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Background: Neuropathic pain (NP) is a common and severe problem following spinal cord injury (SCI). However, its relationship 
with functional outcome remains unclear.
Methods: A retrospective explorative analysis was performed on SCI patients admitted to a tertiary academic medical center between 
January 2018 and June 2022. The candidate predictor variables, including demographics, clinical characteristics and complications, 
were analyzed with logistic and linear regression. Spinal Cord Independence Measure (SCIM) scores at discharge and mean relative 
functional gain (mRFG) of SCIM were as outcome parameters.
Results: A total of 140 SCI patients included for the final analysis. Among them, 44 (31.43%) patients were tetraplegics, and 96 (68.57%) 
patients were paraplegics; 68 (48.57%) patients developed NP, and 72 (51.43%) patients did not. Logistic and linear regression analyses of 
SCIM at discharge both showed that NP [OR=3.10, 95% CI (1.29,7.45), P=0.01; unstandardized β=11.47, 95% CI (4.95,17.99), P<0.01; 
respectively] was significantly independent predictors for a favorable outcome (SCIM at discharge ≥ 50, logistic regression results) and higher 
SCIM total score at discharge (linear regression results). Besides, NP [unstandardized β=15.67, 95% CI (8.94,22.41), P<0.01] was also 
independently associated with higher mRFG of SCIM scores. Furthermore, the NP group had significantly higher mRFG, SCIM total scores 
and subscales (self-care, respiration and sphincter management, and mobility) at discharge compared to the non-NP group. However, there 
were no significant differences in mRFG, SCIM total score or subscales at discharge among the NP subgroups in terms of locations (at level 
pain, below level pain, and both) or timing of occurrence (within and after one month after SCI). This study also showed that incomplete injury, 
lumbar-sacral injury level and non-anemia were significantly independent predictors for a favorable outcome, and higher mRFG of SCIM 
scores (except for non-anemia).
Conclusion: NP appears independently associated with better functional recovery in SCI patients, suggesting the bright side of this 
undesirable complication. These findings may help to alleviate the psychological burden of NP patients and ultimately restore their 
confidence in rehabilitation.
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Introduction
Spinal cord injury (SCI) is a debilitating condition which often leads to long-term or permanent mobility disability, 
chronic risk of various complications, and requires extensive medical resources.1,2 An epidemiology study showed that 
the overall global incidence of SCI was 10.5 cases per 100,000 persons.3 Although mobility is the most critical factor 
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determining functional outcome,4 additional sequelae such as neuropathic pain (NP), bladder and rectum dysfunctions 
also decrease quality of life considerably.5,6

NP is one of the most common complications following SCI, with an incidence rate of 30–59%.7,8 The mechanisms 
of NP remain obscure. Residual structures and the neuroplasticity in spinal cord and cortices may contribute to the cause 
of NP.9 Persisting nociceptive stimuli in residual afferents increase spontaneous ectopic activity in injured myelinated 
afferents and the corresponding dorsal root ganglion (DRG) neuronal bodies, inducing alterations in discharge and 
excitability of the thalamus, which may contribute to the genesis of NP.9–11

The existing treatments for NP have limited success. Although drugs such as calcium channel modulator, opioids and 
tricyclic anti-depressants, have been recommended as the main treatment of NP, whereas only about 1/3 patients receive 
pain relief, and some patients have no choice but to stop the drugs because of the severe side effects.7 This is mainly 
because the targets of most conventional drugs exist both inside and outside the pain signal pathways. An animal study 
suggested that the Human Mas-related G protein-coupled receptor X1 (MRGPRX1) in trigeminal ganglia and DRG may 
be a potential target for pain relief because of its restricted expression in primary nociceptive neurons. Activation of 
MRGPRX1 attenuates inflammatory and NP-related behavior in rodent models.12 However, there is a long way to go 
before it can be translated into clinical application. In addition to drug treatments, noninvasive brain stimulation (NIBS), 
such as repetitive transcranial magnetic stimulation (rTMS), is widely used in clinic at present. Accumulated researches 
have demonstrated that rTMS can relieve pain in SCI patients with NP. However, rTMS is not effective for NP in all 
patients.

NP may influence sleep, emotional regulation, employment, and overall quality of life significantly.7,8 Besides, it is 
reported that remarkably higher health care resource utilization and total costs are incurred by SCI patients with NP 
compared with those without.13 NP therefore places heavy mental and economic burdens on SCI patients and their 
family, and considered as an unfavorable factor for the rehabilitation process. However, the presence of NP may also 
imply functional spinothalamic tracts below the level of injured spinal cord, as these sensory tracts are responsible for 
transmitting pain.14 This would suggest that the injury may be incomplete, especially in patients diagnosed with complete 
injury by clinical examination. Besides, several studies have reported that spinal cord lesion induces neuroplasticity. For 
example, reorganization within the central and peripheral nervous systems, which may contribute to motor recovery 
following SCI,15,16 while neuroplasticity might also be responsible for the development of NP.17 Hyperactivity and 
reorganization of the motor-related cortices and spinal cord have been observed in SCI patients with NP.18,19 Our recent 
studies revealed that high-frequency repetitive transcranial magnetic stimulation (rTMS) over the motor cortex could 
alleviate SCI-related NP, enhance motor-evoked potential (MEP) amplitude, and ameliorate motor cortex 
hypersensitivity.6,19 All the above suggest potential interaction between NP and favorable functional outcome.

Therefore, we speculated that SCI patients with NP might have better functional recovery than those without. The aim 
of this study was to investigate the relationship between NP and the degree of functional recovery of SCI patients, and to 
further analyze the differences in functional outcome of NP and non-NP groups as well as NP subgroups, in terms of the 
location and occurrence time of NP.

Methods
Study Settings and Participants
The study was conducted in the inpatient general rehabilitation unit at Xi-Jing Hospital, a tertiary academic medical care 
institution in Xi’an, People’s Republic of China. Participants 18 years and older hospitalized with SCI between 
January 2018 and June 2022 were recruited for this study. Exclusion criteria were: (1) severe coexisting systemic 
disease, such as cancer, neurologic or mental disorders, etc.; (2) American Spinal Injury Association (ASIA) impairment 
scale (AIS) graded E; (3) length of stay (LOS) < 10 days; (4) incomplete assessment data. This study complies with the 
Declaration of Helsinki and was approved by the Institutional Review Board of the medical center (No. KY20222096- 
C-1). Additional informed consent was not required due to the retrospective observational study design.
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Data Collection
Predictor variables with a possible association with rehabilitation were retrospectively collected in a deidentified manner. 
Three variables concerned demographics: (1) gender; (2) age; (3) education level, categorized as low (junior high school 
education or below), medium (senior or vocational high school education), or high (university education or above);20 (4) 
career, categorized as manual, intellectual, or other.21

LOS and duration of SCI were also collected since they were important factors for functional outcomes.
Two variables concerned medical history: (1) diabetes, defined as fasting plasma glucose (FPG) ≥ 7.0 mmol/L; 

2-h plasma glucose (PG) ≥ 11.1 mmol/L; classic symptoms of hyperglycemia or hyperglycemic crisis, a random plasma 
glucose ≥ 11.1 mmol/L; HbA1c ≥ 6.5%; self-reported physician-confirmed diagnosis;22 (2) hypertension, defined as 
systolic blood pressure (SBP) ≥ 140 mmHg and/or diastolic blood pressure (DBP) ≥ 90 mmHg by repeated examination 
or self-reported hypertension treatment with antihypertensive medications;23 both were coded as present or absent.

Three variables were related to injury condition: (1) cause of injury, coded as heavy pound, traffic accidents, fall, or 
other;24 (2) injury level, based on the International Standards for Neurological Classification of Spinal Cord Injury 
(ISNCSCI)25 and coded as cervical, thoracic, or lumbar-sacral;26 (3) injury severity, classified according to the AIS and 
coded as complete (AIS A) or incomplete (AIS B, C and D).27

Six variables involved complications after SCI: (1) anemia, defined as hemoglobin concentration less than 13.0 g/dL 
for males or 12.0 g/dL for females;28 (2) venous thrombosis (VT), confirmed by ultrasound;29 (3) pressure ulcers, 
diagnosed by physician examination;30 (4) urinary tract infection (UTI), diagnosed according to reported signs and 
symptoms, and urine culture results;23 (5) hypoproteinemia, defined as serum albumin concentration < 30 g/L;31 (6) NP. 
The diagnosis and classification (at level pain, below level pain, or both) of NP were based on the Spinal Cord Injury 
Pain Instrument (SCIPI)32 and the International Spinal Cord Injury Pain Classification (ISCIP),33 both were specially 
designed for NP in patients with SCI.7,34 All the above factors were coded as present or absent.

Definition of Outcomes
The third version of Spinal Cord Independence Measure (SCIM III, simplified as SCIM in the following) total score at 
discharge was used to measure functional outcome. SCIM is recognized as the best comprehensive, SCI-specific 
functional status instrument,35 and it is extensively applied in SCI.25 The SCIM scale consists of 19 items which are 
organized into three subscales: self-care, respiration and sphincter management, mobility. To distinguish between good 
and poor outcome, an SCIM total score at discharge cutoff was applied: scores < 50 were defined as poor and scores ≥ 50 
were defined as good outcome.

Since the final functional status does not take injury severity and level and thus rehabilitation potential into account, 
certain rehabilitation impact indices have been devised to give consideration to the baseline functional condition, 
including mean relative functional gain (mRFG) and absolute functional gain (AFG).36 Among them, mRFG, which 
has been widely used in related researches, is considered superior to AFG because the latter does not consider the 
potential maximal functional improvement.37

Therefore, the outcomes included the following: (1) mRFG, which quantifies the amount of functional gain achieved 
as a percentage of the total functional gain possible using the formula (Discharge Total SCIM – Admission Total SCIM) / 
(Maximum Total SCIM Score – Admission Total SCIM) ×100%; (2) the SCIM a) total score (max total score of 100), b) 
self-care sub-scale, reflecting the ability to wash and dress (max total score of 20), c) respiration and sphincter 
management sub-scale, reflecting respiration, bladder and rectum function (max total score of 40), and d) mobility sub- 
scale (max score of 40). These sub-scales represent some of the most significant problems among patients with SCI.38

Statistical Analysis
All statistical analyses were conducted using IBM SPSS Statistics version 16.0. Continuous variables were presented as 
mean ± SD (normally distributed) or median and quartile range (QR, not normally distributed). Categorical variables 
were presented as counts and percentages. Chi-square tests were performed for categorical variables, and Mann–Whitney 
U-tests (not normally distributed) or Student’s t-tests (normally distributed) for continuous variables were conducted in 
univariate comparisons of clinical and demographic variables. A forward stepwise multivariate logistic regression was 
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then performed in order to identify independent predictors of SCIM at discharge dichotomized. Results were expressed 
by odds ratio (OR) and 95% confidence interval (CI). To evaluate the effect of NP on functional gain, and to control for 
confounding effects of relevant demographic and clinical factors, we conducted linear regression analyses for each 
outcome variable separately (SCIM at discharge and mRFG). For all the tests, values of P<0.05 were considered 
statistically significant.

Results
Study Population
Between January 2018 and June 2022, 201 patients with SCI were admitted to the study hospital. Nine patients <18 years 
old were excluded. Of the 192 adult patients with SCI in the study population, 6 with serious disease, 2 with AIS graded 
E, 5 with LOS < 10 days, and 39 with incomplete assessments were excluded. A total of 140 SCI patients with complete 
assessments were included for the final analysis (Figure 1). The demographic and clinical characteristics of the 
individuals with or without complete assessments were comparable (Supplementary Table 1).

Among 140 SCI patients included, 44 (31.43%) patients were tetraplegics, and 96 (68.57%) patients were paraplegics; 
68 (48.57%) patients developed NP, and 72 (51.43%) patients did not by the end of data collection. According to the time 
of pain occurrence, 33 (48.53%) patients were within one month and 35 (51.47%) were after one month since injury. In 
terms of pain location, 15 (22.06%) cases were at-level pain, 23 (33.82%) cases were below-level pain, and 15 (22.06%) 
cases were both.

Figure 1 Study patient flowchart. 201 patients with SCI were admitted between January 2018 and June 2022. Nine patients <18 years old were excluded. Of the 192 adult 
patients with SCI in the study population, 6 with serious disease, 2 with AIS graded E, 5 with LOS <10 days, and 39 with incomplete assessments were excluded. 140 patients 
with complete assessments were included for the final analysis. 
Abbreviations: SCI, spinal cord injury; AIS, American Spinal Cord Injury Association impairment scale; LOS, length of stay; SCIM, Spinal Cord Independence Measure; 
mRFG, mean relative function gain; NP, neuropathic pain.
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Univariate Analyses and Multivariate Logistic Regression of SCIM at Discharge 
Dichotomized
The 140 included SCI patients were then divided into either the poor prognostic group (n=77, SCIM≥50) or the good 
prognostic group (n=63, SCIM<50). Univariate analysis indicated no differences between the two groups with respect to most 
demographic characteristics except for gender (Table 1). Regarding clinical characteristics, SCIM outcomes were significantly 
different among injury level (P<0.01), injury severity (P<0.01), anemia (P=0.01), and NP (P=0.01). However, there were no 
differences between the two groups in other clinical factors, including LOS and duration of SCI (Table 1).

Therefore, gender, injury degree, injury level, anemia, and NP were entered into the multivariate logistic regression 
analysis. The results showed that NP [OR=3.10, 95% CI (1.29,7.45), P=0.01], non-anemia [OR=2.99, 95% CI (1.22,7.30), 
P=0.02], incomplete injury [OR=13.52, 95% CI (5.16,35.42), P<0.01], and lumbar-sacral injury level [OR=6.22, 95% CI 
(1.74,22.18), P=0.01] were significant independent predictive factors for good prognostic outcome (Figure 2).

Table 1 Univariate Analysis of Functional Outcome

Variable Poor Prognostic Group 
(n=77)

Good Prognostic Group 
(n=63)

t/χ2/Z P

Demographics

Gender

Male/Female 67(87.01%)/10(12.99%) 46(73.02%)/17(26.98%) 4.36 0.04a

Age, mean ±SD, y 41.40±12.79 43.57±13.00 0.32 0.75b

Education

Low 48(62.34%) 35(55.56%) 1.52 0.47a

Medium 20(25.97%) 16(25.40%)

High 9(11.69%) 12(19.05%)

Career

Manual 49(63.64%) 39(61.90%) 0.17 0.92a

Intellectual 7(9.09%) 5(7.94%)

Other 21(27.27%) 19(30.16%)

Clinical characteristics

Cause of injury

Heavy pound 18(23.38%) 9(14.29%) 7.53 0.06a

Traffic accidents 16(20.78%) 10(15.87%)

Fall 31(40.26%) 22(34.92%)

Other 12(15.58%) 22(34.92%)

Injury level

Cervical 27(35.06%) 17(26.98%) 12.44 <0.01a

Thoracic 42(54.55%) 24(38.10%)

Lumbar-sacral 8(10.39%) 22(34.92%)

(Continued)
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Univariate and Multivariate Linear Regression of SCIM at Discharge
The univariate and multivariate linear regression analyses were further performed to validate the relationship between 
predictive factors and SCIM at discharge. Multivariate linear regression demonstrated that the overall model was 
significant (F=22.04, P<0.01, adjusted R2=0.43). The results indicated that NP [unstandardized β=11.47, 95% CI 

Table 1 (Continued). 

Variable Poor Prognostic Group 
(n=77)

Good Prognostic Group 
(n=63)

t/χ2/Z P

Injury severity

Complete 62(80.52%) 18(28.57%) 38.18 <0.01a

Incomplete 15(19.48%) 45(71.43%)

Complications

Diabetes

No/Yes 73(94.81%)/4(5.19%) 59(93.65%)/4(6.35%) 0.00 1.00c

Hypertension

No/Yes 74(96.10%)/3(3.90%) 54(85.71%)/9(14.29%) 3.54 0.06c

Anemia

No/Yes 33(42.86%)/44(57.14%) 21(33.33%)/42(66.67%) 7.90 0.01a

Hypoalbuminemia

No/Yes 49(63.64%)/28(36.36%) 42(66.67%)/21(33.33%) 0.14 0.71a

VT

No/Yes 40(51.95%)/34(44.16%) 40(63.49%)/23(36.51%) 0.84 0.36a

Pressure ulcer

No/Yes 68(88.31%)/9(11.69%) 60(95.24%)/3(4.76%) 2.12 0.15c

UTI

No/Yes 51(66.23%)/26(33.77%) 50(79.37%)/13(20.63%) 2.97 0.09a

NP

No/Yes 49(63.64%)/28(36.36%) 23(36.51%)/40(63.49%) 10.21 0.01a

LOS, median (QR), d 61(37,128) 70(30,135) 0.23 0.82d

Duration of SCI, m

≤1 43(55.84%) 34(53.97%) 1.62 0.65c

1–3 19(24.68%) 13(20.63%)

3–6 6(7.79%) 4(6.35%)

>6 9(11.69%) 12(19.05%)

Notes: Continuous variables are presented as mean ± standard deviation (SD, normally distributed) or median and quartile range (QR, not 
normally distributed). Categorical variables are presented as counts and percentages. Bold font indicates statistical significance (P < 0.05). aChi- 
square test; bStudent’s t test; cFisher’s exact test; dMann–Whitney U-test. 
Abbreviations: SD, standard deviation; y, year; VT, venous thrombosis; UTI, urinary tract infection; NP, neuropathic pain; LOS, length of stay; 
QR, quartile range; d, day; SCI, spinal cord injury; m, month.
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(4.95,17.99), P<0.01], non-anemia [unstandardized β=10.68, 95% CI (4.16,17.19), P<0.01], incomplete injury [unstan-
dardized β=24.82, 95% CI (17.99,31.64), P<0.01], and lumbar-sacral injury level [unstandardized β=16.02, 95% CI 
(6.90,25.13), P<0.01] were independent predictors of SCIM total score at discharge, while the thoracic injury level was 
marginally significant [unstandardized β=7.05, 95% CI (−0.54, 14.64), P=0.07] (Table 2).

Univariate and Multivariate Linear Regression of SCIM mRFG on SCIM and Its 
Sub-Scales
We then performed a linear regression of mRFG of SCIM score to investigate the predictive value of demographic and 
clinical factors for potential maximal functional improvement. Univariate and multivariate linear regression analyses are 
shown in Table 3. Multivariate linear regression showed the overall model was significant (F=17.23, P<0.01, adjusted 
R2=0.32). NP [unstandardized β=15.67, 95% CI (8.94,22.41), P<0.01], incomplete injury [unstandardized β=19.06, 95% 
CI (11.93,26.19), P<0.01], and lumbar-sacral injury level [Unstandardized β=11.43, 95% CI (1.90,20.96), P<0.01] were 
significant predictors of mRFG on SCIM total score, while the thoracic injury level was not [unstandardized β=2.48, 95% 
CI (−5.45,10.40), P=0.54]. Moreover, multivariate linear regressions of mRFG on SCIM sub-scales also revealed that NP 
and incomplete injury were significant predictors (Supplementary Tables 2-4).

Figure 2 Multivariate logistic regression of Spinal Cord Independence Measure at discharge. According to univariate analysis results, gender, injury severity, injury level, 
anemia, and NP were entered into the multivariate logistic regression analysis. The results showed that NP [OR=3.10, 95% CI (1.29,7.45), P=0.01], non-anemia [OR=2.99, 
95% CI (1.22,7.30), P=0.02], incomplete injury [OR=13.52, 95% CI (5.16,35.42), P<0.01], and lumbar-sacral injury level [OR=6.22, 95% CI (1.74,22.18), P=0.01] were 
significant independent predictive factors for good prognostic outcome. 
Abbreviations: NP, neuropathic pain; OR, odds ratio; CI, confidence interval; C, cervical; T, thoracic; L/S, lumbar/sacral.

Table 2 Linear Regressions Predicting Spinal Cord Independence Measure Total Score at Discharge

Predictor (Reference) Univariate Linear Regression Multivariate Linear Regression

Unstandardized β (95% CI) P Unstandardized β (95% CI) P

NP (No)

Yes 16.32(8.27, 24.37) <0.01 11.47(4.95, 17.99) <0.01

Anemia (Yes)

No 14.37(6.19, 22.54) <0.01 10.68(4.16, 17.19) <0.01

Injury severity (Complete)

Incomplete 27.20(19.93, 34.47) <0.01 24.82(17.99, 31.64) <0.01

Injury level (Cervical)

Thoracic 1.69(−7.70, 11.09) 0.72 7.05(−0.54, 14.64) 0.07

Lumbar-sacral 19.42(7.84, 31.00) <0.01 16.02(6.90, 25.13) <0.01

Note: Bold font indicates statistical significance (P<0.05). 
Abbreviations: SCIM, Spinal Cord Independence Measure; CI, confidence interval; NP, neuropathic pain.
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Comparison of mRFG on SCIM and Its Sub-Scales
We further analyzed differences in mRFG between NP and non-NP groups, as well as among NP subgroups. According 
to the Mann–Whitney U analysis, the NP group had a significantly higher mRFG of SCIM total score as well as its sub- 
scales relative to the non-NP group (P<0.05, Figure 3). However, the Kruskal–Wallis H-test showed no statistical 
difference of mRFG among the three NP subgroups (at level pain, below level pain, or both). See Supplementary Table 5 
for details.

Comparison of SCIM and Its Sub-Scales on Admission and Discharge
To determine whether there was any functional status difference at admission and discharge between NP and non-NP 
groups, we compared the SCIM total score and sub-scales. Results showed no significant differences between the two 
groups on the total score of SCIM or its sub-scales at admission. However, the rehabilitation assessments of the NP group 
were significantly superior to those of the non-NP group at discharge (P<0.05, Figure 4). We also investigated the 
rehabilitation assessments across the NP subgroups (at level pain, below level pain, and both), but no statistical 
differences were found, as shown in Supplementary Table 6.

Comparison of mRFG on SCIM Between NP Developed Within and Past One Month 
After Injury
To explore the predictive effect of different timing of NP emergence on functional recovery, we compared the mRFG of patients 
who developed NP within one month [medium (QR), 53.68 (15.04,62.21)] after injury and those over one month [medium (QR), 
39.53 (18.07,54.02)]. However, the result showed that there was no statistically significant difference (P=0.19, Figure 5).

Discussion
In this study, logistic and linear regression analyses were conducted using SCIM at discharge dichotomized or not, 
respectively, as outcome. Linear regression analyses using mRFG as outcome were also performed. Multivariate logistic 
and linear regression of SCIM at discharge showed that NP, non-anemia, incomplete injury, and lumbar-sacral injury level 
were significant independent predictive factors. However, when taking baseline functional condition and rehabilitation 
potential into account, non-anemia was excluded from the mRFG linear regression model. The possible reason is that the 
link between anemia and functional recovery may not be as strong as other three factors mentioned above. mRFG analysis 

Table 3 Linear Regressions Predicting Mean Relative Function Gain of Spinal Cord Independence Measure 
Total Score

Predictor (Reference) Univariate Linear Regression Multivariate Linear Regression

Unstandardized β (95% CI), % P Unstandardized β (95% CI), % P

Gender (Male)

Female 12.03(1.93, 22.13) 0.02 – –

NP (No)

Yes 18.07(10.54, 25.61) <0.01 15.67(8.94, 22.41) <0.01

Injury degree (Complete)

Incomplete 21.95(14.62, 29.28) <0.01 19.06(11.93, 26.19) <0.01

Injury level (Cervical)

Thoracic −2.08(−11.16, 7.01) 0.65 2.48(−5.45, 10.40) 0.54

Lumbar/Sacral 13.88(2.68, 25.09) 0.02 11.43(1.90, 20.96) 0.02

Notes: Bold font indicates statistical significance (P<0.05), “-” means that the factor did not enter the stepwise multivariable regression model. 
Abbreviations: mRFG, mean relative function gain; SCIM, Spinal Cord Independence Measure; CI, confidence interval; NP, neuropathic pain.
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indicated that the above factors except for non-anemia were related to favorable functional outcomes of SCI patients. In short, 
these analyses revealed that NP, as well as injury severity and level, were significantly related to the functional outcome of SCI 
patients. Sufficient evidence has verified that injury severity and level are important determinant factors of SCI functional 
outcome.4 However, few studies investigate the prognostic value of NP. Further analyses revealed that patients with NP had 
superior outcome to those without NP, with respect to mRFG as well as SCIM total score and its subscales. However, there 
were no statistical differences among the NP subgroups (at level pain, below level pain and both), or subgroups that developed 
NP within and over one month after injury in the predictive effects on functional recovery.

SCI often results in severe neurological impairments, including motor, self-care, respiration and sphincter 
dysfunctions.39 Fortunately, a portion of patients experience some degree of functional recovery, and previous researches 
have revealed several possible underlying mechanisms.14,15,40 First, residual neural pathways allow for spontaneous 
recovery. The primary reason for better outcome in patients with incomplete injury compared to complete is more 
residual neural pathways. An electrophysiological study has confirmed the presence of preserved descending motor 
pathways even in individuals with motor-complete SCI.41 These residual descending fibers may sprout into intact 
pathways below the injury level to contact with distal targets.42 MRI studies have indicated that the width of residual 
tissue bridges spanning the lesion may predict functional recovery after SCI.43 Second, molecular and structural 
alterations of synapses and sprouting of axons or dendrites can occur spontaneously after SCI, resulting in anatomical 
reorganization of the central and peripheral nervous systems, such as neuroplasticity.15 Reorganization of the corticosp-
inal tract to the spinal and brainstem pathways has been demonstrated in motor recovery.18 Moreover, a study in animals 
also showed that the reorganization of descending and propriospinal connections may contribute to pronounced func-
tional recovery after SCI.40

Figure 3 Comparison of mean relative function gain on Spinal Cord Independence Measure and its sub-scales between neuropathic pain and non-neuropathic pain groups. 
(A) mRFG of SCIM-total score; (B) mRFG of SCIM-selfcare; (C) mRFG of SCIM-respiration and sphincter; (D) mRFG of SCIM-mobility. * P<0.05. In analyses of comparison 
of mRFG on SCIM and its sub-scales between neuropathic pain and non-neuropathic pain groups, the NP group had a significantly higher mRFG of SCIM total score as well as 
its sub-scales relative to the non-NP group (P<0.05). 
Abbreviations: mRFG, mean relative function gain; SCIM, Spinal Cord Independence Measure; NP, neuropathic pain.
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In this study, the functional prognostic value of NP was verified using both logistic and linear multivariate analyses by 
adjusting the potential confounding factors. Along with the above study that tissue bridges predict better functional 
recovery, an additional study has indicated that these tissue bridges are involved in the development and maintenance of 
NP.44 It has also been suggested that there is preserved function of the spinothalamic tract in most patients with NP 

Figure 4 Comparison of Spinal Cord Independence Measure and its sub-scales between neuropathic pain and non-neuropathic pain groups on admission and discharge. (A) 
SCIM total score; (B) SCIM-selfcare; (C) SCIM-respiration and sphincter; (D) SCIM-mobility. ns, P>0.05, * P<0.05. In analyses of comparison on SCIM and its sub-scales 
between NP and non-NP groups on admission and discharge, there were no significant differences between the two groups on the total score of SCIM or its sub-scales at 
admission. However, the rehabilitation assessments of the NP group were significantly superior to those of the non-NP group at discharge (P<0.05). 
Abbreviations: SCIM, Spinal Cord Independence Measure; mRFG, mean relative function gain; NP, neuropathic pain.

Figure 5 Comparison of mean relative function gain on Spinal Cord Independence Measure total score between subgroups of neuropathic pain developed within and past 
one month after injury. In analyses of comparison on mRFG between NP subgroups among patients developed NP within one month [medium (QR), 53.68 (15.04,62.21)] 
and past one month [medium (QR), 39.53 (18.07,54.02) after injury. The result showed that there was no statistically significant difference (P=0.185, Figure 5). ns, P>0.05. 
Abbreviation: m, month.
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following clinical diagnosis of complete SCI.14 Spinothalamic tract afferents projecting through a damaged spinal cord 
region may contribute to the development of NP.45 In addition to these structural factors, the neuroplasticity following 
SCI, which is necessary for neurological function recovery, is also an important cause of NP.9 Persisting nociceptive 
stimuli in residual afferents induce alterations in discharge and excitability of the thalamus, and these inputs might cause 
cortical reorganization, which may in turn contribute to the onset of NP.14 A study has exhibited a pronounced correlation 
between phantom-limb pain and the degree of reorganization in the primary somatosensory cortex (S1) and thalamus.46 

Therefore, the emergence of NP may probably indicate favorable outcome from the perspectives of residual structures 
and neuroplasticity.

This study also found that the NP group was superior to the non-NP group in multiple functionality dimensions, 
including self-care, sphincter function and mobility, according to SCIM assessments. A previous animal study has 
indicated that bladder function after SCI is related to the plastic changes of bladder afferent pathways and synaptic 
connections in reorganization of the spinal cord.47 The reorganization of synaptic connections in the spinal cord and 
alterations of afferent neurons can induce the formation of a new micturition reflex.48 Changes in the function of 
peripheral regions might increase the expression of neurotrophic factors and subsequently induce neuroplasticity in 
peripheral and spinal neural pathways.49 Regarding mobility, although primary motor cortex (M1) and premotor cortex 
(PMC) are usually considered to be motor-related areas, studies have revealed that these regions play critical roles in pain 
regulation as well.50 A recently published animal study has revealed layer-specific pain relief pathways originating from 
M1.51 Our functional near-infrared spectroscopy (fNIRS) study also found hyperactivity of M1 and PMC in SCI patients 
with NP. Interestingly, after four weeks of high-frequency rTMS on M1, the pain intensity significantly decreased, 
meanwhile the overactivation of M1 and PMC was remarkably suppressed.19 The present study further demonstrated the 
close interaction between NP and motor function recovery.

It is interesting to find that there were no significant differences in functional recovery among the at-, below-, and 
both-level NP phenotypes, or between the different timings of NP occurrence. Typically, at-level pain precedes the onset 
of below-level, since the at-level pain may primarily arise from the perturbation of spinal nerves adjacent to the lesion 
level, while the maladaptive changes in spinal and supraspinal structures may be involved in the development of below- 
level pain.52 Therefore, there is a close association between the site and time of pain occurrence. Our study suggests that 
NP occurrence predicts favorable outcome for SCI in a location- and time-independent manner.

Of note, NP following SCI has been reported as a major cause of distress in patients.53 Nevertheless, the predictive 
value of NP on functional recovery may encourage these patients to look on the bright side of this undesirable symptom. 
Thus, our findings may help alleviate the psychological burdens of SCI patients and ultimately restore their confidence in 
rehabilitation. In this way, the predictive value of NP may function as a key to start the virtuous cycle of functional 
recovery for patients suffering from SCI.

There are several limitations in the present study to be noted. First, because of the retrospective study design, we 
could only extract available routine data. As a result, not all relevant confounding factors were well recorded. For 
example, pain intensity and psychological symptoms such as depression and anxiety were missing, therefore we did not 
conduct analyses concerning the correlation between the intensity of pain and the degree of functional recovery. 
However, these data are imperative for further research. Our study analyses were also based on data collected from 
a relatively small sample size from a single medical center, and the assessment data were not well documented. 
Therefore, we compared the demographic characteristics of the patients with complete assessment data and those 
without, and found that there was no significant selection bias in this study, reiterating its reliability. Despite this, 
large sample studies from multiple centers are still needed to further validate our conclusions. In spite of these 
limitations, we contend that the present study provides important implications to help alter the perspective of NP 
following SCI among both patients and medical practitioners.

Conclusion
Previous studies revealed that the greater degrees of NP relief, the more functional improvements were achieved in SCI 
patients.54 The present study showed the first time that the occurrence of NP was independently related to the functional 
recovery of patients with SCI. Specifically, SCI patients with NP had better prognoses in the aspects of SCIM subscales 
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including self-care, respiration and sphincter management, and mobility, compared to those without NP. The silver lining 
of NP should be paid enough attention during SCI rehabilitation, which may help alleviate the psychological burden of 
NP patients and ultimately restore their confidence in functional recovery.
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