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Actigraphic Analysis of Patients with Cervical Disc Herniation 

ABSTRACT

consulting a physician in these patients. Sleep disorders are 
in the second place after brachialgia with a ratio of 64% (5, 
12,24,27). 

Sleep disorders are frequently seen in patients with chronic 
low back pain (17). In another study, pain was shown to be 
the most important factor impairing quality of sleep (23). Other 
studies demonstrated a significant relationship between the 
severity of pain and the impairment in sleep quality. It has 
been also shown that quality of sleep improves after the treat-
ments focusing on the cause of pain (5,6). 

In addition to chronic pain syndromes, there are a lot of studies 
on sleep disorders in patients who underwent open heart 
surgery, major abdominal surgery and thoracic surgery which 
were targeted to the disease underlying the pain (29). In the 

█    INTRODUCTION

Cervical disc herniation (CDH) is characterized by 
compression of the motor and sensory tracts of cervical 
nerve roots (radiculopathy) and/or compression of the 

motor and sensory tracts of the long pathways in the spinal 
cord (myelopathy) as a result of degenerative events in the 
cervical vertebrae. An intractable and severe pain radiating 
from the neck down to the arm (brachialgia) and progressive 
neurological deficits associated with radiculopathy and/or 
myelopathy findings in cervical magnetic resonance imaging 
(MRI) are the major surgical indications in patients with 
CDH. The surgical procedure in CDH is at the same time a 
surgical procedure for pain relief. Brachialgia associated 
with radiculopathy and myelopathy is the main reason for 

AIm: To analyze the relationship between the severity of pain and sleep disorder using wrist actigraphy in patients with cervical disc 
herniation (CDH).   
mATERIAl and mEThODS: Fifty patients with the diagnosis of CDH underwent subjective tests and actigraphic analysis in 
preoperative period, and at the end of postoperative first week and postoperative first month. The data of the subjective tests and 
actigraphic analysis were compared.      
RESUlTS: There was a strong and statistically significant negative correlation between the subjective tests of Visual Analog Scale 
(VAS) for Pain  0-1-2 and the objective parameters of  Sleep Onset Latency (SOL) 0-1-2 (rs= -0.798, p=0.009 – rs= - 0.832, p=0.006 
– rs=- 0.710, p=0.004). There was a positive correlation between the subjective tests of VAS for Pain 0-1-2 and the objective 
parameters of Sleep Efficiency (SEF) 0-1-2 (rs=0.721, p=0.006 – rs= 0.768, p=0.001 – rs= 0.748, p=0.001).   
CONClUSION: Actigraphy may be used for the evaluation of cervical disc surgery, as an alternative and objective test for sleep 
disorders.         
KEywORDS: Actigraphy, Sleep disturbance, Cervical disc herniation
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studies, the assessments of the patients have generally been 
relied on patient’s statements and tests based on subjective 
criteria (1-Visual Analog Scale for Pain (VAS Pain), 2-Oswestry 
Disability Index (ODI), 3-Beck Depression Index (BDI), 
4-Pittsburgh Sleep Quality Index (PSQI), 5-Insomnia Severity 
Index (ISI), and SF-36 Quality of Life Index (SF-36 QLI)) (10, 
25,27,28). Polysomnography (PSG) and actigraphy have been 
used for objective sleep measurements. Although PSG is still 
the gold standard in objective measurement of sleep, it has 
some disadvantages such as need for being hospitalized, 
poor patient compliance and need for a special setting. 
Actigraphy is now used as an alternative method for objective 
sleep measurement (4,8,11). Actigraphy, which was validated 
by the American Sleep Academy through scientific research 
to be an objective sleep measurement method alternative 
to PSG, does not require hospitalization and it records the 
measurements with a wrist device that is easier for patients 
to comply with. These records are stored in a computer and 
the data are obtained through analysis programs (7,15,16,18). 

Although the second most frequent complaint is sleep disorder 
in CDH patients, who were hospitalized in neurosurgery clinics 
for a surgical intervention, we realized that the relationship 
between CDH and sleep disorders has not been adequately 
investigated in the literature. Sleep disorders have only been 
assessed in some CDH patients who did not need any surgery 
and for whom medication and physical exercise were planned 
(14). In 2013, Madsen et al. reported that there was no study in 
the literature evaluating the sleep disorders using actigraphy 
in patients who underwent surgery for CDH. So, they were 
pointed out a deficiency in the literature (15). 

In our study, we aimed to compare the effects of pre- and 
postoperative pain and sleep disorders on the quality of life in 
patients who underwent surgery for CDH. We also investigated 
the relationship between severity of pain and sleep disorder in 
pre- and postoperative periods using wrist actigraphy test.

█    mATERIAl and mEThODS
Our study is a multi-center study involving Buca Seyfi Demirsoy 
State Hospital Neurosurgery and Psychiatry Clinics, Şifa 
University Medical School Neurosurgery Clinic, Dumlupınar 
University Medical School Neurosurgery Clinic, and Celal 
Bayar University Medical School Neurosurgery Clinic. Ethical 
approval was obtained from the Clinical Trials Medical Ethics 
Committee of Şifa University (Date: 12.02.2014, number: 144-
44). 

Our study was carried out in 50 patients, who were informed 
about the study and whose consents were obtained. The 
patients were admitted to our clinics between February and 
December 2013. They were between 40 and 60 years of 
age, and they were advised to undergo surgical treatment 
with the diagnosis of CDH after radiological and neurological 
examinations. 

Exclusion criteria were; being treated for another disease 
causing sleep disorder, having a metabolic disease such as 
diabetes mellitus, hypertension, heart disease or a psychiatric 
condition, and using narcotic or psychotic drugs. 

We did not use a healthy control group for this study because 
we aimed to investigate the correlation between pain severity 
levels, quality of life and sleep quality before and after the 
surgery for CDH. 

Following the information of the patients about sleep hygiene 
procedures and recording their demographic data, we carried 
out the following procedures in preoperative period and at the 
postoperative first week and first month:

1. Demographic data: The patients were inquired about 
their names-surnames, ages, genders, economic statuses, 
known diseases, drug and substance abuse, operations and 
treatments. 

2. Visual Analog Scale for Pain (VAS Pain): This scale was used 
in assessing the pain of the patients with CDH. The patients 
were explained about the meanings of the figures from 0 to 
10 placed on a 10 cm scale. They were asked to show on the 
scale the numeric value that best described their pain (21,27, 
28,30).

3. Oswestry Disability Index (ODI): This index consists of 10 
items measuring the patients’ pain intensity, personal care, 
lifting, walking, sitting, standing, sex life, social life, sleeping, 
and traveling. Each item is scored between 0 and 5. Higher 
total scores indicate a higher level of disability. The maximum 
score is 50 points; 31-50 points was considered as severe, 
11-31 as moderate and 1-10 as mild disability (1,22,27,28, 30).

4. Pittsburgh Sleep Quality Index (PSQI): This index was 
developed by Buysse et al. to assess an individual’s sleep 
quality, sleep duration and sleep disorders. Consisting of 
nineteen questions, the scale is scored between 0 and 3. 
PSQI contains seven self-rated sub-components; sleep 
quality, sleep latency, sleep duration, habitual sleep efficiency, 
sleep disturbance, use of sleeping medication and daytime 
dysfunction. Higher scores indicate lower sleep quality. 
The scale was tested for validity and reliability in Turkish by 
Agargun et al. (2,20,23). 

5. Beck Depression Index (BDI): This scale was developed by 
Beck et al. to measure the severity of depression symptoms. 
The scale has 21 items, which are scored between 0 and 3. 
The scale was adapted to Turkish and shown to be acceptable 
by Hisli (1,3,11,26,30). 

6. Insomnia Severity Index (ISI): Developed to assess insomnia 
severity, this is a measurement instrument having high validity 
and reliability. Its items consist of seven questions and are 
scored between 0 and 4. The score obtainable from the scale 
range between 0 and 28. Based on the ratings of the individuals 
and their partners, ISI is used to measure difficulty in falling 
asleep, difficulty in staying asleep, problems waking up too 
early, satisfaction with sleeping pattern, interference with daily 
functioning, noticeability of sleep-related impairments, and 
level of stress caused by the problem (18,20,28,30). 

7. The 36-Item Short Form Health Survey (SF-36): Developed 
to measure quality of life particularly in the patients who have 
a physical illness, SF-36 is the most widely used survey in 
measuring quality of life. It can assess the positive aspects 
of health conditions as well as their negative aspects. The 
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survey’s most prominent superiority is its ability to measure 
physical functioning and skills associated with it. The survey 
consists of 36 items, which enable measurement of 8 domains; 
physical functioning (10 items), social functioning (2 items), 
role limitations due to physical health (4 items), role limitations 
due to emotional problems (3 items), mental health (5 items), 
energy/vitality (4 items), pain (2 items) and perceived general 
health (5 items). SF-36 is a patient-reported survey (20,22,26, 
30). 

8. Use of actigraphic wristband: Actigraph (Actiwatch 2 Philips 
Respironics Co. Inc. 1001 Murry Ridge Lane Murrysville, 
Pennsylvania, USA) is a lightweight, portable and watch-like 
device that can precisely sense and record motor activities with 
its accelerometer (Figure 1). After being read to a computer, 
the recorded data are analyzed on an actigraphy program 
(Figure 2). It provides objective information on measuring and 
assessing continuity of sleep and sleep-related disorders. 
In addition to the subjective tests (consisting of reported 
information by the patient) being used today in sleep studies, 
actigraphy devices have been accepted and approved as 
an alternative to the PSG device. Actigraphy is accepted as 
being the gold standard among the objective sleep tests, 
has the advantage of practical usage without the need of 
hospitalization (4,7,8,11,13,16,18). The standards have been 
established for its usage (14,15). 

After briefing our patients about sleeping, we gave them 
information about the device to eliminate their worries. We 
asked our patients to wear the actigraphic wristband on their 
non-dominant wrists at least 3 consecutive days before the 
surgery and at least 3 days after the postoperative 7th day (the 
medical support process after anesthesia and surgery) and at 
least another 3 days after postoperative first month. 

We used the actigraph during the main sleep at night to 
measure the objective values for sleep quality and insomnia 
such as total bed time (TBT), total sleep time (TST), sleep 
efficiency (%)(SEF), Wake time after sleep onset (minutes)
(WASO), sleep-onset latency (SOL) and numbers of awakening 
(Awake). 

Actigraphs are accelerometers that can record the main 
motor movements of a person for a long time and can 
measure motions of at least 0.01 G in amplitude. Our wrist 
actigraphy devices had the capacity of detecting a motion up 
to 32 micro-deflexions (32 Hz) a second. The data is stored 
in the device’s memory in 30-second epochs. The data was 
uploaded to a computer to be analyzed by an actigraphic 
program and daily actograms were collected. The analysis 
data were obtained electronically in preoperative period and 
postoperative first week and first month separately for each 
patient. From our study group of 50 patients, 2 were excluded 
from the study at the end of postoperative first week because 
they needed additional medical treatment due to incision site 
complications. They were replaced by new patients.

CDH was located in the right side in 30 patients (60%) and in 
the left side in 20 patients (40%) in our study. The level of CDH 
was C4-C5 in 9 (18%) patients, C5-C6 in 21 (42%) patients 
and C6-C7 in 20 (40%) patients. The disc was located laterally 
in 32 (64%) patients and mediolaterally in 18 (36%) patients. 

All of our patients had single-level CDH. Same surgical method 
was performed to all patients, which involved a microsurgical 
cervical discectomy with anterior approach and placing a 
titanium cage in the size of the removed disc. 

Statistical Analysis  

Statistical analyses were performed using the Rstudio 
software version 0.98.501 via R language. The variables were 
investigated using visual (histograms, probability plots) and 
analytical methods (Kolmogorov-Simirnov/Shapiro-Wilk test) 

Figure  1: Device of wrist actigraph.

Figure 2: Actogram examples of our study patients.
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█    RESUlTS
Fifty patients were included in this study. Twenty nine (58%) 
patients were male and 21 (42%) were female. The mean age 
of male patients was 52.62±5.86 years and that of female 
patients was 53.24±4.57 years. There was no statistically 
significant difference between male and female patients 
according to their ages. All patients stated that they had sleep 
disorders together with pain complaints. 

The descriptive statistics of the subjective surveys which were 
administered to each patient before the operation (preop-0) 
and at the first week after the operation (postop-1) and at the 
first month after the operation (postop-2) and those of the 
objective actigraphic parameters are presented in Tables I - III, 
respectively. The comparison of the parameters is presented 
in Tables IV - VI. 

to determine whether or not they are normally distributed. 
Descriptive analyses were presented using means, standard 
deviations and minimum-maximum for variables-parameters 
(ODI; PSQI; ISI; BDI; SF-36-PCS; SF-36-MCS; VAS; TBT; TST; 
SOL; %SEF; WASO; Awake Time ). 

Since the variables were not normally distributed; non-
parametric tests were conducted to compare these 
parameters. The Wilcoxon test was used to compare the 
change in these parameters between PreOp, PostOp -1 
Week Later and PostOp-1 Month Later. The Mann-Whitney 
U test was used to compare these parameters between 
genders. While investigating the associations between non-
normally distributed variables, the correlation coefficients and 
their significance were calculated using the Spearman test. 
A p-value of less than 0.05 was considered as statistically 
significant.

Table I: Descriptive Statistics of Parameters for Preoperative Period

Parameters mean Std. Deviation minimum maximum
ODI-0 45.58 4.85 41.00 50.00

PSQI-0 11.06 1.68 5.00 14.00
ISI-0 21.46 3.08 11.00 28.00
BDI-0 45.86 9.66 13.00 56.00

SF-36-PCS-0 23.28 4.72 18.19 41.55
SF-36-MCS-0 28.31 5.96 18.60 39.25

VAS-0 8.98 0.39 8.00 10.00
TBT-0 608.74 147.32 330.00 970.00
TST-0 404.60 115.86 187.00 745.00
SOL-0 79.93 56.25 18.50 294.50
SEF-0 65.45 9.71 33.49 82.37

WASO-0 53.12 36.85 5.92 138.33
Awake-0 53.34 28.00 8.33 153.25

Table II: Descriptive Statistics of Parameters for 1 Week After Surgey

Parameters mean Std. Deviation minimum maximum
ODI-1 15.96 8.07 6.00 40.00

PSQI-1 4.82 0.94 4.00 9.00
ISI-1 7.16 1.54 4.00 12.00
BD_1 15.64 5.22 2.00 24.00

SF-36-PCS-1 41.37 4.29 32.50 51.15
SF-36-MCS-1 42.56 4.56 33.10 51.70

VAS-1 2.02 0.43 1.00 3.00
TBT-1 544.80 118.61 287.00 858.00
TST-1 442.76 88.77 244.00 713.00
SOL-1 20.86 28.65 2.33 120.50
SEF-1 82.87 5.20 71.79 92.93

WASO-1 59.91 30.59 9.67 176.25
Awake-1 33.23 19.05 11.67 110.00
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and very strong (rs= 0.90 – 1.00) relationships. We gave the 
results concerning the correlation between the subjective and 
objective test parameters at preoperative and postoperative 
first week and postoperative first month in Tables VII, VIII and 
IX, respectively. Color scales in Tables VII, VIII and IX show 
statistically significant p values and correlation coefficients 
between the objective actigraphic analysis parameters and 
the subjective parameters as well as between the objective 
parameters’ own analyses.

It may be an inconsistency between our clinical observations 
and the test results based on patients’ subjective criteria 
about quality of life and sleep quality at preoperative period 
and postoperative first week and first month. The causes of 
this inconsistency may be too self-conscious patients, or 
patients might be influenced by the environment. On the other 

In order to increase the statistical reliability and accuracy of 
our study, we used a patient population aged between 40 and 
60 years whose sleep duration and sleep quality were rather 
homogenous. Statistical analyses did not show any statistical 
difference between the variables of male/female patients and 
patient age, and the study parameters in any of the three 
periods. A statistically significant conformity that supported 
each other appeared in the tables in the mean results of 
subjective parameters and objective actigraphic analysis 
parameters at preoperative period and postoperative first 
week and postoperative first month. 

Additionally, accepting that p value<0.05 indicates a statistically 
significant result, a four-step color scale from light green to 
dark green was designed according to correlation coefficients 
to show unaccountably low (rs= 0.000 – 0.19), weak (rs= 0.20 
– 0.39), moderate (rs= 0.40 – 0.69), strong (rs= 0.70 – 0.89) 

Table III: Descriptive Statistics of Parameters for Postoperative (One Month After Surgery)

Parameters mean Std. Deviation minimum maximum
ODI-2 4.62 3.86 0.00 20.00

PSQI-2 2.70 1.30 0.00 5.00
ISI-2 2.78 1.75 0.00 8.00
BDI-2 6.50 4.51 0.00 20.00

SF-36-PCS-2 51.39 4.78 40.75 65.50
SF-36-MCS-2 48.92 2.95 43.50 54.45

VAS-2 1.39 0.46 1.00 2.00
TBT-2 531.30 113.37 384.00 889.00
TST-2 461.82 101.69 319.00 885.00
SOL-2 24.32 17.05 2.75 84.32
SEF-2 87.63 4.61 80.06 99.47

WASO-2 66.33 27.88 8.06 122.75
Awake-2 34.36 13.85 10.33 89.33

Table IV: p-values of Parameters between PreOp and PostOp-1 
Week Later

Parameters p-Value
ODI 0.000

PSQI 0.000
ISI 0.000
BDI 0.000

SF-36-PCS 0.000
SF-36-MCS 0.000

VAS 0.000
TBT 0.032
TST 0.066
SOL 0.000
SEF 0.000

WASO 0.037
Awake 0.001

Table V: p-values of Parameters between PreOp and PostOp-1 
Month Later

Parameters p-Value
ODI 0.0001

PSQI 0.0001
ISI 0.0001
BDI 0.0001

SF-36-PCS 0.0001
SF-36-MCS 0.0001

VAS 0.0001
TBT 0.007
TST 0.013
SOL 0.0001
SEF 0.0001

WASO 0.015
Awake 0.0001
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hand, the objective actigraphic analysis parameters gave us 
the impression of being more reliable improvement criteria.   

█    DISCUSSION
The studies on the actigraphic analyses showed that this 
technique is still the gold standard for sleep disorders. 
Actigraphic analyses were accepted and approved by the 
American Sleep Academy and used in many centers as an 
alternative to PSG with a 90% rate of consistency (4,8,13,16, 
18). Its administration is easy and it has a cost advantage over 
PSG. Recently, researchers have begun to use actigraphic 
analyses not only in studies related to sleep disorders and 
quality, but also in pain studies. Hartwell et al. reported that 
pain is an important factor affecting sleep and demonstrated 
the relationship between pain and sleep disorders using 
actigraphic analysis parameters. They also found statistically 
consistent results on the use of actigraphic TBT, TST, SEF, 
SOL, WASO and Awake analysis parameters through drug 
treatments against pain (9). 

Table VI: p-values of Parameters between PostOp-1 Week and 
PostOp-1 Month Later

Parameters p-Value
ODI 0.0001

PSQI 0.0001
ISI 0.0001
BDI 0.0001

SF-36-PCS 0.0001
SF-36-MCS 0.0001

VAS 0.0001
TBT 0.0325
TST 0.0206
SOL 0.0001
SEF 0.0001

WASO 0.0451
Awake 0.001

Table VII: Correlation between Objective and Subjective Measurement Techniques (PreOp)

Variables Spearman’s rho

O
D

I-0

PS
Q

I-0

IS
I-0

BD
I-0

SF
-3

6-
PC

S-
0

SF
-3

6-
m

C
S-

0

VA
S-

0

TB
T-

0

TS
T-

0

SO
l-

0

SE
F-

0

w
AS

O
-0

PSQI-0
Correlation Coefficient 0.434                      
p-Value 0.002                      

ISI-0
Correlation Coefficient 0.515 0.472                    
p-Value 0.0001 0.232                    

BDI-0
Correlation Coefficient 0.135 0.188 0.409                  
p-Value 0.349 0.191 0.003                  

SF-36-
PCS-0

Correlation Coefficient -0.072 -0.104 -0.145 -0.012                
p-Value 0.617 0.473 0.316 0.932                

SF-36-
mCS-0

Correlation Coefficient -0.067 0.171 -0.070 0.170 0.440              
p-Value 0.642 0.234 0.629 0.237 0.016              

VAS-0
Correlation Coefficient 0.464 0.026 0.225 -0.083 0.094 0.164            
p-Value 0.001 0.857 0.115 0.566 0.517 0.257            

TBT-0
Correlation Coefficient -0.124 -0.333 0.454 -0.384 0.097 0.309 -0.234          

p-Value 0.041 0.018 0.009 0.023 0.044 0.049 0.048          

TST-0
Correlation Coefficient -0.234 -0.326 0.102 -0.121 0.472 0.425 -0.226 0.714        

p-Value 0.032 0.015 0.049 0.034 0.032 0.085 0.042 0.000        

SOl-0
Correlation Coefficient 0.293 0.287 0.279 0.192 0.165 -0.177 -0.798 0.286 -0.017      
p-Value 0.019 0.043 0.040 0.041 0.046 0.018 0.009 0.044 0.006      

SEF-0
Correlation Coefficient 0.167 -0.170 0.156 0.129 0.207 0.137 0.721 -0.154 0.345 -0.228    
p-Value 0.044 0.027 0.001 0.027 0.018 0.043 0.006 0.035 0.014 0.111    

wASO-0
Correlation Coefficient -0.287 0.257 -0.249 0.124 -0.130 0.131 -0.218 0.556 0.589 0.370 0.457  
p-Value 0.044 0.002 0.082 0.047 0.034 0.044 0.029 0.000 0.000 0.029 0.047  

Awake-0
Correlation Coefficient -0.252 0.285 -0.256 0.264 0.223 0.239 -0.188 0.669 0.614 0.204 0.262 0.847
p-Value 0.041 0.048 0.019 0.049 0.032 0.036 0.021 0.000 0.000 0.046 0.041 0.000
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was used for 7 consecutive days and a healthy control 
group was also included in this study studies because they 
investigated the changes in sleep patterns associated with 
the blood flow changes in the sleep regulating centers of the 
central nervous system (29).

Campbell et al. showed that endogenous opioid peptides 
were strongly bound to the Mu opioid receptors (MOR), 
which are located especially in the prefrontal cortex, primary 
and secondary somatosensorial cortex, insula, thalamus 
and anterior cingulate lobes, in the brain of healthy subjects 
in whom supraspinal dysfunctional pain was created. Using 
positron emission tomography (PET) and cranial MRI, they 
showed same changes in metabolic activity and blood oxygen 
level signals in the same cerebral regions depending on the 
level of pain. They also showed the hypoactivation in the 
dorsolateral prefrontal cortex in cases where sleep disorders 
and shortening of sleep duration accompanied pain. They 
stressed that in assessing the progress and outcomes of 
treatments of pain and pain-causing diseases (fibromyalgia, 
peripheral neuropathic pain, rheumatoid arthritis, etc.), sleep 

Similarly, actigraphic analyses were used to compare the 
subjective tests on the medical treatment and outcomes of 
fibromyalgia, osteoporosis, rheumatoid arthritis, chronic lower 
back pain, shoulder pain and neck pain (7,17,21,22,24,25). 
In addition, actigraphic analyses have been used to evaluate 
surgical cases. Madsen et al. examined 32 studies with 
appropriate criteria out of 143 studies where sleep disorders 
were assessed using actigraphic analyses in surgically 
managed cases and they concluded that there was no study 
from the field of neurosurgery about the use of actigraphic 
analyses (15). 

In our study, the method and duration of actigraphy, as well 
as the analysis parameters, were similar to those of the 
recent 32 studies which were evaluated by Madsen et al. 
These parameters were generally studied for 3 consecutive 
days before the surgery and postoperative first week and first 
month in patients who underwent a surgery in the studies 
assessed by Madsen et al (15). 

Yılmaz et al. reported the use of actigraphy in patients who 
underwent a cardiovascular surgery. In this study, actigraphy 

Table VIII: Correlation between Objective and Subjective Measurement Techniques (PostOp-1 Week Later)

Variables Spearman’s rho

O
D

I-1

PS
Q

I-1

IS
I-1

BD
I-1

SF
-3

6-
PC

S-
1

SF
-3

6-
m

C
S-

1

VA
S-

1

TB
T-

1

TS
T-

1

SO
l-

1

SE
F-

1

w
AS

O
_1

PSQI-1
Correlation Coefficient 0.264                      
p-Value 0.044                      

ISI-1
Correlation Coefficient 0.192 0.199                    
p-Value 0.041 0.049                    

BDI-1
Correlation Coefficient 0.285 0.285 0.280                  
p-Value 0.045 0.045 0.043                  

SF-36-
PCS-1

Correlation Coefficient -0.108 -0.068 -0.169 -0.383                
p-Value 0.455 0.641 0.241 0.006                

SF-36-
mCS-1

Correlation Coefficient -0.093 -0.024 -0.134 -0.162 0.667              
p-Value 0.521 0.870 0.353 0.260 0.000              

VAS-1
Correlation Coefficient 0.317 -0.101 0.106 -0.117 0.039 -0.061            
p-Value 0.025 0.047 0.044 0.418 0.788 0.672            

TBT-1
Correlation Coefficient 0.030 -0.299 0.150 0.039 0.037 0.139 -0.015          

p-Value 0.835 0.035 0.299 0.787 0.800 0.335 0.919          

TST-1
Correlation Coefficient 0.081 -0.261 0.145 -0.014 0.031 0.112 0.181 0.849        

p-Value 0.578 0.067 0.315 0.926 0.830 0.438 0.207 0.000        

SOl-1
Correlation Coefficient 0.012 -0.068 -0.095 0.052 -0.050 0.137 -0.832 0.331 -0.349      
p-Value 0.932 0.637 0.510 0.722 0.730 0.344 0.006 0.019 0.045      

SEF-1
Correlation Coefficient -0.032 0.080 -0.059 -0.048 0.036 -0.029 0.768 -0.344 0.060 -0.556    
p-Value 0.824 0.581 0.685 0.742 0.806 0.842 0.001 0.015 0.680 0.000    

wASO-1
Correlation Coefficient 0.136 -0.230 0.216 0.068 0.061 -0.058 -0.018 0.639 0.591 0.123 -0.207  
p-Value 0.345 0.109 0.131 0.637 0.675 0.690 0.902 0.000 0.000 0.393 0.148  

Awake-1
Correlation Coefficient 0.222 -0.049 0.234 0.232 -0.067 0.016 -0.144 0.554 0.488 0.204 -0.236 0.648
p-Value 0.120 0.738 0.102 0.105 0.645 0.913 0.318 0.000 0.000 0.156 0.099 0.000
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Academy (15). We planned the recovery process on the basis 
of the results of subjective tests and objective actigraphic 
analyses. As we aimed to compare the preoperative and 
postoperative patient data, we did not include a control group 
in our study. 

The homogeneity of 50 patients in our study is statistically 
reliable and valid based on gender and age of the patients. 
Patients who had another disease affecting the patient’s life, 
quality of life and sleep quality, such as metabolic disease and 
heart disease or a psychiatric disease, were excluded from the 
study. We also excluded the patients who had surgery-related 
complications in the postoperative period. 

We know that age affects sleep parameters. Sleep quality 
and TST are less, and SL and WASO times are longer in older 
patients (particularly 60 years and over). In addition, TST, SEF, 
SOL, WASO and Awake parameter values change significantly 
in older patients than the younger’s (40 years and less) (14,25, 
27). By the inclusion criteria, we tried to create a homogenous 
group of patients aged between 40 and 60 years in our study. 

disorders should also be taken into consideration (3). We 
suggest that, besides being a mechanical pain, CDH also 
causes the occurrence of a sensorial and emotional response 
involving sleep disorders as a result of the chain reaction, 
which is started by the proinflammatory cytokines that are 
secreted secondary to the herniation and which is perceived 
by our patients as pain. Consequently, these patients have 
severe pain and sleep disorder complaints that enforce them 
to undergo surgical treatment. The inflammatory chain reaction 
gradually loses its effect during the course of recovery from 
the operation. It falls below the limits that would not trigger the 
reaction as the surgical wound recovers. 

Patients, who undergo a CDH surgery, usually do not need 
a postoperative intensive care and are mobilized within 
8-12 hours. We removed the surgical wound sutures at the 
postoperative 5th or 6th days and let the patients have a 
bath. We suggested that they may go back to work after the 
postoperative 20th day. In our study, the assessment processes 
was determined with this schedule. Moreover, our study was 
performed according to the criteria of the American Sleep 

Table IX: Correlation between Objective and Subjective Measurement Techniques (PostOp-1 Months Later)

Variables Spearman’s rho

O
D

I-2

PS
Q

I-2

IS
I-2

BD
I-2

SF
-3

6-
PC

S-
2

SF
-3

6-
m

C
S-

2

VA
S-

2

TB
T-

2

TS
T-

2

SO
l-

2

SE
F-

2

w
AS

O
-2

PSQI-2
Correlation Coefficient 0.395            
p-Value 0.005            

ISI-2
Correlation Coefficient 0.484 0.593           
p-Value 0.000 0.000           

BDI-2
Correlation Coefficient 0.473 0.512 0.440          
p-Value 0.001 0.000 0.001          

SF-36-
PCS-2

Correlation Coefficient -0.233 -0.232 -0.380 -0.383         
p-Value 0.104 0.104 0.007 0.006         

SF-36-
mCS-2

Correlation Coefficient -0.115 0.087 -0.016 0.164 -0.013        
p-Value 0.427 0.548 0.911 0.255 0.931        

VAS-2
Correlation Coefficient 0.121 0.329 0.124 0.219 -0.234 0.158       
p-Value 0.403 0.020 0.390 0.126 0.102 0.274       

TBT-2
Correlation Coefficient -0.185 -0.371 -0.414 -0.404 0.214 -0.278 -0.154      

p-Value 0.199 0.008 0.003 0.004 0.136 0.049 0.285      

TST-2
Correlation Coefficient -0.189 -0.335 -0.338 -0.370 0.129 -0.367 -0.109 0.937     

p-Value 0.189 0.017 0.016 0.008 0.371 0.009 0.451 0.000     

SOl-2
Correlation Coefficient 0.111 -0.094 -0.209 -0.081 0.111 0.141 -0.710 0.284 0.174    
p-Value 0.441 0.516 0.146 0.576 0.441 0.329 0.004 0.045 0.228    

SEF-2
Correlation Coefficient -0.141 0.014 0.098 -0.001 -0.268 -0.266 0.748 0.016 0.143 -0.506   
p-Value 0.327 0.924 0.499 0.997 0.059 0.062 0.001 0.914 0.323 0.000   

wASO-2
Correlation Coefficient 0.016 -0.230 -0.281 -0.245 0.331 -0.155 0.227 0.546 0.492 0.242 -0.252  
p-Value 0.915 0.108 0.048 0.086 0.019 0.282 0.113 0.000 0.000 0.090 0.077  

Awake-2
Correlation Coefficient 0.049 -0.140 -0.104 -0.154 0.085 -0.137 0.157 0.085 0.027 -0.025 -0.225 0.523
p-Value 0.736 0.333 0.474 0.285 0.559 0.343 0.276 0.557 0.854 0.866 0.017 0.000
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objective parameters in the concentrated regions of the color 
scales in these tables. 

The subjective tests are in conformity with the objective 
actigraphic analysis parameters, but the previous studies 
mostly focused on demonstrating the relationship between 
pain-related diseases and sleep disorders (9,15,17,20-22). 
In our study, as shown in Tables VIII, IX and X, subjective 
tests were in conformity with objective actigraphic analysis 
parameters and we suggest that objective actigraphic analysis 
parameters can be used as an alternative to subjective tests 
in pain studies. 

█    CONClUSION
The pain in CDH is mechanical and causes health problems, 
including sleep disorders, enforcing the patient to undergo 
surgical treatment. This pain is the result of chain reaction, 
which is started by the proinflammatory cytokines after 
disc herniation. We should be aware of these problems that 
negatively affect the patient’s quality of life before and after 
the surgery. We should also consider sleep disorder and sleep 
quality when assessing our patients for their quality of life. 
Actigraphic analyses provide objective data about the sleep 
disorders of patients with CDH. 

We suggested SOL and SEF as actigraphic analysis parameters 
instead of VAS test for the objective pain measurement. 
Further studies are needed on this issue with larger patient 
population.
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