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Abstract

Introduction: Early neurological changes after surgical treatment of traumatic spinal injury are
heterogeneous and may be influenced by baseline neurological status, injury characteristics, and the timing
of assessment. This study aimed to describe early postoperative changes in American Spinal Injury
Association Impairment Scale (AIS) grade and explore factors associated with neurological improvement.

Methods: This retrospective observational cohort study included adults who underwent surgery for
documented traumatic spinal injury at a tertiary spine center in Mexico City, Mexico, between February

2025 and May 2026. The primary outcome was an increase of at least one AIS grade between the preoperative
examination and the latest documented postoperative assessment. Associations between anatomical region
and neurological improvement were examined, and an exploratory multivariable logistic regression model
was fitted. Bootstrap resampling with 1,000 requested samples was used to examine coefficient uncertainty;
the available bias-corrected and accelerated (BCa) 95% confidence interval was reported for the relevant
coefficient estimate.

Results: Fifty-two patients were included (mean age, 39.9 + 12.2 years; 43 (82.7%) male). Baseline AIS grades
were A in 18 patients (34.6%), B in two (3.8%), C in one (1.9%), D in 29 (55.8%), and E in two (3.8%). At the
latest documented postoperative assessment, 24 patients (46.2%) had improved by at least one AIS grade, 27
(51.9%) remained unchanged, and one (1.9%) experienced neurological deterioration. Improvement rates
ranged from 30.0% in cervical/cervicothoracic injuries to 53.8% in lumbar injuries; the association between
anatomical region and improvement was not statistically significant (Pearson x* = 1.418, df = 3, p = 0.701).
The exploratory multivariable model, which included 50 patients, was not statistically significant overall (x>
=5.930, df = 6, p = 0.431; Nagelkerke R? = 0.149), and no individual predictor was statistically significant.
Bootstrap analysis showed substantial uncertainty in some coefficient estimates. Four recorded transitions
from AIS A to AIS E could not be independently validated from all required examination components.
Median postoperative follow-up was 33 days (interquartile range, 21-55.5 days).

Conclusions: Nearly half of the cohort had a recorded increase of at least one AIS grade during postoperative
follow-up. However, the short and variable assessment interval, uncertainty surrounding several AIS grade
transitions that could not be confirmed through the available clinical documentation, and instability of
exploratory multivariable estimates limit interpretation. These findings describe early postoperative
neurological changes and do not establish long-term recovery, independent prognostic associations, or a
causal effect of surgery.

Categories: Trauma, Orthopedics, Neurosurgery
Keywords: ais scale, neurological recovery, retrospective cohort, spinal decompression, spinal stabilization, traumatic
spinal cord injury

Introduction

Traumatic spinal cord injury (TSCI) can cause motor, sensory, and autonomic impairment, disability, and
long-term socioeconomic consequences. Surgical decompression and stabilization are considered when
spinal instability, persistent neural compression, or other structural indications are present. Decompression
is intended to address ongoing compression, whereas stabilization supports spinal alignment and
mechanical integrity [1,2].
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The timing of decompressive surgery has received considerable attention in acute TSCI. Clinical practice
guidelines suggest that early decompression (within 24 hours) may be offered as an option for adults with
acute spinal cord injury. However, the strength of recommendations and available evidence must be
considered [2]. Observed neurological changes are also influenced by baseline severity, injury characteristics,
anatomical level, medical management, and rehabilitation [2-5]. The Surgical Timing in Acute Spinal Cord
Injury Study provided evidence regarding early decompression in cervical TSCI [3].

The International Standards for Neurological Classification of Spinal Cord Injury (ISNCSCI) and the
associated American Spinal Injury Association Impairment Scale (AIS) provide a standardized framework for
describing neurological impairment. AIS grades range from A, indicating a complete injury under the
classification criteria, to E, indicating normal sensory and motor function on examination [6,7]. Previous
studies have examined baseline neurological severity, surgical timing, and magnetic resonance imaging
(MRI) characteristics in relation to neurological change [4,8-10].

Anatomical terminology requires particular care in lumbar injuries because lesions at or below the conus
medullaris may involve the cauda equina rather than the spinal cord. These conditions may differ in anatomy
and recovery patterns. In addition, a baseline AIS E classification indicates normal sensory and motor
findings on examination and requires careful interpretation when included in a cohort labelled as traumatic
spinal cord injury.

Regional data from Mexico remain limited. Martinez-Padilla et al. described preoperative and postoperative
neurological changes in patients with traumatic spinal injury using sequential clinical records [11]. This
study aimed primarily to describe early postoperative changes in AIS grade by comparing the preoperative
examination with the latest documented postoperative assessment. The secondary objective was to explore
selected demographic, baseline neurological, and anatomical characteristics in relation to improvement.
Given the retrospective design and sample size, these association analyses were exploratory.

Materials And Methods
Study design and setting

This retrospective observational cohort study included adults who underwent surgical treatment for
documented traumatic spinal injury between February 2025 and May 2026 at Hospital General “La Villa,”
Clinica de Columna “Dr. Manuel Dufoo Olvera,” IMSS-Bienestar, Mexico City, Mexico. The study was
reported with reference to the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) recommendations for cohort studies [12].

Eligibility and patient selection

Patients were eligible if they were aged 18 years or older, had a traumatic spinal injury documented in the
medical record, underwent surgical treatment, and had documented preoperative and postoperative

AIS assessments. Traumatic etiology was established from the documented clinical diagnosis and supporting
clinical and imaging information available in the medical record. AIS/ISNCSCI assessments were used to
characterize neurological impairment, while the AO Spine classification was used to describe injury
morphology when documented. Patients with documented non-traumatic degenerative conditions or
suspected neoplastic pathology were excluded.

For this study, TSCI was used as the operational term for the traumatic injuries included in the cohort, based
on the documented clinical diagnoses and neurological assessments. However, the retrospective records did
not consistently distinguish injuries involving the conus medullaris from those involving the cauda equina in
the lumbar subgroup; therefore, these anatomical subgroups could not be systematically differentiated in
the analysis.

A total of 60 medical records were screened for eligibility. Eight records were excluded because they did not
meet the predefined eligibility criteria, including non-traumatic degenerative spinal disease, suspected
vertebral neoplasia, or insufficient documentation to establish eligibility or confirm the availability of the
required preoperative and postoperative AIS assessments. The remaining 52 patients met the eligibility
criteria and had documented preoperative and postoperative AIS assessments. Patients who died before
hospital discharge were not included among the 60 records identified for screening. Therefore, the 60
records represent the available eligibility-screening set rather than a verified count of all surgically treated
patients during the study period, and the cohort should not be considered a complete consecutive surgical
series. The patient selection process and the resulting analytical cohorts are illustrated in Figure 1.
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FIGURE 1: Patient Selection and Analytical Cohorts.

AIS, American Spinal Injury Association Impairment Scale. The figure was created using Microsoft PowerPoint
(Microsoft Corporation, Redmond, USA).

The two patients classified as AIS E at baseline were retained in the descriptive cohort because they were
present in the finalized dataset. Because AIS E denotes normal sensory and motor function on examination,
these patients could not meet the primary outcome definition of an increase in AIS grade. A sensitivity
analysis excluding these two patients was therefore considered separately from the primary descriptive
analysis.

Neurological assessment and outcomes

Preoperative and postoperative neurological classifications were retrospectively abstracted from
examinations documented in the medical records. During hospitalization, neurological examinations were
performed every eight hours as part of routine clinical monitoring and documented in the medical record.
Examinations were conducted by licensed physicians with backgrounds in orthopedics or neurosurgery who
were completing a two-year specialized training program in spine surgery under the supervision of
physicians with postgraduate qualifications in spine surgery. After discharge, patients were scheduled for
reassessment every six days. The preoperative AIS grade was defined as the documented examination before
surgery, whereas the postoperative AIS grade corresponded to the latest documented examination available
for each patient. The median interval from surgery to the latest postoperative assessment was 33 days
(interquartile range: 21-55.5 days). The records did not consistently establish whether all components
required for formal ISNCSCI classification, including sacral sensory and motor findings, were documented at
every assessment, and examiner training could not be independently verified retrospectively. The exact
interval between injury or admission and the preoperative examination was also not consistently available.
These limitations are particularly relevant to the interpretation of extreme AIS grade transitions.

AIS grades were coded A=1, B=2, C=3, D=4, and E=5 solely to describe the direction of ordinal change; this
coding does not imply equal clinical distance between grades. AAIS was calculated as the postoperative grade
minus the preoperative grade. The primary outcome was an increase of at least one AIS grade at the latest
documented postoperative assessment. Patients with no change were classified as unchanged, and a
decrease in grade was classified as neurological deterioration. Given the short and variable follow-up, this
outcome is referred to as early postoperative AIS change rather than long-term recovery.

Anatomical classification

The principal anatomical region documented in the clinical record was classified into four groups:
cervical/cervicothoracic, thoracic/thoracolumbar, lumbar, and multilevel. Injuries involving more than one
distinct spinal region were classified as multilevel. The records did not consistently permit lumbar cases to
be separated into conus medullaris and cauda equina injuries; this limits the clinical homogeneity of the
lumbar category.
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Surgical treatment

Surgical management was individualized according to the documented injury, spinal instability,
morphology, neurological status, and neural compression. Procedures included anterior and posterior
approaches, combined anterior-posterior procedures, fusion and/or instrumentation, laminectomy,
discectomy, and corpectomy. Categories were not mutually exclusive because individual patients could
undergo more than one procedure. For one patient, the dedicated procedure field was incomplete and the
procedure was abstracted from the detailed operative description.

Timing of surgery and follow-up

The exact interval between injury and surgery could not be reliably determined for all patients because injury
dates and times were inconsistently documented, particularly for patients transferred from other facilities.
No injury-to-surgery intervals were imputed. Postoperative assessments were not performed at a uniform
time point; the latest documented examination was used. The median interval from surgery to this
assessment was 33 days (IQR, 21-55.5 days).

Statistical analysis

Analyses were performed using IBM SPSS Statistics for Windows, Version 25 (Released 2017; IBM Corp.,
Armonk, New York, United States). Continuous variables were summarized as means and standard
deviations or medians and interquartile ranges, as appropriate, while categorical variables were summarized
as counts and percentages. Preoperative and postoperative AIS grades were compared using the Wilcoxon
signed-rank test. This paired comparison was interpreted as a within-cohort assessment of recorded
neurological change rather than evidence of a causal surgical effect. Associations between AAIS and age or
follow-up duration were explored using Spearman's rank correlation. The association between anatomical
region and neurological improvement was assessed using Pearson's chi-square test, with Monte Carlo
simulation used to estimate the p-value because of the small regional subgroup sizes.

An exploratory multivariable logistic regression analysis was performed in 50 patients to examine the
association between neurological improvement, defined as an increase of at least one AIS grade, and
baseline AIS grade, age, sex, and anatomical region. The two patients with baseline AIS grade E were
excluded because further improvement in AIS grade could not be assessed. Given the limited sample size,
the 24 improvement events, and the number of parameters included in the model, the analysis was
considered exploratory because of the potential for overfitting and sparse-data bias. Model fit was assessed
using the likelihood-ratio chi-square test and the Hosmer-Lemeshow test, and explanatory performance was
summarized using Nagelkerke's R%. Adjusted odds ratios (ORs) and 95% confidence intervals (CIs) were
reported.

Bootstrap resampling was requested for 1,000 samples to examine coefficient uncertainty. BCa 95% CIs were
reported for coefficients for which valid estimates were available. The number of valid resamples was
recorded for the relevant coefficient calculations. Bootstrap results were interpreted as an assessment of
coefficient uncertainty rather than as evidence of model validation or predictive performance. Descriptive
sensitivity analyses were conducted to assess the potential influence of classification uncertainty and
anatomical heterogeneity on the observed neurological improvement proportion. These analyses included
treating the four recorded AIS A-to-E transitions as unconfirmed improvements, excluding the two patients
with baseline AIS grade E, and excluding patients with lumbar-region injuries. The resulting proportions
were compared descriptively with the primary recorded improvement estimate. These analyses were not
intended to establish causal effects or independently validate the neurological classifications. All statistical
tests were two-sided, with p < 0.05 considered statistically significant.

Ethical considerations

The study was reviewed and approved by the Research Ethics Committee of Hospital General La Villa
(registration number 2060101725; approval date March 20, 2026). The committee classified the study as no-
risk research involving retrospective review of existing medical records and waived the requirement for
informed consent. Patient confidentiality was maintained throughout the study.

Results
Study population

A total of 60 medical records were screened for eligibility. Eight records were excluded because they did not
meet the predefined eligibility criteria, including non-traumatic degenerative spinal disease, suspected
vertebral neoplasia, or insufficient documentation to establish eligibility or confirm the availability of the
required preoperative and postoperative AIS assessments. The remaining 52 patients had documented
preoperative and postoperative AIS assessments and were included in the final cohort. Patients who died
before hospital discharge were not included among the 60 records identified for screening; therefore, the
study population does not represent a verified consecutive series of all surgically treated patients during the
study period.

2026 Palacios Sanchez et al. Cureus 18(11): e119082. DOI 10.7759/cureus.119082 4 0of 11



Cureus

Part of SPRINGER NATURE

Characteristic

Age, years, mean + SD

Age range, years

Male sex, n (%)

Female sex, n (%)

Baseline AIS A, n (%)
Baseline AIS B, n (%)
Baseline AIS C, n (%)
Baseline AIS D, n (%)
Baseline AIS E, n (%)
Cervical/cervicothoracic, n (%)
Thoracic/thoracolumbar, n (%)
Lumbar, n (%)

Multilevel, n (%)

AO Spine type A, n (%)

AO Spine type B, n (%)

AO Spine type C, n (%)

AO Spine subtype A1, n (%)
AO Spine subtype A3, n (%)
AO Spine subtype A4, n (%)
AO Spine subtype B1, n (%)
AO Spine subtype B2, n (%)

AO Spine subtype C, n (%)

Postoperative follow-up, days, median (IQR)

Postoperative follow-up range, days

The mean age was 39.9 = 12.2 years (range: 18-68), and 43 patients (82.7%) were male, and nine (17.3%) were
female. Baseline AIS grade was D in 29 patients (55.8%), A in 18 patients (34.6%), B in two patients (3.8%), C
in one patient (1.9%), and E in two patients (3.8%). Anatomical regions were cervical/cervicothoracic in 10
patients (19.2%), thoracic/thoracolumbar in 25 patients (48.1%), lumbar in 13 patients (25.0%), and
multilevel in four patients (7.7%). According to the AO Spine morphology classification recorded in the
dataset, 39 injuries (75.0%) were type A (A1, A3, or A4), six (11.5%) were type B (B1 or B2), and seven (13.5%)
were type C. The recorded AO subtypes were A1 in four patients (7.7%), A3 in nine patients (17.3%), A4 in 26
patients (50.0%), B1 in two patients (3.8%), B2 in four patients (7.7%), and C in seven patients (13.5%). The
median interval from surgery to the latest documented postoperative assessment was 33 days (IQR: 21-55.5;
range: 1-358 days). The baseline demographic, neurological, anatomical, and injury-morphology
characteristics of the cohort are summarized in Table 1.

Overall (n=52)
39.9+122
18-68

43 (82.7)

9 (17.3)

18 (34.6)
2(3.8)
1(1.9)

29 (55.8)
2(3.8)

10 (19.2)
25 (48.1)
13 (25.0)
4(7.7)

39 (75.0)

6 (11.5)

7 (13.5)
4(7.7)

9 (17.3)

26 (50.0)
2(3.8)
4(7.7)

7 (13.5)

33 (21-55.5)

1-358

TABLE 1: Baseline Demographic, Neurological, Anatomical, and Injury-Morphology

Characteristics.

AIS, American Spinal Injury Association Impairment Scale; AO Spine, AO Foundation/Spine classification; IQR, interquartile range; SD, standard deviation.

2026 Palacios Sanchez et al. Cureus 18(11): e119082. DOI 10.7759/cureus.119082

Surgical procedures

A posterior surgical approach was documented in 45 patients (86.5%), whereas an anterior approach was
documented in 23 (44.2%); 18 patients (34.6%) underwent combined anterior and posterior procedures.
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Posterior-only procedures were documented in 27 patients (51.9%), and anterior-only procedures in five
patients (9.6%). Two additional records described corpectomy or removal of osteosynthesis material without
specifying an anterior or posterior approach in the procedure field; therefore, these cases could not be
assigned to a specific approach category based on the available documentation. Regarding specific surgical
procedures, laminectomy was documented in 15 patients (28.8%), discectomy in 11 patients (21.2%),
corpectomy in 10 patients (19.2%), and costotransversectomy in four patients (7.7%). Exploration or
decompression of the spinal canal was documented in four patients (7.7%), and spinal fusion procedures
were recorded in 49 patients (94.2%). Because several patients underwent multiple procedures, these
categories were not mutually exclusive. The documented surgical approaches and procedures in the final
cohort are summarized in Table 2.

Procedure/approach n (%)
Posterior approach documented 45 (86.5)
Anterior approach documented 23 (44.2)
Combined anterior and posterior 18 (34.6)
Posterior-only 27 (51.9)
Anterior-only 5(9.6)
Laminectomy 15 (28.8)
Discectomy 11(21.2)
Corpectomy 10 (19.2)
Costotransversectomy 4(7.7)
Spinal canal exploration/decompression 4(7.7)
Fusion procedure documented 49 (94.2)
Removal of osteosynthesis material 1(1.9)

TABLE 2: Documented Surgical Procedures in the Final Cohort.

Approach and procedure categories were not mutually exclusive because several patients underwent multiple procedures, including combined anterior
and posterior approaches. Two records did not specify an anterior or posterior approach in the procedure field.

Neurological outcomes

At the latest documented postoperative assessment, 12 patients (23.1%) were classified as AIS A, four (7.7%)
as AIS B, two (3.8%) as AIS C, 12 (23.1%) as AIS D, and 22 (42.3%) as AIS E. The preoperative-to-
postoperative distribution of recorded AIS grades is presented in Table 3. Overall, 24 patients (46.2%) had an
increase of at least one AIS grade, 27 (51.9%) had no grade change, and one (1.9%) experienced neurological
deterioration. The median change in AIS grade (AAIS) was 0 (IQR: 0-1), with a range from -4 to +4.

2026 Palacios Sanchez et al. Cureus 18(11): e119082. DOI 10.7759/cureus.119082 6 of 11
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Preoperative AIS

A

B

Total

Post-op A Post-op B Post-op C Post-op D Post-op E Total
11 2 1 0 4 18

0 2 0 0 0 2

0 0 1 0 0 1

0 0 0 12 17 29

1 0 0 0 1 2

12 4 2 12 22 52

TABLE 3: Preoperative-to-Postoperative AlS Transition Matrix.

Rows indicate preoperative AlS grade, and columns indicate the latest documented postoperative AIS grade. AlS, American Spinal Injury Association
Impairment Scale. Transitions represent recorded classifications and should not be interpreted as independently verified neurological conversions.

Four patients had recorded transitions from AIS A to AIS E (Table 3). The available records described early
management, within 48 hours as reported in the clinical documentation, and improvement in sphincter
function. However, improvement in sphincter function alone does not establish AIS E, which requires
normal sensory and motor findings on a standardized ISNCSCI examination. Because all required
examination components could not be independently verified retrospectively, these cases are reported as
recorded transitions rather than confirmed AIS conversions. In a conservative sensitivity scenario in which
these four transitions were treated as unconfirmed improvements, 20 of 52 patients (38.5%) would have
been classified as improved, compared with the primary recorded estimate of 24 of 52 (46.2%). This scenario
illustrates the potential influence of uncertainty in the retrospective documentation and does not replace
verification of the original patient-level records.

The single recorded transition from AIS E to AIS A (1/52, 1.9%) was documented in association with an
intraoperative complication and an adverse functional outcome. The transition matrix also permits
assessment of recorded neurological improvement according to baseline AIS grade. Improvement was
documented in 7 of 18 patients with baseline AIS A (38.9%), none of the two patients with AIS B (0%), none
of the patients with AIS C (0%), 17 of 29 patients with AIS D (58.6%), and none of the two patients with AIS
E (0%). After excluding the two patients classified as AIS E at baseline, the proportion with recorded
improvement was 24 of 50 (48.0%). In a separate descriptive sensitivity analysis excluding all 13 patients
with lumbar-region injuries, improvement was recorded in 17 of 39 patients (43.6%). These analyses are
descriptive and do not establish treatment effects.

The Wilcoxon signed-rank test indicated a statistically significant difference between the recorded
preoperative and postoperative AIS grades (Wilcoxon Z = -3.968, p < 0.001). This finding reflects changes in
the recorded classifications and should not be interpreted as evidence that surgery caused neurological
improvement. Age was not significantly correlated with AAIS (Spearman p =-0.171, p = 0.224), nor was the
follow-up duration (Spearman p = 0.206, p = 0.143).

Neurological improvement by anatomical region

Improvement was recorded in three of 10 cervical/cervicothoracic cases (30.0%), 12 of 25
thoracic/thoracolumbar cases (48.0%), seven of 13 lumbar cases (53.8%), and two of four multilevel cases
(50.0%). The association between anatomical region and neurological improvement was not statistically
significant (Pearson X2 = 1.418, df = 3, Monte Carlo-estimated p = 0.701). These rates are presented primarily
descriptively because the regional groups were small. The available records did not consistently distinguish
conus medullaris from cauda equina injuries within the lumbar category.

Exploratory multivariable logistic regression

An exploratory multivariable logistic regression analysis was performed in 50 patients; the two patients with
baseline AIS grade E were excluded from the predictor analysis. The overall model was not statistically
significant (x> = 5.930, df = 6, p = 0.431; Nagelkerke R* = 0.149). The Hosmer-Lemeshow test was also not
statistically significant (x2 = 5.895, df = 8, p = 0.659), and the overall classification accuracy was 68.0%. None
of the individual predictors showed a statistically significant association with neurological improvement.
Given the small sample size, 24 improvement events, nine female patients, and wide CIs, the model was
vulnerable to overfitting and sparse-data bias. Accordingly, these estimates should be interpreted as
exploratory and do not establish independent prognostic associations. Adjusted ORs and 95% Cls are
presented in Table 4.

2026 Palacios Sanchez et al. Cureus 18(11): e119082. DOI 10.7759/cureus.119082
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Predictor Adjusted OR 95% CI p-value
AIS B-D vs AIS A 1.196 0.323-4.424 0.789
Age, per year 0.964 0.912-1.019 0.191
Male vs. female 0.358 0.058-2.213 0.269
Thoracic/thoracolumbar vs. cervical/cervicothoracic 2.545 0.456-14.197 0.287
Lumbar vs. cervical/cervicothoracic 2.044 0.317-13.168 0.452
Multilevel vs. cervical/cervicothoracic 2.732 0.241-30.922 0.417

TABLE 4: Exploratory Multivariable Logistic Regression for Neurological Improvement.

The model included 50 patients; two patients with baseline AIS grade E were excluded from the predictor analysis. AlS, American Spinal Injury Association
Impairment Scale; OR, odds ratio; Cl, confidence interval.

Bootstrap analysis

Bootstrap resampling was requested for 1,000 samples using the same 50 patients included in the
exploratory logistic regression. The BCa 95% CI for the male-sex coefficient ranged from -21.124 to 0.315 on
the regression coefficient scale, based on 988 valid resamples for the relevant coefficient calculation. This
wide interval indicates substantial uncertainty in the estimated coefficient. Although instability was also a
concern for anatomical-region indicators, BCa CIs for all model coefficients were not available for reporting.
Accordingly, the bootstrap findings were interpreted as evidence of uncertainty in the available coefficient
estimates, not as evidence of internal validation or predictive performance.

Discussion

This retrospective cohort study describes early postoperative neurological changes among 52 adults who
underwent surgical treatment for traumatic spinal injury. At the latest documented postoperative
assessment, 24 patients (46.2%) had an increase of at least one AIS grade, 27 (51.9%) remained unchanged,
and one (1.9%) experienced neurological deterioration. Although these findings indicate that changes in
recorded neurological classification occurred during the postoperative observation period, they should be
interpreted as early documented changes rather than evidence of sustained neurological recovery or a causal
effect of surgery. The median follow-up was 33 days, and the timing of postoperative assessments varied
among patients.

The distinction between early postoperative neurological changes and long-term recovery is clinically
important. Neurological recovery after TSCI is influenced by multiple factors, including baseline
neurological severity, injury level and morphology, secondary injury processes, medical management, and
rehabilitation. Natural-history studies indicate that most AIS grade conversions and motor recovery occur
within the first 6-9 months after injury, with the fastest motor recovery generally occurring during the first
three months [13]. Accordingly, the short and variable follow-up in this cohort limits comparisons with
studies assessing outcomes at six months or later. Although current guidelines recommend considering
early surgical decompression as an option for adults with acute spinal cord injury [14], injury-to-surgery
intervals could not be reliably established for all patients in this retrospective dataset, precluding an
assessment of the relationship between surgical timing and neurological outcomes. Furthermore, because
all patients underwent surgical treatment and no nonsurgical comparison group was available, the observed
improvement proportion of 46.2% should be interpreted as a descriptive finding rather than an estimate of
the treatment effect of decompression or stabilization or of long-term neurological recovery.

The cohort included injuries across cervical/cervicothoracic, thoracic/thoracolumbar, lumbar, and multilevel
regions. Neurological improvement was recorded in 30.0% of patients with cervical/cervicothoracic injuries,
48.0% with thoracic/thoracolumbar injuries, 53.8% with lumbar injuries, and 50.0% with multilevel injuries.
The association between anatomical region and improvement was not statistically significant (Pearson x2 =
1.418, df = 3, Monte Carlo-estimated p = 0.701). These findings do not establish that neurological
improvement is equivalent across anatomical regions; rather, the small subgroup sizes limit the precision
and statistical power of these comparisons. The lumbar category also included injuries for which the
available records did not consistently distinguish conus medullaris involvement from cauda equina injury.
This anatomical heterogeneity complicates the interpretation of neurological outcomes because these
conditions differ in their underlying neural structures and may have different patterns of recovery.

Fracture morphology was described using the AO Spine classification. Type A injuries accounted for 39
patients (75.0%), type B for six (11.5%), and type C for seven (13.5%). These categories characterize fracture

2026 Palacios Sanchez et al. Cureus 18(11): e119082. DOI 10.7759/cureus.119082 8 of 11


javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

morphology and should be distinguished from the anatomical-region groups used in the regional outcome
analysis. The present study was not designed or powered to determine whether AO Spine fracture type
independently predicts neurological improvement. Accordingly, the distribution of fracture patterns
provides descriptive information about the cohort but does not support conclusions regarding the
comparative neurological prognosis of individual fracture types.

The exploratory multivariable logistic regression analysis included 50 patients because the two patients
classified as AIS E at baseline were excluded from the predictor analysis. The overall model was not
statistically significant (x2 = 5.930, df = 6, p = 0.431; Nagelkerke R? = 0.149). The Hosmer-Lemeshow test was
also not statistically significant (x> = 5.895, df = 8, p = 0.659), and the overall classification accuracy was
68.0%. None of the included predictors-baseline AIS group, age, sex, or anatomical region-showed a
statistically significant association with neurological improvement. These results should not be interpreted
as evidence that these characteristics lack prognostic relevance. Instead, the limited sample size, the number
of outcome events, the small number of female patients, and the wide CIs reduce the precision of the
adjusted estimates and increase the risk of overfitting and sparse-data bias. The model was therefore
exploratory and was not intended to establish an independently validated prognostic model.

Bootstrap resampling was used to examine the stability of the regression coefficients. Although 1,000
resamples were requested, SPSS reported 988 valid resamples for the relevant individual coefficient
calculations. The substantial uncertainty observed in some coefficients, particularly those for sex and
anatomical-region indicators, further limits the interpretation of the multivariable results. The BCa interval
reported for the male-sex coefficient ranged from -21.124 to 0.315 on the log-odds coefficient scale,
illustrating the instability of this estimate. Bootstrap resampling does not eliminate the limitations
associated with a small sample or sparse data and should not be interpreted as external validation, proof of
predictive performance, or evidence that the model will generalize to other populations.

The recorded transitions between AIS grades warrant particular consideration. Four patients were
documented as transitioning from AIS A preoperatively to AIS E postoperatively. Although these transitions
contributed to the overall proportion of patients classified as having neurological improvement, their
validity could not be independently established from the available retrospective documentation. AIS A
requires the absence of sacral sensory and motor sparing, whereas AIS E requires normal sensory and motor
findings on a standardized ISNCSCI examination [6,7]. Although the clinical records described management
within 48 hours and subsequent improvement in sphincter function, these findings alone are insufficient to
confirm an AIS E classification or establish a causal relationship between early treatment and the recorded
neurological changes. Furthermore, spinal shock may temporarily alter reflex activity following acute spinal
cord injury, underscoring the importance of examination timing and careful assessment of sacral sensory
and motor function [15]. The retrospective dataset did not consistently permit verification of all required
ISNCSCI examination components or examiner qualifications. Accordingly, these four cases should be
interpreted as recorded AIS grade transitions that could not be confirmed through the available clinical
documentation, rather than as independently verified neurological conversions. In a conservative sensitivity
scenario treating these transitions as unconfirmed improvements, the observed improvement proportion
decreased from 46.2% (24/52) to 38.5% (20/52). This scenario illustrates the potential influence of
classification uncertainty on the estimated improvement rate but does not substitute for verification against
the original clinical records.

One patient was recorded as deteriorating from baseline AIS E to postoperative AIS A in association with a
documented intraoperative complication. This event highlights the importance of reporting neurological
deterioration alongside improvement. However, a single event in a small retrospective cohort cannot
establish a reliable complication rate or support conclusions about the neurological risks of a particular
surgical procedure.

The principal contribution of this study is its description of early postoperative AIS changes in a surgically
treated cohort and its identification of issues that affect the interpretation of retrospective neurological
classifications. The regional comparisons and multivariable analyses provide exploratory information but do
not establish independent prognostic associations. Future prospective studies should include clearly defined
injury populations, standardized ISNCSCI examinations performed by appropriately trained examiners,
verified preoperative and postoperative classifications, prespecified assessment intervals, detailed injury
characterization, and follow-up extending to at least six months. Larger cohorts would also be required to
evaluate the independent contributions of neurological severity, anatomical region, fracture morphology,
and treatment-related factors to neurological outcomes [2,3,13,14].

Limitations

This study has several limitations. First, its retrospective, single-center design introduces potential
selection and information bias and limits the generalizability of the findings. Second, the sample size was
relatively small, comprising 52 patients and 24 recorded neurological improvement events. This limited the
precision of subgroup comparisons and the reliability of multivariable estimates.

Third, postoperative neurological assessments were not obtained at a standardized time point. The median
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follow-up was 33 days, with substantial variation in assessment timing; therefore, the primary outcome
reflects early documented neurological changes rather than long-term recovery. Patients with different
observation periods may also have had different opportunities to demonstrate AIS grade conversion.

Fourth, the absence of a nonsurgical comparison group prevents attribution of the observed neurological
changes specifically to surgical treatment. The cohort also included heterogeneous anatomical regions,
fracture morphologies, and surgical procedures, preventing meaningful comparisons of the neurological
effects of individual interventions. In addition, the available records did not consistently distinguish conus
medullaris injuries from cauda equina injuries within the lumbar category.

Fifth, the exploratory multivariable logistic regression was based on a limited number of patients and
outcome events relative to the number of model parameters. The wide CIs and instability observed during
bootstrap resampling indicate substantial uncertainty in some coefficient estimates. Accordingly, the model
should not be interpreted as a validated prognostic tool, and the absence of statistically significant
predictors should not be taken as evidence that the examined factors have no prognostic relevance.

Sixth, the completeness of the original ISNCSCI examinations, including the sensory and motor findings
required to verify AIS classification, and the training of the examiners could not be independently confirmed
retrospectively. This limitation is particularly important for the four recorded AIS A-to-E transitions. The
single AIS E-to-A transition was documented in association with an intraoperative complication. These
cases require careful interpretation because the available dataset cannot fully distinguish genuine
neurological change from potential examination, classification, or documentation uncertainty.

Finally, some potentially relevant clinical variables and time intervals were not consistently available for
systematic analysis. These included detailed injury-to-surgery timing, standardized motor scores, functional
outcomes, and sufficiently detailed neurological examinations to characterize all injury patterns. These
limitations constrain the interpretation of observed associations and emphasize the need for prospective
studies with standardized assessments, complete clinical documentation, and longer follow-up.

Conclusions

In this retrospective cohort of adults undergoing surgical treatment for traumatic spinal injury, early
postoperative changes in recorded AIS grades were observed. These findings highlight the variability of
neurological outcomes and should be interpreted cautiously given the retrospective design, short and
variable follow-up, and limitations in the verification of neurological classifications. The association
between anatomical region and neurological improvement was not statistically significant, and the
exploratory multivariable logistic regression did not identify statistically significant independent predictors.
Bootstrap resampling demonstrated substantial uncertainty in some model coefficients.

These findings describe early postoperative changes in recorded neurological classification and should not
be interpreted as evidence of long-term neurological recovery or a causal effect of surgery. The short and
variable follow-up, small sample size, instability of multivariable estimates, and uncertainty surrounding
several extreme AIS transitions warrant cautious interpretation. Larger prospective studies using
standardized and verified ISNCSCI examinations, clearly characterized injury patterns, and consistent
follow-up are needed to better evaluate neurological outcomes and potential prognostic factors after
traumatic spinal injury.
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