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Abstract: We aimed to retrospectively investigate the demographic characteristics and short-term
outcomes of traumatic cervical spine injuries in patients with dementia. We enrolled 1512 patients
aged > 65 years with traumatic cervical injuries registered in a multicenter study database. Patients
were divided into two groups according to the presence of dementia, and 95 patients (6.3%) had
dementia. Univariate analysis revealed that the dementia group comprised patients who were older
and predominantly female and had lower body mass index, higher modified 5-item frailty index
(mFI-5), lower pre-injury activities of daily living (ADLs), and a larger number of comorbidities
than patients without dementia. Furthermore, 61 patient pairs were selected through propensity
score matching with adjustments for age, sex, pre-injury ADLs, American Spinal Injury Association
Impairment Scale score at the time of injury, and the administration of surgical treatment. In the
univariate analysis of the matched groups, patients with dementia had significantly lower ADLs
at 6 months and a higher incidence of dysphagia up to 6 months than patients without dementia.
Kaplan—-Meier analysis revealed that patients with dementia had a higher mortality than those
without dementia until the last follow-up. Dementia was associated with poor ADLs and higher
mortality rates after traumatic cervical spine injuries in elderly patients.

Keywords: cervical spine injury; older adults; dementia; short- to middle-term outcome; functional
prognosis; complications; mortality; propensity score matching

1. Introduction

The rate of cervical spine injuries continues to rise in developed countries as the
population ages [1]. This increase is primarily because the epidemiology of cervical spine
injuries has shifted from younger patients to older ones, with ground-level falls becoming
the primary mechanism of injury [1]. Cervical spine injuries are considered one of the
most severe types of injury because of the risk of traumatic spinal cord injury, permanent
neurological disability, and death [2-6]. The financial burden on patients, their families,
and health care systems is enormous [7,8]. The lack of knowledge on cervical spine injuries
in the elderly and of countermeasures against these injuries in this patient group is a global
problem that needs to be addressed.
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On the other hand, the prevalence of dementia is increasing in an aging society. It
was estimated that 35.6 million people were living with dementia worldwide in 2010;
this number is expected to almost double every 20 years and to reach 65.7 million in
2030 and 115.4 million in 2050 [9,10]. Existing research recognizes the increased risk
of falls and fractures in patients with dementia, which is attributed to impaired motor
function and balance [11]. Patients with dementia face difficulties in recovering their
previous physical independence after sustaining fractures compared with those without
dementia [12]. Moreover, dementia shares several common risk factors with osteoporosis,
contributing to the high prevalence of osteoporosis and an increased risk of fractures [13,14].
Additionally, patients with dementia have a higher incidence of hip fractures, and on
sustaining such fractures, these patients have a higher postoperative mortality rate and
greater potential for limitations in activities of daily living (ADLs) than patients without
dementia [15-18].

Although there have been numerous reports of dementia as a risk factor for poor
prognosis after traumatic fractures, no study has reported on the effects of dementia on
cervical spine injury outcomes. Therefore, in this study, we aimed to investigate the clinical
characteristics of the cervical spine injuries in patients with dementia and the effects of
dementia on functional and life outcomes following these injuries.

2. Materials and Methods
2.1. Study Participants

We retrospectively analyzed data from elderly patients (>65 years at the time of
injury) who had suffered a traumatic cervical spine injury between 2010 and 2020 who
were enrolled in a multicenter database maintained by the Japan Association of Spine
Surgeons with Ambition (JASA) [19]. Cervical spine injuries included cervical spine
fractures, dislocations, spinal cord injuries, and combinations of these injuries. The criteria
for inclusion in the database were patients who required in-hospital treatment and those
who were followed up for at least 3 months.

2.2. Variables, Classifications, and Outcomes

Variables included patient demographics (age, sex, body mass index [BMI], residence
status, pre-injury ADLs, pre-injury medical comorbidities apart from dementia, and the
modified 5-item frailty index [mFI-5]), the results of blood tests performed on admission
(total protein and hemoglobin [Hb]), injury status (presence of cervical fracture/dislocation,
neurological impairment, and associated injury), and treatment status (steroid administra-
tion and surgery). The 5-mFl is a surrogate index of frailty consisting of five items: four
comorbidities and one ADL indicator. The four comorbidities are hypertension, diabetes
mellitus, congestive heart failure, and chronic obstructive pulmonary disease, while the
ADL indicator is the status of needing assistance in daily living [20,21]. Neurological
impairment was assessed using the American Spinal Injury Association Impairment Scale
(AIS) [22]. External causes of injury were classified as falls at the ground level and others.
The outcomes of interest were mortality, complication rate, and ADLs at 6 months post-
injury. ADLs were evaluated based on the ability to walk independently, and independent
walking was defined as walking with or without a cane. The dementia group included
patients with a history of dementia, which was identified by retrospectively evaluating
their medical records.

2.3. Statistical Analysis

Patients were divided into two groups according to the presence of dementia. Quanti-
tative data were presented as the mean =+ standard deviation, and the Shapiro-Wilk test
was used to assess the normality of the data distribution. The differences in continuous
variables between the groups were examined using the Student’s t-test for the parametric
data and the Mann-Whitney U test for nonparametric data, while categorical data were
compared using the chi-square test.
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Propensity score matching analyses were performed to compare the complication
rates and ADLs at 6 months post-injury between the patients with and without demen-
tia. Propensity score matching analysis is widely used in retrospective cohort studies
to control for confounding biases [23]. In the present study, the propensity scores were
calculated based on five variables: age, sex, pre-injury ADLs (independent walking or
non-independent walking), AIS score at the time of injury (AIS A or B, AIS C or D, or no
spinal cord injury), and the implementation of surgical treatment. Patients with missing
data at 6 months post-injury were excluded from the propensity score matching analysis.
Furthermore, mortality up to the last follow-up was investigated using the Kaplan-Meier
method. IBM SPSS Statistics for Macintosh, Version 27.0 (IBM Corp, Armonk, NY, USA),
was used for all statistical analyses. The level of statistical significance was set at p < 0.05.

3. Results
3.1. Patient Characteristics Including Injury and Treatment Status

A total of 1512 patients (1007 males and 505 females; mean age, 75.8 & 6.9 years;
mean follow-up period, 19.1 &+ 21 months) were included and evaluated in this study. Of
these patients, 95 (6.3%) had dementia. Patients in the dementia group were older and
predominantly female compared to those in the non-dementia group (Table 1). Patients
with dementia had lower BMI, lower rates of living at home, lower pre-injury ADLs, a
larger number of comorbidities (apart from Parkinson’s disease and diabetes mellitus), a
higher mFI-5, and lower Hb levels than patients without dementia; they also used a larger
number of medications than patients without dementia.

Table 1. Comparison of the patient demographics between the dementia and non-dementia groups.

Dementia Non-Dementia

(n = 95) m=1417)  PValue
Age at injury (years), mean + SD 821+6.8 754+ 6.7 <0.001 *
Sex: Female, n (%) 45 (47.4) 460 (32.5) 0.003 *
Body mass index (kg/m?), mean + SD 20.24+3.8 222436 <0.001 *
Residence status; living at home, n (%) 82 (87.2) 1357 (97.7) <0.001 *
Er(i/?)n]ury ADLs; walking w/ or w/o a cane, 76 (81.7) 1354 (96.4) <0.001 *
Presence of a pre-injury comorbidity
Cerebrovascular disease, 1 (%) 19 (20.0) 126 (9.2) <0.001 *
Parkinson’s disease, 11 (%) 3(3.2) 19 (1.4) 0.162
Hypertension, 1 (%) 58 (61.1) 673 (48.8) 0.021 *
Diabetes mellitus, 1 (%) 29 (30.5) 301 (22.1) 0.057
Cardiovascular disease, 11 (%) 22 (23.2) 205 (15.1) 0.035 *
Respiratory disease, 11 (%) 11 (11.7) 70 (5.1) 0.007 *
Renal disease, 11 (%) 9 (9.5) 64 (4.7) 0.040 *
Musculoskeletal disorders, 1 (%) 21 (22.3) 169 (12.4) 0.006 *
Number of medications, mean + SD 59+46 3.8+37 <0.001 *
Modified 5-item frailty index, mean + SD 1.18 + 0.86 0.77 £ 0.74 <0.001 *
Blood test data at admission
Serum total protein value (g/dL), mean + SD 6.6 + 0.64 6.6 +0.71 0.762
Serum hemoglobin value (g/dL), mean & SD 11.7+£19 128 £1.9 <0.001 *

ADLs, activities of daily living; SD, standard deviation; * p < 0.05.

Regarding injury and treatment status, there was a larger proportion of patients who
had sustained injuries as a result of ground-level falls and of those who had cervical
spine fractures in the dementia group than in the non-dementia group; furthermore, fewer
patients in the dementia group received surgical treatment than those in the non-dementia
group (Table 2). There were no significant differences in the presence and severity of
neurological impairment, dislocation, and associated injuries and in the administration of
steroids between the groups.
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Table 2. Comparison of the injury and treatment status between the dementia and non-
dementia groups.

Dementia Non-Dementia Value
(n = 95) (n =1417) v

Injury status

Ground-level fall, n (%) 54 (56.8) 525(37.1) <0.001 *

Cervical spine fracture, 1 (%) 67 (70.5) 767 (54.1) 0.002 *

Cervical dislocation, 1 (%) 9 (9.5) 219 (15.5) 0.115

Neurological impairment, 1 (%) 0.056
AIS A or B, n (%) 10 (10.5) 193 (13.6)

AISC or D, n (%) 46 (48.4) 807 (57.0)
No spinal cord injury, 1 (%) 39 (41.1) 417 (29.4)

Associated injuries, 1 (%) 30 (31.6) 381 (26.9) 0.320
Head injury, n (%) 19 (20.0) 198 (14.0) 0.107
Thoracic injury, n (%) 5(5.3) 83 (5.9) 0.819
Abdominal injury, n (%) 1(1.1) 21 (1.5) 0.592
Upper limb injury, n (%) 4(4.2) 73 (5.2) 0.459
Lower limb injury, n (%) 6 (6.3) 49 (3.5) 0.127
Pelvic fracture, 1 (%) 1(1.1) 26 (1.8) 0.484
Thoracolumbar vertebral fracture, 1 (%) 7(7.4) 84 (5.9) 0.571

Treatment status
Steroid administration, n (%) 9 (9.5) 198 (14.0) 0.216
Surgical treatment, n (%) 47 (49.5) 856 (60.4) 0.035 *

AIS, American Spinal Injury Association Impairment Scale; * p < 0.05.

3.2. Propensity Score Matching Analysis of Complications, ADLs, and Survival after Injury

Sixty-one pairs of patients were selected through propensity score matching. There
were no significant differences in the five variables used for propensity score matching
between the groups (Table 3). Propensity score matching analysis revealed that a signifi-
cantly larger proportion of patients had dysphagia and lower ADLs at 6 months post-injury
in the dementia group than in the non-dementia group (Table 4). Although there were
no significant differences in the other complications at 6 months post-injury between the
groups, the Kaplan-Meier method revealed that patients in the dementia group had a
significantly poorer life expectancy than those in the non-dementia group (Figure 1).

Table 3. Comparison of the adjusted variables between the propensity score-matched groups.

Dementia Non-Dementia

(n = 61) (n = 61) p-Value

Age at injury (years), mean &+ SD 79.7 £ 6.4 794 +£6.5 0.790
Sex: Female, n (%) 23 (37.7) 22 (36.1) 0.851
Pre-injuryADLs: walking w/ or w/o a cane, n (%) 58 (95.1) 59 (96.7) 0.500
Neurological impairment 0.405

AIS A or B, 11 (%) 6(9.8) 8(13.1)

AISC or D, n (%) 30 (49.2) 35 (57.4)

No spinal cord injury, 1 (%) 25 (41.0) 18 (29.5)
Surgical treatment 36 (59.0) 34 (55.7) 0.714

SD, standard deviation; ADLs, activities of daily living; AIS, American Spinal Injury Association Impair-
ment Scale.
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Table 4. Propensity score matching analysis of complications and ADLs after injury.
Dementia  Non-Dementia Val

(n = 61) (n = 61) p-vatue
Complications, 1 (%) 38 (62.3) 29 (47.5) 0.102
Respiratory impairment, 1 (%) 5(8.2) 3(4.9) 0.359
Dysphagia, 1 (%) 8 (13.1) 2(3.3) 0.048 *
Pneumonia, 1 (%) 12 (19.7) 5(8.2) 0.067
Urinary tract infection, n (%) 8 (13.1) 4 (6.6) 0.224
Deep venous thrombosis, 1 (%) 1(1.6) 1(1.6) 0.752
Pulmonary embolism, 1 (%) 2(3.3) 0(0) 0.248
Cerebral infarction, 1 (%) 0(0) 2 (3.3) 0.248
Myocardial infarction, n (%) 0 (0) 0 (0) N/A
Delirium, n (%) 16 (26.2) 9(14.8) 0.116
ADLsat 6 months: walking w/ or w/o a cane, 1 (%) 28 (46.2) 42 (69) 0.016 *

ADLs, activities of daily living; AIS, American Spinal Injury Association Impairment Scale; N/A, not applicable;
*p <0.05.

1.0 !
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= Non-dementia patients
0.9 s
> L T L. ] T T
=1 L
=
g 0.8
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o ettt -
.g 0.7
-
=]
» 0.6
0.5
0 20 40 60 80 100

Survival time (months)

Figure 1. Kaplan-Meier survival curve showing the survival probability of patients with and without
dementia. The mean survival time was 36.4 (95% CI: 31.4—41.5) months in the dementia group and
74.9 (95% CI: 68.0-81.8) months in the non-dementia group. The log-rank test revealed that patients
with dementia had a lower survival rate than those without dementia (log-rank test: p = 0.031). CI,
confidence interval.

4. Discussion

In this study, 1512 patients with a cervical spine injury aged >65 years, who were
registered in a multicenter study conducted in Japan, were retrospectively examined; we
aimed to evaluate the characteristics of patients with dementia who sustained cervical
spine injuries and the effects of dementia on functional and life expectancy. To the best of
our knowledge, this is the first study to examine the clinical characteristics of traumatic
cervical spine injury in elderly patients according to the presence of dementia.

4.1. Characteristics of Cervical Spine Injury in Elderly Patients with Dementia

Patients in the dementia group tended to be older and to have poorer pre-injury health
(e.g., medical comorbidities and frailty) than those in the non-dementia group. There
were a larger number of elderly females in the dementia group than in the non-dementia
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group; this may be because among the elderly population, the prevalence of dementia
is generally higher in females than in males, and this prevalence increases exponentially
with age [24,25]. The reason for the larger number of comorbidities observed in the
dementia group is that dementia is primarily a geriatric disease and is often comorbid
with other geriatric diseases [26-30]. There is evidence to support an association between
dementia and cardiovascular risk factors such as hypertension and dyslipidemia [30-32].
Furthermore, dementia is characterized by a decline in cognitive and physical function,
which worsens as the disease progresses and is associated with a decrease in the ability
to function independently [33-36]. Patients with dementia have a slower gait, poorer
balance, an increased risk of falls, and decreased ADLs [37-39]. Therefore, in this study, the
dementia group tended to have lower pre-injury ADLs than the non-dementia group.

In terms of injury characteristics, a larger number of injuries in the dementia group
were caused by minor external forces such as ground-level falls than those in the non-
dementia group. Consequently, patients with dementia sustained a larger number of
cervical spine fractures but had fewer cervical spinal cord injuries and underwent fewer
surgical interventions. This may be due to the fact that these patients had a higher rate of
osteoporosis [40,41]. Yokokawa et al. examined the differences in the clinical outcomes of
cervical spine injuries caused by external factors and reported that the patient group with
injuries caused by lower external forces such as ground-level falls had more severe frailty
and a worse prognosis than other patient groups [19]. These findings are consistent with
the results of this study.

4.2. Effects of Dementia on Clinical Outcomes Following a Cervical Spine Injury

As mentioned previously, patients with dementia were older and in a poorer condition
than patients without dementia; this made a direct comparison of outcomes difficult. There-
fore, we adjusted for age, sex, pre-injury walking capacity, status of cervical cord injury,
and the administration of surgical treatment and compared the matched groups using a
propensity score matching analysis. The results showed that there was a significantly higher
incidence of dysphagia and a lower rate of independent walking, as assessed 6 months post-
injury, in the dementia group than in the non-dementia group. It has been reported that the
incidence of aspiration after cervical spine injury is as high as 30%, and the risk factors are
considered to be severe paralysis, tracheostomy, advanced age, and laryngeal edema [42].
Dysphagia has also been reported to occur more frequently in patients with dementia, with
an incidence ranging from 13 to 57% [43,44]. Dysphagia in patients with dementia may be
caused by decreased sensory and motor function, but the etiology has not been clarified. In
a report of a patient with dementia who underwent a swallow angiogram, delayed pharyn-
geal and laryngeal responses or reflexes and prolonged intraoral phases were observed,
and the severity of dysphagia was correlated with the severity of dementia [44]. Dysphagia
is recognized as one of the major pathophysiologies that cause pneumonia, and pneumonia
is one of the leading causes of morbidity and mortality from infectious diseases in the
elderly [45,46]. Although not shown in this study, the most common cause of death in this
patient database was pneumonia. We believe that patients with cervical spine injuries who
have dementia should be provided with appropriate swallowing training, bearing in mind
that dysphagia might occur [47]. Although there were no significant differences in the
presence of complications apart from dysphagia between the groups, the rates of several of
these complications tended to be higher in patients with dementia, suggesting that these
patients may be at a higher risk of several complications. Regarding ADLs, despite the
slightly smaller proportion of patients with neurological impairment in the dementia group,
the level of walking independence at 6 months was significantly lower in this group than
in the non-dementia group. This suggests that post-traumatic recovery is slower in patients
with dementia and that a more intensive and specialized rehabilitation strategy needs to be
established [12]. There have been reports of the effectiveness of enhanced rehabilitation
programs in hip fracture patients with dementia [48], and there is a need to accumulate
more knowledge about effective rehabilitation in such patients with cervical spinal injuries.
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Life expectancy was significantly poorer in the dementia group after adjusting for
background factors. In general, cervical spine injuries in the elderly have a poor prognosis,
with high rates of mortality and complications [49]. Dementia is also known to have a poor
prognosis. The risk of death in patients with dementia is reported to be approximately
2.6-2.9 times higher than that in patients without dementia [50,51]. Five-year survival rates
in patients with dementia have been reported to be similar to or lower than those in patients
with acute ischemic heart disease or cancer in most age groups [50,52]. Furthermore, there
are many studies on the relationship between dementia and fractures in the case of hip
fractures. Dementia has been identified as a factor that increases the risk of sustaining hip
fractures, delays functional recovery, and worsens the 1- and 2-year life expectancy [15-18].
Conversely, traumatic injuries such as fractures and spinal cord injuries have been reported
to be involved in the onset and exacerbation of dementia [53,54]. Thus, cervical spine injury
and dementia are considered to have a mutually adverse relationship. Therefore, in cases
of cervical spine injuries, even in the absence of cervical spinal cord injury or obvious
neurological damage, the trauma may cause further deterioration of cognitive function,
thereby adversely affecting life and functional prognosis.

4.3. Fall Trauma Risk in Elderly Patients with Dementia

Elderly women aged >75 years with dementia fall 2-3 times more often than cogni-
tively healthy elderly people [55], and 70-80% of elderly patients aged > 65 years with
dementia fall annually [56]. A cohort study of 793 patients aged > 75 years with dementia
reported that 303 patients suffered fall trauma (mean follow-up, 3.7 years). A total of
328 fall trauma injuries occurred, of which 3.4% (11/328) were reported as intracranial
injuries, 7.6% (25/328) as vertebral fractures, and 37.2% (122/328) as lower extremity frac-
tures [57]. However, we were unable to find any report on the incidence of cervical spine
injury in patients with dementia. Therefore, this is a subject for future study. In this study,
the prevalence of dementia in patients with cervical spine injuries was 6.3%. Previous
studies have reported a prevalence of dementia in elderly patients aged > 65 years with
cervical spine fractures ranging from 5-13%, which was consistent with the results of our
study [58,59].

4.4. Prevention of and Enhanced Care for Cervical Spine Injury in Elderly Patients with Dementia

Our findings indicate that patients with dementia and cervical spine injury are frailer
at the time of injury than patients with cervical spine injury without dementia; further-
more, these patients have worse functional and life prognoses and require more attention
during initial treatment and prognostic management. The establishment of fall prevention
programs and multidisciplinary treatment strategies for patients with dementia is required
to prevent cervical spine injuries. Effective reinforcement or rehabilitation of cervical spine
injuries in patients with dementia is warranted after the injury. In particular, complica-
tions such as dysphagia may contribute to mortality, and a swallowing assessment and
appropriate swallowing training are needed.

4.5. Limitations

The strength of this study is that it examined the characteristics and clinical outcomes
of cervical spine injuries in elderly patients with and without dementia in a nationwide
multicenter study. However, the study has several limitations including the retrospective
design and the fact that this was not an exhaustive study. Second, the diagnostic criteria,
severity, etiology, and treatment of dementia were not investigated. In addition, this study
was conducted in Japan, a country with the unique background of having the world’s
largest aging population. However, the world is moving toward a hyper-aged society, and
cervical spine injuries in the elderly are an urgent issue to be addressed. We believe that this
study presents a model case of an aging society, and the results provide valuable insights
that could aid in formulating preventive strategies against these injuries in the elderly.
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5. Conclusions

This study retrospectively examined elderly patients with cervical spine injuries. We
found that the patients in the dementia group were older and predominantly female and
had lower BMI, lower walking capacity, and a higher 5-mFI than those in the non-dementia
group. In other words, the frailty of patients in the dementia group was more severe. After
adjusting for age, sex, pre-injury ADLs, AIS score at the time of injury, and administration
of surgical treatment, we found that patients in the dementia group had a lower ability to
walk 6 months after injury, a higher incidence of dysphagia, and worse short- to middle-
term life expectancy than those in the non-dementia group. Dementia significantly affected
the clinical outcomes in elderly patients with cervical spine injuries.
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