central/foraminal spinal ste-
nosis and high-level disc herniation (above the C4-5 level) have
been identified in the literature as negative predictors of ILESI
success (Celenlioglu et al. 2023; Sencan et al. 2020) and were one
of the exclusion criteria in our study. In our study, in addition
to these radiological findings, other radiological characteristics
such as disc herniation size and location, as well as demographic
and clinical characteristics such as age, BMI, gender, duration of
symptoms and analgesic treatments used, were similar between
the groups. While only the SF-12,,. ., scores were signifi-
cantly better in the NSG than in the other two groups during
the pretreatment period, this difference disappeared after treat-
ment. This allowed us to evaluate the effect of stabilisation ex-
ercise programmes on the treatment outcome of cervical ILESI
differently from the literature.

4.1 | Limitations

When the literature is examined, it is stated that to achieve sig-
nificant efficiency from strength and stabilisation exercises, a
programme should be applied for 4 to 8 weeks with a gradual in-
crease in intensity, 2-3 days a week (Garber et al. 2011). Previous
studies on patients with chronic nonspecific neck pain and cer-
vical radiculopathy have demonstrated that long-term exercise
training can sustain pain reduction and improve functionality
over extended follow-up periods (Halvorsen et al. 2016; Zhang
et al. 2024). In our study, an exercise programme was applied
3days a week for 4weeks under the supervision of a physio-
therapist. After the intervention, a home exercise programme
was recommended to the patients to continue their exercises
during the time they came for evaluations, but a control evalu-
ation was not performed. For our study, our results would have
been more favourable if the whole exercise process had been
performed under the supervision of a physiotherapist, the fact
that there was no group in which only scapular stabilisation was
applied after ILESI made it difficult for us to fully demonstrate
the effect of scapular stabilisation. In our study, the fact that
there was an additional which only scapular stabilisation was
applied after ILESI made it difficult for us to fully demonstrate
the effect of scapular stabilisation. However, it does not seem to
provide additional contribution when combined with neck stabi-
lisation exercises. In addition, the short follow-up period can be
counted among the other limitations of our study. The treating
practitioner was not blinded; however, the practitioner cannot
be blinded to the technique used when providing stabilisation
exercises. The evaluations were conducted by a clinician inde-
pendent of the study. Patients self-reported outcome measures,
reducing provider bias and influence. A single physical therapist
provided all exercise interventions, increasing the consistency of
patient-practitioner interactions. Despite all these limitations, it
is a valuable study in terms of its prospective design, including
a specific and homogeneous patient population, and its results,
being the first study to investigate the effect of a stabilisation ex-
ercise programme after ILESI on treatment outcomes in patients
with radiculopathy due to cervical disc herniation.

5 | Conclusions

In patients with chronic radiculopathy due to cervical disc her-
niation, ILESI is a safe treatment option that provides short-term
pain relief, improved functionality and quality of life. In these
patients, stabilisation exercises, especially neck stabilisation ex-
ercises, should be added to the pain rehabilitation programme
as a component of multimodal treatment due to the positive con-
tribution of stabilisation exercises to treatment outcomes in the
postinjection period. However, to fully clarify the role of stabili-
sation exercises, multicentre prospective randomised controlled
trials with long-term follow-up and large patient population
groups comparing stabilisation exercises with different exercise
programmes are needed in the future.
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