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:  after repairing anterior cervical discectomy with fusion (ACDF) surgery. However, whether changes
in postoperative pain can be associated with improvement in the Cobb angle following surgery is
still controversial. This study aims to assess the trends of the changes in pain severity and also Cobb
angle and then test the relationship between the changes in two parameters.

Methods and Materials/Patients: This longitudinal study was performed on 60 consecutive
patients who were scheduled to undergo ACDF surgery due to neck disc or degenerative cervical
myelopathy (DCM) and had axial neck pain before the operation. Before operation as well as
2 weeks, 2 months and 6 months after surgery, the pain score and value of Cobb angle were
measured.

Results: Before surgery, the patients suffered from significant axial neck pain with a mean pain
score of 7.47+2.02, but after surgery, patients experienced a downward trend of changes in pain
score as the mean pain score of 0.92+1.46 at two weeks, 1.31+1.63 at two months and 1.32+1.64
at six months after operation. The repeated measure analysis of variance (ANOVA) test showed
a significant reduction in pain scores within follow-up time (P<0.001). A significant improvement
was also revealed in the Cobb angle after the operation and the mean value of this angle was
significantly lower at two weeks, two months, and six months after surgery than before surgery.
: Using the multivariate linear regression modeling with the presence of baseline parameters, the
Keywords: relationship between pain score and Cobb angle remained insignificant (P=0.387).

Cobb angle, Axial neck pain, . Conclusion: Following ACDF surgery, the improvement in axial neck pain and Cobb angle is
Discectomy with fusion : predictable, but the relationship between these two indicators will not necessarily be significant.
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Highlights

¢ Neck pain in candidates for anterior cervical discectomy with fusion (ACDF) surgery decreases after the surgical
procedure.

¢ The disruption of the cervical spine ligaments is significantly improved after ACDF surgery.
¢ The shorter the duration of symptoms, the more patients with severe pain sought medical attention.
e Younger patients experience greater pain intensity.
* No significant relationship with the severity of neck pain after the surgery was observed.
Plain Language Summary

The present research employed a cross-sectional method in terms of methodology. Data from patients meeting the
study’s inclusion criteria were collected and analyzed prospectively in a specific time frame. The study population
of this research included patients who underwent single-level ACDF surgery at Poursina Hospital from the initiation
of the study until the required number of patients was collected. These patients were evaluated throughout the
follow-up period for the specific parameters required for the investigation. Patients were evaluated at four visits
before the surgery, the day after the surgery, 2 months after the surgery, and 6 months after the surgery. According
to the results obtained from the present study, neck pain in candidates for ACDF surgery decreases after the surgical
procedure. The study also indicates that the disruption of the cervical spine ligaments, which itself sets the stage
for the occurrence of neck pain even after surgery, is significantly improved after ACDF surgery. Although a direct
correlation was observed between pain reduction and the correction of the cervical lordosis angle after surgery,
this correlation was not statistically significant. It was found that the shorter the duration of symptoms, the more
patients with severe pain sought medical attention. This correlation can be interpreted as suggesting that patients
experiencing more severe pain tend to seek medical help earlier and are consequently referred for surgery sooner.
Furthermore, the results indicate that younger patients experience greater pain intensity. This may suggest that the
chronic progression occurs more prominently in older individuals, leading to gradual adaptation to the conditions and
subsequently a lesser perception of pain intensity.

The importance of diagnosing underlying deformity in
the sagittal alignment of the neck, such as abnormal C2
to C7 sagittal vertical axis or abnormal C2 to C7 Cobb
angle has been shown in recent studies that neglecting
these parameters can reduce the long-term quality of
life of patients undergoing surgery [5-7]. Failure to re-
pair these deformities can be one of the causes of de-

1. Introduction

egenerative cervical myelopathy (DCM)
is the most common cause of spinal cord
weakness in adults due to various congeni-
tal or acquired causes leading to degen-
eration, hypertrophy, or calcification of the

cervical spine’s intervertebral disc, ligaments, or bone
structures [1]. These pathological processes cause nar-
rowing of the cervical spinal canal, chronic compression
of the spinal cord and neurological and functional dis-
ability [2]. Axial neck pain is commonly seen in patients
with DCM defects, which is controlled by conservative
measures in most cases [3], but neurosurgical measures
are required in some patients. In some patients, this
pain remains even after surgery needing more investi-
gations to find the cause of the pain [4].

bilitating pain in patients; however, some studies have
also shown that excessive correction of these defects
may also be the cause of axial neck pain in patients after
surgery [8].

One of the common surgical methods in patients suf-
fering from DCM is anterior cervical discectomy with
fusion (ACDF) which is performed by removing the disc
and posterior longitudinal ligament and placing a graft
in the intervertebral space [9]. Some patients experi-
ence axial neck pain after ACDF surgery; which refers to
the remaining pain after two months of surgery and can
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be felt in the neck, shoulder, or intrascapular space [6].
The appearance of this pain may refer to several factors,
such as the severity of disc space distraction, the rate of
lordosis angle of the neck before surgery, and also the
duration of disease symptoms [10, 11]. In this study, we
intended to assess the lordosis angle of the neck before
and after the ACDF surgery and its relationship with
axial neck pain changes before and after surgery. Con-
firmation of such a relationship provides a solution for
the correction of this angle to prevent axial neck pain
after surgery.

2. Materials and Methods

This longitudinal analytical study was performed on 60
consecutive male and female patients who were sched-
uled to undergo ACDF surgery due to neck disc or DCM
and had axial neck pain before the operation who were
operated in Poursina Hospital, Rasht, City, Iran since the
beginning of the study. People with a history of rheu-
matoid arthritis or neurofibromatosis and patients op-
erated on due to acute trauma were excluded from the
study in addition to those who did not refer for post-
operative examinations. The patients who did not have
access to medical centers and communication devices
after the first post-operative visit (on the first day after
the operation) and had been discharged from the hos-
pital were excluded too.

Once a patient was identified as suitable for the study,
informed and voluntary consent was obtained, explain-
ing to them that their names would not be disclosed to
maintain privacy in the research. If the patient consent-
ed to participate, they were enrolled in the study.

Patients were evaluated at four visits before the sur-
gery, the day after the surgery, 2 months after the sur-
gery and 6 months after the surgery, as explained in sec-
tions 3-5. Necessary information was collected during
these visits.

To analyze the collected data, changes in the C2-C7
Cobb angle before the surgery, the day after the sur-
gery, 2 months and 6 months after the surgery were
measured, as well as their pairwise comparisons. Visual
analogue scale (VAS) scores were also assessed in the
same sequence and manner. The correlation between
changes in the C2-C7 Cobb angle and VAS scores of pa-
tients was then examined. Additionally, the relationship
between age, gender, the size of the cervical collar used
in patients and VAS scores along with Cobb angle chang-
es was investigated.

2024, Volume 10, E12

After entering the study, the researcher collected the
patient’s information, including name, phone number,
and file number for further follow-up. Pre-operative
investigations included recording information, such as
age, gender, and the duration of the symptoms. The
patients’ axial neck pain was determined using the VAS
method and the patient was asked to rate pain severity
in such a way that 0 indicates no pain and 10 indicates
the most severe pain that can be described. Then, a
simple lateral neck x-ray was taken in a position where
all seven neck vertebrae were visible. According to the
purpose of the research, the colleagues of the radiology
unit were requested to perform an X-ray while stand-
ing so that the patient was in a weight-bearing position
and the angles were calculated more accurately. To cal-
culate the Cobb angle, if the patient’s graph was in the
hospital’s picture archiving and communication system
(PACS) system (where patient imaging is available on the
hospital’s computer systems), the facilities built into the
system were used to calculate the angle. If the imaging
was printed, or not available in the hospital system, the
Cobb angle was calculated by taking an image from it
and importing the image into the Surgimap software.

Patients underwent surgery in the morning after hos-
pitalization. Without knowing that the patient was the
subject of research, the surgeon chose the size of the
intervertebral cage based on his opinion and experience
and based on the patient’s condition. The size of this
cage was recorded in the patient’s file according to the
usual procedure of the operating room. The day after
the surgery, the patient was revisited in the ward and
was again asked to determine his/her pain score based
on the VAS scale. Also, the patient was sent to the ra-
diology unit by closing the cervical collar to perform a
simple lateral neck X-ray in a standing position and the
X-ray was checked according to the described method.
The patients were discharged on the day after the oper-
ation and were revisited two weeks, two months and six
months later. In re-visits, according to the day after the
operation, VAS was evaluated and an X-ray was taken
for examination.

After data collection, the results were analyzed using
SPSS software, version 22. This study reported descrip-
tive statistics of qualitative variables using frequency
and percentage and quantitative data using mean and
standard deviation. A t-test was used to compare the
results between groups. The chi-square test was used
to compare qualitative variables. In this study, P<0.05
was considered as a significant level. The change in
the quantitative parameters within six months was as-
sessed using the repeated measure analysis of variance
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(ANOVA) test. The correct presentation of people’s data,
use of reliable and new methods to get correct results,
respect honesty and trustworthiness, respect honesty
when analyzing and keeping the information of the
people under investigation confidential, carefulness in
the good use of funds and equipment were all the ethi-
cal principles of the study.

3. Results

This research was conducted to investigate the cor-
relation between changes in cervical Cobb angle and
neck axial pain before and after surgery in patients un-
dergoing cervical discectomy at Poursina Hospital. After
collecting the data, relevant analyses were conducted
using SPSS software, version 22. Table 1 presents the
frequency distribution of the samples using descriptive
statistics.

Based on the results presented in Table 1, most re-
search samples (56.67%) were male, and most of them
(41.7%) fell within the age range of 40 to 50 years, with
an average age of 47.1018.44 years. A significant portion

Table 1. Frequency distribution of samples
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(66.7%) experienced symptoms for less than six months,
with an average duration of symptoms per month equal
to 4.62+4.49. The gauge size in most samples was 6,
accounting for 36.7%, followed by 5 with 30%. Before
surgery, the patients suffered from significant axial neck
pain with a mean pain score of 7.47+2.02, but after sur-
gery, patients experienced a downward trend of chang-
es in pain score as the mean pain score of 0.92+1.46 at
two weeks, 1.31+1.63 at two months and 1.32+1.64
at six months after operation. The repeated measure
ANOVA test showed a significant reduction in pain score
within follow-up time (P<0.001). Assessing the changes
in pain score in men and women (Table 2), showed no
difference between the two genders in different time
points. According to the results presented in Table 2, no
statistically significant difference was observed in pain
scores measured at different intervals and their changes
between males and females.

Regarding the mean pain score according to patients’
age (Table 3), an adverse relationship was found be-
tween pain severity and age before surgery (r=-0.340,
P=0.008). An adverse relationship was also revealed be-

Variables No. (%)/MeantSD
<40 17(28.33)
40-50 25(41.7)
Age >50 18(30.00)
44.83+10.72
Most-least 17.0-71.0
Male 34(56.67)
Gender
Female 26(43.33)
<6 40(66.7)
>6 20(33.33)
Duration of symptom (month)
4.6214.49
Min-max 1.0-18.0
5.00 18(30.00)
6.00 22(36.7)
Cage size
7.00 13(21.7)
8.00 7(11.6)
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Table 2. Comparison of pain scores at different measurement intervals and their changes based on gender
MeantSD
Variables Gender
Male Female P
Pre-surgery pain score 7.62+1.83 7.27+2.27 0.647
Post-surgery pain score 1.09+1.71 0.69+1.05 0.388
Pain score two months after surgery 1.21+1.88 1.42+1.27 0.093
Pain score six months after surgery 1.21+1.88 1.46+1.30 0.085
Pain score changes before surgery compared to after surgery 6.531+2.06 6.58+2.55 0.920
Pain score changes before surgery compared to two months 6.39+2.15 58542 57 0.594
after surgery
Pain score changes before surgery compared to six months 6.3942.15 5814258 0.522
after surgery
“Mann-Whitney U-test. D:Lf’NS

tween pain score before surgery and duration of symp-
toms (r=-0.332, P=0.010). However, no relationship was
observed between pain score at different time points
and the size of the cage.

Based on the results in Table 3, a statistically significant
and inverse correlation was observed between pre-sur-
gery pain scores and age as well as the duration of symp-
toms (r=-0.332, P=0.010) and (r=-0.340, P=0.008). In oth-
er words, as age and the duration of symptoms increased,
the pain scores decreased. Therefore, in the elderly popu-
lation, pre-surgery pain scores were lower. Additionally,
patients with a longer duration of symptoms experienced
less pre-surgery pain. The changes in pre-surgery pain
scores compared to post-surgery, two months post-sur-
gery, and six months post-surgery also exhibited a statisti-
cally significant inverse correlation with age.

Following the description of sample frequencies, the
mean pain scores before and after surgery, two months
after surgery, and six months after surgery were calcu-
lated using the Friedman test. The results of the test
which showed significant pain difference before and
after the surgery (P<0.001), are presented in Tables 4
and Figure 1.

As mentioned, a repeated measure of ANOVA (Table
5) was used to check the trend of changes in pain scores
at different pre-surgery, and post-surgery intervals, two
months after surgery and six months after surgery. Ac-
cording to this test analysis, the trend of the changes in

Cobb angle after surgery was significant (P<0.001). This
trend of changes has been summarized in Table 5.

Furthermore, using the multivariate linear regression
modeling with the presence of baseline parameters and
the changes in the Cobb angle (Table 6), the relationship
between the pain score and Cobb angle remained insig-
nificant (P=0.387).

Concerning the changes in Cobb angle after surgery, sig-
nificant improvements were revealed in this parameter
after the operation that the mean value of this angle at
two weeks, two months, and six months after surgery was
significantly lower than that observed before surgery. As
indicated in Table 6, no significant relationship was ob-
served between axial neck pain score and Cobb angle be-
fore as well as at different time points after surgery.

Based on the results presented in Table 6, using one-
way ANOVA for repeated measure, it was observed that
none of the variables, including age, gender, duration
of symptoms, cage size and Cobb angle changes had a
statistically significant correlation with the trend of pain
score changes. Figure 2 shows how the C2-C7 cobb an-
gle calculation was performed.

4. Discussion

Considering that degenerative neck diseases have a
high prevalence and ACDF surgery is one of the common
surgeries in neurosurgery patients, and also considering
that sometimes patients still mention axial neck pain
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Table 3. The relationship between pain scores at different measurement sections and their changes concerning age, duration of symptoms,
and cage size

Duration of Symp-

Variables Age tom (Month) Cage Size
Correlation coefficient -0.340 -0.332 -0.004
Pre-surgery pain score
P 0.008 0.010 0.977
Correlation coefficient -0.020 -0.140 0.056
Post-surgery pain score
P 0.880 0.291 0.675
. Correlation coefficient 0.079 -0.081 0.145
Pain score two months after
surgery
P 0.553 0.542 0.273
. . Correlation coefficient 0.082 -0.083 0.132
Pain score six months after
surgery
P 0.537 0.533 0.318
. Correlation coefficient -0.333 -0.253 -0.044
Pain score changes before surgery
compared to after surgery
P 0.010 0.053 0.743
Pain score changes before surgery Correlation coefficient -0.283 -0.230 -0.079
compared to two months after
surgery P 0.030 0.080 0.554
Pain score changes before surgery Correlation coefficient -0.284 -0.224 -0.064
compared to six months after
surgery P 0.029 0.088 0.633

Spearman correlation test was used.

Table 4. Friedman test for pain scores before surgery, after surgery, two months after surgery and six months after surgery

Percentiles
Variables No. MeanSD Min-max o Mean
25 50 75 Rank
(Median)
Before surgery 60 7.4667+2.02080 2.00-10.00 6.0000 8.0000 9.0000 3.95
After surgery 60 0.9167+1.46475 0.00-8.00 0.0000 1.0000 1.0000 1.80
Two months after ¢4 1.305+1.62701 0.00-8.00 0.0000 1.0000 2.0000 2.12
surgery
L T 1.322+1.63955 0.00-8.00 0.0000 1.0000 2.0000 2.13
surgery
Chi-square 130.412
df 3
Asymp. Sig. 0.000
No. 60

Khoshsima N, et al. Changes in Pain Severity before Versus After Anterior Cervical Discectomy. Iran J Neurosurg. 2024; 10:E12.
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Table 5. Trend of changes in average pain scores using repeated measures analysis of variance
Pain Score
95% Cl Mean
Measurement Time Marginal Mean+SD P
Lower Limit Upper Limit

1 Pre-surgery 7.4667 0.265 6.927 7.988 P...<0-001

P, ,<0.001
2 Post-surgery 0.9167 0.149 0.499 1.094 ’

P,,<0.001

P, ,<0.001
3 Two months post-surgery 1.305 0.212 0.880 1.730 ’

P,,=0.024
4 Six months post-surgery 1.322 0.214 0.893 1.751 PM:O.OZZ

ED

after surgery, it is felt necessary to conduct some stud-
ies for finding possible causes of this pain and to pro-
vide solutions to remove it. Therefore, in this research,
an attempt was made to take a step in this direction by
examining the Cobb angle before and after surgery and
its correlation with axial neck pain following operation.

One limitation encountered in this study was the usual
practice of obtaining pre- and post-surgery lateral cervi-
cal X-rays with patients lying down, given pain relief and
immobility with a hard collar after surgery. To address
this issue, requests were made to the radiology unit for
standing X-rays in weight-bearing conditions to enhance
the accuracy of C2-C7 Cobb angle calculation.

Another challenge was that some patients had no ac-
cess to communication tools and medical facilities for
the third and fourth visits, after entering the study and
providing their information at the pre-surgery and imme-
diate post-surgery visits, leading to their exclusion from
subsequent comparisons within the study population.

NS

Furthermore, some patients had printed neck X-rays
or no access to the hospital’s PACS system, making it dif-
ficult to import the image into the Surgimap software
for Cobb angle calculation.

The first result of this research shows that the aver-
age pain score after the operation has decreased sig-
nificantly compared to before the operation and this
difference was statistically significant. This difference
was evident until the second and sixth months after the
operation. This result is also confirmed in other research
in this field that ACDF is associated with a clear reduc-
tion of axial neck pain in patients who have undergone
surgery, especially for the treatment of myelopathy or
radiculopathy. In a recent meta-analysis by Harrop et
al. [12], patients with neck pain predominant had a
greater reduction in neck pain after surgical fusion with
a change from a baseline of 53.4%. In another study by
Riew et al. [13], a mean improvement of the pain of at
least 50% was observed approximately 4 years following
surgery. In their study, functional outcomes improved
between 32% and 52% from baseline. In another sys-

Table 6. Trend of changes in pain scores mean with adjustment for the Cobb Angle changes post-surgery compared to pre-surgery and
individual-environmental factors using repeated measures analysis of covariance.

Variables df Squared Mean F P Effect Size
Age group 2 0.011 0.002 0.998 0.000
Gender 1 0.522 0.082 0.776 0.002
Duration of symptom 1 12.141 1.898 0.174 0.037
Cage size 3 4.454 0.696 0.559 0.040
Cobb angle changes post-surgery 1 4871 0.761 0.387 0015

compared to pre-surgery

Khoshsima N, et al. Changes in Pain Severity before Versus After Anterior Cervical Discectomy. Iran J Neurosurg. 2024; 10:E12.



https://irjns.org/

" Iranian Journal of
!!;S Iranian Journal of

Pain score

7.47

=4=Pain score

1.32

Before 2 weeks after 2 months after 6 months after

Figure 1. The trend of the changes in pain score at different time points after surgery
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Figure 2. This picture shows how we calculated cervical Cobb angle in one of our patients. This patient had 10 degrees lordosis which cor-
rected to O degrees post-operation
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tematic review and meta-analysis by Oitment et al. [14],
the individual neck pain mean differences were reduced
at different time points after surgery from 6 weeks to
48 months of follow-up. Therefore, it can be said that
for the management of patients’ axial neck pain due to
DCM, ACDF surgery can be an option of choice for these
patients.

As another critical result, the mean absolute value
of the Cobb angle increased after surgery compared
to before surgery, and this difference was statistically
significant. This increase was evident until the second
and sixth months after the operation. Also, the results
of this study show that the average changes in the Cobb
angle of each measurement period after the operation
(two to six months after the operation) were statisti-
cally different from before the operation and this trend
was decreasing. However, we found no relationship
between neck pain with Cobb angle in different time
points, which could potentially be influenced by our
small sample size. However, in the investigation of the
possible influence of other background indicators, such
as age, sex, cage size and duration of disease symptoms,
the relationship between pain and angle changes re-
mained non-significant. In an article published by Yuan
Cao et al, 144 zero-profile ACDF patients were exam-
ined, of which 48 had axial neck pain after surgery. The
patients were followed up for one year and they finally
concluded that the C2-C7 Cobb angle before surgery is
a risk factor for severe axial pain after surgery in zero-
profile ACDF patients [15]. Similarly, in a retrospective
cohort study by Canseco et al. 308 patients who under-
went ACDF at one to three levels were examined, and
found that patients in whom the C2-C7 Cobb angle was
corrected to a neutral or lordotic position had more ax-
ial neck improvement as compared to patients with the
kyphotic state [16]. In Liu et al. study on 88 patients who
were followed for one year, it was found that preopera-
tive neck pain severity and kyphosis status can predict
the severity of postoperative neck pain in patients who
have undergone multi-level ACDF and thus correction of
neck kyphosis can be related to improve postoperative
neurological function recovery and on the other hand,
cause removing axial neck pain after surgery, which can
be controlled by correcting the moderate curvature of
the neck [17]. Bai et al. [18] observed that postopera-
tive axial pain will significantly become more prevalent
if the surgical segment changes in its intervertebral
height after ACDF by over 10%. However, in our study,
intervertebral height changed much more than 10%,
and severe axial pain correlated with postoperative disc
height change was not observed. A similar result has

2024, Volume 10, E12

been reported by Chang et al. [19] who evaluated the
increase in intervertebral space by inserting a large graft
material while performing ACDF to treat degenerative
cervical disease. These authors claimed no correlation
between intervertebral disc height change and the oc-
currence and severity of postoperative axial pain, which
is consistent with our results. In a study by Cao et al
[15], correlation analysis showed that the preoperative
C2-C7 Cobb angle was significantly correlated with the
severity of the postoperative axial pain. In addition, lo-
gistic regression analysis demonstrated that the preop-
erative C2-C7 Cobb angle was an independent predictor
of postoperative axial pain. In other words, according to
the results of this research, it is essential to correct the
cervical lordosis angle in patients who are candidates
for ACDF surgery. On the other hand, it is assumed that
the compensatory mechanisms to relieve the axial pain
of patients who are candidates for neck surgery cause
their cervical alignment disorder, and by relieving the
pain, these mechanisms are removed and the cervical
alignment is corrected to some extent. Perhaps the sig-
nificance of this relationship can be determined through
the design of future studies with a larger sample size.

5. Conclusion

According to the results obtained from the present
study, neck pain in candidates for ACDF surgery de-
creases after the surgical procedure. The study also
indicates that the disruption of the cervical spine liga-
ments, which itself sets the stage for the occurrence of
neck pain even after surgery, is significantly improved
after ACDF surgery. Although a direct correlation was
observed between pain reduction and the correction of
the cervical lordosis angle after surgery existed, this cor-
relation was not statistically significant.

In this study, it was demonstrated that the shorter the
duration of symptoms, the more patients with severe
pain sought medical attention. This correlation can be
interpreted as suggesting that patients experiencing
more severe pain tend to seek medical help earlier and
are consequently referred for surgery sooner.

Furthermore, the results indicate that younger pa-
tients experience greater pain intensity. This may sug-
gest that the chronic progression occurs more promi-
nently in older individuals, leading to gradual adaptation
to the conditions and subsequently a lesser perception
of pain intensity.
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Regarding the size of the cage between the vertebrae
used, no significant relationship with the severity of
neck pain after the surgery was observed.
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