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ilişkisi: Kesitsel, vaka-kontrol çalışması
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Summary

Objectives: This study aimed to explore sleep quality in patients with ankylosing spondylitis (AS) and to reveal the clinical 
parameters that predict sleep quality and depression in AS.
Methods: This study included 100 AS patients and 100 age/sex-matched healthy individuals. The AS activity was assessed by 
Bath AS Disease Activity Index (BASDAI), AS Disease Activity Score (ASDAS-ESR, ASDAS-CRP), and Visual Analog Scale (VAS). 
The functional status was assessed by the Bath AS Functional Index (BASFI). AS Quality of Life Questionnaire was administered 
for the assessment of the disease-related quality of life. Pittsburgh Sleep Quality Index for sleep assessment and Beck Depres-
sion Inventory for psychological assessment were administered to all participants.
Results: Sleep problems and depressive symptoms were significantly higher in AS patients compared to healthy individuals. 
All of the AS clinical parameters were significantly higher in AS patients with poor sleep quality than in AS patients with good 
sleep quality. In the correlation analysis, it was determined that poor sleep quality, depressive symptoms and low quality of 
life were strongly correlated with each other and AS clinical parameters. The most effective predictor for sleep problems was 
higher BASDAI scores, followed by higher BASFI, VAS, ASDAS-ESH scores, and younger age. Higher BASFI and VAS scores were 
predictors for depressive symptoms.
Conclusion: The findings indicate that poor sleep, depressive symptoms and low quality of life may negatively affect the AS 
clinic, and therefore sleep quality and depression should not be ignored in the examinations of AS patients.

Keywords: Ankylosing spondylitis; depression; pain; sleep.

Özet

Amaç: Bu çalışmada, ankilozan spondilitli (AS) hastalarda uyku kalitesini araştırmak ve AS’de uyku kalitesi ve depresyonu ön-
gören klinik parametreleri ortaya koymak amaçlandı.
Gereç ve Yöntem: Bu çalışmaya, 100 AS’li hasta ve hasta grubuyla yaş/cinsiyet açısından uyumlu 100 sağlıklı birey dahil edildi. 
AS aktivitesi, Bath AS Hastalık Aktivite İndeksi (BASHAİ), AS Hastalık Aktivite Skoru (ASDAS-ESH, ASDAS-CRP) ve Görsel Analog 
Skala (GAS) ile değerlendirildi. Fonksiyonel durum Bath AS Fonksiyonel İndeksi (BASFİ) ile değerlendirildi. Hastalığa bağlı yaşam 
kalitesinin değerlendirilmesi için Ankilozan Spondilit Yaşam Kalitesi Anketi (ASYKA) kullanıldı. Tüm katılımcılara uyku değerlen-
dirmesi için Pittsburgh Uyku Kalitesi İndeksi (PUKİ) ve psikolojik değerlendirme için Beck Depresyon Envanteri (BDE) uygulandı.
Bulgular: AS’li hastalarda uyku sorunları ve depresif belirtiler sağlıklı bireylere göre anlamlı derecede yüksekti. Uyku kalitesi 
kötü olan AS’li hastalarda AS klinik parametrelerinin tümü, uyku kalitesi iyi olan AS’li hastalara göre anlamlı olarak daha yük-
sekti. Korelasyon analizinde kötü uyku kalitesi, depresif belirtiler ve düşük yaşam kalitesinin birbirleriyle ve AS klinik paramet-
releriyle güçlü bir şekilde ilişkili olduğu belirlendi. Uyku sorunları için en etkili yordayıcı, yüksek BASDAİ puanlarıydı ve bunu 
yüksek BASFİ, GAS, ASDAS-ESH puanları ve genç yaş izledi. Yüksek BASFİ ve GAS skorları depresif belirtilerin yordayıcılarıydı.
Sonuç: Bulgular, kötü uyku, depresif belirtiler ve düşük yaşam kalitesinin AS kliniğini olumsuz etkileyebileceğini ve bu nedenle 
AS’li hastaların muayenelerinde uyku kalitesi ve depresyonun göz ardı edilmemesi gerektiğini göstermektedir.

Anahtar sözcükler: Ankilozan spondilit; depresyon; ağrı; uyku.
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Introduction

Ankylosing spondylitis (AS) is a chronic, systemic 
and inflammatory disease, which primarily affects 
the spine, sacroiliac and peripheral joints, caus-
ing varying degrees of structural, and functional 
disorders, restriction in the mobility of the spine 
and low back pain.[1] Although the exact etiology 
of AS remains unclear, it is known to be associated 
with HLA-B27 antigen, genetic and environmental 
factors. The prevalence of the AS ranges from ap-
proximately 0.4% to 1.4%. AS affects males approx-
imately 2 times more frequently than females, and 
the initial manifestations usually emerge around 
the second decade of life.[2,3] AS has caused a series 
of significant problems, such as pain, stiffness, fa-
tigue, mobility restriction, functional impairment, 
and sleep problems.[4,5]

Sleep problems have been reported to be more com-
mon in AS patients than that in a general population 
and other rheumatological diseases.[6–8] The preva-
lence of sleep disorders in these patients is between 
50% and 64.5%. Patients often complain about the 
difficulty in initiating sleep, difficulty awakening, 
nighttime pain, morning stiffness, poor sleep qual-
ity, and obstructive sleep apnea syndrome.[9] Sleep 
problems negatively affect daily life by increasing 
fatigue, pain, aggravating the disease symptoms, 
and impairing psychological health. Neckelmann 
et al.[10] indicated that sleep problems were a sig-
nificant risk factor for depression. There have been 
only a few studies about sleeping problems and the 
related factors for AS patients in the literature. Poor 
sleep quality was associated with increased disease 
activity, more severe depressive symptoms and im-
paired functional status in patients with AS.[11] More-
over, Deodhar et al.[12] suggested that sleep prob-
lems were significantly associated with reduced 
quality of life, increased pain and disease activity in 
patients with AS.

Symptoms such as pain, stiffness, and fatigue ap-
pear in young adulthood, which is the most active 
years of life in patients with AS. The chronic and 
progressive nature of the disease causes limita-
tions in physical activities, work, and social life. This 
situation facilitates the emergence of depressive 
symptoms.[13] There have been studies suggesting 
that the incidence of depression in AS increases 

significantly due to the burden of disease com-
pared to the general population.[14] The risk of de-
pression is 2.21 times higher in patients with AS 
compared to the general population.[13]

Contrary to other disorders related to the muscu-
loskeletal system, there has been little information 
on the relationship between AS disease progno-
sis, clinical signs, and depression in the literature. 
Studies on AS often focused on investigating the 
physical aspects of the disease, such as functional 
disabilities and disease activity. However, informa-
tion regarding sleep and mental health, which is 
extremely substantial for patients to adjust to so-
cial life and how it is related to the characteristics 
of the disease, is scarce. The overarching aims of 
this study are to investigate sleep quality in pa-
tients with AS and to reveal the clinical parameters 
that predict sleep quality and depression in AS.

Material and Methods
Study Group
This study, which was carried out between June 
15 and October 15, 2019, had a cross-sectional de-
sign. A hundred patients between ages of 18 and 
63 who presented to the Health Sciences University 
İstanbul Training and Research Hospital, Physical 
Medicine, and Rehabilitation Clinic outpatient clin-
ic and were diagnosed with definite AS according 
to the Modified New York Criteria[15] were recruited 
in this study. The control group consisted of a hun-
dred healthy volunteers who were between ages 
of 20 and 63. After both groups were informed 
about the study, they were asked to sign informed 
consent forms if they agreed to participate in the 
study. Patients with any other inflammatory ar-
ticular diseases, diseases of the central nervous 
system, substance abuse, and severe mental disor-
ders that impeded decision-making besides the AS 
were excluded from the study. This study was ap-
proved by the Ethics Committee of Health Sciences 
University İstanbul Training and Research Hospital 
(21.12.2018/1588) and conducted in accordance 
with the Declaration of Helsinki Ethical Principles.

Demographical and clinical characteristics of the pa-
tients, medications (non-steroidal anti-inflammatory 
drugs [NSAIDs], disease-modifying antirheumatic 
drugs [DMARDs], anti-tumor necrosis factor [TNF]), 
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and disease duration were recorded. Erythrocyte 
sedimentation rate (ESR) and the serum C-reactive 
protein (CRP) level were measured through the 
Westergren method (mm/h) and nephelometry 
(mg/dl), respectively.

The AS activity was assessed by the Bath AS disease 
activity index (BASDAI), AS disease activity score 
(ASDAS-ESR, ASDAS-CRP) and visual analog scale 
(VAS). The functional statement was assessed by the 
Bath AS Functional Index (BASFI). AS quality of life 
questionnaire (ASQoL) was administered for the as-
sessment of disease-related quality of life. Pittsburgh 
Sleep Quality Index (PSQI) for sleep assessment and 
Beck Depression Inventory (BDI) for psychological 
assessment were administered to all participants.

Outcome Measures
Measurement of disease activity and functional 
status
The BASDAI[16] is used to measure disease activity. 
BASDAI is a self-rated questionnaire that consists of 
six questions related to the five major symptoms of 
AS: Fatigue, spinal pain, joint pain/swelling, enthesi-
tis, duration, and severity of morning stiffness. The 
average score of five major symptoms over the past 
week is the final BASDAI score (0–10) that a higher 
score represents more severe disease activity. The re-
liability and validity of the Turkish version of BASDAI 
have already been demonstrated.[17]

VAS is a single-item scale for the degree of disease 
activity, and 0 cm means “no disease activity” and 10 
cm means “very severe activity.”

BASFI[18] is used to assess functional status. The BASFI 
is a self-administered inventory, which consists 10 
items regarding daily activities and ability to perform 
daily tasks. Each item is scored on a 10-cm horizon-
tal range from 0 (easy) to 10 (impossible). The mean 
of the 10 items is calculated to obtain the final score 
with a higher score indicating greater disability. The 
Turkish version of BASFI has good reliability and va-
lidity properties.[19]

ASDAS[20] is a scale of self-rated measures and in-
flammation markers (ESR, CRP) that was developed 
to assess both the subjective and objective parts 
of AS disease activity. Items for spinal pain, periph-

eral joint pain/swelling, and duration of morning 
stiffness of BASDAI were used in ASDAS-CRP and 
ASDAS-ESR calculations. In the calculation, CRP is 
measured in mg/dl and ESR in mm/h. CRP or ESR 
levels with the scores are calculated in the ASDAS 
formula. The results are evaluated as follows; above 
3.5 is very high disease activity, between 2.1 and 
3.5 is high disease activity, between 2.1 and 1.3 is 
moderate disease activity, and below 1.3 is inactiv-
ity disease status.

Measurement of sleep quality assessment
PSQI[21] is a self-report questionnaire that evaluates 
sleep quality over 1 month. It consists of nineteen 
items and measures seven component scores: sub-
jective sleep quality, sleep latency, sleep duration, 
habitual sleep efficiency, sleep disturbances, use of 
sleeping medication, and daytime dysfunction. A 
global PSQI score corresponding to the total of the 
individual scores from the seven components is cal-
culated (range=0–21). A total score above 5 is associ-
ated with poor sleep quality. The reliability and valid-
ity of the Turkish version of this questionnaire have 
been verified by Agargun et al.[22]

Measurement of the psychological variables
BDI[23] is a self-report questionnaire that is widely 
used to assess the incidence and severity of depres-
sive symptoms in the community. Each answer in 
BDI is scored on a scale of 0–3. A high total score indi-
cates a high level of depression. The Turkish validity 
and reliability study was conducted by Hisli.[24]

Measurement of disease-related quality of life
Health-Related Quality of life (HRQoL) is a multidi-
mensional concept that measures a person’s well-
being, including physical health, psychological 
state, social functioning, and social relationships.[25] 
Chronic pain, which is one of the most important 
components of AS, causes mental health problems 
such as distress, loneliness and low quality of life.
[26] There is a growing interest in the development 
of disease-specific HRQoL scales designed to be as-
sociated with specific health problems. ASQoL[27] 
measures the disease-related quality of life. This 
questionnaire consists of 18 items with binary re-
sponses (yes/no). The reliability and validity of the 
Turkish version of this questionnaire have been ver-
ified by Duruöz et al.[28]
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Statistical Analysis
Statistical Package for the Social Sciences 20 version 
was used to evaluate the data. The descriptive sta-
tistics were presented in median values and inter-
quartile ranges (IQR; 25–75%) for the quantitative 
variables; and frequencies and percentages for the 
categorical variables. The Chi-square test was used 
to determine possible differences between groups 
in terms of categorical variables. Shapiro-Wilk test 
of normality indicated that the scale scores were not 
normally distributed in many instances. Therefore, 
non-parametric tests were used: The Mann-Whitney 
U test for comparing the continuous variables among 
two groups was used. And correlations between the 
PSQI, BDI, ASQoL, and the clinical parameters of AS 
variables were investigated with Spearman’s corre-
lation. A multiple linear regression model was used 
with a stepwise technique to investigate potentially 
predictive factors for the worse PSQI and BDI scores. 
Any predicted variables that were highly correlated 
(−.7, and +.7) with the dependent variable were not 
included in the regression equation. In this context, 
regression analysis was not performed for ASQoL 
because most of the variables indicating AS disease 
activity were highly correlated with ASQoL. Regres-
sion analyzes were performed for PSQI and BDI with 
age, gender, disease duration, ASDAS-ESR, ASDAS-
CRP, BASDAI, BASFI, and VAS variables. p<0.05 was 
considered statistically significant.

Results

A total of 100 AS patients and 100 healthy controls 
were included in the study. Gender ratios were the 
same in both groups, 27 females and 73 males. As 
the mean age was 41.96±9.11 in the AS patients, 
it was 42.11±9.05 in the control group. There was 
no significant difference between AS patients and 
control groups in terms of age (p=0.849) and gen-
der (p=1.000) (Table 1). The duration of the dis-
ease was 13.2±9.1 years in the patients. A total of 
84 (84%) patients were on regular medication, and 
the remaining 16 (16%) patients were on drug-free 
follow-up. Of the patients using drugs, 14 were re-
ceiving NSAIDs, 27 were receiving DMARD group 
drugs, and 43 were receiving anti-TNF treatment. 
The AS patients had higher scores in the BDI (0.042), 
subjective sleep quality (p=0.014), sleep latency 
(p<0.001), sleep disturbance (p<0.001), and total 
PSQI scores (p=0.001) (Table 1).

The median (IQR) global PSQI score was 6 (4–8), 
with 57 % of the AS patients classified as poor sleep-
ers (PSQI global score >5). ASDAS-ESR (p<0.001), 
ASDAS-CRP (p<0.001), BASDAI (p<0.001), BASFI 
(p<0.001), BDI (p<0.001), ASQoL (p<0.001), and VAS 
(p<0.001) scores in AS patients with poor sleep qual-
ity were found to be statistically significantly higher 
than AS patients without poor sleep quality (PSQI 
global score ≤5) (Table 2).

Table 1. Mean scores of the AS patients and controls for the age, gender, and sleep subdimensions

Variables Patients (n=100) Controls (n=100) p

Age, (mean±SD) 41.96±9.11 42.11±9.05 0.849
Gender, n (%)   1.000
 Female 27 (27.0) 27 (27.0) 
 Male 73(73.0) 73 (23.0) 
BDI, median (IQR) 9 (3–16) 7 (4–12.75) 0.042
Total PSQI, median (IQR) 6 (4–8) 5 (3–7) 0.001
 Subjective sleep quality 1 (1–2) 1 (1–2) 0.014
 Sleep latency  1 (1–2) 0.5 (0–1) <0.001
 Sleep duration 0 (0–1) 0 (0–1) 0.983
 Habitual sleep efficiency 0 (0–0) 0 (0–0) 0.063
 Sleep disturbance 2 (1–2) 1 (1–1) <0.001
 Use of sleeping medication 0 (0) 0 (0–0) 0.202
 Daytime dysfunction 1 (0–2) 1 (0–2) 0.602

IQR: Interquartile range 25%, 75%; AS: Ankylosing spondylitis; PSQI: Pittsburgh Sleep Quality Index; BDI: Beck depression inventory; SD: Standard 
deviation.
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According to Spearman’s correlation analysis, poor 
sleep quality (higher total PSQI) was strong positive-
ly correlated with higher depressive symptoms, poor 
quality of life, and higher BASDAI, BASFI, ASDAS-ESR, 
ASDAS-CRP, and VAS scores (for all p<0.001). Higher 
depressive symptoms were strongly positively corre-
lated with poor quality of life (p<0.001). Moreover, 
higher depressive symptoms and poor quality of life 
were strong positively correlated with higher BAS-
DAI, BASFI, ASDAS-ESR, ASDAS-CRP, and VAS scores 
(for all p<0.001). Correlations between PSQI, BDI, and 
ASQoL and disease variables are shown in Table 3.

As a result of regression analysis, it was determined 
that higher PSQI scores in AS patients were associ-
ated with higher BASDAI scores (p<0.001). However, 

higher subjective sleep quality scores with higher 
BASDAI (p=0.041) scores and higher VAS scores 
(p=0.047); higher sleep latency scores with higher 
BASFI scores (p<0.001); higher sleep duration scores 
with low age (p=0.010) and higher ASDAS-ESR 
scores (p<0.001); higher sleep disturbance scores 
with higher BASDAI scores (p=0.041); and higher 
Daytime dysfunction scores were found to be associ-
ated with higher BASDAI scores (p=0.041) (Table 4). 
Higher depressive symptoms were found to be asso-
ciated with higher BASFI scores (p<0.001) and higher 
VAS scores (p=0.002) (Table 5).

Discussion
In this study, our findings suggested that patients 
with AS were significantly more affected by sleep 
problems than healthy individuals. According to our 
findings, 57% of AS patients had sleep problems 
(PSQI total score >5). The prevalence of sleep prob-
lems in patients with AS has been reported as 64.5%, 
54%, and 54.8% by three different studies, respective-
ly.[29–31] This ratio appears 32.1% in the general popu-
lation.[32] In patients with AS, total PSQI and three of 
the PSQI components scores were found to be signif-
icantly worse compared to normal individuals (Table 
1). The “subjective sleep quality,” “sleep latency,” and 
“sleep disturbances” were significantly impaired.

In the current study, analyses were performed be-
tween patients who have good and poor sleep 
quality; poor-sleep patients had significantly higher 
scores of BASDAI, BASFI, BDI, ASQoL, VAS, ESR, and 
CRP compared with good sleepers. These factors 
may explain a good correlation between poor sleep 

Table 2. Comparison of clinical parameters between AS patients with and without sleep disorders

Variables Total median PSQI≤5 median PSQI >5 median p 
 (IQR) (n=100) (IQR) (n=43) (IQR) (n=57)

ASDAS-ESR  2.3 (1.72–2.97) 1.8 (1.3–2.3) 2.7 (2.2–3.4) <0.001
ASDAS-CRP 2.4 (1.9–3.1) 1.9 (1.6–2.4) 2.9 (2.3–3.7) <0.001
BASDAI  4 (2.45–5.95) 2.4 (1.6–3.9) 5.4 (3.8–6.3) <0.001
BASFI  2.7 (1.2–4.7) 1.2 (0–8) 4.4 (2.1–6.3) <0.001
BDI  8.5 (3.25–15.75) 4 (2–6) 13 (8–19) <0.001
ASQoL 5.5 (1–12) 1 (0–3) 10 (6–15) <0.001
VAS  4 (3–6) 3 (2–4) 6 (4–7) <0.001

IQR: Interquartile range 25%, 75%; AS: Ankylosing spondylitis; BASDAI: Bath AS Disease Activity Index; BASFI: Bath AS Functional Index; ASDAS-ESR: AS 
disease activity score-erythrocyte sedimentation rate; ASDAS-CRP: AS Disease Activity Score-C-reactive protein; ASQoL: AS quality of life questionnaire; 
PSQI: Pittsburgh Sleep Quality Index; BDI: Beck depression ınventory; VAS: Visual analog scale.

Table 3. Coefficient of correlations between PSQI, BDI, 
ASQoL, and measurements of disease variables

 Total-PSQI BDI ASQoL

Total-PSQI –  
BDI 0.555* – 
ASQoL 0.598* 0.714* –
BASDAI 0.536* 0.551* 0.798*
BASFI 0.485* 0.608* 0.820*
ASDAS-ESR 0.494* 0.519* 0.685*
ASDAS-CRP 0.476* 0.482* 0.709*
VAS 0.455* 0.579* 0.686*

*: P<0.001; IQR: Interquartile range 25%, 75%; AS: Ankylosing spondy-
litis; BASDAI: Bath AS Disease Activity Index; BASFI: Bath AS Functional 
Index; ASDAS-ESR: AS disease activity score-erythrocyte sedimenta-
tion rate; ASDAS-CRP: AS disease activity score-C-reactive protein; 
ASQoL: AS quality of life questionnaire; PSQI: Pittsburgh Sleep Quality 
Index; BDI: Beck depression inventory; VAS: Visual analog scale.
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quality and all clinical parameters (pain, disease 
activity, inflammatory status, functionality, and dis-
ease-related quality of life) in patients with AS. In ad-
dition, depression was also strongly associated with 
all clinical parameters of AS. The previous studies re-
ported that disease activity, pain, stiffness, and loss 
in functionality in AS contributed to fatigue, depres-
sion, and poor sleep quality.[1,33] A reciprocal relation-
ship was observed between poor quality of life and 
depression in this study.

Pain and stiffness in the early stages of AS are thought 
to be caused by inflammation and related to disease 
activity and physical disability.[34,35] Several studies 

have found that pain is an important factor associ-
ated with sleep disturbance in AS patients.[36,37] Sleep 
problems are often reported by AS patients who 
wake up due to inflammatory pain.[31] In our study, 
a positive correlation was found between inflamma-
tory markers CRP and ESR, and sleep disorders. This 
finding was also reported by Li et al.[38]

Consistent with the literature, this research found that 
BASDAI was independently associated with sleep 
problems.[38] The multiple regression analysis indi-
cated that disease activity was independently associ-
ated with sleep disturbance, subjective sleep quality, 
daytime dysfunction, and poor sleep quality. BASDAI 

Table 4. Final multivariate regression models in AS patients, PSQI domains as dependent variable

   UC    95% CI

  B SE ß t p Lower bound Upper bound

Total PSQI1       
 BASDAI 0.758 0.121 0.536 6.279 p<0.001 0.518 0.997
Subjective sleep quality2       
 BASDAI 0.096 0.046 0.277 2.076 0.041 0.004 0.189
 VAS 0.097 0.048 0.269 2.016 0.047 0.001 0.192
Sleep latency3       
 BASFI 0.174 0.035 0.450 4.984 p<0.001 0.105 0.243
Sleep duration4       
 Age -0.021 0.008 -0.251 -2.635 0.010 -0.038 -0.005
 ASDAS-ESR 0.207 0.084 0.235 2.467 0.015 0.040 0.373
Sleep disturbance5       
 BASDAI 0.120 0.029 0.384 4.119 p<0.001 0.062 0.177
Daytime dysfunction6       
 BASDAI 0.168 0.040 0.394 4.245 p<0.001 0.090 0.247

UC: Unstandardized coefficients; B: Unstandardized coefficients; SE: Standard error of the estimate; β: Adjusted coefficients; CI: Confidence interval; 
AS: Ankylosing spondylitis; BASDAI: Bath AS Disease Activity Index; BASFI: Bath AS Functional Index; ASDAS-ESR: AS disease activity score-erythrocyte 
sedimentation rate; PSQI: Pittsburgh Sleep Quality Index; VAS: Visual Analog Scale, 1: n=100, R2=0.287, F(1, 98)=39.43, p<0.001; 2: n=100, R2=0.261, F(2, 
97)=16.91, p<0.001; 3: n=100, R2=0.202, F(1, 98)=24.83, p<0.001; 4: n=100, R2=0.125, F(2, 97)=7.35, p<0.001; 5: n=100, R2=0.148, F(1, 98)=16.96, p<0.001; 
6: n=100, R2=0.155, F(1, 98)=18.02, p<0.001.

Table 5. Final multivariate regression models in AS patients, BDI as dependent variable

   UC    95% CI

  B SE ß t p-value Lower bound Upper bound

BDI1       
 BASFI 1.542 0.379 0.404 4.068 p<0.001 0.790 2.294
 VAS 1.419 0.438 0.322 3.240 0.002 0.550 2.288

UC: Unstandardized coefficients; B: Unstandardized coefficients; SE: Standard error of the estimate; β: Adjusted coefficients; CI: Confidence interval; AS: An-
kylosing spondylitis; BASFI: Bath AS Functional Index, BDI: Beck depression inventory; VAS: Visual analog scale; 1: n=100, R2=0.432, F(2, 97)=36.84, p<0.001.
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focuses on four major symptoms including fatigue, 
axial and peripheral pain, enthesitis, and morning 
stiffness. Sleep disorders in rheumatism diseases are 
positively associated with pain and fatigue.[39] It has 
been reported that pain is the most associated factor 
with fatigue.[40] In a study of patients with AS, 41% 
of patients complaining of fatigue experienced more 
than three episodes of awakening per night.[41] Possi-
ble explanations for the increased sleep disturbance 
and daytime dysfunction, and reduced subjective 
sleep quality might be the nocturnal increases in in-
flammation, pain, and stiffness. Many of the patients 
with AS have difficulty in performing their daily life 
activities and daytime dysfunction appears. Daytime 
dysfunction can occur with extreme tiredness during 
the day and recurrent sleep interruptions at night. In 
the continuation of this situation, it is inevitable that 
the quality of life will decrease and sleep disorders 
will deepen. Our results indicated that the patients 
with higher BASFI scores had increased sleep latency 
according to PSQI. This finding was consistent with 
the study of Li et al.[42] who suggested that sleep la-
tency was significantly associated with BASFI.

It is well known from epidemiological studies that de-
pressive symptoms are more common in AS patients. 
It has been demonstrated that the risk of depression 
is 80% higher in AS patients compared to the gen-
eral population.[14] In this study, it was found that 
decreased functional status and pain were strongly 
associated with depression in AS patients. The rea-
son for this finding may be that AS patients have dif-
ficulty in adjusting to daily life due to their physical 
limitations and consequently loss of functionality. 
This finding is consistent with the study suggesting 
that functional impairment has a robust and strong 
association with depressive symptoms.[43] The rela-
tionship between pain and depression in AS may be 
explained by the fact that patients stop participating 
in many daily activities for fear of worsening pain and 
become more isolated. In a study by Baysal et al.,[44] 
the relationship between chronic pain and depres-
sion in patients with AS was clearly demonstrated.

A number of limitations need to be noted regard-
ing the present study. The principal limitation of 
this study was the cross-sectional design. Prospec-
tive studies are needed to reveal the relationship 
between clinical parameters of AS and sleep qual-

ity and depression. Second, we evaluated the use 
of sleep quality with a questionnaire. On the other 
hand, polysomnographic evaluation could have giv-
en more accurate results.

The findings clearly indicate that sleep disorders 
and depressive symptoms in patients with AS are 
more common compared to the healthy individuals. 
Overall, this study strengthens the idea that there 
is a strong positive correlation between depression 
symptoms, poor sleep, poor quality of life, and AS. 
The current data highlight the importance of sleep 
problems and mental health, which are often over-
looked during the routine examinations of patients 
with AS. Further research is required to better under-
stand the underlying causes of sleep problems and 
depression in patients with AS. More information on 
sleep problems and mental health related to the AS 
would help us to establish a greater degree of accu-
racy on this matter.
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Artificial-coloring in ultrasound-guided regional anesthesia
Ultrasonografi eşliğinde bölgesel anestezi sırasında yapay-renklendirme

 Coşkun ARAZ,1  Yavuz GÜRKAN,2  Alparslan KUŞ3

Agri 2023;35(1):10–15

doi: 10.14744/agri.2021.25826

Summary

Objectives: Ultrasonography (US) is an important visualization technique in regional anesthesia. Increasing in quality of im-
ages may lead to better conclusions. Our aim in this study was to evaluate the effect of artificial-coloring on image quality and 
practitioner’s preferences.
Methods: Ultrasound images of five block regions, interscalene, supraclavicular, infraclavicular, femoral, and popliteal were 
taken on a volunteer using gray scale. Then, the images were colored in seven different color scales using artificial-coloring 
technique. All participants were asked to fill in the structured questionnaire.
Results: All created images were assessed by three specialist and 14 resident anesthesiologists. The highest scores about 
nerve recognition, distinguishing nerve from surrounding tissues, and visual clarity of fascicles were obtained with blue scale 
images; however, these findings were not significant compared to gray scale (p>0.05). Blue scale was chosen as a favorite scale 
by 53% of participants.
Conclusion: Increasing the image quality and resolution while performing regional anesthesia under ultrasound guidance 
increases success and reduces complications. Artificial-coloring is one of the adjustments that can improve image quality. In 
our study, the results of coloring with blue were remarkable. However, more importantly than the color chosen, we believe 
that routine adjustments such as gain, depth, and focusing will bring important advantages.

Keywords: Artificial-coloring; regional anesthesia; ultrasonography.

Özet

Amaç: Ultrasonografi bölgesel anestezi sırasında kullanılan önemli bir görüntüleme tekniğidir. Görüntü kalitesinin artması 
sonuçları iyileştirir. Bu çalışmanın amacı, yapay renklendirmenin görüntü kalitesine ve uygulayıcı seçimlerine etkisini değer-
lendirmektir.
Gereç ve Yöntem: İnterskalen, supraklaviküler, infraklaviküler, femoral ve popliteal bölge olmak üzere beş blok bölgesine ait 
ultrasonografi görüntüleri gri skalada alındı. Takiben görüntüler yapay renklendirme kullanılarak yedi farklı renge çevrilerek 
katılımcılar tarafından yapılandırılmış anket kullanılarak değerlendirildi.
Bulgular: Görüntüler üç uzman ve 14 araştırma görevlisi tarafından değerlendirildi. Sinirin tanınması, çevre dokudan ayırt 
edilebilmesi ve fasiküllerin görülmesinin netliği hakkında en yüksek skor mavi skalayla oldu. Ancak bulgular gri skaladan ista-
tistiksel olarak farklı değildi (p>0,05). Mavi skala katılımcıların %53’ü tarafından favori renk olarak tercih edildi.
Sonuç: Ultrason eşliğinde bölgesel anestezi yapılırken görüntü kalitesi ve çözünürlüğün artması başarıyı artırır, komplikas-
yonları azaltır. Yapay renklendirme görüntü kalitesini artırabilecek ayarlamalardan biridir. Çalışmamızda mavi renk ile renk-
lendirmenin sonuçları dikkat çekiciydi. Ancak, seçilen renkten daha önemlisi bu ayarın kazanç, derinlik ve odaklama gibi rutin 
yapılmasının önemli avantajları da beraberinde getireceği kanaatindeyiz.

Anahtar sözcükler: Yapay renklendirme; bölgesel anestezi; ultrasonografi.

Introduction
Real-time ultrasonography (US) has become an 
important and an essential part of regional anes-
thesia and increasingly of pain management prac-
tice.[1] Limited interventional block procedures 

previously performed using blind techniques and 
anatomical landmarks, rapidly progressed, and be-
came widespread and diversified after the use of 
US due to increased success rate of blocks with de-
creased rate of complication all of which resulted 
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in increased satisfaction of patients and surgeons.
[2] The basis of these important benefits of US lies 
in the dynamic visibility of anatomy of target tis-
sue and surrounding structures and also real-time 
visibility of needle movements and injected sub-
stance distribution.[1–4]

Continuing research still increases the advantages 
of US and has clearer and better definable images. 
The use of 3D and 4D US techniques in regional 
anesthesia has been reported in recent studies.[5–7] 
However, these modalities are technically hard to 
apply and costly, besides the need of a high level 
of expertise. Artificial-coloring is one of these tech-
niques and is considered to be filtering the color 
of ultrasound image. The resolution of the human 
eye in color vision is higher than in black and white. 
Therefore, it may make sense to view ultrasono-
graphic images in different colors. However, this is 
highly dependent on the practitioner’s adaptation 
to a color scheme.[8] Ault et al.[9] stated that expe-
rienced ultrasound users who already get used to 
black and white images preferred gray scale, while 
less experienced practitioners rather had a tenden-
cy toward color images.

The aim of this study was to evaluate the effect of 
artificial-coloring technique on image quality during 
US-guided peripheral nerve blocking and practitio-
ner’s preferences.

Material and Methods

This study was planned as a small group study follow-
ing Institutional Review Board and Ethics Committee 
approval of Baskent University Faculty of Medicine 
(project no: KA16/289). Initially, five most commonly 
performed peripheral nerve blocks in the clinic were 
determined as interscalene, supraclavicular, infracla-
vicular, femoral, and popliteal blocks. US images of 
these five regions were taken on a volunteer using 
gray scale. The same device was used to obtain all 
the images (Esaote MyLabTM30, Genoa, Italy). Suit-

Figure 1. Artificial-color scales used in presentation (Examples illustrate interscalene region and arrows presents interscalene groove).

Table 1. Questions asked of participants about the 
images

1. I clearly recognized the nerve
2. I was able to clearly distinguish nerves from 
 surrounding tissues
3. I was able to separate the fascicles clearly
4. Image is more descriptive than gray scale
5. I prefer this color when blocking

Table 2. Likert’s scale

1. Strongly disagree
2. Disagree
3. Neither agree nor disagree
4. Agree
5. Strongly agree
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ability of the images was verified by three special-
ists’ who have experienced in US-guided regional 
anesthesia (UGRA). Then, the images were colored in 
seven different color scales using artificial-coloring 
technique as gray, orange, indigo, magenta, blue, 
yellow, and Red-Green-Blue (RGB) (Fig. 1).

A brief information about the method was given to 
all the participants and they evaluated the images 
in the same order. Anatomical structures for each 
block were explained to the participants on the gray 
scale images that they were familiar with. Partici-

pants were, then, shown color images and asked five 
questions about anatomical structures for each of 
the seven different color images, including the gray 
scale (Table 1).

Seven different colors were assessed for each block. 
Responses were categorized according to the five 
point Likert’s scale (Table 2). There was no time re-
striction for the evaluation of the participants. Par-
ticipants were released to change the images as they 
wish forward or backward. Finally, favorite colors in 
the study were asked to each participant.

Table 3. Answers of each questions for each block and different colors (Mean±SD)

  Gray Blue Indigo Magenta Orange Yellow RGB

Question 1
 Interscalene 4.3±0.8 4.5±0.5 2.6±1.2 3.4±0.7 3.9±1.0 4.0±0.6 1.9±0.8
 Supraclavicular 4.5±0.8 4.4±0.5 2.9±0.9 3.4±0.9 4.2±0.6 4.1±0.7 2.2±1.0
 Infraclavicular 4.2±0.9 4.5±0.5 2.9±1.0 3.5±0.6 3.9±0.9 4.0±0.7 1.8±1.0
 Femoral 4.2±0.7 4.4±0.6 2.9±1.1 3.2±0.8 3.9±0.8 3.8±0.8 1.9±0.9
 Popliteal 4.1±0.9 4.2±0.7 2.7±0.9 3.1±0.9 3.7±0.8 4.1±0.7 2.1±1.0
Question 2
 Interscalene 4.0±0.9 4.3±0.7 2.2±0.9 2.9±0.7 3.3±1.3 3.7±0.8 1.6±0.6
 Supraclavicular 4.1±0.8 3.9±0.9 2.4±0.8 2.9±1.0 3.6±0.8 3.6±0.9 1.8±0.7
 Infraclavicular 3.9±1.0 4.2±0.7 2.5±0.8 3.1±0.7 3.5±1.2 3.5±0.9 1.6±0.9
 Femoral 3.9±0.9 4.2±0.7 2.5±0.9 2.9±0.8 3.9±1.0 3.5±0.9 1.6±0.7
 Popliteal 3.9±0.9 3.9±0.8 2.4±0.8 2.6±0.9 3.4±1.0 3.5±0.7 1.6±0.7
Question 3
 Interscalene 3.4±1.1 3.6±1.1 2.1±1.1 2.6±0.9 3.0±1.5 3.2±1.0 1.6±0.6
 Supraclavicular 3.9±1.0 3.9±0.9 2.5±1.1 2.8±1.0 3.6±0.8 3.7±0.9 1.8±0.8
 Infraclavicular 3.3±1.1 3.8±1.0 2.1±0.7 2.8±0.7 3.2±1.2 3.2±0.8 1.5±0.8
 Femoral 3.8±1.0 3.9±0.8 2.1±0.7 2.8±0.8 3.5±1.1 3.4±0.9 1.6±0.7
 Popliteal 3.9±1.1 3.9±1.0 2.3±0.9 2.7±0.9 3.3±0.8 3.6±0.9 1.5±0.5
Question 4
 Interscalene – 3.4±0.8 1.5±0.6 2.0±0.8 2.6±1.0 3.1±0.8 1.4±0.5
 Supraclavicular – 3.8±0.8 1.9±1.0 2.3±1.0 3.2±1.0 3.1±0.9 1.4±0.7
 Infraclavicular – 3.7±0.7 1.7±0.7 2.2±0.9 2.8±1.2 2.9±0.9 1.3±0.6
 Femoral – 3.9±0.7 1.9±0.7 2.3±1.0 3.1±1.1 3.1±0.9 1.6±0.8
 Popliteal – 3.8±1.0 1.9±1.0 2.2±1.0 2.9±0.9 2.9±0.9 1.3±0.5
Question 5
 Interscalene 4.1±0.9 3.7±0.9 1.5±0.7 1.9±1.0 2.6±1.4 3.1±1.0 1.3±0.5
 Supraclavicular 4.4±0.7 3.9±0.6 2.1±1.1 2.2±1.0 3.3±1.0 3.1±1.1 1.5±0.8
 Infraclavicular 4.0±0.9 3.7±0.7 1.7±0.7 2.3±0.8 3.1±1.3 3.1±1.0 1.4±0.8
 Femoral 4.1±0.7 4.1±0.7 2.0±1.0 2.5±1.1 3.1±1.1 3.3±0.9 1.5±0.7
 Popliteal 4.1±0.9 3.8±1.0 1.9±0.9 2.3±1.0 3.0±0.9 3.2±1.0 1.5±0.8

SD: Standard deviation; RGB: Red-Green-Blue.
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The presence of color blindness and lack of experi-
ence on UGRA was accepted as exclusion criteria 
from the study.

Statistical Analysis
SPSS for Windows 17.0 (SPSS Inc, Chicago, Ill) was 
used for statistical analysis. Intergroup comparison 
of data was done using paired t-test. Values are pre-
sented as mean±SD. p<0.05 was considered statisti-
cally significant.

Results
The resulting images were presented to three special-
ist and 14 resident anesthesiologists who had expe-
rience in UGRA. The average age of the participants 
was 31.5±4.4 years (25–44 years) and duration of ex-
perience in anesthesia was 5.1±4.9 years (2–20 years).

Averages and standard deviations of responses to 
each question, for each block and for each color, are 
presented in Table 3. Higher scores compared to gray 
scale were observed for all images only in blue scale.

The highest scores about nerve recognition, distin-
guishing nerve from surrounding tissues, and visual 
clarity of fascicles were obtained with blue scale im-
ages except for nerve recognition and separation of 
nerve from surrounding tissues for supraclavicular 
block image. However, these were not statistically 
significant (p>0.05). When generalized to all blocks 
for the first three questions, the highest scores were 
observed in the Blue scale, these differences were not 
significant compared to gray scale (p>0.05, Table 4).

By the fourth question, it was asked whether the im-
ages were clearer compared to gray scale. Although 
positive answers were seen to this question in Blue 
scale, responses for other color images were ambiva-
lent or negative.

In the fifth question, the participants were asked 
which color they would prefer while making blocks. 
Interestingly, unlike the scores for images, the high-
est preference was determined to be gray scale. In 
fact, these participants pointed blue in the first three 
questions and also in their last election.

Finally, at the end of the study, after the presenta-
tion, the participants were asked about the color 
scale they liked most and least on seven scales. Of 
the 17 participants, 9 (53%) indicated the Blue scale 
as their favorite scale, and all (100%) stated the RGB 
scale as the worst scale.

Discussion

US has rapidly entered the medical field and has 
been widely used, thanks to its features such as be-
ing easily accessible, dynamically imaging soft tis-
sues, and having no known side effects. Despite its 
increasing use, especially in interventional proce-
dures, the desired level has not been reached yet. To-
day, US has been used with increasing momentum 
in all medical branches. It has a wide area of use in 
all interventional and diagnostic procedures, espe-
cially in vascular interventions and nerve blockades 
in anesthesiology and its sub-branches. In intensive 
care units, it can be used to evaluate the heart walls 
and great vessels, lung and other thoracic structures, 
airway, gastric volume and other abdominal struc-
tures by echocardiography, or it can guide central or 
peripheral vascular interventions. It can be used as a 
primary or supportive imaging method in the treat-
ment of pain and performing many blocks.[10,11]

In addition to the increasing number of applications 
performed with US, research on improving image 
quality is also increasing rapidly. Immediately after 
the development of new and modern equipment 

Table 4. Answers of each questions for different colors (Blocks are generalized) (Mean±SD)

 Gray Orange Indigo Magenta Blue Yellow RGB

Question 1 4.2±0.7 3.9±0.7 2.8±0.8 3.3±0.7 4.4±0.5 4.0±0.6 2.0±0.7
Question 2 4.0±0.8 3.5±0.8 2.4±0.7 2.9±0.7 4.1±0.6 3.6±0.7 1.7±0.5
Question 3 3.7±0.9 3.3±0.9 2.2±0.7 2.8±0.7 3.9±0.8 3.4±0.8 1.6±0.5
Question 4 – 2.9±0.8 1.8±0.6 2.2±0.8 3.7±0.6 3.0±0.6 1.4±0.4
Question 5 4.1±0.7 3.0±0.9 1.9±0.7 2.2±0.8 3.8±0.6 3.1±0.8 1.4±0.5

SD: Standard deviation; RGB: Red-Green-Blue.
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such as 3D, 4D, or high-resolution 3D devices, re-
searches on the use of these devices in regional anes-
thesia procedures have emerged and positive results 
have been reported. On the other hand, it seems that 
it will take some time for these techniques to be used 
routinely due to the high cost of these devices.[1,3,5–7] 
However, the higher resolution of the human eye in 
color vision has led researchers to seek new ways 
to obtain better images in many imaging methods. 
Coloring in imaging processes is done for reasons 
such as improving image quality, clearly defining the 
boundaries of the targeted tissue, or determining 
functional properties. Narrow-band imaging dur-
ing gastrointestinal endoscopy, elastography dur-
ing USG examination, and diffusion mapping during 
magnetic resonance can be examples of these.[12–14]

While performing US, the image should be optimized 
by making some changes on the device depending 
on the characteristics of the tissue to be examined. In 
this way, diagnosis or intervention can be performed 
more successfully. Depth, focus, gain, and color are 
some of these parameters that need to be adjusted.
[8] While the first three of the aforementioned are fre-
quently adjusted during initiation of the US-guided 
procedures, color adjustment is often overlooked. In 
fact, for image optimization, it is important to make 
all settings sequentially depending on the character-
istics of the devices. However, in daily practice, some 
potentially useful settings are overlooked due to the 
inability to abandon routine habits and the ease of 
use provided by preset presets. In this study, we in-
vestigated the effect of coloring ultrasound images 
of different nerve blocks with color scales on practi-
tioner preferences. The results showed that images 
colored with blue were mostly preferred by all par-
ticipants of this study for all blocks in our study.

For high success rates, low complication rates, and 
low local anesthetic consumption, it is very impor-
tant to see the nerve clearly and to separate the nerve 
from the surrounding tissue easily when performing 
UGRA.[1–4] To achieve the best image optimization in 
US, it is essential to make some dynamic changes to 
the settings and appropriate changes can only be 
achieved with experience. Artificial-coloring is one of 
the modalities of US to be used for better images. Al-
though a lot of research has been done to get a bet-
ter image during UGRA, as far as we know, there are 

no studies on artificial-coloring. In our study, two of 
the seven colors, gray and especially blue, were the 
most preferred. It was determined that the most clear 
identification of the nerve tissue and its separation 
from the surrounding structures can be achieved, es-
pecially with blue coloring. As mentioned earlier, pref-
erence for gray scale may be related to habits, more 
preference for a new color should increase awareness 
for these adjustments. Blue color may have come to 
the fore in this study, but it should be kept in mind 
that there may be individual differences. Therefore, 
these settings need to be made individually.

We asked the participants what color scale they liked 
the most among the images shown. While more 
than half of the participants (n=9, 53%) preferred the 
blue scale, only four participants (24%) preferred the 
gray color they routinely use. Unlike the scoring, the 
participants answered being asked the scale they 
preferred chose gray scale. We think that this dif-
ference may be due to two main reasons. First, the 
gray scale is the most known and used scale in daily 
practice, and therefore, it is the most preferred, and 
second, because the first demo was shown in gray 
scale, it may have provided familiarity with those 
images. Both of these explain the habitual behavior 
mentioned before. However, an overall assessment 
indicates that blue scale images have better visual 
clarity both during the initial assessment and at the 
end of the process in our study.

There are some limitations in our study. The images 
were prepared by the designers of the study, be-
cause the participants could not adjust the device 
settings according to their own preferences, their 
eye familiarity may have changed. Since the images 
are only shown as images, dynamic evaluation could 
not be made. This may have affected the individual 
concentrations of the participants. We did not evalu-
ate individuals’ visual impairments other than color 
blindness, but we allowed people to wear the glass-
es they wear in daily life. Moreover, we only used the 
five most commonly used blocks.

Artificial-coloring is one of the important part of ul-
trasound settings to adjust. Artificial-coloring with 
different colors may improve or worsen the image op-
timization of nerves and surrounding structures dur-
ing ultrasound-guided regional anesthesia. We think 
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that, clearer images can be obtained if it becomes 
part of the routine setting when using ultrasound, 
such as gain, depth or focus. This can help increase 
the security and quality of the blocks. However, this 
analysis should be done separately for each brand, as 
the coloring features may vary for each device.
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Ultrasound-guided interfascial blocks of the trapezius muscle 
for cervicogenic headache
Servikojenik başarısında ultrason eşliğinde yapılan trapezius kası interfasiyal bloğu
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Summary

Objectives: Disorders in the cervical muscles, such as myofascial trigger points and tightness, are common factors in patients 
with cervicogenic headache (CEH). We aimed to evaluate the effectiveness of ultrasound-guided interfascial blocks of the 
trapezius muscle in patients with CEH who showed tenderness in the upper cervical muscle groups.
Methods: A total of 23 patients were evaluated in the prospective observational trial. The injection was performed between 
the trapezius muscle and levator scapula muscle fascia with a disposable 25-gauge, 10-cm Quincke-tip spinal needle. 10 mL 
of 0.125% bupivacaine was injected between the muscle fascia. Numeric rating scale (NRS), neck disability index (NDI), pain 
frequency, and analgesic consumption in the pre-treatment and post-treatment period were evaluated.
Results: The NRS scores at 10 min, 1 week, 2 weeks, and 4 weeks after treatment were significantly better than the pre-treat-
ment NRS score. The NDI scores at 1, 2, and 4 weeks after treatment were significantly better than the pre-treatment NDI score. 
The pain frequency at 1 and 2 weeks after treatment was significantly lower than that recorded in the pre-treatment period. 
Statistically significant reductions were observed in analgesic consumption at 1, 2, and 4 weeks after treatment, in comparison 
with consumption in the pre-treatment period.
Conclusion: We suggest that an ultrasound-guided interfascial block of the trapezius muscle is effective for the treatment of 
CEH caused by muscle disorders.

Keywords: Cervicogenic headache; interfascial block; trapezius muscle.

Özet

Amaç: Miyofasiyal tetik noktalar ve spazm gibi servikal kas bozuklukları servikojenik baş ağrılı hastalarda yaygın faktörlerdir. 
Bu çalışmada, üst servikal kas gruplarındaki bozukluklara bağlı servikojenik baş ağrılı hastalarda ultrason eşliğinde trapezius 
kası interfasiyal blokunun etkinliğini değerlendirmeyi amaçladık.
Gereç ve Yöntem: Çalışmada, 23 hasta prospektif gözlemsel değerlendirildi. 25 gauge, 10 cm Quincke tip spinal iğne ile tra-
pezius kası ile levator skapula kaslarının fasiyaları arasına ultrason eşliğinde ilerlendi. 10 mL %0,125’lik bupivakain enjekte 
edildi. Numeric Rating Scale (NRS), Neck Disability Index (NDI), ağrı sıklığı ve analjezik tüketimi tedavi öncesi ve tedavi sonrası 
dönemde değerlendirildi.
Bulgular: NRS skorları tedavi sonrası 10. dakika, birinci, ikinci ve dördüncü haftalarda tedavi öncesi NRS skorlarından anlamlı 
olarak daha düşüktü. NDI skorları tedavi sonrası birinci, ikinci ve dördüncü haftalarda tedavi öncesi skorlara göre anlamlı olarak 
daha iyiydi. Ağrı sıklığı birinci ve ikinci haftalarda tedavi öncesine göre anlamlı olarak daha düşüktü. Analjezik tüketiminde 
birinci, ikinci ve dördüncü haftalarda tedavi öncesi dönemle karşılaştırıldığında istatistiksel olarak anlamlı azalma vardı.
Sonuç: Ultrason eşliğinde yapılan trapezius kası interfasiyal blokunun kas problemlerine bağlı servikojenik baş ağrılı hastaların 
tedavisinde faydalı olacağını düşünüyoruz.

Anahtar sözcükler: Servikojenik baş ağrısı; interfasiyal blok; trapezius kası.

Introduction
Cervicogenic headache (CEH) is a secondary head-
ache arising from nociceptive structures in the cervi-
cal spine or cervical soft tissues, such as facet joints, 

disk intervertebral, muscles, and ligaments. The 
structures innervated by the segmental nerves from 
C1-C3 can serve as sources of CEH. The nucleus tri-
geminocervical is formed by the pars caudalis of the 
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spinal nucleus nerve trigeminal and the grey matter 
from the upper three cervical spinal cord segments. 
The nociceptive afferents of the nervus trigeminus 
and the first three cervical nerves interact in this re-
gion, and this interaction can result in referred pain 
in the sensory receptive fields of the nervus trigemi-
nus, which is a possible mechanism underlying CEH.
[1–3] CEH usually presents as a unilateral headache 
without a side shift. It is typically referred to as pain 
from a source in the neck and radiates to one or more 
regions of the head and/or face. It usually affects the 
occipital, frontal, and retro-orbital regions and can 
also occur bilaterally. CEH can be provoked by cervi-
cal movements[4,5] and is accompanied by limitations 
in neck movement and, occasionally, ipsilateral non-
radicular shoulder and arm pain.[3,6] The prevalence 
of CEH in the general population is between 0.4% 
and 2.5%. However, in patients with headaches, the 
prevalence is as high as 15–20%.[7]

The International Headache Society published diag-
nostic criteria (ICHD-3) for CEH[8] and classified it as 
a secondary headache arising from musculoskeletal 
disorders of the cervical spine. The ICHD-3 classifica-
tion criteria for CEH are as follows: (a) any headache 
fulfilling criterion C; (b) clinical and/or imaging evi-
dence of the neck known to be related to headache; 
(c) evidence of causation demonstrated by at least 
two of the following findings: (1) headache develop-
ment showing a temporal relationship with the on-
set of a cervical disorder or appearance of a lesion, 
(2) headache that significantly improved or resolved 
in parallel with an improvement in or resolution of 
the cervical disorder or lesion, (3) a reduced cervical 
range of motion and headache made significantly 
worse by provocative manoeuvres, and (4) headache 
abolished following diagnostic blockade of a cervical 
structure or its nerve supply; and (d) headache not 
better accounted for by another ICHD-3 diagnosis.

Disorders in the cervical muscles, such as myofascial 
trigger points (TrPs) and tightness, are common fac-
tors in patients with CEH and contribute to pain and 
disability.[9–11] TrPs are painful, hyperirritable spots 
localized in the taut band of skeletal muscle. They 
can cause localized or referred pain and autonomic 
phenomena such as vasoconstriction, pilomotor 
response, and hypersecretion.[12,13] The main goal of 
treatment is inactivation of the TrPs, and injection 
techniques are the main treatment methods. Inter-

fascial injections have been recently used for TrP-in-
duced pain.[14,15] The structure of the fascia can ease 
the diffusion of an injected anesthetic during diag-
nostic and therapeutic blocks, and interfascial injec-
tions are becoming more common as a result.[14–16] 
However, there are no clinical studies in the literature 
regarding interfascial blocks specifically for CEH.

In the present study, we aimed to evaluate the effec-
tiveness of ultrasound-guided interfascial blocks of 
the trapezius muscle in patients with CEH who showed 
tenderness in the upper cervical muscle groups.

Material and Methods
This prospective observational trial was approved by 
the Research Ethics Committee (KAEK 2020/3/4). All 
patients provided written informed consent before 
participation. Patients who met the ICHD-3 classifi-
cation criteria for CEH and had been experiencing 
tenderness in the upper cervical muscle groups with 
palpation and pain for at least 3 months were includ-
ed in the study. Patients who presented with clinically 
significant or unstable medical or psychiatric illness, 
previous surgery on the cervical region, unstable 
neurological deficits, infection or coagulopathy, his-
tory of malignancy, pregnancy, and use of analgesic 
agents except for paracetamol, and non-steroidal 
anti-inflammatory drugs; those who took analgesic 
drugs within the last 48 hours; and those who had re-
ceived interventional pain treatment within the last 
3 months were excluded from the study.

The procedure was performed in the operating 
room with the patient in the prone position. Stan-
dard monitoring (electrocardiography, non-invasive 
blood pressure, and peripheral oxygen saturation) 
was utilized, and an IV catheter was put in place. The 
skin area was aseptically draped with sterile towels 
and anaesthetized with 2% prilocaine (Priloc; Vem 
Medical). We used a Logiq P5 ultrasound (Avante 
Health Solutions, Concord, North Carolina, United 
States) with a 6–13-MHz linear probe. The probe was 
placed longitudinally between the acromion and 
the C7 spinous process. The trapezius and levator 
scapula muscles and their fasciae were visualized. 
The injection was performed between the trapezius 
muscle and levator scapula muscle fascia. A dispos-
able 25-gauge, 10-cm Quincke-tip spinal needle, 
was inserted in the interfascial plane. The needle 
was connected through a 25-cm flexible extension 
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tube to a syringe with physiological saline solution 
(PS) (Serum Fizyolojik; Adeka Medical), and 2–3 mL 
of PS was injected. The needle was repositioned until 
anechoic diffusion was observed. When the correct 
space was confirmed, the syringe was changed, and 
10 mL of 0.125% bupivacaine (Buvasin; Vem Medi-
cal) was injected between the muscle fascia (Fig. 1). 
For cases showing bilateral involvement, the proce-
dure was performed bilaterally, and a total of 20 mL 
of injection was administered, with 10 mL on each 
side. After treatment, the cannula was removed, and 
a sterile adhesive plaster was placed over the punc-
ture site. The patients were observed and monitored 
in the recovery room and discharged after 30 min.

The primary outcome was pain intensity of the pa-
tients pre-treatment and at 10 min and 1, 2, and 4 
weeks after treatment were evaluated using the Nu-
meric Rating Scale (NRS, a 11-point pain scale, with 
0=no pain, and 10=worst pain imaginable). The side 
with higher pain levels was evaluated in patients 
who underwent bilateral procedures.

Secondary outcomes were headache frequency, dis-
ability as measured using the Neck Disability Index 
(NDI), and analgesic consumption. NDI was assessed 
pre-treatment and at 1, 2, and 4 weeks after treatment. 
Headache frequency was measured as the number of 
days with headaches in the previous week. Analgesic 
consumption was measured as the number of times 
the patient took analgesic drugs in the previous week.

Statistical Analysis
Repeated-measures ANOVA was used for parame-
ters such as NRS and NDI scores, pain frequency, and 
analgesic consumption to test differences between 
pre-and post-operative measurements. For the re-
peated measure ANOVA model, the sample size for 
the NRS parameter with 5 time-dependent measure-
ments was found as 21, with an effect size of 0.25 
and an alpha level of 0.05, with a minimum power of 
0.80. Gender was selected as the covariance and the 
difference between 5 for NRS and 4 time points for 
other parameters, and the interaction of these two 
main effects was tested. The sphericity assumption 
was evaluated using Mauchly’s test for sphericity. As 
a violation of this assumption, Wilk’s lambda statistic 
was used as a multivariate test. General descriptive 
statistics are summarized as counts and percent-
ages for categorical variables and median-range and 
mean±standard deviation for continuous variables. 
p<0.05 was considered statistically significant. The 
changes in the measurements of the parameters 
over time are presented using line graphs.

Results

A total of 23 patients (14 women and 9 men) aged 
41–78 years (mean age, 54.04 years) who under-
went ultrasound-guided interfascial blocks of the 
trapezius muscle for CEH were evaluated in this 
study. The baseline characteristics of the patients 
are shown in Table 1.

Figure 1. Injection between the trapezius muscle and levator 
scapula muscle fascia.

N
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Figure 2. Numeric rating scale scores before and 10 min, 1 week, 
2 weeks, and 4 weeks after the procedure.

Table 1. Patient demographics

Age (years) 54.04 (41–78)
Sex (F/M) (n/%) 14/9 (60.9/39.1)
Side (right/left/bilateral) (n/%) 8 (34.8)/11 (47.8)/4 (17.4)
Pain duration (months) 48.13 (3–150)

F: Female; M: Male.
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The NRS scores at 10 min, 1 week, 2 weeks, and 4 
weeks after treatment were significantly better than 
the pre-treatment NRS score. The NRS score at 10 min 
after treatment was significantly higher than that at 
1 week, while those at 2 and 4 weeks were similar. 
The NRS scores at 1 and 2 weeks did not differ, but 
the NRS score at 1 week was significantly lower than 
that at 4 weeks (Table 2 and Fig. 2).

The NDI scores at 1, 2, and 4 weeks after treatment 
were significantly better than the pre-treatment NDI 
score. The post-treatment NDI scores were similar 
across the evaluated time points (Table 2). The pain 
frequency at 1 and 2 weeks after treatment was sig-
nificantly lower than that recorded in the pre-treat-
ment period, while the pre-treatment pain frequency 
did not differ from that recorded 4 weeks after treat-
ment. Statistically significant reductions were ob-
served in analgesic consumption at 1, 2, and 4 weeks 
after treatment, in comparison with consumption in 
the pre-treatment period (Table 2). No complications 
were reported, except for mild pain at the injection 
site lasting for a few days in three patients.

Discussion

We found statistically significant reductions in NRS 
and NDI scores, pain frequency, and analgesic con-
sumption in the post-treatment period with interfas-
cial blocks of the trapezius muscle. On the basis of 
the previous studies showing that disorders in mus-
cles of the cervical region are one of the causative 
factors for CEH[9,10,11,17] and the application of various 
interventional pain treatments for the management 
of CEH in the literature,[18–21] we thought that an in-
terfascial block of the trapezius muscle may be effec-
tive in this type of headache. We have also previously 

reported the findings for two patients with CEH who 
experienced pain relief with this block.[22] Further-
more, the greater occipital nerve passes the lateral 
border of the trapezius muscle and then pierces the 
fascia of the trapezius muscle with the sternoclei-
domastoid (SCM) muscle, or it pierces the trapezius 
muscle itself.[23] On the basis of these considerations, 
the interfascial block of the trapezius muscle can be 
expected to be effective for CEH.

Sjaastad et al.[17] have shown that the symptoms of 
CEH can be induced by firm manual pressure on “cer-
tain tender spots in the neck.” Zito et al.[10] showed 
that the incidence of tightness in the upper trape-
zius, levator scapulae, scalenes, and suboccipital 
extensors was significantly higher in the CEH group 
than in the migraine and control groups. Fernandez-
de-las-Penas et al.[11] suggested that pain from TrPs 
in the posterior cervical, head, and shoulder muscles 
typically refers to the temporal and frontal areas of 
the head. Oliver et al.[9] investigated whether trigger 
point sensitivity in the upper trapezius, SCM, tem-
poralis, or posterior cervical muscles is a differenti-
ating factor between cervicogenic and non-CEHs.
Their study showed that myofascial TrPs in the upper 
trapezius muscle are more sensitive in patients with 
CEH than in those with non-CEH.

In the cervical region, TrPs are usually located in the 
upper trapezius, SCM, posterior cervical, and tempo-
ralis muscles,[13] and the trapezius is one of the most 
affected muscles.[24] Park et al.[25] found that the tone 
and stiffness of the suboccipital muscles and upper 
trapezius muscle were increased in patients with CEH 
in comparison with healthy individuals. Inactivation 
of TrPs to restore normal muscle length and function 
is the cornerstone of pain relief in these patients. 

Table 2. NRS and NDI scores, pain frequency, and analgesic consumption pre-treatment and post-treatment

 NRS NDI Pain frequency Analgesic consumption

Pre-operative 7.74±0.27a 25.70±1.03a 3.70±0.29a 2.61±0.21a

10 min 4.70±0.32b   
1 week 2.65±0.53c 18.3±1.07b 1.39±0.27b 0.78±0.19b

2 weeks 3.30±0.51bc 18.61±1.11b 1.87±0.29c 1.04±0.23b

4 weeks 4.30±0.50bd 19.65±0.98b 2.502±0.32a 1.65±0.22c

p p<0.001 p<0.001 p<0.001 p<0.001

For indices such as a, b, c, and d, the means shown with the same letters are the same, while the means with different indices are statistically different 
from each other; NRS: Numeric Rating Scale; NDI: Neck Disability Index.
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Injection techniques are one of the main treatment 
methods for painful TrPs and include methods such 
as local anesthetic injections, dry needling, and in-
terfascial plane blocks.[26] Analgesic blocks of nerve 
fibers with interfascial injections decrease sensitiv-
ity, allow relaxation of the muscles, and provide pain 
relief to patients with TrPs.[14] The fascia consists of 
undifferentiated mesenchymal tissue and forms a 
thin layer between the muscles and adjacent organs. 
This layering creates interfascial spaces, resulting in 
the formation of a separate compartment between 
muscles that allow independent movement of 
muscles and fibers, and providing circulation sup-
port and protection.[27] Using cadavers, Domingo 
et al.[14] confirmed the diffusion of saline solution in 
the interfascial space during an ultrasound-guided 
interfascial block of the trapezius muscle. They also 
showed a rich innervation network penetrating the 
fascia in the interfascial space, clarifying the effect of 
local anesthetics in myogenic pain. In an accompa-
nying clinical study, the authors also found the inter-
fascial block in the trapezius muscle to be as effec-
tive as that in abdominal muscles.

Various interventional approaches for CEH, such as 
local injection, nervus occipitalis major and minor 
blocks, cervical epidural steroid injection, radiofre-
quency treatment, and dry needling, have been re-
ported in the literature.[18-21] Ischemic compression 
may also reduce pain in patients with CEH originat-
ing from TrPs in the SCM muscle.[28] Eghtesadi et al.[29] 
suggested that occipital nerve stimulation may be a 
safe and effective treatment for refractory CEH. Inter-
ventional procedures for CEH in the literature are fo-
cused on occipital nerve blocks.[30] In a double-blind 
and randomized study, 50 patients with CEH were 
administered occipital nerve blocks and blockade 
of facial nerves effectively reduced the visual analog 
scale and total pain index scores by approximately 
50% from the baseline values at 2 weeks.[20]

The effect of the cervical region muscles on CEH has 
been shown previously, but the present study is the 
first to show the effectiveness of interfascial blocks 
of the cervical region muscle in CEH. We believe that 
our positive results may be due to several mecha-
nisms or the synergistic effect of multiple mecha-
nisms, including (a) inhibition of the trigger point, 
(b) blockade of the accessory nerve and adjacent 
sensory nerves, and (c) blockade of the greater oc-

cipital nerve in the area, where it travels under the 
trapezius muscle through spread of the injectate to 
the cephalad, and (d) release of the greater occipital 
nerve where it pierces the trapezius muscle fascia or 
itself through relaxation of the trapezius muscle.

The limitation of the present study is that it did not 
include a control group.

We suggest that an ultrasound-guided interfascial 
block of the trapezius muscle is effective for the 
treatment of CEH caused by muscle disorders. Fur-
ther studies are needed to support our results, and 
our study will guide further studies on the use of in-
terfascial blocks in CEH.
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Evaluation of pupil diameter for pain assessment in interventional 
headache management
Girişimsel tedavi uygulanan baş ağrılarında pupil çapının değerlendirilmesi
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Summary

Objectives: Pain is a subjective experience. Besides, sensory, affective and behavioral responses, and autonomic response 
are part of pain response to noxious stimuli. Evaluation of pupil diameter by pupillometry has been used as an alternative 
method for pain assessment. In algologic procedures like interventional headache management have not been addressed in 
the literature. Herein, we investigated changes in pupil diameter during interventional headache management as an objective 
method for pain assessment.
Methods: Demographic data of the patients were collected before the bilateral major occipital nerve blockage (MONB) pro-
cedure. Numeric rating score (NRS) and pupil diameter measurements by pupillometer were recorded before MONB. Standard 
MONB procedure was applied to all patients. Pain assessment and pupillary diameter measurements were obtained after 
nerve blockage.
Results: Twenty-eight patients were included in this study. Mean age was 41.03±12.63 years. There is no difference between 
the hemodynamic parameters before and after the procedure. Post-procedure NRS and pupil diameter values were signifi-
cantly lower than pre-procedure values. There was a positive correlation between changes in NRS scores and changes in the 
right and left pupil diameters.
Conclusion: There was a significant correlation between NRS score and pupil diameter in patients who underwent MONB. 
Monitoring of pupil diameter can be used for pain assessment during headache treatment. Evaluation of pupil diameter is a 
new approach in pain palliation. Future research is needed to study the effect of other parameters, that is, gender, age, origin 
of pain, acute, and chronic pain on pupil diameter and to evaluate its application in different algological procedures.

Keywords: Assessment of pain; major occipital nerve block; pain; pupil diameter; pupillometer.

Özet

Amaç: Ağrı, öznel bir deneyimdir. Duyusal, duygusal ve davranışsal tepkilerin yanı sıra otonomik tepki, ağrılı uyaranlara ve-
rilen tepkinin bir parçasıdır. Pupil çapının pupillometre ile değerlendirilmesi, ağrı değerlendirmesi için alternatif bir yöntem 
olarak kullanıldı. Bu çalışmada, girişimsel baş ağrısı yönetimi sırasında ağrı değerlendirmesi için pupil çapındaki değişiklikler 
araştırıldı.
Gereç ve Yöntem: Bilateral majör oksipital sinir blokajı (MONB) işlemi öncesi hastaların demografik verileri toplandı. Numerik 
derecelendirme puanı (NRS) ve pupillometre ile göz bebeği çapı ölçümleri, MONB’den önce kaydedildi. Tüm hastalara standart 
MONB prosedürü uygulandı. Sinir blokajı sonrası ağrı değerlendirmesi ve pupil çapı ölçümleri alındı.
Bulgular: Çalışmaya 28 hasta dahil edildi. Hastaların yaş ortalaması 41,03±12,63 yıl idi. İşlem öncesi ve sonrası hemodinamik 
parametreler arasında fark yoktu. İşlem sonrası NRS ve göz bebeği çapı değerleri işlem öncesi değerlerden önemli ölçüde dü-
şüktü. NRS puanlarındaki değişiklikler ile sağ ve sol göz bebeği çaplarındaki değişiklikler arasında pozitif bir ilişki vardı.
Sonuç: MONB uygulanan hastalarda NRS skoru ile göz bebeği çapı arasında anlamlı bir ilişki vardı. Baş ağrısı tedavisi sırasında 
ağrı değerlendirmesi için göz bebeği çapının izlenmesi kullanılabilir. Pupil çapının değerlendirilmesi ağrı palyasyonunda yeni 
bir yaklaşımdır. Cinsiyet, yaş, ağrının kaynağı, akut ve kronik ağrı gibi diğer parametrelerin göz bebeği çapı üzerindeki etkisini 
incelemek ve farklı algolojik prosedürlerde uygulanmasını değerlendirmek için gelecekteki araştırmalara ihtiyaç vardır.

Anahtar sözcükler: Ağrı; ağrının değerlendirilmesi; pupil çapı; pupillometre; majör oksipital sinir bloku.
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Introduction
Pupillary diameter, iris size, is controlled by the ac-
tivities of antagonistic muscles; sphincter pupillae 
and dilator pupillae. Sphincter pupillae, innervated 
by the cholinergic fibers of the parasympathetic sys-
tem, leads to pupillary constriction. In contrast, di-
lator pupillae is innervated by the adrenergic fibers 
of the sympathetic system which leads to pupillary 
dilatation. As a result of the opposing activities and 
innervations of these muscles, pupil dilation is used 
as an index for sympathetic system activity. Pupillary 
dilation reflex (PDR) is a robust reflex that controls 
pupil diameter in response to light intensity. Audi-
tory and painful stimuli mediate pupil dilatation in 
awake subjects by sympathetic activation of dila-
tator muscle.[1] Changes in pupillary diameter are 
clinically associated with pain and pupillometric 
measurements can be used to evaluate analgesics 
efficacy in in anesthesia practice.[2,3]

Pain is a subjective experience. Besides, sensory, af-
fective and behavioral responses, and autonomic re-
sponse are part of pain response to noxious stimuli.
[4] Sympathetic system activation results in increased 
heart rate, tachypnea, and pupil dilatation as a re-
sponse to noxious stimuli.[5] Recent advances in 
technological capabilities have enabled the mea-
surement of pupil diameter and pain evaluation. 
Evaluation of pupil diameter by pupillometry have 
been used as an alternative method for pain assess-
ment.[6–9] Measurement of pupil diameter in algo-
logic procedures like interventional headache man-
agement have not been addressed in the literature. 
Herein, we investigated changes in pupil diameter 
during interventional headache management as an 
objective method for pain assessment.

Material and Methods
Setting and Participants
Ethical approval for this study was obtained from 
(the Local Ethics Committee, Türkiye) (Number: 
2021/3388) according to the Declaration of Helsinki.

Thirty patients older than 18 years who underwent 
bilateral major occipital nerve blockage (MONB) 
for headache treatment were enrolled in this study. 
Headache disorders are classified and diagnosed 
according to International Headache Society 2018 
guidelines[10] and patients who had primary head-

ache included in the study. Patients younger than 18 
years, abnormal pupil reading, or abnormal pupil re-
activity according to neurological pupil index (NPI), 
patients who had a history of substance abuse and 
addiction, secondary headache, psychiatric disor-
ders, intracranial pathologies, motor deficits, perior-
bital or facial edema, ocular disease, anticholinergic 
drug usage, deteriorating condition, high morbidi-
ties or orientation-coordination problems, and pa-
tients who underwent emergent procedures were 
excluded from this study.

Informed consent including detailed information 
about the procedure was obtained from each partici-
pant. Information concerning the trial was explained 
both orally and in a written form to all patients and 
a written consent form was signed by each patient. 
Demographic data of the patients were collected be-
fore the procedure. Numeric rating score (NRS) and 
pupil diameter measurements by pupillometer (Pu-
pillometer NPi-200, NeurOptics, USA) were recorded 
before MONB. Standard MONB procedure was ap-
plied to all patients. Pain assessment and pupillary 
diameter measurements were obtained 5 min after 
nerve blockage.

MONB
MONB was performed in each patient by the same 
anesthesiologist using the same technique. Hemo-
dynamic measurements (heart rate, blood pressure, 
and pulse oximetry) were recorded. Ultrasound-
guided nerve block was applied in the sitting po-
sition after appropriate skin disinfection. Local 
anesthesia was applied using 25-gauge needle af-
ter locating the occipital artery and nerve. 7.5 mg 
(0,375%) bupivacaine, 10 mg (1%) prilocaine, and 2 
mg dexamethasone were used for local anesthesia. 
Ultrasound was used for visualizing local anesthetic 
solution delivery to ensure proper distribution.

Evaluation of Pupil Diameter
During the measurements, portable infrared pupil-
lometer device (Pupillometer NPi-200 ™, NeurOptics, 
USA) was used to assess pupil diameter. Pupil diam-
eter and NPI values were measured automatically 
with the pupillometer. Since pupil diameter can vary 
depending on ambient illumination and the point at 
which the patient focuses his gaze, scotopic condi-
tions were provided to optimize the measurements. 
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The light-insulated silicone collar of the device isolat-
ed the measured eye from ambient light. The oppo-
site side of the eye was closed with a thick cover and 
isolated. Besides, hemodynamic measurements, pre- 
and post-procedure measurements of NRS score, 
and left and right pupil diameter were recorded. The 
NPI measurement range is 3.0–4.9 and results out of 
this range are considered abnormal pupil reactivity. 
Furthermore, a difference in NPI between right and 
left pupils of ≥0.7 can also be considered an abnor-
mal pupil reading.

Statistical analysis
Data were analyzed using SPSS 18.00 (the Sta-
tistical Package for the Social Sciences, Inc., Chi-
cago, IL). Continuous variables were presented as 
mean±standard deviation and percentages (%). 
Categorical variables were presented as numbers 
and percentages. Kolmogorov–Smirnov test was 
used for testing normal distribution of the data. 
Mann–Whitney U-test was used for analyzing con-
tinuous variables. Dependent t-test was used for 
repeated measures. p-values <0.05 (p<0.05) were 
considered statistically significant.

Results
Thirty patients (between 18 and 76 years) were in-
cluded in this study. Two patients were excluded 
since the difference between NPI measurements was 
higher than 0.7. Of these subjects, ten were male and 
18 were female. Mean age was 41.03±12.63 years. 
Except of headache, 20 patients (71.4%) had no oth-
er underlying comorbidities. Hemodynamic param-
eters before and after the procedure are summarized 
in Table 1. Post-procedure NRS and pupil diameter 
values were significantly lower than pre-procedure 
values. Pupil diameter, NPI, and NRS scores are sum-
marized in Table 2. There was a positive correlation 
between changes in NRS scores and changes in the 
right and left pupil diameters (Table 3).

Table 1. Hemodynamic values of patients, before and after major occipital nerve block (n=28)

 Before MONB (mean±SD) After MONB (mean±SD) p

Heart rate (beat/min) 85.07±17.96 85.29±15.88 0.967
Peripheral oxygen saturation (%) 95.75±2.44 97.43±3.52 0.062
Systolic blood pressure (mmHg) 155.39±21.98 157.25±20.73 0.763
Diastolic blood pressure (mmHg) 91.14±11.09 91.54±10.08 0.904
Mean blood pressure (mmHg) 113.82±13.49 115.54±12.40 0.679

MONB: Major occipital nerve block; SD: Standard deviation; *: P<0.05 is statistically significant.

Table 2. Comparison of pupil diameter, NPI, and NRS

 NRS (Mean±SD)  Pupil diameter  NPI

  Right (Mean±SD) Left (Mean±SD) Right (Mean±SD) Left (Mean±SD)

Before MONB 3.82±2.63 4.76±1.08 4.64±1.08 4.04±0.46 4.06±0.46
After MONB 1.60±1.66 4.18±1.13 4.03±1.08 4.21±0.36 4.27±0.33
p-value *<0.001 *0.006 *0.003 *0.008 *0.006

MONB: Major occipital nerve block; NPI: Neurological Pupil Index; NRS: Numeric Rating Scale; SD: Standard deviation; *: P<0.05 is statistically significant.

Table 3. Correlation analysis between numeric rating 
scale change and right and left pupil diameter 
changes

  1 2 3

1. NRS change
 r 1 0.464** 0.465*
 p  0.013*** 0.013***
2. Right pupil diameter changes
 r  1 0.837**
 p   <0.001***
3. Left pupil diameter changes
 r   1
 p

*: The correlation is significant at the 0.05; **: The correlation is significant 
at the 0.01; ***: P<0.05 is statistically significant.
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Discussion

A decrease in pupil diameter was associated with 
pain palliation in patients who underwent MONB for 
headache treatment.

Headache is a very common condition among 
adults. Headache disorders are classified and diag-
nosed according to International Headache Soci-
ety 2018 guidelines.[10] Headache disorders impose 
a noticeable burden including impaired quality of 
life, productivity impairment, and reduced daily-life 
activity.[11,12] Chronic headache was associated with 
impaired quality of life, reduced workplace produc-
tivity, and work absenteeism in the previous reports.
[13–15] Lack of knowledge among health-care provid-
ers regarding effective treatment modalities and 
underestimation of pain by patients hinders proper 
management of headache. In addition to effective 
treatment options, objective methods for evaluating 
treatment effectiveness are required. In this study, 
the diagnosis and classification of headache was 
planned according to the International Headache 
Society Guidelines-2018. The primary headache pa-
tients were included in the study.

MONB is a procedure involving injecting local anes-
thetics to block the afferent signals from sensory re-
gions innervated by major occipital nerve.[16] MONB 
is a widely used peripheral nerve block procedure for 
headache treatment.[17] Combination of bupivacaine 
or lidocaine and corticosteroids was associated with 
rapid-onset anesthesia and reduced pain intensity 
and duration.[18–22] Patients who underwent MONB in 
daily clinical practice were included in our study.

PDR is a sympathetic reflex that mediates pupillary 
dilatation in response to painful stimuli.[23] Measure-
ment of pupil diameter was used for evaluating an-
esthetic agents during general anesthesia. Larson 
et al.[24] showed that alfentanil attenuates PDR in re-
sponse to noxious stimuli. Negative correlation was 
detected between plasma alfentanil concentra-
tions and pupillaray dilation degree.[24,25] Similarly, 
increased remifentanil concentrations were associ-
ated with decreased PDR in healthy subjects under 
propofol anesthesia. PDR changes were prominent 
than changes in hemodynamic parameters in chil-
dren under sevofluran and 50% nitric oxide anes-
thesia.[2,26–28]

Pupillometric monitorization reduced intraop-
erative remifentanil and post-operative morphine 
consumption in a randomized controlled study.[29] 
Pupillometric monitorization can be used as a reli-
able method to evaluate post-operative analgesia 
and as an index for pain intensity.[6] Unlike previ-
ous studies, we included patients who applied 
with headache complaint to algology clinic in our 
study. We detected a decrease in NRS scores and 
pupil diameter in patients who underwent MONB 
for headache treatment. There was a positive cor-
relation between changes in pupil diameter and 
NRS scores. These results are compatible with the 
previous reports on the relation between pain and 
pupil diameter in perioperative settings.

Analysis of pupillary functions with infrared pupil-
lometry reduces observer bias, enables noninvasive 
evaluation of pupil dimensions and reactivity, and 
ensures reliable repeatability of measurements. 
NPI scores above 3 are considered normal. Scores 
below 3 indicates abnormal/sluggish pupillary re-
flex, while 0 score indicates non-reactive or atypical 
pupillary reflex. A difference in NPI of 0.7 or more 
between right and left pupil measurements reduc-
es the reliability of measurements and decreases 
NPI values response to noxious stimuli.[8,30,31] Two 
patients were excluded from our study since NPI 
difference was >0.7 in consecutive measurements. 
We also noticed a decrease in NRS scores and an 
increase in NPI scores after nerve block.

Appropriate diagnosis and management of pain 
begins with proper evaluation of patient’s pain. 
Regular monitoring is essential for the evaluation 
of pain intensity and treatment response. Patient’s 
report of pain and hemodynamic parameters, 
that is, heart rate and blood pressure are used 
while monitoring pain.[32] There was no significant 
change in hemodynamic parameters before and 
after nerve block, while there was a significant 
decrease in NRS scores and pupil diameter in our 
patients. Other parameters may be inadequate 
and measurement of pupil diameter can be used 
as an alternative method for pain assessment. Our 
findings suggest that pupillometry use in pain 
management protocols may facilitate objective 
measurement of pupil diameter and can be used 
in clinical practice.
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Baseline pupil diameter can be affected by the in-
teraction between the sympathetic and parasympa-
thetic nervous systems and several factors such as 
ambient light, visual compliance, and drug interac-
tions. Although there was no relationship between 
baseline pupil size and first NRS score, a significant 
correlation between analgesia and changes in pupil 
diameter was previously reported.[6,33] We avoided 
using antiemetics such as dopaminergic receptor 
antagonists and anticholinergic drugs in our patients 
due to their effects on pupil diameter. To minimize 
measurement errors, pre-procedure and post-proce-
dure measurements were taken in the same environ-
ment and completed by the same anesthesiologist.

There is no evidence of the effect of local anesthetics 
on pupil diameter. Pupil diameter was not affected in 
patients who received regional anesthesia-analgesia 
and was suggested as a reliable method for pain as-
sessment.[34]

There were many limitations in this study. Although it 
is easy to measure pupil diameter with pupillometry, 
it is prone to practitioner errors. Simultaneous mea-
surement of NPI scores obtained during pupil diame-
ter measurement can be used to evaluate the reliabil-
ity of the measurements. Data of two patients were 
outside predetermined reference values and were 
excluded from analysis. The aim of this study was to 
evaluate outpatients; thus, it was difficult to standard-
ize study group. Patients with acute and chronic head-
ache were enrolled in this study, so we were unable to 
evaluate the difference between these groups. Finally, 
Although the effect of anxiety on pain perception is 
widely discussed, there is no consensus in the litera-
ture.[35–39] However, individuals with moderate-to-se-
vere anxiety have been reported to have larger pupil 
diameters than those with or without mild anxiety.
[40] However, in this study, the anxiety level of the pa-
tients was not evaluated during pupil measurements.

Conclusions
There was a significant correlation between NRS score 
and pupil diameter in patients who underwent MONB. 
Monitoring of pupil diameter can be used for pain as-
sessment during headache treatment. Evaluation of 
pupil diameter is a new approach in pain palliation. 
Future research is needed to study the effect of other 
parameters, that is, gender, age, origin of pain, acute, 
and chronic pain on pupil diameter and to evaluate its 
application in different algological procedures.
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Pain and neurogenic claudication control in lumbar stenosis, which is 
the most common cause of spinal surgery in the geriatric population
Geriatrik popülasyonda omurga cerrahisinin en yaygın nedeni olan lomber stenozda ağrı 
ve nörojenik kladikasyo kontrolü
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Summary

Objectives: The authors aim to present when to do physical therapy or surgery in geriatric patients with degenerative lumbar 
stenosis.
Methods: The authors retrospectively analyzed 250 patients who underwent physical therapy due to lumbar degenerative 
stenosis between December 2014 and April 2017. The patients were divided into two groups: Central canal stenosis and lat-
eral recess/foraminal stenosis groups. Visual analogue scale and neurological claudication values of both patient groups were 
evaluated before and after physical therapy. The association between comorbid diseases and the frequency of surgery was 
also evaluated.
Results: 142 of the patients were female and 108 were male, and the mean age of these patients was 69 years. The mean 
onset of symptoms was 55 months. In the visual analog scale value of patients after physical therapy, the authors observed 
decreases of 4–6° in patients with central canal stenosis and 2–3° in patients with lateral recess/foraminal stenosis. In addition, 
the authors observed that patients with lateral recess/foraminal stenosis together with diabetes mellitus benefit less from 
physical therapy.
Conclusion: Physical therapy and rehabilitation play an important role in the treatment of lumbar stenosis. Physical therapy is 
the primary treatment option for patients who do not have motor muscle strength losses and incontinence and who have pain 
control through medications. The authors can consider surgical interventions in patients with lateral recess/foraminal stenosis 
who do not benefit from physical therapy at a satisfactory level.

Keywords: Pain; pain management; physical therapy modalities; visual analog scale.

Özet

Amaç: Çalışmada, dejeneratif lomber stenozu olan geriatrik hastalarda ne zaman fizik tedavi veya cerrahi yapılacağının araş-
tırılması amaçlandı.
Gereç ve Yöntem: Aralık 2014 ile Nisan 2017 tarihleri arasında lomber dejeneratif stenoz nedeniyle fizik tedavi gören 250 
hasta retrospektif olarak analiz edildi. Hastalar santral kanal darlığı ve lateral reses/foraminal darlık olmak üzere iki gruba ay-
rıldı. Her iki hasta grubunun vizüel analog skala ve nörolojik kladikasyo değerleri fizik tedavi öncesi ve sonrası değerlendirildi. 
Komorbid hastalıklar ile ameliyat sıklığı arasındaki ilişki de değerlendirildi.
Bulgular: Hastaların 142’si kadın 108’i erkek olup, yaş ortalaması 69’du. Semptomların ortalama başlangıcı 55 aydı. Fizik tedavi 
sonrası hastaların vizüel analog skala değerlerinde santral kanal darlığı olan hastalarda 4–6°, lateral reses/foraminal stenozu 
olan hastalarda 2–3° düşüşler gözlemlendi. Ayrıca, diabetes mellitus ile birlikte lateral reses/foraminal stenozu olan hastaların 
fizik tedaviden daha az fayda sağladığı tespit edildi.
Sonuç: Fizik tedavi ve rehabilitasyon lomber darlığın tedavisinde önemli bir rol oynamaktadır. Motor kas gücü kayıpları ve 
inkontinansı olmayan ve ilaçlarla ağrı kontrolü olan hastalar için fizik tedavi birincil tedavi seçeneğidir. Fizik tedaviden tatmin 
edici düzeyde fayda görmeyen lateral reses/foraminal stenozlu hastalarda cerrahi girişim düşünebilir.

Anahtar sözcükler: Ağrı; ağrı yönetimi; fizik tedavi yöntemleri; vizüel analog skala.
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Introduction

Lumbar spinal stenosis is defined as the narrowing 
of the neural foramen and lateral recess due to disc 
protrusion, ligament and bone hypertrophy, or os-
teophyte formation. It was first clinically identified 
by Dr. Verbiest in 1950.[1]

The incidence of lumbar stenosis increases parallel 
to the increase in the elderly population. In the gen-
eral population, the incidence of lumbar stenosis is 
between 9.3% and 11%.[2,3]

Congenital spinal stenosis is relatively less and can 
be asymptomatic for a long time. It is often seen in 
men. In congenital stenosis, symptoms appear in 
older ages, mostly between 30 and 40 years old. Clas-
sical degenerative lumbar stenosis is mostly seen in 
people over 65 years of age, and ıt is the most com-
mon cause of spinal surgery in geriatric patients. It is 
a serious cause of morbidity in geriatric patients.[4–6]

Computed tomography (CT) and magnetic reso-
nance imaging (MRI) are very important in diagnos-
ing.[7] The normal anterior-posterior diameter of the 
spinal canal is 15–25 mm. If the anterior–posterior 
diameter of the spinal canal is between 12 and 15 
mm, it is defined as relative stenosis and below 10 
mm as absolute stenosis.[8] Lateral recess stenosis 
is defined as lateral recess height of ≤2 mm and/or 
lateral recess depth of ≤3 mm. It is thought that the 
neural foramen should be 2–3 mm in diameter to in-
dicate foraminal stenosis.[9]

Due to compression of the neural canal and/or nerve 
roots in lumbar stenosis, patients commonly expe-
rience back pain, leg pain, neurogenic claudication, 
and sphincter defect. The symptoms of the patients 
depend on the posture and increase with extension 
and weight-bearing positions and decrease with 
flexion and unloaded postures.[10]

The goal of treatment is to reduce pain and ensure 
that the patients continue their daily activities. Non-
surgical approach is the first widely accepted treat-
ment option.

Lumbar stenosis is an important morbidity in the 
geriatric population. Considering that the geriatric 
population will increase day by day, we can predict 

that it will be an important public health problem in 
the future. We will need to carefully select the best 
treatment options for patients. Considering the pa-
tients’ existing comorbirt diseases, when should we 
apply physical therapy and when should we apply 
surgical treatment? The purpose of the authors is to 
seek answers to these questions in this article.

Material and Methods
The authors retrospectively analyzed 250 patients 
with degenerative lumbar stenosis who undergone 
physical therapy between January 2014 and April 
2017. MRI and CT examinations were performed to 
the patients. These patients were divided into two 
groups: Central canal stenosis and lateral recess/fo-
raminal stenosis groups. In addition, comorbid dis-
eases of the patients were examined.

All of the patients were treated in the same physical 
therapy clinic. In the physical therapy program, ultra-
sonography at 1.5 watts/cm2 for 5 minutes, conven-
tional transcutaneous electrical nerve stimulator for 
20 min, and hot packs for 20 min were performed in 
addition to medical treatment. Furthermore, lumbar 
range of motion, Williams’, pelvic tilt, and hamstring 
stretching exercises were repeated 10 times at the 
end of the physical therapy session, and home exer-
cise programs were given to the patients to be done 
10 times twice at home.

The patients’ pain was clinically evaluated with Visual 
analog scale (VAS) of 0–10. The most severe pain the 
patients encountered in their lives merits the score 
of 10, while their painless periods are considered 0.

Neurogenic claudication in the patients was evalu-
ated before and after physical therapy and rehabili-
tation.

This study was approved by the Medical Eth-
ics Committee of Tekirdag Namık Kemal Univer-
sity (2020.69.03.19). This study followed the ethics 
rules in the 1964 Declaration of Helsinki, which was 
amended in 2013 and informed consent was ob-
tained from every participant.

Statistical Analysis Methods
Descriptive statistics are used to define continuous 
variables (average, standard deviation, minimum, 
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median, and maximum). The availability of the data 
for normal distribution was examined with the Sha-
piro-Wilks test. The comparison of two variables that 
are not available for independent distribution and 
normal distribution was made using the Mann-Whit-
ney U test. The comparison of two variables that are 
not dependent and not available for normal distribu-
tion was made with the Wilcoxon signed-rank test. 
The relationship between categorical variables was 
evaluated by a chi-squared test (Fisher’s exact test or 
Yates’ correction for continuity where appropriate). 
The statistical significance level was determined at 
0.05 using the IBM SPSS Statistics Version 26 for Win-
dows (IBM Corp., Armonk, NY, USA). It will be carried 
out using the program.

Results

142 of the patients were female and 108 were male. 
The average age was 69±6.4 years (range 65–86 
years). It was observed that the duration of symp-
toms of the patients was on average 55 months. 
The average follow-up period of the patients after 
physical therapy and rehabilitation is 36 months. 
CT and MRI were performed on the patients. Dy-
namic graphs were drawn on the patients with in-
stability. Patients with instability were not included 
in the study.

All the patients received physical therapy due to 
lumbar stenosis. The canal diameter of patients with 
central canal stenosis is <12 mm. The canal diameter 
of patients with lateral recess/foraminal stenosis is 
<height 2 mm and dept 3 mm. 135 of the 250 pa-
tients had central canal stenosis and 115 had lateral 
recess/foraminal stenosis.

Patients’ VAS scores were evaluated before and after 
physical therapy. Despite that the VAS scores statistical-
ly decreased in both groups, the decrease is more pro-
nounced in the central canal stenosis group (Table 1).

Neurogenic claudication in the patients before and 
after physical therapy was evaluated. Although it was 
statistically significant in both groups, the improve-

Table 1. Evaluation of visual analogue scale (VAS) scores before and after physical therapy in patients with lumbar stenosis

 VAS before physical therapy  VAS after physical therapy  p

 Mean±SD Med (Min–Max) Mean±SD Med (Min–Max)

Lateral recess/foraminal stenosis n=115 8.0±0.8  8 (6–9) 4±1.3 4 (2–6) <0.001
Central canal stenosis n=135 7.0±1.1 7 (5–9) 2.0±1.1 2 (1–5) <0.001

The VAS change between the lateral recess/foraminal stenosis group and the central canal stenosis group before and after physical therapy is statisti-
cally significant (Mann-Whitney U test, p<0.001), Separately, both groups had statistically significant changes in VAS before and after physical therapy 
(Wilcoxon signed-rank test, p<0.001). SD: Standard deviation; Min: Minimum; Max: Maximum.

Table 2. Average neurogenic claudication distance in patients with lumbar stenosis before and after physical therapy

 Distance (m) before  Distance (m)  p 
 physical therapy  after physical therapy

 Mean±SD Med (Min–Max) Mean±SD Med (Min–Max)

Lateral recess/foraminal stenosis n=115 69.8±20.4 65 (50–100) 299.6±153.8 300 (100–1000) <0.001
Central canal stenosis n=135 120.4±46.6 100 (50–200) 700±161.5 650 (400–1000) <0.001

The neurogenic claudication change between the lateral recess/foraminal stenosis group and the central canal stenosis group before and after physical 
therapy is statistically significant (Mann-Whitney U test, p<0.001), Both groups had statistically significant neurogenic claudication change before and 
after physical therapy (Wilcoxon signed-rank test, p<0.001). SD: Standard deviation; Min: Minimum; Max: Maximum.

Table 3. Comorbid diseases accompanying lumbar 
stenosis

 n %

Hypertension 58 23.2
Diabetes mellitus 44 17.6
Osteoporosis 33 13.2
Coronary artery disease 32 12.8
Chronic obstructive pulmonary disease 12 4.8
Mixes 24 9.6
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ment in neurogenic claudication values was higher 
in the central canal stenosis patient group (Table 2).

When the comorbid diseases of the patients were 
examined, it was observed that hypertension and 
diabetes mellitus (DM) were the most common ones 
(Table 3). The relationship between the comorbid 
diseases and the effectiveness of physical therapy 
was examined, and it was observed that the im-
provement in VAS value after physical therapy was 
less in patients with DM. Patients in the lateral re-
cess/foraminal stenosis group, especially those with 
DM, made the group the highest in VAS score and 
the least in improvement after physical therapy. Al-
though DM coexistence did not have a statistically 
significant effect on the improvement in neurogenic 
claudication after physical therapy in the lateral re-
cess/foraminal stenosis group, this group had the 
lowest neurogenic claudication before and after 
physical therapy. However, in the central canal ste-
nosis group, DM had a negative effect on the im-
provement in neurogenic claudication after physical 
therapy (Table 4).

Patients were followed up after 36 months. After 
physical therapy, 42 patients whose pain complaints 
and neurogenic claudication did not decrease into 
satisfactory levels undergone surgery. In these pa-
tients, the canal diameter was found to be 9 mm 
less in patients with central canal stenosis. The 
depth was 2 mm less in patients with lateral recess/
foraminal stenosis. As surgical interventions, lami-
nectomy and foraminotomy were performed in pa-
tients whose medial facet joints could be preserved 
during surgery, and in patients with advanced facet 
hypertrophy, stabilization and decompression were 
performed. 34 of these 42 patients had advanced 
lateral recess/foraminal stenosis. Again, 18 of the 
42 patients were found to have DM. In the lateral 
recess/foraminal stenosis group with DM, there is a 
statistically significant difference in terms of surgery 
frequency, because the patients had high VAS scores 
and low neurogenic claudication distances. More 
surgeries were performed to these patients (Table 5).

The HbA1C values of diabetic patients were analyzed; 
it was seen that the average HbA1C value in women 
was 7.1% and 6.9% in men. The average HbA1C value 
of the 18 diabetic patients who needed surgical treat-
ment after physical therapy was found to be 8.2%.Ta

bl
e 

4.
 

Ev
al

ua
tio

n 
of

 v
is

ua
l a

na
lo

g 
sc

al
e 

sc
or

es
 a

nd
 n

eu
ro

ge
ni

c 
cl

au
di

ca
tio

n 
be

fo
re

 a
nd

 a
ft

er
 p

hy
si

ca
l t

he
ra

py
 a

nd
 re

ha
bi

lit
at

io
n 

in
 p

at
ie

nt
s 

w
ith

 d
ia

be
te

s 
m

el
lit

us

 
 

VA
S 

be
fo

re
 

 
VA

S 
af

te
r 

 
p*

 
 

D
is

ta
nc

e 
(m

) b
ef

or
e 

D
is

ta
nc

e 
(m

) a
ft

er
 

p*
 

 
 

ph
ys

ic
al

 th
er

ap
y 

 
ph

ys
ic

al
 th

er
ap

y 
 

 
ph

ys
ic

al
 th

er
ap

y 
ph

ys
ic

al
 th

er
ap

y

 
 

M
ea

n±
SD

 M
ed

 (M
in

–M
ax

) 
M

ea
n±

SD
 M

ed
 (M

in
–M

ax
) 

 
M

ea
n±

SD
 

M
ed

 (M
in

–M
ax

) 
M

ea
n±

SD
 

M
ed

 (M
in

–M
ax

) 

La
te

ra
l r

ec
es

s/
fo

ra
m

in
al

 s
te

no
si

s
 

D
M

 (−
) n

=9
6 

7.
9±

0.
8 

8 
(6

–9
) 

3.
8±

1.
3 

4 
(2

–6
) 

<0
.0

01
 7

3.
1±

20
.6

 
65

 (5
0–

10
0)

 
30

9.
9±

16
2.

8 
30

0 
(1

00
–1

00
0)

 <
0.

00
1

 
D

M
 (+

) n
=1

9 
8.

7±
0.

5 
9 

(8
–9

) 
5.

2±
0.

7 
5 

(4
–6

) 
<0

.0
01

 
53

.2
±6

.3
 

50
 (5

0–
65

) 
24

7.
4±

80
.7

 
30

0 
(1

00
–3

00
) 

<0
.0

01
Ce

nt
ra

l c
an

al
 s

te
no

si
s

 
D

M
 (−

) n
=1

10
 

6.
8±

1.
0 

7 
(5

–9
) 

1.
6±

0.
6 

2 
(1

–3
) 

<0
.0

01
 1

25
.1

±4
6.

7 
15

0 
(5

0–
20

0)
 

74
5.

5±
14

0.
4 

70
0 

(6
50

–1
00

0)
 <

0.
00

1
 

D
M

 (+
) n

=2
5 

8±
0.

8 
8 

(7
–9

) 
4.

0±
0.

8 
4 

(2
–5

) 
<0

.0
01

 
10

0±
40

.8
 

10
0 

(5
0–

15
0)

 
50

0±
70

.7
 

50
0 

(4
00

–6
00

) 
<0

.0
01

*:
 W

ilc
ox

on
 s

ig
ne

d-
ra

nk
 te

st
, T

he
re

 w
as

 a
 s

ta
tis

tic
al

ly
 s

ig
ni

fic
an

t c
ha

ng
e 

in
 V

A
S 

be
tw

ee
n 

th
e 

pa
tie

nt
s 

w
ith

 a
nd

 w
ith

ou
t D

M
 in

 th
e 

la
te

ra
l r

ec
es

s/
fo

ra
m

in
al

 s
te

no
si

s 
gr

ou
p 

be
fo

re
 a

nd
 a

ft
er

 p
hy

si
ca

l t
he

ra
py

 (M
an

n-
W

hi
tn

ey
 U

 t
es

t, 
p=

0.
73

2)
, T

he
re

 w
as

 n
o 

st
at

is
tic

al
ly

 s
ig

ni
fic

an
t 

cl
au

di
ca

tio
n 

di
st

an
ce

 c
ha

ng
e 

be
tw

ee
n 

th
e 

pa
tie

nt
s 

w
ith

 a
nd

 w
ith

ou
t 

D
M

 in
 t

he
 la

te
ra

l r
ec

es
s/

fo
ra

m
in

al
 s

te
no

si
s 

gr
ou

p 
be

fo
re

 a
nd

 a
ft

er
 p

hy
si

ca
l 

th
er

ap
y 

(M
an

n-
W

hi
tn

ey
 U

 te
st

, p
=0

.7
32

), 
Th

er
e 

w
as

 a
 s

ta
tis

tic
al

ly
 s

ig
ni

fic
an

t c
ha

ng
e 

in
 V

A
S 

be
tw

ee
n 

th
e 

pa
tie

nt
s 

w
ith

 a
nd

 w
ith

ou
t D

M
 in

 th
e 

ce
nt

ra
l c

an
al

 s
te

no
si

s 
gr

ou
p 

be
fo

re
 a

nd
 a

ft
er

 p
hy

si
ca

l t
he

ra
py

 (M
an

n-
W

hi
tn

ey
 U

 te
st

, p
<0

.0
01

), 
Th

er
e 

w
as

 a
 st

at
is

tic
al

ly
 si

gn
ifi

ca
nt

 c
ha

ng
e 

in
 c

la
ud

ic
at

io
n 

di
st

an
ce

 b
et

w
ee

n 
th

e 
pa

tie
nt

s w
ith

 a
nd

 w
ith

ou
t D

M
 in

 th
e 

ce
nt

ra
l c

an
al

 st
en

os
is

 g
ro

up
 b

ef
or

e 
an

d 
af

te
r p

hy
si

ca
l t

he
ra

py
 (M

an
n-

W
hi

tn
ey

 U
 te

st
, p

<0
.0

01
), 

Th
er

e 
w

er
e 

st
at

is
tic

al
ly

 s
ig

ni
fic

an
t c

ha
ng

es
 in

 V
A

S 
an

d 
cl

au
di

ca
tio

n 
di

st
an

ce
 b

et
w

ee
n 

th
e 

pa
tie

nt
s 

w
ith

 a
nd

 w
ith

ou
t D

M
 in

 b
ot

h 
gr

ou
ps

 b
ef

or
e 

an
d 

af
te

r p
hy

si
ca

l t
he

ra
py

 (M
an

n-
W

hi
tn

ey
 

U
 te

st
, p

<0
.0

01
). 

D
M

: D
ia

be
te

s 
m

el
lit

us
; S

D
: S

ta
nd

ar
d 

de
vi

at
io

n;
 M

in
: M

in
im

um
; M

ax
: M

ax
im

um
.



JANUARY 202332

PAINA RI

The results of the operated patients in the post-op-
erative period were examined. It was seen that the 
VAS scores decreased by an average of 2° after the 
surgical intervention. It was found that neurogenic 
claudication improved after surgery and there were 
no patients who defined walking distance <1000 
meters. One patient underwent a second operation 
for screw revision.

Discussion
Degenerative lumbar stenosis is a disease especially 
seen in patients over 65 years of age and adversely af-
fects quality of life. It limits the walking and exercise 
capacity of these patients. This situation causes loss of 
labor. The decrease in quality of life and loss of labor are 
associated with the severity of the symptoms.[11] Pa-
tients experience neurogenic claudication symptoms 
such as increased pain with walking and standing, 
numbness, tingling, and weakness that are reduced at 
rest.[12] In the natural course of patients with lumbar 
stenosis, 60% of the patients may recover spontane-
ously or have the same course. Essentially, the group 
that needs treatment is the remaining patients. There 
are options such as medical therapy, physical therapy, 
and surgical therapy among the treatment options.[13] 
Since these symptoms can also be seen in other dis-
eases, vascular insufficiency and peripheral neuropa-
thy should be considered as differential diagnoses.[14]

The ligamentum flavum is thicker in patients with 
lumbar stenosis than in asymptomatic people, and 
this thickness leads to height loss in disc distance, 
causing stenosis in the spinal canal. The main cause 
of the narrowing is the compression caused by the 
degeneration of spinal components such as the in-
tervertebral disc and ligamentum flavum, which 
is more common in elderly patients.[15–17] These de-
generative changes become more common as life 
expectancy increases. Therefore, the number of pa-
tients with stenosis is increasing gradually.[18]

Lumbar stenosis is a more common disease in old-
er-age individuals, so some comorbid diseases may 
be present. In recent years, there are publications 
related to the association of DM and lumbar spinal 
canal narrowing, stating that DM may be a trigger for 
lumbar stenosis.[19,20]

The authors can divide treatment of lumbar stenosis 
into two: surgical and conservative treatment. Con-
servative treatment is the first option, and some of 
them can be listed as medical treatment, epidural 
injections, change in lifestyle, and physical therapy.
[21] The authors can perform lumbar decompression 
only or lumbar decompression and fusion as sur-
gical treatment. There are many articles in the lit-
erature about which treatment is better, surgery or 
conservative treatment. In the study conducted by 
Amundsen et al.,[22] surgical treatment was found to 
be superior over conservative treatment in patient 
experiencing moderate to severe pain. This result 
is correlated in this study. In this study, the authors 
first performed physical therapy; then, the au-
thors performed surgical treatment to our patients 
whose pain did not decrease to satisfactory levels 
after physical therapy, and satisfactory results were 
achieved after surgery. In the study of Malmivaara et 
al.,[23] patients in both groups who underwent sur-
gery and conservative treatment benefited as show 
in a 2-year follow-up. This result is correlated in this 
study. In addition, it was statically observed that 
lower back and leg pain improved in the group who 
undergone surgical treatment. In this study, patients 
with lateral recess/foraminal stenosis required more 
surgical interventions because lateral recess/forami-
nal stenosis causes pain in the lower back and legs 
due to compression of the affected nerve root. Since 
radicular findings are more severe in lateral recess 
and foraminal stenosis, more surgical treatment is 
needed in these patients. In another study by Delitto 
et al.,[24] it was shown that there was no significant 

Table 5. Association between surgical intervention and diabetes mellitus (DM) by groups

 Surgical intervention No surgery DM (−) DM (+)

Central canal stenosis 8 (5.9) 127 (94.1) 110 (81.5) 25 (18.5)
Lateral recess/foraminal stenosis 34 (29.6) 81 (70.4) 96 (83.5) 19 (16.5)
p <0.0011  0.8051

1: Yates’ correction for continuity, While there is no statistically significant difference in the presence of DM between central canal stenosis and lateral 
recess/foraminal stenosis groups, there is a statistically significant difference between these groups in terms of frequency of surgery.



Pain and neurogenic claudication control in lumbar stenosis, which is the most common cause of spinal surgery in the geriatric population

JANUARY 2023 33

difference between the group with conservative 
treatment and group with surgery after 2 years of 
follow-up and also stated that even the patients who 
are candidates for surgery may benefit from conser-
vative treatment. This result is not correlated in this 
study. In this study, 16.8% (n=42) of the patients un-
derwent surgical intervention. The authors observed 
that in patients who underwent surgery, the aver-
age VAS score decreased by 2 and the claudication 
reached at least 1000 meters.

In this study, the authors retrospectively analyzed 
250 patients with lumbar stenosis for 36 months. 
The authors first performed physical therapy to the 
patients. The authors saw that physical therapy was 
beneficial in 83.2% (n=208) of the patients. Major-
ity of the 42 patients who underwent surgery had 
lateral recess/foraminal stenosis. The authors have 
observed that only DM, among all the comorbid 
diseases studied, has a significant effect. It has been 
observed that due to diabetes, patients have symp-
toms related to neuropathy in addition to canal and 
root compression, resulting in more complaints. 
In addition, the authors observed that there was a 
statistically significant change in the VAS score in 
diabetic patients, and the authors found that the av-
erage HbA1C value in patients who underwent sur-
gery was 8.2%.

Lumbar stenosis is more common in older-age peo-
ple, and in this case, it is accompanied by comorbid 
diseases. Physical therapy is the treatment method 
that should be considered primarily in patients with-
out motor muscle strength loss and incontinence. 
Most of the patients benefit from physical therapy. 
The authors observed that the patient group that 
benefited the least from the physical therapy was 
the patient group with DM (with high HbA1C values) 
and lateral recess/foraminal stenosis. Surgical treat-
ment should be preferred for patients who do not 
benefit from conservative treatment and have motor 
muscle strength loss and incontinence.
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Özet
İskemik monomelik nöropati, etkilenmiş ekstremitede multipl sinirlerin iskemisi sonucu oluşan nadir bir akut aksonal nöro-
patidir. Elektronöromiyografi bu nöropatinin karakteristik özelliklerini saptamak için çok yardımcıdır. Burada akciğer kanseri 
ve/veya alınan kemoterapi nedeniyle oluşan ilk iskemik monomelik nöropati olgusu sunuldu ve bu az tanınan duruma dikkati 
çekmek hedeflendi.

Anahtar sözcükler: EMG; iskemi; iskemik monomelik nöropati; akciğer kanseri; nöropati; ağrı.

Summary
Ischemic monomelic neuropathy (IMN) is a rare type of acute axonal neuropathy which results from ischemia of multiple 
nerves in affected limb. The electroneuromyography is useful in detecting characteristic features of this neuropathy. It usually 
occurs after vascular interventions. Here, we present the first case who has IMN secondary to lung cancer and/or chemo-
therapy and aim to draw attention to this infrequently recognized entity.

Keywords: EMG; ischemia; ischemic monomelic neuropathy; lung cancer; neuropathy; pain.

Introduction

Ischemic monomelic neuropathy (IMN) is a rare type 
of acute neuropathy which results from occlusion or 
shunting of blood supply of a major proximal limb 
artery. Multiple simultaneous axonal mononeuropa-
thies in the affected limb without significant muscle 
necrosis are seen in IMN.[1,2] It usually occurs after 
vascular interventions for hemodialysis.[3,4] Herein, 
we report a lung cancer patient who experienced 
IMN of the left lower extremity during chemothera-
py/radiotherapy treatment to draw attention to this 
infrequently recognized entity.

Case Report

A 36-year-old woman was admitted to the clinic with 
progressive pain and numbness in her left leg for 3 
weeks. She was under chemotherapy and radiother-

apy treatment for her lung cancer. Physical and neu-
rological examination revealed that motor strengths 
were 4/5 in ankle dorsiflexors and ankle plantar flex-
ors, and 3/5 in extensor hallucis longus. Hypoesthesia 
was present in the anterior left lower leg and anterior 
foot. Arterial pulses were absent in the left dorsalis 
pedis, tibialis anterior, and popliteal arteries. Lumbo-
sacral magnetic resonance imaging revealed nonspe-
cific degenerative changes. Embolic occlusion of the 
left femoral artery was seen in lower extremity arterial 
Doppler ultrasonography. Electrophysiological nerve 
conduction studies (Table 1) revealed decreased 
compound motor action potential amplitudes in the 
left tibial (Fig. 1) and common peroneal nerves (Fig. 
2). Sensory nerve action potential of the left sural 
nerve was absent. Needle electrode investigations 
showed neurogenic motor unite potentials mainly in 
the distal muscles of the left lower limb. These find-

Painful ischemic monomelic neuropathy: An unusual complication 
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ings were suggestive of predominantly sensorimotor 
axonal neuropathy of the left lower limb; therefore, 
diagnosis of IMN was established.

Discussion
Severe burning pain, numbness, paleness, pulseless-
ness along with hypoesthesia, and motor dysfunc-
tion in multiple nerve areas in the same extremity 
were suggesting IMN due to arterial occlusion in our 
patient. Peripheral arterial embolisms originating 
from malignant tumors are rare manifestation of 
cancers. To the best of our knowledge, there is no 
report of IMN secondary to cancers and/or chemo-
therapy in English literature. This rarely recognized 
entity was commonly reported in upper extremities 
of patients with hemodialysis fistulas.[3,5] Vascular 
surgical procedures (i.e., vascular surgery involving 
the thoracoabdominal aorta and its caudal arterial 
channels), thromboembolisms, traumas, injections, 
infections of the arteries, and rarely long duration 

tourniquet or tight immobilization bandages have 
also been described as etiologic factors of IMN.[1,4,6,7] 
Since there was not any history of interventional 
procedure or trauma, embolic occlusion of the left 
femoral artery was probably occurred due to cancer 
and/or chemotherapy-induced thrombosis in our 
patient. In IMN, ischemia initially affects the most 
susceptible area – the axon of the nerve – and causes 
axonal sensorimotor neuropathy which is prominent 
at the distal parts of the extremities. The electroneu-
romyography is quite useful in detecting character-
istics features of this neuropathy. The muscle, skin, 
bone, and other tissues are usually spared at the 
beginning depending on the severity and duration 
of ischemia. Detailed physical examination includ-
ing pulse checking in all patients who present with 
acute painful limbs is important to disclose any ar-
terial supply problem in the extremity, especially in 
patients with important risk factors such as history 
of vascular interventions or tendencies for thrombo-

Figure 1. Nerve conduction studies of bilateral tibial nerves.

Figure 2. Nerve conduction studies of bilateral common peroneal nerves.
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embolisms. Reversible electrophysiological changes 
have been reported in the course of IMN after recon-
struction of vascular supply.[7] Therefore, early diag-
nosis of arterial supply problem-related neurologic 
complications and restoration of arterial supply are 
important to reverse the symptoms.

To conclude, arterial embolism due to cancer and/
or chemotherapy-induced thrombosis is quite 
rare, it may result with IMN. Awareness and early 
recognition of the problem is of particular impor-
tance to reverse the symptoms and to prevent ir-
reversible damage.

EMG summary table   Spontaneous    MUAP  Recruitment

   IA Fib PSW Fasc H.F. Amp Dur. PPP Pattern

Needle EMG
 L. tibialis anterior N None None None None 1+ N 1+ Slightly  
           reduced
 l. gastrokin N None None None None 1+ 2+ 3+ Reduced 
 L. vastus medialis N None None None None N N N N
 L. bic. fem. (S. head) N None None None None Slightly N 1+ Slightly  
        increase   reduced

Nerve/Sites Latency Ampl Distance Velocity 
   ms mV cm m/s

Motor NCS
 L comm peroneal - EDB
  Ankle 3.25 2.9 5.5 
  Fib Head 13.20 1.4 32.5 32.7
 R comm peroneal - EDB
  Ankle 3.50 5.9 7 
  Fib Head 9.85 4.9 31 48.8
 L tibial (knee) - AH
  Ankle 4.80 4.7 8 
  Knee 13.25 3.7 35 41.4
 R tibial (knee) - AH
  Ankle 4.70 10.3 9 
  Knee 12.90 9.1 36 43.9

Nerve  Min F lat 
   ms

F wave
 l comm peroneal - EDB 57.50
 L tibial (knee) - AH 54.30
 R tibial (knee) - AH 46.15

Table 1. Electrophysiological nerve conduction studies

Nerve/sites Rec. site Latency Peak ampl Distance Velocity 
    ms µV cm m/s

Sensory NCS
 R sural - Lat malleolus
  Calf Lat malleolus 2.85 19.8 13 45.6
 L sural - Lat malleolus
  Calf Lat malleolus 0 0
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Özet
Spinal kord stimülasyonu (SKS), yaklaşık 50 yıldır kronik ağrı tedavisinde kullanılmaktadır. Torakal ve lomber SKS ile ilgili bir-
çok yayın bildirilmiş iken, servikal SKS ile ilgili daha az yayına rastlanmaktadır. Bu yazımızda servikal SKS uygulamasının üç 
hastamızdaki sonuçlarını sunmayı amaçladık. Servikal spinal sinir veya brakiyal pleksus hasarı olan, diğer konservatif tedavi 
yöntemleri ile ağrı palyasyonu sağlanamayan üç hastaya perkütan servikal SKS implantasyonu uygulandı. Birinci ve ikinci has-
tada VAS skorlarında, ilaç gereksiniminde azalma, yaşam kalitesinde artış gözlenirken, üçüncü hastada yeterli ağrı palyasyonu 
gözlenmemiştir. Torakolomber SKS ile tedavi edilen alt ekstremite ağrı sendromlarında olduğu gibi, kronik üst ekstremite ağrısı 
olan hastalarda da servikal SKS’nin tedavi seçeneği olabileceği düşünülmektedir. Gelecekteki çalışmalar servikal SKS etkinliği 
ve uygulanabilirliği açısından yol gösterici olacaktır.

Anahtar sözcükler: Brakial pleksus hasarı; servikal sinir kökü hasarı; kronik ağrı; nöromodulasyon; nöropatik ağrı; spinal kord stimulasyonu.

Summary
Spinal cord stimulation (SCS) has been used for the treatment of chronic pain for almost 50 years. There have been several re-
ports regarding to thoracic and lumbar SCS, while fewer publications have been documented for cervical SCS administration. 
In this article, we presented patient satisfaction after cervical SCS application in patients with chronic upper extremity pain. 
Three patients with cervical spinal nerve root or brachial plexus injury who reported no pain relief with the previous treatment 
modalities were identified. The patients were performed percutaneous cervical SCS. Cervical SCS implantation was successful 
in the first and the second patients, and with respect to decrease in VAS scores, analgesic drug requirements, and an increase 
in their quality of life, while the third patient had no pain relief. Cervical SCS may be an effective treatment option in upper 
extremity chronic pain syndromes as in the lower extremity pain syndromes treated with thoracolumbar SCS.

Keywords: Brachial plexus injury; cervical nerve root injury; chronic pain; neuromodulation; neuropathic pain; spinal cord stimulation.

Introduction

Spinal cord stimulation (SCS) was first performed 
by Shealy et al.,[1] in 1967, and it has been used for 
the treatment of chronic pain for almost 50 years.[2] 
The technique became widespread in 1975 with the 
development of percutaneous electrodes.[2] Modali-
ties such as surgical ablative operations, pharmaco-
therapy, and physical therapy are applied in the 
treatment of chronic pain but may be insufficient. 
SCS produces neuromodulatory effect by stimulat-
ing spinal cord with low-intensity electrical impulses 
and can significantly change the perception of pain 

in patients with chronic pain.[3] There have been sev-
eral long-term and successful reports of thoracic 
and lumbar SCS, while fewer publications have been 
documented for cervical SCS administration.[4] The 
aim of this case report is to evaluate and present 
patient satisfaction after cervical SCS application in 
patients with chronic upper extremity pain.

Case Reports
Case 1 – A 36-year-old male patient developed a 
C4 vertebral fracture and left carotid artery dissec-
tion as a result of a gunshot wound to the neck for 

The effect of cervical spinal cord stimulation on cervical spinal 
nerve root/brachial plexus injury
Servikal spinal kord stimülasyonunun servikal spinal sinir kökü/brakiyal pleksus 
yaralanması üzerine etkisi

 Meltem KANAR,  Gül KÖKNEL TALU,  Halil ÇETİNGÖK

Agri 2023;35(1):39–43

doi: 10.14744/agri.2020.38243

https://orcid.org/0000-0002-4974-7469
https://orcid.org/0000-0003-2823-571X
https://orcid.org/0000-0002-6746-9079


JANUARY 202340

PAINA RI

four years ago before admitting to pain clinic. The 
patient complained of aching, throbbing, and neu-
ropathic pain spreading to the left arm and neck. 
His visual analog scale (VAS) was 8–9/10. On physi-
cal examination, severe pain, coldness, weakness 
found on his left shoulder, arm, forearm and hand, 
and there was hypoesthesia on the left C4, C5, and 
C6 spinal nerve dermatome areas. Muscle strength 
on the left deltoid, triceps, flexor, and extensor 
digits was 4/5. There was mild pain in the left leg, 
paresthesia in the right leg, temperature difference 
between the lower extremities, and he had impo-
tence and urinary incontinence.

There were chronic, axonal degeneration involv-
ing the C5 and C6 spinal nerve roots, and left bra-
chial plexus on electromyography. Cervical spinal 
magnetic resonance imaging (MRI) (2008) showed 
that C4–C5 facet segment fracture, left neural fora-
men obliteration, was present. He was prescribed 
pregabalin 300 mg 2*1 p.o, SSRI (sertraline) 50 mg 
1*1 p.o, baclofen 10 mg 1*2 p.o, and oxycodone 
10 mg 4*1 p.o before presented to clinic. He had a 
history of cervical epidural injection in an another 
clinic. However, he had no pain relief despite all 
the treatments.

In April 2013, a SCS catheter was inserted into the 
epidural space at the level of T2–T3 thoracic vertebra 
and fixed in the epidural space at the C3–C4 cervi-
cal vertebra level, with the percutaneous electrode 
slightly to the left of the midline (Fig. 1). He felt par-
esthesia on the painful area and reported 70% pain 
relief during trial period, and permanent SCS im-
plantation was placed 4 weeks later. Patient’s VAS 
score was 2–3/10 after permanent SCS implantation, 
and medical treatment was continued with pregaba-
lin 300 mg 2*1 p.o and sertraline 50 mg 1*1 p.o. He 
reported no need for other analgesic drugs and im-
provement in his social life quality during long-term 
follow-up.

Case 2 – A 58-year-old male patient admitted with 
a history of causalgia such as severe burning pain 
in his left shoulder and arm associated with trau-
matic cervical root injury and left brachial plexus 
lesion due to dislodgement of a metal part from a 
working machine in 1978, at the age of 18. His VAS 
score was 9/10. On his physical examination, loss 

of sensation in the left elbow, muscular atrophy 
in the left arm, trophic changes in nails, dry skin, 
color changes, limitation of joint movements and 
severe pain, absence of deep tendon reflex, shoul-
der abductors, and biceps muscle strengths were 
2/5, deltoid, triceps, hand flexion-extension, and 
interosseous muscle strengths were 0/5, and flask 
paralysis was present.

There was complete conduction defect in the left n. 
medianus, n. ulnaris, n. radialis, n. musculocutaneus, 
n. axillaris, and left brachial plexus lesion on electro-
myography, nerve root expansion was seen in and 
around the left neural foramen at the C7–T1 and T1–
T2 vertebral level in cervical computed tomography, 
and in myelography, complete nerve root avulsion at 
the vertebral levels of C5–C6, C6–C7, C7–T1, and par-
tial nerve root avulsion at the vertebral level of T1–
T2 were observed. He was prescribed, fentanyl patch 
100 mcq/48 h tts and gabapentin 600 mg 2*1/2 p.o. 
In Germany, in 1979, he was performed deep brain 
stimulation, but the patient had had no benefit from 
this treatment (MRI examination could not be per-
formed due to this procedure.).

In 2004, SCS implantation was performed to the 
patient in our clinic whose pain was continued de-

Figure 1. (a) Lateral image of leads placed through T2–3 inter-
vertebral space, (entry site). (b) Anterior-posterior image of le-
ads. (c) Anterior-posterior image of leads placed in the cervical 
C3–4 epidural space, (final position). (d) Lateral fluoroscopic 
image of leads placed in the cervical C3–4 epidural space and 
final position.

(a)

(c)

(b)

(d)
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spite all the treatments. SCS catheter was inserted 
into the epidural space at the level of T2–T3 tho-
racic vertebrae and advanced to the C5–C6 cervi-
cal vertebra level and fixed in the same level of the 
epidural space (Fig. 2). The patient reported VAS 
score 2 after the procedure and satisfied with the 
procedure by 70%. He received gabapentin 800 
mg 2*1/2 p.o as medical treatment only, and he 
reported increase in his quality of sleep and qual-
ity of life.

In 2009 and 2017, due to completion of the genera-
tors life time, neurostimulatory pulse generator revi-
sion was also performed.

Case 3 – A 46-year-old male patient was admitted 
with a complaint of the left shoulder, arm and hand 
pain with burning, tingling, and aching like pain af-
ter left brachial plexus injury due to traffic accident 
for 10 years ago.

Atrophic appearance was seen on his left shoulder, 
arm, and forearm and sensory and motor deficit 
were present on his physical examination. Transcuta-
neous electrical nerve stimulation was applied previ-
ously and gabapentin 600 mg 3*1 p.o, escitalopram 
(SSRI) 20 mg 1*1 p.o, and tramadol 100 mg 2*1 p.o 
were prescribed as the analgesic treatment.

The left stellate ganglion block was performed 3 
times at the 1.5 year, 4.5 years, and 5.5 years after 
the brachial plexus injury. He had 40% pain relief 
from the first block but had no relief from subse-
quent procedures. Despite medical treatment and 
invasive procedures, it was decided to perform 
cervical SCS to the patient whose pain was ongo-
ing as VAS 7/10.

EMG, in May 2018, lesion at the level of brachial 
plexus with the left cervical roots, involvement on 
proximal to dorsal root ganglion (DRG) (avulsion?), 
partial degeneration in upper and lower truncus, 
and complete axonal degeneration in peripheral 
nerves were present.

In cervicothoracic MRI, there were no other pathol-
ogy other than protrusion and bulging in two lev-
els of intervertebral disk. There was no pathology 
in dorsal spinal MRI and no contrast enhancement 
was observed.

In June 2018, SCS electrode was inserted into the 
epidural space at the level of T3–T4 thoracic ver-
tebrae and fixed at the C4, 5, 6, and 7 (upper end 
of C7) cervical vertebra level of the epidural space 
(Fig. 3). During the cervical SCS trial period, the 
patient felt paresthesia in the painful area, but he 
reported <50% pain relief. Different stimulation pa-
rameters applied for 3 weeks. Although the patient 
experienced paresthesia in painful areas during the 
trial period, SCS electrode was removed, due to less 
than 50% pain relief. The patient was discharged 
with medical treatment and recommendation of 
continuation of physical therapy.

Figure 2. (a) Anterior-posterior fluoroscopic image of leads pla-
ced in the cervical C5–C6 left side of epidural space. (b) The imp-
lantable pulse generator used for management of the left upper 
extremity pain.

(a) (b) (a)

(c)

(b)

(d)

Figure 3. (a) The appearance of the patient’s left upper extre-
mity. (b) Anterior-posterior fluoroscopic image of leads placed 
in the thoracic T3–4 intervertebral epidural space, (entry site). 
(c) Lateral fluoroscopic image of leads placed in the thoracic 
T3–4 epidural space (entry site). (d) Anterior-posterior fluoros-
copic image of leads placed in the cervical C4–C7 epidural spa-
ce (final position).
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Discussion

SCS has become a preferred and increasingly wide-
spread treatment modality in patients with chronic 
pain who have received various treatments previ-
ously. The basic theory of SCS is based on Melzack 
and Wall’s “gate control theory,” SCS-induced an-
algesia is multifactorial and has not yet been fully 
elucidated.[5] Despite there are many studies and 
case series in thoracolumbar SCS implantation, the 
literature is limited in cervical SCS implantation.[6] 
It is thought that the narrowness of the epidural 
space in the cervical region, the higher risk of cord 
compression, and hypermobility of the cervical 
spine may contribute to the limitation.[7]

In some respects, cervical SCS has some differences 
from the thoracolumbar SCS. First, the mobility of 
the cervical spine is higher and paresthesia changes 
are more likely to occur, but there is no large-scale 
study. Second, paresthesia of the trunk and lower 
extremities is possible due to the different anatomy 
of the dorsal column.[8] Vallejo et al.,[9] in a series of 5 
patients, reported generalized paresthesia in three 
patients. However, since these patients have pain in 
the lower extremities, paresthesia is seen as an ad-
ditional benefit rather than an undesirable condi-
tion. Similarly, lower extremity pain was present in 
the first one of our cases and our patient reported 
a decrease in lower extremity pain. The absence 
of lower extremity stimulation in all patients who 
were performed cervical SCS can be explained 
based on the study by Freirabend et al.[10] In their 
study on dorsal column morphometry, they con-
cluded that fiber density increased from medial to 
lateral. Thus, they stated that the lateral fibers will 
be affected in the low stimulation intensity and the 
stimulation will be detected in the upper extrem-
ity, and the high stimulation intensity will affect the 
medial fibers and the stimulation will be detected 
in the trunk and lower extremity.

In a prospective study of Deer et al.,[11] about the 
safety and efficacy of cervical SCS, they stated that 
the mean pain palliation of 38 patients was more 
than 50% (66.8%) in 1 year after SCS implantation. 
Hence, they proposed that cervical SCS is safe and 
effective. Similarly, in the study of Chivikula et al.[12] 
in a large number of (121) patients, 75% of the cer-
vical SCS electrode were implanted permanently 

and the patients’ satisfaction rate was 72.4%. The 
rate of pain pallation was 58.7% about the cervi-
cal SCS implantation, such as thoracic and lumbar 
areas. Kumar et al.[13] evaluated ten patients who 
were performed cervical SCS implantation, by the 
VAS, Oswelt disability index (ODI) and Beck depres-
sion inventory (BDI) of the patients. They observed 
a significant improvement in VAS scores of 34%, 
9.2% for ODI scores, and 29.6% for BDI scores for 
the long-term follow-up for about 7 years. More-
over, it is thought that the early application of SCS, 
including cervical SCS, in long-term chronic pain 
treatment will be more beneficial.

In addition, Garg A. and Danesh H.[14] reported a 
case of cervical DRG neuromodulation in a patient 
with complex regional pain syndrome who was 
previously performed cervical discectomy. During 
the procedure, they reported that the patient had 
scar tissue in the posterior epidural area due to the 
cervical discectomy operation previously, and inci-
dentally, the lead tip was directed to the C6 fora-
men, so they fixed the electrode at the level of the 
C6 DRG. They reported 70% pain relief and stated 
that especially in distal extremity pain, stimulation 
of DRG may be an alternative treatment to SCS.

In our cases, cervical SCS implantation provided 
pain relief in the first and the second patients and 
an increase in their quality of life. The well-being 
of the second case has been going on for about 40 
years and the termination of the intensive opioid 
requirement is considered highly valuable. Third 
patient had <50% pain relief and permanent im-
plantation was not performed. Pain characteristics 
were similar in all three patients. The third patient’s 
inability to benefit from the procedure could not 
be attributed to the duration of pain because the 
duration of pain was quite different in all three pa-
tients, and 4, 40 and 10 years, respectively. How-
ever, the painful area, that including the neck, 
shoulder, arm, forearm, and hand was quite wide, 
and the absence of muscle strength in these areas 
(0/5), lack of sensitivity in any way, absence of in-
tact myelinated A-beta fibers, and degeneration of 
the dorsal column fibers by the lesion in the proxi-
mal nerve roots, which is very close to the dorsal 
root ganglia, may have contributed to absence of 
pain relief.[15]
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Interventional neuromodulation methods are be-
coming increasingly widespread in chronic pain. SCS 
has some advantages such as reducing the need for 
oral analgesics that have many side effects, reducing 
recurrent invasive procedures such as sympathetic 
nerve blocks, programmable electrical stimulation 
according to patient pain, and being reversible. At 
present, there are randomized controlled trials of tho-
racic and lumbar SCS. However, cervical SCS may also 
be an effective treatment option in the upper extrem-
ity chronic pain syndromes. Further prospective, ran-
domized, controlled studies will guide the effective-
ness, and applicability of cervical SCS in the future.

Informed Consent: Written informed consent was ob-
tained from the patient for the publication of the case 
report and the accompanying images.
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Özet
Postherpetik nevraljide etkilenen dermatomlara yönelik interlaminar epidural steroid enjeksiyonlarının ağrıyı azaltmada etkili 
olduğu bulundu. Diffüz idiyopatik iskelet hiperostozu esas olarak anterior ve posterior longitudinal ligament, interspinöz, sup-
raspinöz ligament ve ligamentum flavum gibi spinal ligamentlerin kalsifikasyonu ve kemikleşmesi ile ortaya çıkan inflamatu-
var olmayan bir durumdur. Bu olguda, 73 yaşında postherpetik nevraljisi olan bir erkek hastada, torakal diffüz idiyopatik iskelet 
hiperostoza eşlik eden supra/interspinöz ligament kalsifikasyonu ve kemikleşme nedeniyle T7-T8 interlaminar epidural alana 
erişimin başarısız olma durumu sunuldu.

Anahtar sözcükler: Epidural Enjeksiyon; diffüz idiopatik iskelet hiperostozu; patolojik kalsifikasyon; postherpetik nevralji; torakal spondiloz; 
torakal vertebra.

Summary
Interlaminar epidural steroid injections corresponding to dermatomes affected by post-herpetic neuralgia (PHN) were found 
effective in reducing pain. Diffuse idiopathic skeletal hyperostosis (DISH) is a non-inflammatory condition that mainly occurs 
with calcification and ossification of spinal ligaments such as anterior and posterior longitudinal, interspinous, supraspinous 
ligament, and ligamentum flavum. In this case, it is presented that the failure of the access to the T7-T8 interlaminar space due 
to the supra/interspinous ligament calcification and ossification accompanied by thoracic DISH in a 73-year-old male for the 
treatment of PHN.

Keywords: Diffuse idiopathic skeletal hyperostosis; epidural injection; pathologic calcification; postherpetic neuralgia; thoracic spondylosis; 
thoracic vertebrae.

Introduction
Post-herpetic neuralgia (PHN) which refers to pain 
lasting more than 4 months beyond healing of the 
rash is the most common complication of acute her-
pes zoster. The pain has been described as a con-
stant or intermittent, burning, or stabbing sensation 
and most of patients with PHN also have allodynia.[1] 
Epidural steroid injections are used for the treatment 
of pain associated with herpes zoster.[2] Interlaminar 
epidural steroid injections corresponding to derma-
tomes affected by the disease were found effective 
in reducing pain.[3]

Diffuse idiopathic skeletal hyperostosis (DISH) is a 
non-inflammatory condition that mainly occurs with 
calcification and ossification of spinal ligaments and 
entheses. The presence of continuous ossification 
along the anterolateral aspect of at least four contig-
uous vertebral bodies especially in the thoracolum-
bar spine is used as diagnostic criteria.[4] Although 
calcification and ossification of ligaments occurs in 
anterolateral site of vertebral bodies in patients with 
DISH.[5] It may occur in posterior paraspinal ligaments 
such as supra/interspinous ligaments.[6] The calcifica-
tion and ossification of these ligaments at the in-

An unusual obstacle to the thoracic interlaminar epidural 
injection for the treatment of post-herpetic neuralgia
Postherpetik nevralji tedavisinde torasik interlaminar epidural enjeksiyonuna 
beklenmedik bir engel
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terlaminar epidural injection level may prevent the 
needle from reaching the epidural area. Therefore, 
the effectiveness of interlaminar epidural injections 
that cannot be made at the affected level may also 
be low. In this case, the failure of the access to the T7-
T8 interlaminar space due to the supra/interspinous 
ligament calcification and ossification accompanied 
by thoracic DISH in a 73-year-old male for the treat-
ment of PHN is presented.

Case Report
A 73-year-old man was referred to our pain clinic for 
advanced pain management due to failure of medi-
cal treatment. The patient reported a severe burn 
sensation and constant pain started in the right back 
4 months ago. He took non-steroid anti-inflamma-
tory drugs. After 1 day, he noticed the eruption of 
vesicles over the right back and applied to hospi-
tal. He was diagnosed with acute herpes zoster and 
hospitalized. Discolored scarring over his right back 
and chest wall corresponding to the dermatome of 
T6-T8 was seen. Gabapentin 600 mg twice a day, du-
loxetine 30 mg once a day, and acetaminophen 500 
mg/codeine phosphate 30 mg 3 times a day were 
prescribed. After 1 month, he reported that his pain 
was not effectively decreased. The numeric rating 
scale (NRS) score for pain was ten out of ten. There-
fore, the thoracic interlaminar epidural steroid injec-
tion in the T7-T8 interlaminar space was planned.

The patient was placed in the prone position and 
the thoracic area was anesthetized in sterile fash-
ion. The fluoroscope was then tilted caudad to 
maximize the T7-T8 interlaminar space between 
the overlapping laminae and spinous processes. 
A 20-gauge, 10-cm Tuohy needle, was advanced 
under fluoroscopic guidance with a right parame-
dian approach. However, the needle could not be 
advanced through supra/interspineous ligaments 
(Fig. 1). After a few tries, the Tuohy needle was di-
rected to the T12-L1 interlaminar space which was 
seen more obviously. Then, an epidural catheter 
was inserted with the tip advanced to T7 level. Af-
ter contrast, media was seen in the epidural space, 
80 mg triamcinolone and 10 mg 0.5% bupicavaine 
were given. The procedure was completed without 
major complications. After 1 h of the procedure, he 
had no complaints except a minimal pain at the in-
jection site and was discharged.

After procedure, thoracic spine X-ray and computed 
tomography of the patient were examined (Fig. 2). 
The presences of continuous ossification along the 
anterolateral aspect of T6-T10 that compatible with 
the DISH was noticed. The calcification and ossifica-
tion of supra/interspinous ligaments corresponding 
to these levels were also seen. This explained the 
failure of interlaminar injection at this level. After 1 
h of procedure, NRS for pain was 6 out of 10. After 4 
weeks, his pain was almost the same as it was before 
procedure (NRS 9 out of 10).

Discussion

In this case, the failure of the access to the T7-T8 in-
terlaminar space due to the supra/interspinous liga-
ment calcification and ossification accompanied by 
thoracic DISH in a 73-year-old male for the treatment 
of PHN is presented. After a few tries, the needle was 
directed to the T12-L1 interlaminar space and epi-
dural catheter was inserted with the tip advanced 
to T7. The procedure was completed without major 
complications. After 1 month, his pain was similar to 
the pain before the procedure.

DISH is characterized by the calcification and ossifi-
cation of ligaments and entheses. The calcification 
and ossification of anterior longitudinal ligament, 
especially right-sided is the most prominent find-
ing of DISH.[5] Besides, calcification and ossification 

Figure 1. Lateral radiograph of the thoracic spine during in-
terlaminar thoracic epidural injection. A Tuohy needle not ad-
vanced through the T7-T8 interlaminar space.
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may occur in other paravertebral ligaments such as 
posterior longitudinal, interspinous, supraspinous 
ligament, and ligamentum flavum.[6] The preva-
lence of supra/interspinous ligament ossification 
in patients with cervical radiculopathy due to pos-
terior ligament ossification was found 29%.[7] In our 
case, supra/interspinous calcification and ossifica-
tion, which is less frequently observed in DISH, was 
detected. It is known that interspinous ligament 
calcification and ossification may be a potential 
anatomic impediment to the interlaminar epidural 
steroid injection.[8] Therefore, in the patients with 
DISH, radiological examination of supra/interspi-
nous ligament calcification and ossification may 
be important for the prevention of possible unsuc-
cessful interlaminar epidural steroid injections.

Herpes zoster (shingles) is a condition that occurs 
after the reactivation of the Varisella Zoster virus 
that becomes latent in the dorsal root ganglia af-
ter the first infection or vaccination.[9] PHN is the 
most common complication of acute herpes zos-
ter.[1] Older age, greater acute pain and rash sever-
ity,[10] and immune suppression[11] are risk factors 
for acute herpes neuralgia becoming to the PHN. 
In our case, severe rash and severe acute pain of 
his acute herpes and patient’s older age may be as-
sociated with PHN.

Gabapentin,[12] pregabalin,[13] tricyclic antidepres-
sants such as amitriptyline,[14] and opioids[15] are ef-
fective for the treatment of PNH. These medications 
are prescribed with the recommended starting dose 
and increased until adequate clinical response is ob-
tained. However, they have significant intolerable side 
effects limiting the dose. In cases which oral therapy 
is not effective, botulinium toxin injections over the 
affected area,[16] sympathetic ganglion blocks,[17] and 
the affected nerve blocks[18] may be used. Although 
epidural injections have been used both to treat zos-
ter-associated pain and to prevent PHN,[19] they can 
also use to relieve symptoms of patients with PHN.[20]

However, in our case, the interlaminar epidural ste-
roid injection with the epidural catheter that the 
tip was advanced to T7 level was not effective. This 
situation may be related to the inability of injection 
directly to the affected level due to the calcification 
and ossification of supra/inter ligaments and the 
whole injectate may not have been given to this 
level. In addition, the effectiveness of epidural injec-
tions has been demonstrated in the acute period of 
herpes-related pain, but, in our case, the patient was 
in the chronic period of pain.

This case is valuable in that it demonstrates that su-
pra/interspinous ligaments calcification and ossifica-

Figure 2. Thoracic X-ray and computed tomography (CT) of the patient. X-ray shows the presences of continuous ossification along the 
anterolateral aspect of thoracic spine. CT shows the calcification and ossification of supra/interspinous ligaments (red arrows).
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tion, which can occur in patients with DISH, may be 
one of the technical and therapeutic failure in the 
thoracic epidural injection.

The epidural steroids injections are used to relieve 
symptoms of patients with PHN. If these patients 
also have DISH which can be seen calcification and 
ossification of paravertebral ligaments, it may be 
more appropriate to plan the transforaminal route 
instead of the interlaminar route.

Informed Consent: Written informed consent was ob-
tained from the patient for the publication of the case 
report and the accompanying images.
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To the Editor,

With the COVID-19 pandemic, there has been a serious 
imbalance between the increasing demand for medi-
cal care and its limited supply. Elective surgeries and 
patient visits have been postponed or restricted, and 
many pain therapists have been employed to COVID-19 
care units. During this period, the majority of patients 
with chronic pain were in the high-risk group due to 
advanced age and comorbidities; therefore, they had 
a high probability of death or hospitalization in the in-
tensive care unit due to COVID-19. Consequently, this 
patient group was one of the main targets of the call 
to stay at home.[1] The COVID-19 pandemic has made 
it difficult to implement traditional medical diagnostic 
and treatment approaches. This has led to the recon-
sideration of traditional patient-doctor interviews.

Telemedicine is the use of information technologies 
and electronic communications to provide clinical 
services when the patient and the health-care pro-
vider are at different locations.[2] It serves the pur-
pose of exchanging valid information for diagnosing 
and treating diseases and injuries and reduces over-
crowding in hospitals. In addition, it aims to provide 
equal service to all, is cost-effective, provides safety 
to both patients and doctors during pandemics, 
reduces the risk of infection transmission, and pro-
vides timely and prompt care.

The recently published consensus of pain therapists, 
psychologists, and researchers from North America 
and Europe regarding pain management during the 

COVID-19 pandemic recommends using telemedicine 
as much as possible, even for conducting the first ex-
amination of patients. It is stated that even opioid drug 
prescriptions can be made with this method.[3] In a 
study on regular pain monitoring for patients with can-
cer, it was reported that home telemonitoring helped 
to increase pain awareness and treatment rate.[4]

A specific disadvantage of telemedicine is that a 
comprehensive physical examination is not pos-
sible, because there is no physical contact with the 
patient. Only the limited amount of evaluation that 
is possible through observation can be made using 
video-based telemedicine. Furthermore, the camera 
needs to be positioned in a way such that the patient 
and any physical movements (such as walking) of the 
patient that may be requested by the doctor can be 
clearly seen. Before the planned interview, patients 
with chronic pain may be asked to fill out a question-
naire that includes a pain scale (such as Visual Analog 
Scale and Oswestry Disability Index) that will enable 
them to report the location and character of the pain 
in the body. Preliminary preparation includes prepar-
ing a short and understandable educational mate-
rial (video or text with visual aids) regarding muscle 
strength and sensory examinations, and the patients 
can be asked to examine it before the interview. In 
order for the evaluation process to be effective, it 
may be requested that a family member be present 
to accompany elderly patients. All these steps not 
only make the evaluation process practical but also 
enable the physician to compare and record current 
examination findings with previous symptoms.

Telemedicine in patients with chronic pain in COVID-19 pandemic 
COVID-19 pandemisinde kronik ağrısı olan hastalarda teletıp
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Untreated chronic pain results in increased morbid-
ity and mortality. Access to health services are ex-
tremely important in this period when patients need 
treatment and care. In this respect, telemedicine 
increases patient benefit. However, it should also 
be kept in mind that the consequences of wrong or 
incomplete treatment can be catastrophic. Without 
gathering adequate medical information and accu-
rate diagnosis and treatment rationale, it is impos-
sible for physicians to successfully provide medical 
services online. Diagnosis and treatment provided 
through telemedicine instead of face-to-face in-
terviews do not diminish the responsibility of the 
physician. Therefore, patients with acute changes 
in symptoms, suspected drug abuse, and complex 
symptoms must be referred to the hospital.
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To the Editor,

Nowadays, there is an increasing number of the pa-
tients that underwent carotid endarterectomy (CEA) 
surgery.[1–3] However, the patients usually have sever-
al comorbidities such as diabetes mellitus, coronary 
diseases, and hypertension.[2,3] CEA is generally per-
formed for patients who under the risk of ischemic 
cerebral stroke due to the critical obstruction of the 
carotid artery.[1,2] The important point is that isch-
emic complications may occur during the surgery.[4,5] 
Thus, the central nervous system monitoring should 
be performed to improve the safety.[4] The awake-
ness of the patient is more effective method than the 
monitoring methods.[4,5] Hence, regional anesthesia 
techniques may be performed instead of general 
anesthesia for shunt placement during CEA surgery. 
The regional anesthesia is the favorite technique for 
CEA surgery since it provides the direct neurological 
monitoring due the awakeness of the patient.[6,7] In 
addition, it provides the post-operative pain man-
agement at the same time. Ultrasound (US)-guided 
methods such as superficial cervical block and ca-
rotid sheath block (CSB) may be used for CEA opera-
tions.[6,7] Herein, we aimed to share our successful 
US-guided CSB experience for anesthesia manage-
ment during CEA surgery.

Written informed consent was obtained from the 
patient for this report. The patient was 72 year old 
man and had an ASA III class; diabetes, hyperten-

sion, and ischemic stroke. The patient underwent 
CEA surgery due to the obstruction of the carotid 
artery. The patient was taken to the operation room. 
He was monitored classically. 18G intravenous can-
nula was inserted. A dose of 2 mg midazolam and 
50 mcg fentanyl IV was administrated for sedation. 
Nasal oxygen (2 L/min) was started continuously. 
While the patient was in supine position, his head 
was turned to the opposite site. Under aseptic condi-
tions following the skin infiltration with 2% lidocaine 
40 mg, US-guided CSB was performed. The high fre-
quency, sterile sheath covered, and 12 MHz linear 
US probe were placed horizontally over the level of 
C5–C6 (level of the cricoid cartilage). After the visu-
alization of the bifurcation of the carotid artery; 22G, 
50 mm block needle was inserted using the in-plane 
technique. A dose of 2 ml normal saline was admin-
istrated on the ventral side of the carotid for correc-
tion. Then, totally 20 ml local anesthetic solution in-
cluding 10 ml of 0.5% bupivacaine and 10 ml of 2% 
lidocaine was injected here with carefully aspiration 
(Fig. 1). Following 10 min performing the block, pin-
prick test was performed on the surgical area. After 
observation no pain during the pin-prick test, the 
surgery was started. The operation lasted 80 mins. 
No additional analgesic or sedation was applied to 
the patient. He was comfortable and awake and he 
felt no pain during the surgery.

The C2–4 cervical nerves should be blocked for CEA 
surgery.[6–9] Cervical plexus block and CSB may pro-

Ultrasound-guided carotid sheath block for carotid endarterectomy 
surgery in a high-risky patient and literature review
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bloğu ve literatür taraması
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vide this blockade. Performing the block under US 
guidance may reduce the probably complications 
such as hematoma or nerve injuries. The patients 
underwent CEA surgery usually receives anticoagu-
lant therapy, so there is an increased risk of vascular 
hematoma.[8,9] The use of US reduces this potential 
risk of complication by visualization the anatomical 
instructions directly. Superficial or deep blocks may 
be performed for cervical plexus blockage.[7] How-
ever, complications such as epidural or subarach-
noid injections and vertebral artery injury may be 
occur during cervical plexus blockage.[6–8] CSB may 
be performed safely under US guidance and it may 
provide effective anesthesia management.[8] It is a 
sheath block because, there is no need for seeing 
the nerve roots or fibers. In the literature, there is 
only a case series about CSB. Casutt et al.[8] per-
formed CSB to their patients and they evaluated the 
injectate with computed tomography scan. They 
reported effective results and emphasized that the 
solution covers the around of the artery. We showed 
the spread of local anesthetic around the carotid 
artery during the surgery (Fig. 2). In another study, 
CSB was combined with superficial cervical plexus 
block.[9] In that study, carotid sheath infiltration was 
performed by surgeons and US-guided superficial 
cervical plexus block was performed by anesthesi-
ologist. Our report is the second one that CSB was 
performed alone for CEA surgery. Sometimes, the 

surgeons perform carotid block with blind method. 
We want to emphasize that this block may be safer 
when it is performed by an anesthesiologist under 
US guidance. We performed US-guided CSB in a 
high-risky patient and there was no complication. 
However, there may be some complications such as 
arterial punctures (to the carotid artery) resulting in 
hematoma, intravascular injection, local anesthetic 
toxicity, and intrathecal injection. It should not be 
forgotten that, this block may be dangerous in less 
skilled hands. Hence, clinicians may prefer either 
cervical plexus block or CSB according to their ex-
periences. Further studies may be needed for clearly 
understanding the effectiveness of CSB or to com-
pare it with the other regional methods.

We conclude that CSB may be used for both anes-
thesia management and post-operative pain control 
effectively and safely for CEA procedures.
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