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Study Design: Prospective study.
Purpose: To investigate the prevalence and the associated risk factors of chronic neuropathic pain symptoms using painDETECT 
questionnaire in adolescent idiopathic scoliosis (AIS) patients who underwent posterior spinal fusion (PSF) surgery.
Overview of Literature: Post-lumbar surgery syndrome is a disease entity that describes neuropathic pain following spinal surgery. 
However, few studies have investigated the prevalence and risk factors for neuropathic pain in pediatric population undergoing cor-
rective spinal surgery.
Methods: Forty AIS patients were recruited. Demographic, preoperative, and postoperative data were recorded. The magnitude and 
characteristics of postoperative pain were assessed using the painDETECT questionnaire through telephone enquiries at intervals of 
2, 6, 12, and 24 weeks. Statistical analyses were followed by Pearson correlation test to determine the relationship between pain 
scores at 6, 12, and 24 weeks with the risk factors.
Results: Based on the painDETECT questionnaire, 90% of the patients had nociceptive pain, and 10% had a possible neuropathic 
pain component at 2 weeks postoperatively as per a mean painDETECT score of 7.1±4.5. Assessments at 6, 12, and 24 weeks showed 
that no patients had neuropathic pain with painDETECT scores of 4.4±3.2, 2.9±2.9, and 1.5±2.0, respectively. There was a significant 
correlation between total postoperative morphine use during 48 hours after the surgery and a tendency to develop neuropathic pain 
(p=0.022).
Conclusions: Chronic neuropathic pain was uncommon in AIS patients who had undergone PSF surgery. Higher opioid consumption 
will increase the possibility of developing chronic neuropathic pain.
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Introduction

Persistent or chronic pain is being increasingly reported in 

different surgical procedures, such as spinal surgery, am-
putation, mastectomy, thoracotomy, and craniotomy [1]. 
Based on the diagnostic criteria of the International Asso-
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ciation for the Study of Pain (IASP), chronic postsurgical 
pain is defined as “pain persisting for at least 3 months 
after surgery, pain that is different from preoperative pain, 
and pain caused by other conditions such as continuing 
malignancy or chronic infection should be excluded.” 
Such persistent pain can be neuropathic in nature [2].

The definition of neuropathic pain by the IASP is pain 
caused by a lesion or disease of the somatosensory system. 
As per research, 10% of those aged ≥30 years had neuro-
pathic pain [3,4]. Patients who experience neuropathic 
pain usually develop numbness, tingling, electric-shock-
like sensations, burning pain, allodynia, hypersensitivity 
to heat and cold, cutaneous hyperalgesia, and pain attack 
[5].

Corrective spinal surgery for scoliosis is a major opera-
tive procedure and is often linked with severe periopera-
tive pain. Failed back surgery syndrome or post-lumbar 
surgery syndrome is a disease entity that describes neuro-
pathic pain after spinal surgery and is frequently observed 
in adults. However, few studies have investigated the prev-
alence and risk factors for neuropathic pain in a pediatric 
population undergoing corrective spinal surgery.

This study aimed to determine the prevalence of chron-
ic neuropathic pain symptoms in adolescent idiopathic 
scoliosis (AIS). Moreover, the risk factors that contribute 
to the development of chronic neuropathic pain were also 
evaluated.

Materials and Methods

This observational study was approved by the Medical Re-
search Ethics Committee of University of Malaya Medical 
Centre (ref no., MECID-2015-10-1703). Written informed 
consent was obtained from either patients or their par-
ents. Patients who had undergone elective posterior spinal 
fusion (PSF) surgery from September 2015 to December 
2015 were recruited. The inclusion criteria were as follows: 
age 10–21 years and American Society of Anesthesiolo-
gists physical status I to II. As per the exclusion criteria, 
patients with non-idiopathic scoliosis, known psychologi-
cal disorder, diabetes mellitus, revision surgery, and those 
with a communication barrier were excluded. Patients on 
preoperative long-term opioids, sedatives, or anticonvul-
sants treatment were also excluded. The anesthesia proto-
col, surgery protocol, and pain management regime were 
standardized for all the patients. Total 40 patients were 
identified and enrolled in the study.

1. Anesthesia protocol

In the operating room, standard monitoring with pulse 
oximetry, electrocardiography, and automated non-
invasive blood pressure were applied before anesthesia 
administration. Bispectral index (BIS) device was used 
for monitoring the depth of anesthesia. The patient was 
given intravenous (IV) propofol 2.5 mg/kg, IV target 
controlled infusion (TCI) of remifentanil 5 ng/mL, and 
IV rocuronium 1 mg/kg to facilitate endotracheal intuba-
tion. Anesthesia was maintained with desflurane and TCI 
remifentanil 2–8 ng/mL for the maintenance of BIS value 
of 40–60 during surgery. All patients received 0.2 mg/kg 
of IV morphine 45 minutes and 1 mcg/kg of IV fentanyl 
10 minutes before the end of surgery. IV dexamethasone 
4 mg and IV ondansetron 4 mg were administered as pro-
phylactics for postoperative nausea and vomiting.

2. Surgical protocol

All the patients underwent PSF using alternate level 
pedicle screw configuration with three to four consecutive 
pedicle screws at lower end and upper end as base anchor 
and as proximal anchor. However, in stiff curves and 
curves >90º, more screws were placed to assist correction 
and enhance fusion. Facetectomies were performed to in-
crease the spinal flexibility and to facilitate spinal fusion. 
No Ponte osteotomies were performed. Reduction was 
performed using translation method and direct vertebral 
rotation. Fusion was augmented using autogenous local 
bone graft obtained from spinous processes, transverse 
processes, and decorticated lamina of each instrumented 
vertebrae. Cell salvage autologous blood recovery system 
was used in all cases (Haemonetics Cell Saver 5+). Topical 
hemostatic agents were not used in any cases. A deep sub-
fascial drain was inserted for all patients.

3. Postoperative pain management regime

Prior to skin closure, 2 mg/kg bupivacaine diluted to a 
volume of 25 mL was infiltrated subcutaneously. In the 
recovery room, all the patients received patient-controlled 
analgesia (PCA) IV morphine with the following prepara-
tion: PCA bolus of 1 mg morphine with a 5-minute lock-
out interval and 4-hour dose limit of 20 mg morphine. 
PCA morphine was provided for at least 48 hours postop-
eratively and will be discontinued once consumption was 



Mohd Shahnaz Hasan et al.630 Asian Spine J 2021;15(5):628-635

<5 mg within 24 hours. Oral analgesia in the form of cele-
coxib (Celebrex) capsule 200 mg once/twice daily and oral 
paracetamol 500–1,000 mg 6 hourly were commenced as 
soon as the patient was able to tolerate oral intake. After 
the discontinuation of PCA morphine, breakthrough pain 
was managed with immediate-release oxycodone hydro-
chloride (OxyNorm) capsule 5 mg.

4. Postoperative rehabilitation protocol

Drain was removed between 12 and 24 hours after the 
surgery with drainage of a maximum of 200 mL at the 
time of removal. Dressing was changed, and the urinary 
catheter was removed at the same time. The patient was 
then allowed to sit at the edge of the bed and encouraged 
to sit up and ambulate as tolerated (except in patients with 
severe postural dizziness/nausea).

5. Data collection

Demographic, preoperative, and postoperative data were 
recorded. The total PCA morphine usage and the magni-
tude of postoperative pain was charted using the Visual 
Analog Scale (VAS) pain score 12 hourly for up to 48 
hours. Assessment of the pain score using the painDE-
TECT questionnaire after discharge was performed via 
telephone enquiry at 2 weeks, 6 weeks, 3 months, and 6 
months after the surgery. The painDETECT questionnaire 
is a validated screening tool for back pain that includes 
seven questions that address the characteristics and qual-
ity of neuropathic pain symptoms. If the painDETECT 
score is ≤12, the pain is likely to be nociceptive in origin 
(<15% to be neuropathic), a score of 12–18 indicates am-
biguity (can be nociceptive or neuropathic or mixture of 
both), and a score >18 indicates that the pain is likely to 
be neuropathic in nature.

6. Power analysis, sample size, and statistical analyses

The present study is the continuous observation from a 
previous study that examined acute postoperative pain [6]. 
A pilot study that involved 10 subjects was performed to 
calculate the sample size for this study. Considering 5% 
marginal error and 80% study power, a statistical power 
analysis indicated that a minimum sample size of 36 sub-
jects was needed to detect the mean of the outcome vari-
ables.

The data from this investigation were entered and ana-
lyzed using the IBM SPSS ver. 23.0 (IBM Corp., Armonk, 
NY, USA) to make inferences and draw robust conclu-
sions. In brief, descriptive statistical analysis of the socio-
demographic characteristics was initially performed to 
evaluate data distribution, normality, and homogeneity. 
Descriptive analysis included frequency and percentage 
distribution for the categorical variables as well as the 
mean and standard deviation for numerical variables. Sta-
tistical analyses were performed using the Pearson corre-
lation test to determine the relationship between the pain 
score at 6 months and the risk factors. Repeated measure 
analysis of variance was used to identify any differences 
in the mean pain score based on time (2 weeks, 6 weeks, 3 
months, and 6 months). A p-value <0.05 was considered 
to indicate statistical significance.

Results

Forty patients with AIS who underwent corrective sur-
gery were enrolled. The demographic data shown in Table 
1 depicts that the average patient age was 15.7±3.6 years; 
10% of the population comprised male subjects. Most pa-
tients were Chinese (72.5%) and had Lenke type 1 (40%). 
The average Cobb’s angle of the patients was 66.5°±16.0°. 
The average wound size, operation time, total blood loss, 
total fusion level, and number of days in the hospital 
were 28.9±5.7 cm, 162.4±59.4 minutes, 992.3±559.1 mL, 
9.8±2.2, and 3.8±0.7 days, respectively.

The painDETECT questionnaire was used for screening 
for the presence of neuropathic pain component. Based 
on the final score from the painDETECT questionnaire, 
90% of the patients were in the nociceptive pain category 
(unlikely to be neuropathic in nature), and the remain-
ing 10% were in the unclear category (a neuropathic pain 
component can be present) after 2 weeks post-surgery. 
Further assessments performed at 6 weeks, 3 months, and 
6 months revealed that none of the patients were likely to 
have neuropathic pain (Table 2).

Repeated measures analysis performed to determine 
the mean difference of the final painDETECT score based 
on the different time intervals found an overall p-value 
of <0.001. The analysis also showed a decreasing mean 
score over the measured time points (Table 2). Pairwise 
comparison method was further performed and showed 
significant difference between week 2–week 6 (p<0.001), 
week 2–month 3 (p<0.001), week 2–month 6 (p<0.001), 
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week 6–month 3 (p=0.002), week 6–month 6 (p<0.001), 
and month 3–month 6 (p<0.001) (Table 3).

Correlation between different risk factors and painDE-
TECT score obtained at 6, 12, and 24 weeks post-surgery 

was done (Table 4). Total morphine usage at 48 hours 
post-surgery showed significant positive correlation with 
the painDETECT scoring at all time points. Postoperative 
pain score showed significant negative correlation with 
painDETECT score at 12 weeks but not at 6 and 24 weeks. 
Other risk factors such as wound size, preoperative Cobb’s 
angle, correction rate, duration of surgery, fusion level, 
and total blood loss intraoperatively did not show any 
significant correlations with the painDETECT score at all 
time points (Table 4).

The mean plot versus time intervals was performed to 
determine the trend of pain score over time. The pain-
DETECT score consists of seven different types of pain, 
including burning, tingling or prickling, light touch (allo-
dynia), electric shock, temperature, numbness, and pres-
sure. From the mean plot, all types of sensation showed 
reduction in trend during the 6-month period (Fig. 1).

Table 1. Demographic data of the patients

Characteristic Value

Age (yr) 15.7±3.6

Race

Chinese 29 (72.5)

Malay   4 (10.0)

Indian 3 (7.5)

Others   4 (10.0)

Gender

Male    4 (10.0)

Female  36 (90.0)

Weight (kg)   46.9±10.3

Height (cm) 156.3±8.2

Body mass index (kg/m2) 19.2±3.8

Lenke types

1 16 (40.0)

2   7 (17.5)

3 3 (7.5)

4 2 (5.0)

5   8 (20.0)

6   4 (10.0)

Cobb angle (º) 66.5±16.0

Operative data

Wound size (cm) 28.9±5.7

Operation time (min) 162.4±59.4

Blood loss (mL) 992.3±559.1

Fusion level 9.8±2.2

Hospital stay (day) 3.8±0.7

Values are presented as mean±standard deviation or number (%).

Table 2. Distribution of final painDETECT score of each time points

Time Mean±standard 
deviation

No. of neuropathic pain component (%)

Nociceptive Unclear Neuropathic

2 wk 7.1±4.5 36 (90.0)  4 (10.0) 0

6 wk 4.4±3.2   40 (100.0) 0 0

3 mo 2.9±2.9   40 (100.0) 0 0

6 mo 1.5±2.0   40 (100.0) 0 0

Table 3. Comparison of final score between different time points using painDE-
TECT questionnaire

Comparison Mean difference (95% CI) p-value

Week 2–week 6 2.6 (0.976–4.724) <0.001

Week 2–month 3 4.2 (2.354–6.046) <0.001

Week 2–month 6 5.6 (3.678–7.422) <0.001

Week 6–month 3 1.6 (0.445–2.705) 0.002

Week 6–month 6 2.9 (1.634–4.216) <0.001

Month 3–month 6 1.4 (0.595–2.105) <0.001

Pairwise comparison was applied with 95% CI adjustment by Bonferroni cor-
rection.
CI, confidence interval.

Table 4. Correlation between painDETECT score at 6, 12, 24 weeks and the risk 
factors

Risk factor Mean±SD r (correlation 
coefficient) p-value

PainDETECT score at 6 wk

Total morphine used at 48 hr (mg) 27.2±21.6 0.295 0.065

PainDETECT score at 12 wk

Postoperative pain score 6.5±1.9 -0.342 0.031

Total morphine used at 48 hr (mg) 27.2±21.6 0.505 0.001

PainDETECT score at 24 wk

Total morphine used at 48 hr (mg) 27.2±21.6 0.36 0.022

PainDETECT score at 6 weeks: mean±SD, 4.4±3.2; 12 weeks: mean±SD, 2.9±2.9; 
and 24 weeks: mean±SD, 1.5±2.0. There were no significant correlations be-
tween other risk factors such as wound size, preoperative Cobb’s angle, correc-
tion rate, number of fusion levels, surgery duration, and total blood loss.
SD, standard deviation.
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Discussion

It is known that surgical trauma can induce hyperalgesia, 
a cause of post-surgery neuropathic pain. During the 
surgery, peripheral pain signals are transmitted through 
peripheral sensory fibers, mainly Aβ type fibers and C 
fibers, to reach the central nervous system for integration. 
A complex system of adaptive processes is activated when 
the surgical stimuli is maintained. The neurotransmitters 
involved in these signals modulation are mainly glutamate 
and substance P. For achieving an effective analgesic ef-
fect and prevent neuropathic pain transformation, the 
production and generation of action potentials in A and 
C fibers need to be diminished. Analgesia can be achieved 
by inhibiting the transmission of pain information along 
the spine [7].

The diagnosis of neuropathic pain is graded into pos-
sible, probable, and definite, based on history, physical 
examination, and diagnostic investigation [8]. However, 
in the epidemiological setting, screening tools, such as 
the painDETECT questionnaire and Neuropathic Pain 
Screening Questionnaire (NePSQ), were developed and 
validated for screening neuropathic pain symptoms [9]. 
The painDETECT questionnaire was developed initially 
to screen for neuropathic pain in back pain patients; 
however, it was useful for other causes of neuropathic 
pain with a sensitivity and specificity of 85% and 80%, 
respectively [10]. In a study on elderly chronic low back 
pain (LBP) patients that utilized two different question-
naires, the NePSQ and the painDETECT questionnaire, it 
was concluded that the painDETECT questionnaire was 
more suitable than NePSQ for screening neuropathic pain 

in chronic LBP [11]. As such, the painDETECT ques-
tionnaire was used in this study to identify subjects with 
chronic neuropathic pain symptoms.

These neuropathic pain screening tools have been vali-
dated in adults [12]; however, their evaluation and use 
in children are limited. Numerous studies have used the 
painDETECT questionnaire to assess neuropathic pain in 
adolescent and pediatric patients with oncological disease 
[13]. It has been validated by the developer down to 14 
years that supports the capability of adolescents to under-
stand the pain descriptors used [14]. It has 83% positive 
predictive value to differentiate neuropathic pain from 
non-neuropathic pain [15]. The mean age of our study 
population was 15.7±3.6 years, and all of them were ca-
pable of understanding the pain descriptors. This makes 
the painDETECT questionnaire a suitable self-reporting 
tool for data collection via telephone interview.

Few studies have examined chronic neuropathic pain 
in pediatric subjects who have undergone scoliosis sur-
gery. From our data, we observed that the prevalence of 
chronic neuropathic pain is very low in scoliosis surgery. 
All patients experienced minimal pain that not significant 
enough to be defined as neuropathic in nature as early as 
6 weeks after the surgery. Thus, the pain that the patients 
experienced may be described as “persistent postsurgical 
pain [1].”

There was a significant correlation between total post-
operative morphine use during 48 hours after the surgery 
and the tendency to develop neuropathic pain. More 
severe the pain during the early perioperative period, 
greater the opioid consumption through the PCA route. 
In other words, the severity of perioperative pain will 
determine the likelihood of developing chronic neuro-
pathic pain. This is in concordance with several studies 
in adults and children, although the data in children are 
less comprehensive [16]. Following scoliosis and pectus 
surgery, the higher pain score recorded during the first 72 
hours predicts slower recovery and higher pain score at 4 
months and 12 months [17]. In the study by Julien-Mar-
sollier et al. [18], persistent preoperative pain and total 
morphine consumption on day 1 were associated with the 
occurrence of chronic neuropathic pain. Similarly, Chid-
ambaran et al. [19] also reported that acute postoperative 
pain on day 1 and 2 after spinal surgery is a significant 
predictor of persistent and chronic pain.

Multiple case reports have shown evidence of the de-
velopment of opioid induced hyperalgesia in patients 
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receiving higher doses of morphine. Most of these studies 
involve systemic or intrathecal morphine administration. 
It is postulated that hyperalgesia is caused by the metabo-
lite morphine-3-glucoronide causing neuroexcitation [15]. 
Therefore, the concept of multimodal analgesia should 
be emphasized to reduce the amount of morphine us-
age while producing similar analgesic efficacy during the 
perioperative period, thus reducing the development of 
neuropathic pain in the future.

From our study protocol, we designed a multimodal 
analgesia approach during the perioperative period. The 
analgesic regimen consists of the combination of TCI 
remifentanil, IV fentanyl, IV morphine, and local an-
esthetic infiltration at the incision site intraoperatively 
with PCA morphine and oral paracetamol, celecoxib, and 
oxycodone during the postoperative period. Nonetheless, 
four patients still experienced some form of pain during 
the first 2 postoperative weeks that was categorized as am-
biguous (mixture of nociceptive and neuropathic nature).

Some studies have used anti-neuropathics, such as 
pregabalin, perioperatively in adult male lumbar spinal 
fusion surgery that effectively reduced the opioid usage 
with similar efficacy in pain control [20]. Pregabalin has 
demonstrated an analgesic and anti-hyperalgesic effect on 
postoperative lumbar disc hernia surgery [21]. Therefore, 
the perioperative use of pregabalin should be considered 
for neuropathic treatment and as an adjunct for reduc-
ing opioid consumption [22]. Again, the data in pediat-
ric population is sparse and the anti-neuropathic use is 
mainly confined to chronic neuropathic pain, epilepsy, or 
dysautonomic crisis [23].

Surgical trauma can induce hyperalgesia leading to 
acute neuropathic pain. Hence, we evaluated differ-
ent surgery-related risk factors, such as surgical wound 
size, preoperative Cobb’s angle, number of fusion levels, 
postoperative Cobb’s angle correction rate, duration of 
surgery, and total blood loss. These factors were used as 
surrogates of the degree of surgery-induced tissue trauma 
and showed no association with neuropathic pain.

Our study also examined different time intervals after 
the surgery. From 6 weeks onward, all the patients con-
tinued to experience some pain that was not significant 
enough to be categorized under the neuropathic category. 
Further analysis based on other subtypes of pain experi-
enced by patients also demonstrated a lowering trend with 
time (Fig. 1). To explain this phenomenon, we analyzed 
the adult population data and compared total morphine 

use after 48 hours of surgery between the adult and pedi-
atric groups. For adult populations, the PCA morphine 
usage was more, around 100 mg within 48 hours of the 
surgery [20], than that in our study (mean, 27.2 mg); the 
difference was approximately 4 fold. The relatively low 
opioid consumption was a result of the multimodal anal-
gesia design that was adopted from the beginning of the 
study. Therefore, the prevalence of neuropathic pain in 
our study was low. A recent study by Julien-Marsollier et 
al. [18] also demonstrated that the total morphine con-
sumption on postoperative day 1 was associated with the 
occurrence of chronic neuropathic pain.

Our study has certain limitations. First, this observa-
tional study was the continuation of a previous study. The 
sample size might not adequately represent the popula-
tion. A larger sample size may be required. Owing to the 
relatively small sample size, some risk factors are yet to be 
determined.

The painDETECT questionnaire used in our study 
could only enable a diagnosis of “probable” neuropathic 
pain. The questionnaire was completed via phone call 
interview that did not involve a clinical examination. 
Diagnostic tests are required to confirm the diagnosis 
of “definite” neuropathic pain. Diagnostic tests can help 
in locating the lesion or diseases of the somatosensory 
nervous system; however, these tests do not establish the 
causality.

Neuropathic pain can be acute in nature and may de-
velop in the early postoperative period. The severity of 
preoperative pain has been identified as a risk factor for 
the development of chronic pain in pediatric patients, 
particularly in scoliosis surgery [24,25]. The painDETECT 
screening questionnaire data should be collected preop-
eratively and every day after the surgery.

Neuropathic pain is very debilitating, especially if it 
develops at a younger age. It has a considerable impact 
not only on patients, but also on the health care systems 
and society. Hence, it should be aggressively treated. More 
studies on neuropathic pain have been conducted in the 
previous decades that have improved our knowledge and 
treatment modalities; we believe that the best strategy 
would be to focus on prevention. We found that increased 
perioperative pain and opioid consumption raise the pos-
sibility of developing chronic neuropathic pain; therefore, 
a multimodal approach should be considered to reduce 
the perioperative opioid usage.
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Conclusions

Chronic neuropathic pain was uncommon in AIS patients 
who had undergone PSF surgery. Higher opioid consump-
tion will increase the possibility of developing chronic 
neuropathic pain.
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