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Objective: Approximately 50% of adolescents who have undergone scoliosis surgery still experience severe pain one year postoperatively. We explored the postoperative pain trajectory and the potential value of preoperative Thermal Quantitative Sensory Testing (T-QST) as predictor of chronic postsurgical pain after scoliosis surgery.



Design: Single-center prospective cohort study in adolescents undergoing scoliosis surgery.



Outcomes: Prevalence of chronic postsurgical pain (CPSP) one year after scoliosis surgery and postsurgical pain course during this year. The need for rescue medication and the relationship between pre-operative T-QST, acute pain and CPSP.



Results: Thirty-nine patients (mean age 13.9 years; SD 1.9 years) completed the study. One year postoperatively, ten patients (26%) self-reported pain [numeric rating scale (NRS) score ≥ 4]) when moving and two (5%) when in rest. Four of these patients (10.3%) experienced neuropathic pain. The pre-operative cold pain threshold was lower (p = 0.002) in patients with CPSP at 12 months. Preoperative cold and heat pain thresholds were correlated with the number of moderate or severe pain reports (NRS ≥ 4) in the first week postoperatively (r -.426; p = 0.009 and r.392; p = 0.016, respectively).



Conclusions: One year after scoliosis surgery, a significant part of patients (26%) still reported pain, some with neuropathic characteristics. Better diagnosis and treatment is needed; our study suggests that T-QST could be further explored to better understand and treat children with this negative outcome.
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Introduction

Chronic postsurgical pain (CPSP) in children and adolescents, defined as surgery-related pain lasting for more than 3 months postoperatively, is increasingly recognized, as witnessed by its inclusion in the International Classification of Diseases, 11th revision (ICD-11) (1, 2). The estimated overall prevalence one year after surgery is approximately 20% (3) and for scoliosis surgery 50% (4).

Potential risk factors for CPSP are the intensity of acute postoperative pain, presence of preoperative pain, and psychological distress such as anxiety, depression or catastrophizing (5–7). In children, parental catastrophizing also predicts CPSP 12 months after surgery (8). Additionally, major orthopedic surgery in general appears to be a main cause for CPSP (9). More specifically studies concerning scoliosis surgery report a prevalence of severe CPSP [numeric rating scale (NRS) score > 7] from 10% to 16% up to 5 years after surgery (10, 11). Spinal fusion surgery often requires prolonged pain treatment directly after postoperative discharge (12). Several risk factors were identified, based on retrospective correlations or single time point correlations. A study in 106 scoliosis patients found that total opioid consumption during the acute postoperative period was not related to pain, pain medication or functional activity 6 months after surgery (13). Preoperative pain, described in 35%–78% of patients, as well as the patient's perception of the severity of the deformation have been found important predictors for CPSP, while there is no clear evidence of a relationship between the magnitude of curve correction and risk of CPSP (10, 14, 15).

CPSP often shares characteristics of chronic neuropathic or nociplastic pain (1), for which continuous preoperative pain over 3 months as well as post-operative morphine consumption have been suggested as predictors (4).

Impaired pain modulation (16) and temporal summation (17) have been suggested as important contributing factors to CPSP. To diagnose impaired pain modulation, and more specifically the related descending inhibition or delayed recovery from central sensitization, Quantitative Sensory Testing could be a promising diagnostic tool (18). It consists of a panel of diagnostic tests, of which Thermal Quantitative Testing (T-QST) is one, used to assess somatosensory function and to define specific sensory profiles. While T-QST is mainly used in research settings to evaluate neuropathic pain, in the clinical setting it may be useful to predict the tendency of patients to develop chronic pain (19, 20). We hypothesized that an increased sensitivity to pain induced by warmth and/or cold expressed as lower pain thresholds for warmth or higher pain thresholds for cold are significantly related to patients' higher risk of acute pain and CPSP after scoliosis surgery.

In this exploratory study, we assessed the postoperative pain trajectory, and the prevalence of CPSP at 1 year after scoliosis surgery. We also explored the predictive value of preoperative T-QST for the development of acute and chronic pain after scoliosis surgery in adolescents.



Methods


Study design

This was a single-center, prospective cohort study performed from October 2016 through January 2019 in the Erasmus MC Sophia Children's Hospital, a tertiary children's hospital in Rotterdam, the Netherlands. Since this was not a Randomized Controlled Trial the study was not notified in a trial register, therefore approval for this study was obtained from the hospital's Ethics Review Board (MEC 2015-704).

The manuscript was prepared according the STROBE guidelines (21).



Subjects

Inclusion criteria were: age between 11 and 18 years old, planned for scoliosis surgery, and signed informed consent by subjects and/or parents/caregivers (according to the Dutch Medical Research Involving Human Subjects Act). Because scoliosis is regularly seen in adolescents with cognitive impairment; we conducted this study in adolescents with and without cognitive impairment if T-QST measurement was possible.

Exclusion criteria were: contra-indication for epidural analgesia, scoliosis surgery combined with other orthopedic surgical procedures. In addition, subjects who would not receive the standardized anesthesia or the protocolled postoperative analgesia were excluded.



Outcomes

Primary outcome: prevalence of CPSP (defined as surgery-related pain lasting for more than three months postoperatively) at one year postoperatively, defined as a self-reported Numeric Rating Scale (NRS) ≥ 4 in rest or when moving. Furthermore, we followed the course of postoperative pain during the first year after scoliosis surgery.

Secondary outcomes: prevalence of acute postoperative pain, evaluated by pain score (NRS ≥ 4) and need for rescue medication, the relationships between pre-operative T-QST results and chronic postoperative pain at one year, as well as acute postoperative pain.

Furthermore: the magnitude of curve correction and postoperative and chronic pain, the number of times NRS ≥ 4, and the cumulative number and dose of rescue analgesics.

The latter was additionally assessed in patients with cognitively impairment whether this condition influenced postoperative analgesic treatment.



Measurements


Pain scores

For pain assessment, we used the NRS-11, a self-report scale of pain intensity with a rating of 0–10, which has been validated for use in children and adolescents (22–24). NRS scores of 4 and higher indicate substantial pain that should be treated. For cognitively impaired patients with a developmental age under 7 years self reports by means of the Faces Pain Scales-Revised (FPS-R) (25) was used and subsequently converted to a score between 0 and 10 as previously described by Hicks et al. (26).

The “Douleur Neuropatique en 4 questions” (DN 4) has been developed in France to assess the presence of neuropathic pain in four questions, and is widely appreciated as most suitable for clinical use (27, 28). Although this scale has been validated for Dutch adults and not for children or patients with a mild cognitive impairment, we used this in the absence of a validated neuropathic scale for pediatric patients (29, 30). For this study we used the DN4 with 7 items (DN4-7) with a cut-off score of 4, consisting of the patients description, character and symptoms of the pain, indicating the presence of neuropathic pain (30). During the follow up visits the DN4 was only used in case of substantial pain (NRS > 4) and a suggested neuropathic character (if the child used descriptors such as “burning”, “electrical sensations”, or “pinpricks”).

To avoid parental influence during measurements parents were asked not to intervene during T-QST measurements and pain assessment.



T-QST measurement

To evaluate pain sensitivity, we determined thermal detection- and pain thresholds using the Thermal Sensory Analyzer (TSA type II, Medoc Ltd. Advanced Medical Systems, Ramat, Israel) with a Peltier-based contact thermode. Thermal Quantitative Sensory Testing (T-QST) consists of the Method of Limits (MLI); by which we measured detection thresholds and pain thresholds (reaction time dependent) and the Method of Levels (MLE); measures only detection thresholds (reaction time independent) (31).

For all measurements, the thermode was attached to the thenar of the non-dominant hand. With the MLI, subjects receive four successive ramps of gradually increasing or decreasing temperature and are asked to press a button as soon as a first sensation of pain is perceived.

Pressing the switch results in an automatic recording of the temperature and an automatic reset of the probe temperature to baseline value. With the MLE, subjects receive a series of gradually ascending or descending temperature stimuli with a preset destination temperature, after which the temperature of the probe returns to baseline. Immediately following each stimulus the subject is asked whether he/she feels pain or not.

The baseline temperature was set at 32°C, the minimum temperature at 0°C and the maximum temperature at 50°C. Generally for children with a prolonged reaction time, e.g., due to cognitive impairment or (neuro) muscular disease, the method of levels (MLE) is used, which is reaction-time independent (32, 33). For this study we tested in advance in patients with cognitively impairment or muscular disease whether they were capable either to press the button of the TSA or to react verbally in which case the tester immediately pressed the button. Children who were unable to press the button or react verbally were excluded from the T-QST measurement. To avoid large variation in measurements, the T-QST tests were performed by one researcher (AB) or one pain consultant.



Other scores

To assess pain in adolescent idiopathic scoliosis and the impact of surgery, we used the Scoliosis Research Society instrument (SRS-30), the most recent version of a patient-reported outcome questionnaire for this specific population (34–36).

To assess cognitive level, adaptive behavior was established with the Vineland Adaptive Behavior Scales-II (VABS-II). The expanded standardized questionnaire consists of 597 items divided over the five main domains: adaptive behavior composite, communication, daily living skills, socialization and motor skills (37). The parent or caregiver is asked whether the child actually does the particular activity, scored as 0 (never), 1 (sometimes or partially), or 2 (usually). The VABS standard adaptive score is standardized and normed for age and can be used from birth to 90 years of age. The motor skills questions pertain to children aged 6 years or younger, and therefore we excluded these 106 questions. For this study, the Dutch version of the Vineland-II was used, during a telephone interview in the week after informed consent (38). Adolescents who scored minus 2 SD were considered mildly cognitively impaired. Information regarding VABS standardization, validity and reliability can be found in the Survey Forms Manual (37).




Study procedures


Preoperative

Informed consent from parents/legal guardians and/or subjects was obtained preoperatively. To assess a subject's cognitive level, the parents were interviewed by telephone to establish the level of adaptive behavior with the VABS-II. At a preoperative visit, the child's pain history was taken. The DN 4–7 items was part of the standard preoperative pain history. In addition, T-QST was performed as described earlier.



Postoperative

During the first seven postsurgical days pain assessment was performed by means of the NRS at least 3 times a day and all analgesics were registered. The participants were called 7 and 14 days after discharge to inform about the use of rescue medication.

Follow up visits took place at 6 weeks, 3 months, 6 months and 12 months, combined with the regular visits to the orthopedic outpatient clinic. During these visits, pain scores were assigned, and T-QST measurement was performed. A measurements timeline is shown in Figure 1.


[image: Figure 1]
FIGURE 1
Timeline measurements. V, visit.


Before and after surgery, the severity of the deformation (Cobbs angle) was measured independently by two orthopedic surgeons. If opinions differed, consensus was reached after discussion in all cases.




Standardized anesthesia/pain protocol

Standardized anesthesia and postoperative pain treatment protocols were applied. Induction was performed using 3–4 mg/kg propofol IV or by mask with sevoflurane in O2-air mixture after which IV access was introduced. Patients received IV sufentanil 0.3 mcg/kg and rocuronium 0.6 mg/kg followed by tracheal intubation and ventilation. Anesthesia was maintained using IV propofol 6–10 mg/kg/h in combination with IV sufentanil 0.2–0.4 mcg/kg/h and remifentanil 0.1–0.5 mcg/kg/min. When vital signs indicated pain according to the anesthesiologist 1–2 mcg/kg clonidine IV was given.

Monitoring was done by means of ECG, O2-saturation, arterial blood pressure, end-tidal CO2, central venous pressure, EEG depth of anesthesia monitoring and somatosensory evoked potentials.

Before end of surgery, the orthopedic surgeon placed two epidural catheters under direct vision, one at the cranial side and one at the caudal side of the wound. A loading dose of 0.1 ml/kg ropivacaine 2 mg/ml was given on each catheter followed by a continuous infusion of 0.1 ml/kg of a standard mixture of ropivacaine 2 mg/ml with sufentanil 0.5 mcg/ml. In addition, oral paracetamol 90 mg/kg/day was given in a 6 h interval (tapered off to 60/mg/kg/day on postoperative day four), together with oral diclofenac 3 mg/kg/day in an 8 h interval. Postoperative rescue medication consisted of a bolus of 0.1 ml/kg of the ropivacaine/sufentanil mixture on each epidural catheter, if needed 1 mcg/kg clonidine on each catheter.

In case of technical problems with the epidural catheters an IV PCA-pump of morphine 15 mcg/kg/h with a bolus of 15 mcg/kg and lock-out time of 10 min was started with esketamine 100 mcg/kg/h IV or clonidine 0.1 mcg/kg/h as optional additives. In case of severe muscle pain, oral diazepam 5 mg 3 times daily was started.

At postoperative day four, twice-daily 10 mg oxycodone oral slow release was started followed by discontinuation of the epidural or IV-medication. This regimen was continued for two weeks postoperatively together with paracetamol/diclofenac. Oral oxycodone instant release 5 mg maximum 4 times/day was prescribed as rescue therapy. Patients who were unable to take tablets received a Buprenorphin patch of 5 mcg/h with oral morphine formula 0.3 mg/kg up to 6 times daily as rescue medication for two weeks.



Statistical analysis

Primary outcomes: descriptive statistics were applied to present the prevalence of CPSP one year after surgery and the course of pain during the first year postoperatively. These data are presented by means of a heat map plot.

Secondary outcomes: Relationships were tested using Spearman's rho, groups were compared using a Mann–Whitney U test. Associations between chronic preoperative pain (more than 3 months pain yes/no) and CPSP and the number of times NRS ≥ 4 during the first seven days postoperatively and CPSP were tested with chi-square tests. Univariable ordinal logistic regression by means of the PLUM procedure in SPSS was used to establish whether preoperative T-QST measurement predicts postoperative analgesic requirement. For this analysis, the number of times an analgesic rescue dose was administered during the first week postoperatively was recoded into three categories: 0, no rescue medication; 1, 1 through 4 times; and 2, at least 5 times.

Normally distributed data are presented as mean and standard deviation (SD); non-normally distributed data as median and interquartile range (IQR). Data are summarized using standard descriptive statistics.

All analyses were conducted with IBM SPSS statistics version 25. (IBM-Corp., Armonk, NY, USA) and GraphPad Prism 9.5.1 for MacOS (GraphPad Software, San Diego, CA, USA). All statistical tests were two-sided with a significance level of 0.05.




Results


Participants

During the inclusion period, seventy-six patients were eligible for inclusion. Two of them had undergone surgery before they could be included, and 29 others did not give informed consent; thus, 45 participants were enrolled. Six participants did not complete the study for various reasons (See Figure 2).


[image: Figure 2]
FIGURE 2
Inclusion of patients.




Descriptive data

In total 39 patients (26 girls) with a mean age of 13.9 (SD 1.9) years completed the study. Twenty-eight (72%) had been diagnosed with an idiopathic scoliosis; the 11 others with a congenital or musculoskeletal disorder. Seven could be classified as (mildly) cognitively impaired. The included participants with a mild cognitive disability were all able to provide the information and answer the questions, which was confirmed by the caregivers.

In three cases, one postoperative T-QST measurement was missing; in two because the patient missed the appointment, and in one because the patient refused the measurement during follow up at 6 months. For one cognitively impaired patient T-QST measurements were not possible and in 2 of these patients it was impossible to assess a DN4-7 items questionnaire.

Preoperatively, 35 (89.7%) participants reported pain of which 7 reported an NRS of 4 or higher with a median of 6 (IQR 4–7). In all cases participants suffered from dorsal pain located in the region of the scoliosis without a particular irradiation pattern. Their median NRS during rest was 2 (IQR 0–5) and during activities 8 (IQR 5–8). (See Table 1 for the Baseline characteristics).


TABLE 1 Baseline characteristics.

[image: Table 1]

An overview of median pain scores and T-QST per postoperative visit at our outpatient pain clinic can be found in Supplementary S1 and S2.



Primary outcomes

One year postoperatively, 10 participants (26%) still suffered from CPSP, in all 10 during movement, and in two of them (5%) at rest, median NRS 6 (IQR 4–7) during movement. Of the 10 children with a DN4-7 items score of ≥4 prior to surgery 2 still scored ≥4 after 12 months. Two other patients developed postsurgical neuropathic pain resulting in a 10.3% prevalence of neuropathic pain one year postoperatively. (See Figure 3).


[image: Figure 3]
FIGURE 3
Heat map plot of the postoperative pain course.




Secondary outcomes


Postoperative pain and analgesics

During the first postoperative week (days 0–7), a total of 1,118 NRS scores were recorded [median per patient 30 (IQR 23–33)]. Thirty-five participants reported in total 400 NRS scores ≥ 4 [median 9 (IQR 3–15)] and 78 NRS scores ≥ 7 [median 2 (IQR 0–4)]. Eighteen participants, who reported at least once an NRS ≥ 4, received rescue medication. Of the seven cognitively impaired adolescents, one reported an NRS ≥ 4 once and received rescue medication, while three others received rescue analgesics not based on an NRS ≥ 4.

During the first three postoperative days, twelve participants (31%) reported pain, despite the administration of epidural analgesia, and received a clonidine epidural bolus (1 mcg/kg) as rescue medication; four others needed conversion to PCA morphine. Four (10%) other children received IV clonidine continuously in addition to epidural analgesia, and one received esketamine IV continuously in addition to epidural analgesia. Thirteen (33%) participants developed myalgia postoperatively, which was treated with diazepam. After removal of the epidural catheters and during admission, twenty-seven participants received on average 4 doses (IQR 3–7) oral oxycodone immediate release (5 mg) as rescue medication besides the standard oral oxycodone slow-release according to protocol.



Pain after discharge

During fourteen days after discharge, nineteen participants used oxycodone immediate release median 6 times a day (IQR 2–15) besides the standard oxycodone slow release, up to a maximum 4 weeks post-discharge.

Based on the SRS-30 outcome at six weeks follow up, twenty-four participants (69%) had experienced pain during the past month, and five of them used mild analgesics on a regular basis. An indication for persistent pain was not found in the group of children with cognitive impairment.



Relationship of clinical characteristics and CPSP at one year

All 10 participants diagnosed one year postoperatively with CPSP had reported a preoperative NRS of ≥4, compared to 4 out of the 29 participants without CPSP.

All ten had reported an NRS ≥ 4 at least once during the first postoperative week, and eight of them even an NRS ≥ 7.



T-QST measurements and chronic pain

The preoperative cold pain threshold in participants with CPSP one year postoperatively, was significantly lower (less sensitive) than that in children without CPSP (NRS ≥ 4; median 8.0 (IQR 0.8–16.0) vs. NRS < 4; median 19.0 (IQR 12.7–22.5), p = 0.002). The other T-QST measurements did not differ between those with and those without CPSP (Table 2).


TABLE 2 Thermal-QST measurement and pain at 12 months.

[image: Table 2]



Relationship of preoperative T-QST measurement with NRS and rescue medication

The preoperative cold {−0.426 [95% Confidence Interval (CI) −0.66 to −0.12]; P = 0.009} and heat [0.392 (95% CI 0.083–0.632); P = 0.016] pain thresholds (method of limits) were significantly related to the number of times an NRS ≥ 4 was reported during the first week postoperatively (Table 3), but not to the cumulative postoperative analgesic requirement (Table 4).


TABLE 3 Spearman's rho correlation between preoperative thermal-QST measurements and number of pain events (NRS ≥ 4) during one week postoperatively and thermal testing measurements.

[image: Table 3]


TABLE 4 Ordinal logistic regression between the number of rescue analgesics and a possible prediction of the thermal-QST measurements at start.

[image: Table 4]



Cognitive impairment and T-QST

Six out of the seven cognitively impaired participants (Vineland score of minus 2 SD) were able to finish all T-QST measurements, in one participant this was not possible.

Nevertheless, we noted that T-QST measurements and pain self-reporting are possible for most children with a minus 2 SD level on the Adaptive Behavior of the Vineland scale.



Scoliosis angle severity and correction

We found no evidence of a relationship between the degree of correction after scoliosis surgery and the risk for postoperative or chronic pain.





Discussion

In this prospective, exploratory cohort study, preoperative, acute and chronic postoperative pain were evaluated in the same adolescents undergoing scoliosis surgery. We found that, 10 out of 39 (26%) adolescents patients had chronic postsurgical pain (CPSP) one year after surgery. More specifically, all patients experienced pain at moving and 2 also at rest. According to the DN4-7 items score, 4 patients experienced neuropathic pain (30). The 26% prevalence of chronic pain in this cohort was significantly lower than the 38% to 53% reported in previous studies, which in almost all cases concerned neuropathic pain (4, 39). Considering that almost 90% of our patients reported pain before surgery, and an important secondary outcome for surgery is chronic pain, the observed reduction in prevalence and severity of pain of one year after surgery is significant and suggests a positive effect on pain relief of scoliosis surgery. At the same time a chronic pain prevalence of 26% is unsatisfactory.

Our study also showed, that despite a structured postoperatively pain protocol, many patients still experienced significant pain in the direct postoperative period, for which additional clonidine and strong opioids were needed. This is disappointing, as we expected that a strict pain protocol with an epidural followed by a strong opioid would minimize acute pain. Interestingly, we did not find a relationship between patients in need for strong rescue medication and CPSP at one year postoperatively, which suggests that other biological or psychological factors play a role at different stages postoperatively.

To better understand, and potentially prevent or treat, chronic pain after scoliosis surgery, we explored the relationship between pain sensitivity, using T-QST and pain reporting pre- and postoperatively.

We found a correlation between preoperative T-QST values and moderate to severe acute pain after scoliosis surgery as well as with chronic pain. We found a relationship between the preoperative cold pain threshold and the persistence of chronic pain (p = 0.002) one year after scoliosis surgery. In contrast to our expectations this threshold was lower for patients with CPSP than for patients without CPSP, i.e., the CPSP-patients were less sensitive to cold pain. On the other hand and in line with our expectations, we found a positive correlation between the preoperative cold pain threshold (method of limits) and the number of times an NRS ≥ 4 was reported during the first week postoperatively.

Enhanced pain sensitivity caused by impaired pain modulation or delayed recovery from central sensitization might be a factor in the transition from acute to chronic pain (16, 40). However, pain thresholds measured postoperatively did not differ between our patients with and without CPSP. In contrast, Teles and colleagues showed with a more extended QST test, including a conditioning stimulus, impaired pain modulation by an inefficient pain inhibitory response in almost half of 94 patients with adolescent idiopathic scoliosis and chronic back pain (16). Unfortunately, they did not test the patients in relation to surgery. To limit the burden to the participants in our study, we did not include the use of a conditioning stimulus. In a review concerning different types of surgery in adults, thermal heat pain and temporal summation of pressure pain showed most association with acute or chronic pain after surgery (41). A more recent review and meta-analysis showed that more dynamic QST parameters i.e., temporal summation of pain and conditioned pain modulation have the most predictive value for chronification of pain (17). Both tests require extensive cooperation of patients specifically, if it has to be repeated multiple times in the postoperative course. Knowing our adolescent population well, we expected a high study dropout if we would include these extensive QST measurements and hence, pragmatically decided to more extensive testing. Therefore, in our study in adolescents we limited ourselves to T-QST testing. Still, considering our unexpected findings more research is recommended to test the hypothesis that patients with impaired pain modulation are at risk to develop chronic pain after surgery.

Furthermore, it would be worthwhile to test whether perioperative pain reducing interventions can influence the postoperative pain course. Several approaches have been suggested to prevent chronification of postoperative pain after spinal surgery, such as the use of epidural analgesia including opioids, non-steroidal anti-inflammatory drugs, gabapentinoids, and NMDA-antagonists (42). The use of intravenous ketamine, as an NMDA-antagonist, to reduce postoperative opioid consumption until six weeks postoperatively has shown benefits in lumbar back surgery in adults (43), whereas others did not find this benefit in scoliosis surgery in adolescents (44). Other previous studies have focused on the use of perioperative gabapentin and showed contradicting results on postoperative opioid consumption without an effect on chronic pain (4, 45, 46). Differences in pre-operative pain sensitivity in the patient populations studied may have contributed to these disparate results. Personalized pain treatment based on pre-operative pain sensitivity may be another option to improve pain outcomes after scoliosis surgery.

To further individualize pain treatment for children with scoliosis, a much larger prospective, multicenter multinational cohort may needed; its design could be guided based on the results from our prospective cohort results and those of retrospective studies. We believe our data support the inclusion of patients with non-idiopathic scoliosis in such studies, either as part of the larger cohort or as subgroups.


Limitations

We did not perform a power analysis before start of the study, as this was an exploratory study aimed to collect data to guide the design of future prospective studies. As this was a very time-intensive prospective study with one year follow-up and an explorative aim, we used a convenience cohort.

The small number of participants is an important limitation of the study. Especially, the group of cognitively impaired patients was too small to make definite conclusions on the relationship between T-QST testing and postoperative pain for this specific patient population.

The T-QST measurements focused on heat and cold pain thresholds. It would have been of additional value if we had also determined the mechanical detection threshold using von Frey filaments, as described by Rolke et al. (19) or tests focussing on Temporal Summation or Conditioned Pain Modulation (17). Due to practical limitations of our clinical setting this was not an option.

Lastly, we used the DN4 test to identify neuropathic pain. This test has neither been validated for the pediatric population nor for patients with a mild cognitive impairment (VABS minus 2 SD), but is also used in other studies concerning scoliosis surgery in adolescents (4).

Still, the study participants were able to give a good description of the nature of their pain. Hence, we considered the use of this tool warranted for diagnosing neuropathic pain.




Conclusions

Despite thorough perioperative pain medication, 26% of the participants in this exploratory study experienced CPSP one year after scoliosis surgery, some with neuropathic characteristics. We found some evidence for a correlation between preoperative heat/cold pain thresholds and acute postoperative pain, as well as chronic pain. The inverse correlation between the preoperative cold pain threshold and the development of chronic pain after scoliosis surgery remains unexplained. Nevertheless, we believe our exploratory data show potential for QST testing to improve our understanding and prevention of chronic pain in this population.
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