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Is there any gender or age-related discrepancy
in the waiting time for each step in the surgical
management of acute traumatic cervical spinal
cord injury?
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Context/Objective: Prior studies indicate that patient’s gender and age can influence treatment choices during
spine disease management. This study examines whether individual’s gender and age at injury onset influence
the waiting time for each step in the surgical management of patients with acute traumatic cervical spinal cord
injury (atcSCI).
Design: Retrospective cohort study.
Setting: Quaternary spine trauma center.
Participants: This study included consecutive individuals with atcSCI admitted from August/2002 to October/
2008 who were enrolled in the Surgical Trial in Acute Spinal Cord Injury Study (STASCIS).
Interventions: Spinal cord decompression.
Outcome Measures: Data on the periods of time for each step in the surgical management were analyzed to
explore the potential effects of gender and age at injury onset.
Results: There were 64 individuals with atcSCI (17 women, 47 men; age range: 18–78 years; mean age: 50.5 ±
2.1 years). Older age was associated with longer stay in the acute spine center, but this association was
cofounded by major pre-existing medical co-morbidities. Age did not significantly affect the waiting time for
each step in the surgical management of these individuals with atcSCI. Women underwent surgical
assessment earlier than men. Gender did not influence other key steps in the surgical management.
Conclusion: The study results suggest that older age at injury onset was associated with longer stay in the
acute spine care center, and women had a shorter waiting time for surgical assessment than men.
Nevertheless, no other age or gender bias was identified in the waiting times for the steps in the management
of atcSCI.
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Introduction
Changes in the epidemiology of traumatic spinal cord
injury (SCI) were widely reported in the literature. As
a consequence of the aging of the population, prior
studies consistently documented an escalation of fallrelated SCIs in the elderly population worldwide.1–6
While the majority of prior investigations suggest there
have been no significant changes in the proportion of
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men and women with SCI over the past two decades,
the results of a few population-based studies suggest
that the proportion of women has increased relative to
the proportion of men over time.1–6 Overall, the incidence and prevalence of acute traumatic SCI remains
relatively modest, whereas the personal and societal
burden is substantial.5,7 The estimated lifetime costs
per individual with traumatic SCI at the age of 25
years vary from $1.65 million for incomplete paraplegia
to $4.7 million for complete high tetraplegia in the
United States (in 2017 USD).8
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The 2003 report from the Institute of Medicine of the
National Academies underlined broad healthcare disparities in the United States, despite controlling for
disease severity, socioeconomic status, education, and
access.9 Elderly individuals and women are among the
groups of Americans identified as receiving different
or presumably lesser healthcare.10 Age bias or ageism
is generally defined as negative attitudes, stereotypes
and behavioral discrimination based exclusively on a
person’s chronological age, that can be expressed by
patients, their families and healthcare professionals.11
Sex/gender bias or sexism is usually defined “as a
belief in the intrinsic superiority of one sex over the
other – typically men over women – and is associated
with prejudice, discrimination and stereotyping”.12
Although there are several differences between men
and women, an overestimation of the perceived implications of grouping people by their gender represents
stereotyping that can be shared by either gender.13
Generally speaking, there is a paucity of studies in the
literature assessing whether or not there is any potential,
perceived or real age and sex bias in the management of
individuals with trauma of the cervical spine and spinal
cord. Therefore, we carried out this original study in
order to examine whether gender and age at the time
of injury are key determinants in the waiting times for
the steps in the surgical management of individuals
with acute traumatic cervical SCI (atcSCI).

Methods
Participants
This retrospective cohort study included consecutive
individuals with atcSCI admitted to an acute spine
trauma center in Canada from August 2002 to
October 2008. All the cases were enrolled in the
Surgical Trial in Acute Spinal Cord Injury Study
(STASCIS) that was a prospective, observational study
focused on the influence of the timing of surgical
spinal decompression on outcomes after atcSCI. The
results of STASCIS suggest that individuals who underwent early surgical decompression of the spinal cord (up
to 24 h from the time of injury to surgical decompression) had better neurological recovery than the individuals who underwent late surgical spinal decompression
(more than 24 h after atcSCI).14 The individuals were
asked to identify their gender using an open-ended
question.
Pre-existing medical co-morbidities were quantified
according to the degree as assessed using the Charlson
Co-morbidity Index and Cumulative Illness Rating
Scale, as well as the number of codes from the
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International Classiﬁcations of Diseases, 9th revision.15–17
Severity of SCI was classified according to the
American
Spinal
Injury
Association
[ASIA]
Impairment Scale (AIS) as follows: (i) motor and
sensory complete SCI (AIS A); (ii) motor complete
but sensory incomplete SCI (AIS B); (iii) motor incomplete SCI where the majority of the key muscles below
the neurological level have muscle grade <3 (AIS C);
and (iv) motor incomplete SCI where the majority of
the key muscles below the neurological level have
muscle grade ≥3 (AIS D).18

Health care process
Routine health care process steps during management
of individuals with atcSCI are summarized in a flow
chart (Fig. 1).19 Delays in the management of SCI
could occur due to: health care-related (“extrinsic”)
factors, or patient-related (“intrinsic”) factors.19 The
extrinsic factors were comprised of any obstacle to
the timely surgical decompression of the spinal cord
related to the health care process related to the individual’s management (e.g. barriers for transfer to spine
trauma center, delayed specialist assessment, postponed imaging evaluation, anesthetic delay, unavailable operating room time).19 These extrinsic factors
are considered modifiable because, if changes in clinical practice guidelines, in hospital policy, and in
health care processes and clinical care indicators are
implemented, the health care processes would facilitate
the generalization of early spinal cord decompression
for all individuals with acute spine trauma. In contrast,
the intrinsic factors include those unmodifiable conditions such as the individual’s clinical condition (e.g.
hemodynamically unstable patient) and health care
process obstacles (e.g. geographic location of the emergency department, relative to where the individual is
initially seen and assessed) (Fig. 1).

Data analysis
Data were analyzed using the Mann Whitney U test for
continuous variables, and Fisher exact test for categorical variables. The potential effects of age and gender on
the health care process steps according to univariate
analyses were evaluated with regards to potential confounding effects of severity of SCI, major pre-existing
medical co-morbidities (as assessed using the Charlson
Co-morbidity Index, Cumulative Illness Rating Scale)
and the number of pre-existing medical co-morbidities
using multivariable regression analysis with ordinary
least squares. All data analyses were performed using
SAS version 9.4 (SAS Institute Inc., NC, USA).

Gender or age-related discrepancy in atcSCI

Figure 1 Flow chart of the management of patients from spinal cord injury to surgical decompression of spinal cord (asterisks
identify the steps that involve intrinsic factors).

Results
There were 64 individuals with atcSCI (17 women and
47 men; aged 18–78 years with a mean age of 50.5 ±
2.1 years) who were admitted to the acute spine
trauma care center. Of the 64 patients, there were 19
patients with complete (AIS A) SCI (29.7%), 9 patients
with motor complete (AIS B) SCI (14.1%), 19 patients
with incomplete, moderate impairment (AIS-C) SCI
(29.7%), and 17 patients with incomplete, milder
impairment (AIS-D) SCI (26.5%). While 41 individuals
underwent late surgical spinal decompression (64.1%),

23 individuals underwent early surgical spinal decompression (35.9%).

Age as a potential determinant in the health care
process
Age at the time of atcSCI was similar between men and
women among the subgroups of patients with different
degrees of severity of atcSCI as assessed using AIS,
and between the group of individuals who underwent
early spinal decompression and the group of patient
who underwent late spinal decompression (Table 1).
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Figure 2 Results of the linear regression analysis comparing age at the time of spinal cord injury with length of stay in the acute
spine trauma center.

Table 1 Results of the data analysis on age at the time of
spinal cord injury (SCI).
Co-variants

Age (mean ± SEM) in
years

Gender
Women
Men
Severity of SCI on
admission
AIS A
AIS B
AIS C
AIS D
Surgery Group
Early spinal
decompression
Late spinal
decompression
Charlson Co-morbidity
Index
0
1 or higher
Cumulative Illness Rating
Scale
1 or 2
3 or higher
Number of ICD codes
None
1
2
3 or more

51.59 ± 4.41
50.13 ± 2.39

P value

0.761
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Model 1
Mean square: 16,427
F value = 2.70
R 2 = 0.081
P value = 0.075
Co-variants

48.74 ± 4.15
51.00 ± 5.99
56.00 ± 3.56
46.67 ± 3.90

Age at the time of trauma
Number of ICD codes
0.383

52.48 ± 3.78
49.42 ± 2.50

0.487

45.66 ± 2.20
63.94 ± 3.31
42.68 ± 2.60
59.40 ± 2.54
40.87 ± 2.63
55.00 ± 3.33
59.78 ± 4.17
68.50 ± 3.65

<0.001

Age at the time of trauma
Cumulative Illness Rating Scale

<0.001

Model 3
Mean square: 13,755
F value = 2.23
R 2 = 0.068
P value = 0.116
Co-variants

<0.001
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Mean square

F value

P value

26,426
6428

4.34
1.06

0.041
0.308

Mean square

F value

P value

26,426
6729

4.35
1.11

0.041
0.297

Mean square

F value

P value

26,426
1083

4.28
0.18

0.043
0.677

Model 2
Mean square: 16,577
F value = 2.73
R 2 = 0.082
P value = 0.073
Co-variants

SEM: standard error of mean; ICD: International Classiﬁcations of
Diseases

S236

Table 2 Results of the multiple regression analysis on the
potential effects of age at the time of injury and pre-existing
medical co-morbidities on the length of stay in the acute spine
center.

Age at the time of trauma
Charlson Co-morbidity Index

ICD: International Classification of Diseases.

Gender or age-related discrepancy in atcSCI

Table 3

Results of the data analysis on gender.

Co-variants
Age
Range
Mean ± SEM

P
value

Women

Men

18–75 years
51.59 ± 4.41
years

19–78 years
50.13 ± 2.39
years

2
2
6
7

17
7
12
11

5

18

12

29

0.570

13
4

35
12

1.000

10
7

24
23

0.777

8
6
3

23
10
14

0.466

Severity of SCI on
admission
AIS A
AIS B
AIS C
AIS D
Surgery group
Early spinal
decompression
Late spinal
decompression
Charlson Comorbidity Index
0
1 or higher
Cumulative Illness
Rating Scale
1 or 2
3 or higher
Number of ICD codes
None
1
2 or more

0.761

0.209

SEM: standard error of mean; ICD: international classiﬁcations of
diseases.

Older patients at the time of atcSCI significantly had a
greater number of major pre-existing medical co-morbidities as assessed using Charlson Co-morbidity
Index or Cumulative Illness Rating Scale (Table 1).
Older individuals at the time of atcSCI also had a
greater number of pre-existing medical co-morbidities
as assessed using the codes from the International
Classiﬁcations of Diseases (Table 1).
Age at the time of atcSCI was not associated with the
length of stay in the acute spine trauma center, after
adjusting for major pre-existing medical co-morbidities
as assessed using Charlson Co-morbidity Index
Table 4

(Table 2). However, there was a trend for an association
between older age and longer length of stay in the acute
spine trauma center after adjusting for major pre-existing medical co-morbidities as assessed using
Cumulative Illness Rating Scale (Table 2), or number
of codes from the International Classiﬁcations of
Diseases (Table 2).
Older age at the time of atcSCI was associated with
longer stay in the acute spine trauma center (Fig. 2).
However, age the time of atcSCI was not correlated to
the pre-hospital period of time from injury to arrival
at the first emergency department (P = 0.945), waiting
period of time in the first care general hospital (P =
0.534), period of time in a second general hospital
prior to transport to an acute spine trauma center
(P = 0.267), period of time in the emergency department of the acute spine trauma center (P = 0.993),
waiting time for assessment by a spine surgeon (P =
0.822), waiting time for a decision regarding surgical
management (P = 0.344), and the overall period of
time related to extrinsic factors (P = 0.344).

Gender as a potential determinant in the health
care process
There were no significant differences between men and
women with regards to their age at the time of injury,
severity of atcSCI as assessed using AIS, and the
number of individuals who underwent early decompression versus the number of individuals who underwent
late decompression (Table 3). Additionally, there were
no significant discrepancies between men and women
with respect to the number of major pre-existing
medical co-morbidities as assessed using Charlson Comorbidity Index or Cumulative Illness Rating Scale
(Table 3). Also, men and women were similar regarding
the number of pre-existing medical co-morbidities as
assessed using the codes from the International
Classiﬁcations of Diseases (Table 3).

Results of the data analysis on the potential effects of gender on the health care process.

Waiting time periods
Length of stay in the acute spine trauma center (in days)
Pre-hospital time (i.e. period of time from injury to arrival at the first emergency
department) (in minutes)
Waiting period of time in the first care general hospital (in minutes)
Period of time in the emergency department of the acute spine trauma center
(in minutes)
Waiting time for assessment by a spine surgeon (in minutes)
Waiting time for a decision regarding surgical management (in minutes)
Overall period of time due to extrinsic factors (in minutes)

Women
(mean ± SEM)

Men
(mean ± SEM)

P
value

26.52 ± 6.53
106.47 ± 19.78

60.83 ± 13.22
190.67 ± 37.50

0.131
0.195

1009.31 ± 349.63
216.80 ± 44.28

1605.41 ± 603.39
228.76 ± 29.08

0.761
0.820

78.90 ± 26.29
314.14 ± 75.79
2978.88 ± 1220.41

313.89 ± 81.33
512.05 ± 105.93
3188.98 ± 605.88

0.050
0.247
0.867

SEM: standard error of mean.
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Men and women with atcSCI showed similar length
of stay in the acute spine trauma center, pre-hospital
time (i.e. period of time from injury to arrival at the
first emergency department), waiting period of time in
the first care general hospital, period of time in the
emergency department of the acute spine trauma
center, waiting time for a decision regarding surgical
management, and overall period of time due to extrinsic
factors (Table 4). However, women had a significantly
shorter waiting time for assessment by a spine surgeon
than men after acute traumatic SCI (P = 0.050; Table
4). Of note, comparison between men and women
regarding the period of time in a second general hospital
prior to transfer to an acute spine trauma center was not
performed due to insufficient data.

Discussion
The results of this retrospective cohort study using prospectively-accrued data suggest that older age at the time
of atcSCI is associated with longer stay in the acute
spine trauma center. This phenomenon can be, at least
in part, explained by the relationship between the
older age at the time of atcSCI and major pre-existing
medical co-morbidities as assessed using Charlson Comorbidity Index or Cumulative Illness Rating Scale.
Nonetheless, the results of this study indicate that age
at the time of injury is not a key determinant of the
timing in the steps related to the management of
atcSCI. Furthermore, the results of this study suggest
that women with atcSCI were assessed by a spine
surgeon earlier than men. Nevertheless, gender did not
influence the other key steps in the management of
atcSCI.

Age at onset of traumatic spinal cord injury
The results of our study suggest that older age at the
time of atcSCI is associated with longer stay in the
acute spine trauma center, even though more major
pre-existing medical co-morbidities in the older patients
had a confounding effect on that association. Similarly,
Herren et al. showed that longer hospital of stay after
lumbar spine surgery for spinal disc herniation,
lumbar spinal stenosis and spondylolisthesis were
associated with patient’s older age at the time of the procedure.20 Cummins et al. analyzed data from the Spine
Patient Outcomes Research Trial (SPORT) that
included three randomized and three observational
cohort studies of surgical and non-surgical treatments
for patients with intervertebral disc herniation, spinal
stenosis, and degenerative spondylolisthesis with stenosis.21 Their results indicated that patients younger than
60 years of age were more likely to be seen by a
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chiropractor and to have undergone manipulation for
lumbar spine disease than older patients.21 Nuno et al
studied 9,077 patients surgically treated and 1,098 conservatively treated for idiopathic scoliosis from 1998 to
2007 in the United States.22 Older patients were more
likely to have a “non-routine” discharge (i.e. transfer,
home health care, against medical advice, and death)
than younger individuals with idiopathic scoliosis.22
However, patient’s age was not correlated with the probability of being surgically treated, or the risk of in-hospital complications.22 While pre-existing medical comorbidities were not correlated with the probability of
surgical intervention, greater comorbidity scores were
associated with a higher risk of in-hospital
complications.22
The results of our study also suggest that age at the
onset of atcSCI does not significantly affect the health
care process during the management of atcSCI alone.
Contrary to the notion that elderly patients are fated
to poor recovery after traumatic SCI, the most recent
clinical studies suggest that age at the time of injury is
not necessarily associated with less favorable outcomes.23,24 It is an established fact that survival in the
geriatric population after SCI is lower than their
younger adult counterparts, even though pre-existing
medical co-morbidities appear to play a key role on
the reduced survival in the elderly following SCI.23–26
Nonetheless, among survivors, age at the onset of SCI
did not significantly affect motor and sensory recovery
or pain scores within the first year after acute traumatic
SCI when data analyses were adjusted for major potential confounders.23,24 The potential of older patients
with SCI to neurologically improve within the first
year post-injury did not translate into functional recovery similar to younger individuals.23,24,27 Although the
reasons for those age-related differences in terms of
functional recovery remain under-studied, the influence
of pre-injury functional status and ageism on functional
recovery after neurotrauma has been recognized. In a
recent qualitative study on the occupational therapists’
perception in Canada, pre-accident functional status
was consistently linked to patients’ rehabilitation potential after acquired brain injury.28 Ageistic attitudes can
adversely affect recovery of patients with neurological
disease or injury such as SCI and, hence, ageism
should be avoided also in acute spine centers and rehabilitation facilities.29 In reality, ageistic attitudes still
exist among healthcare professionals including nurses
caring for individuals with acute traumatic SCI.29
Given that the nurses’ attitudes were associated with
their level of education, further research and knowledge
dissemination activities for nurses caring for elderly with
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SCI may have a substantial impact on patients’ outcomes.29 In a questionnaire-based survey of the
member of the National Neurotrauma Society, clinicians showed signiﬁcantly fewer negative attitudes
towards old people in comparison with basic and clinical neuroscientists, and women gender was signiﬁcantly
associated with more positive attitudes toward old
people compared to men.30
Therefore, the results of our single-institution study
suggest that age at the onset of atcSCI do not influence
the waiting times for the steps in the management of
individuals with atcSCI. In the context of the elderly’s
potential to recover following SCI, the results of our
study endorse a health care process for surgical management based on clinical and ancillary assessments regardless of patient’s age.

Gender and traumatic spinal cord injury
The results of our study suggest that women had a surgical assessment earlier than men with atcSCI.
Nonetheless, gender did not influence other key steps
of management of atcSCI. Also, there were no observed
gender-related disparities with regards to the length of
stay in the acute spine trauma center for surgical management of atcSCI.
Prior studies suggest women may have less access to
surgical treatment of lung cancer, vascular surgery and
orthopedic surgery.31,32 Likewise, Taylor et al. retrospectively studied 5,690 patients with degenerative lumbosacral pathologies with regards to potential patient
gender bias in their management.33 The authors
reported that women were more likely to have imaging
investigation requested than men, whereas men were signiﬁcantly more likely to have surgery recommended
than women.33 McCutcheon et al. retrospectively analyzed data from 37,302 individuals with traumatic
spinal vertebral fracture who have undergone a spinal
decompression and/or fusion and were recorded in the
Nationwide Inpatient Sample.34 The authors found
that women were less likely to undergo surgical treatment (odds ratio: 0.69, P < 0.001) when compared to
men.34
There is growing evidence of physician genderrelated disparities in the perception of patient’s clinical
information and its use in the health care process.35–38
Unconscious bias in clinical decision making has been
more intensively studied in American medicine since
1999 when Schulman et al. reported that patients’ ethnicity and gender might have influenced physicians’
management of chest pain and referral for catheterization.39 Unconscious bias occurs when that physicians
while making medical decisions are unconsciously

influenced
by
stereotypes
and
prejudices.40
Unconscious bias may result in medical errors and,
hence, further research is required to improve quality
and safe of neurosurgical care.41 The patient gender
bias observed in our study could not be explained by
the confounding effects of the patients’ age at injury,
severity of SCI and pre-existing medical co-morbidities. The fact that all patients were managed by male
surgeons in the acute spine trauma center did not
allow analysis to refute or confirm a potential physician
gender bias on the waiting time for patient’s assessment
by a spine surgeon.
There is a growing body of evidence that pre-existing
medical co-morbidities can affect the clinical outcomes
of patients with acute SCI.42–44 Similar to our findings,
a prior investigation reported that men with SCI did not
differ from women with SCI in terms of the frequency of
pre-existing medical comorbidities.45
Similar to our study, previous investigations on
unmatched groups of patients with SCI showed no significant differences between men and women with
regards to the mean length of stay.45–48 Greenwald
et al. documented that there were no gender-related
differences in the length of stay in the acute care facility.49 Mylotte et al. identified many predictive variables
for a longer stay in the acute care unit, including SCI
and development of a nosocomial infection, but
gender was not associated with the length of stay in
the acute care unit.50 Scivoletto et al. found no significant differences between men and women subgroups
regarding the length of stay in a Spinal Cord Unit for
rehabilitation of individuals with traumatic or non-traumatic SCI.51 In a multivariable regression analysis
including 1,376 individuals with traumatic SCI,
Craven et al. reported that length of stay in the rehabilitation centers was not significantly affected by the individuals’ gender.52
The potential effects of patient gender on outcomes of
spine surgery have been also reported in prior studies.
Herren et al. documented that men had longer hospital
of stay after lumbar spine surgery for spinal disc herniation, lumbar spinal stenosis and spondylolisthesis than
women.20 Using data from the SPORT, Cummins
et al. reported that women were more likely to be seen
by alternative health care providers and a pain specialist
physician, and more frequently had visits to medical and
physical therapists for lumbar spine disease (i.e. intervertebral disc herniation, spinal stenosis, and degenerative
spondylolisthesis with stenosis) than men.21 Nuno
et al. found that more women underwent surgical treatment for idiopathic scoliosis, but the in-hospital complications rates in men and women were similar.22
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Overall, the results of our study suggest that women
had an earlier surgical assessment after atcSCI than
men, even though there is no clear explanation for
those gender-related disparities. Nonetheless, there
were no other significant differences between men and
women with regards to the key steps of management
of patients with atcSCI.

Study limitations
This original work examined the potential effects of age
at onset of SCI and gender on the health care process
steps in the surgical management of individuals with
atcSCI. However, there are some limitations to consider
when interpreting and applying the enclosed results.
First, selection bias may occur in any retrospective
cohort study because data were collected before the
research question when the current investigators did
not have control on the number and characteristics of
those potential study participants who declined to be
enrolled in the STASCIS. Second, all spine surgeons
who work in the participating acute spine trauma
center were men. Third, all the spine surgeons involved
in the management of those patients had prior education
on the potential effects of ageism on the outcomes after
SCI, which does not necessarily represent the experience
of healthcare professionals in other jurisdictions.
Finally, the sample size limited further data analysis
including multiple co-variants in order to further
clarify potential confounding effects. Also, negative
results in some of the comparisons could be due to
type-II error.

Conclusions
This retrospective cohort study using prospectivelyaccrued data, for the first time, examined whether age
at the time of SCI and gender influence the key steps
of the health care process in terms of the waiting time
for each steps in the surgical management of individuals
with atcSCI. Older age at the time of SCI was associated
with longer stay in the acute spine trauma center, even
though this association was cofounded by major preexisting medical co-morbidities. Otherwise, age at
onset of SCI did not significantly affect the health care
process during surgical management of the individuals
with atcSCI. The results of our study also suggest that
women with SCI had an earlier surgical assessment
than men. Yet, gender did not appear to influence the
other key steps of surgical management of atcSCI.
Further investigations are needed to determine if other
factors such as ageism, patient gender bias and physician gender bias play a role in those age-related and
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gender-related discrepancies that were observed in this
study.
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