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Abstract
Study design Prospective cohort study.
Objectives To elucidate serial changes in dysphagia and elucidate the critical period for dysphagia following acute traumatic
cervical spinal cord injury (CSCI).
Setting Spinal Injuries Center, Fukuoka, Japan.
Methods We prospectively examined individuals with acute traumatic CSCI admitted within 2 weeks after injury. Severity
of dysphagia was evaluated using both the dysphagia severity scale (DSS) and functional oral intake scale (FOIS) at
2 weeks, 1 month, 2 months, and 3 months after injury. Condition of oral intake before injury was assessed by history taking.
American Spinal Injury Association (ASIA) impairment scale grade and motor scores were also assessed at the same
timepoints, and the correlation between dysphagia and paresis was analyzed.
Results Sixty-five individuals with CSCI were assessed consecutively for 3 months after injury. Swallowing function,
evaluated using both the DSS and FOIS, was significantly decreased at 2 weeks after injury, but significantly improved
thereafter. Significant correlations between severity of dysphagia (DSS and FOIS scores) and motor scores were found at
2 weeks after injury (rs= 0.66 and 0.61; p < 0.001 and p < 0.001, respectively), indicating that individuals with lower motor
scores had more severe swallowing dysfunction.
Conclusions Dysphagia occurred immediately after injury, but gradually improved over time. Individuals with more severe
paralysis had significantly more severe dysphagia. Special attention for dysphagia should be paid to individuals with severe
paralysis in acute phase.

Introduction

Pneumonia following cervical spinal cord injury (CSCI) can
be a life-threatening condition [1]. In particular, aspiration
pneumonia remains a major cause of further morbidity and
mortality [2, 3] and is an economic burden to treat [4].

Swallowing dysfunction, which may cause aspiration
pneumonia, is one of the most important complications
when we treat individuals with CSCI. Early detection of
dysphagia is necessary to secure sufficient nutrition and
avoid aspiration pneumonia.

The relationship between CSCI and dysphagia has been
reported, and the risk factors for dysphagia development
have been identified [5–9]. A recent meta-analysis reported
that significant risk factors include age, severity of injury,
level of injury, tracheostomy, cough, voice quality, need for
bronchoscopy, pneumonia, mechanical ventilation, naso-
gastric tubes, comorbid injury, and cervical surgery [10].

While the risk factors have been reported, to our
knowledge, no previous study has reported the serial
changes in dysphagia following CSCI. It is very important
to understand the clinical course of swallowing dysfunction
in order to take special care at meals during the critical
period for not only dysphagia but also aspiration
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pneumonia. We hypothesized that dysphagia frequently
occurs immediately after CSCI. The purpose of this study
was to examine serial changes in dysphagia and elucidate
the critical period for dysphagia in individuals with CSCI.

Methods

Participants

Between October 2015 and May 2017, 91 individuals with
acute traumatic CSCI were admitted to the Spinal Injuries
Center in Fukuoka prefecture, Japan (69 men, 22 women;
median age, 68 years [interquartile range, 59–76 years]).
Classification of spinal injuries according to the American
Spinal Injury Association (ASIA) impairment scale was as
follows: grade A in 18 individuals, grade B in 7, grade C in
28, grade D in 23, and no paresis in 15. A prospective
cohort study was conducted in those participants.

This study included individuals with traumatic CSCI
who were admitted within 14 days of injury and were fol-
lowed consecutively for at least 3 months. The following
comprised the exclusion criteria: brain injury, cerebral
infarction, and switching hospitals due to deterioration of
the general condition. In addition, patients discharged to
their homes due to recovery of their neurologic condition at
<3 months were also excluded.

Evaluation

Swallowing function and neurologic condition were pro-
spectively examined. Swallowing function was classified
using the dysphagia severity scale (DSS) [11] and func-
tional oral intake scale (FOIS) [12]. The DSS evaluates the
condition of aspiration or dysphagia using the following
scores: 1, saliva aspiration; 2, food aspiration; 3, water
aspiration; 4, occasional aspiration; 5, oral problems; 6,
minimum problems; and 7, within normal limits. The FOIS
evaluates the functional intake of food or liquid using the
following scores: 1, nothing by mouth; 2, tube dependent
with minimal attempts of food or liquid; 3, tube dependent
with consistent oral intake of food or liquid; 4, total oral diet
of a single consistency; 5, total oral diet with multiple
consistencies but requiring special preparation or compen-
sations; 6, total oral diet with multiple consistencies without
special preparation but with specific food limitations; and 7,
total oral diet with no restrictions. We also used fiberoptic
endoscopic evaluation of swallowing (FEES) or video-
fluoroscopy (VFS) to make a detailed evaluation and decide
the classification of DSS, when patients were categorized as
scale 4 or less of DSS. Both DSS and FOIS were discussed
and determined by TH (1st author) and YF (2nd author) in
reference to the objective results of FEES or VFS. Both

DSS and FOIS scores were evaluated at 2 weeks, 1 month,
2 months, and 3 months after injury. Condition of oral
intake before injury was assessed by history taking using
both the DSS and FOIS. No treatment by Speech and lan-
guage therapist was performed, however, a certified nurse in
dysphagia nursing (YF) supervised feeding of all patients
with dysphagia.

In addition, ASIA impairment scale [13] and motor
scores (range, 0–100) were examined to evaluate indivi-
duals’ neurologic status at the same timepoints. Also, level
of injury detected using MRI and the presence of tra-
cheostomy were examined.

Statistical analysis

Correlations between severity of dysphagia (DSS and FOIS
scores) and motor scores were assessed using Spearman
correlation coefficients. When examining serial changes in
dysphagia, the Wilcoxon signed-rank test was used to
analyze differences among timepoints (before injury and
2 weeks, 1 month, 2 months, and 3 months after injury).
Correcting with Bonferroni inequality, a p value < 0.01
(0.05/5) was considered statistically significant. Statistical
analyses were performed using JMP 13 (SAS Institute Inc.,
Cary, NC, USA) computer software.

Results

Of the 91 individuals admitted to our hospital within
2 weeks after injury, 13 were excluded due to switching
hospitals within 3 months (deterioration of general condi-
tion in six, dementia or mental problem in four, transfer to
local hospital in three). In addition, 13 individuals could not
be followed for 3 months. Finally, the remaining 65 indi-
viduals were followed consecutively for 3 months after
injury (Fig. 1).

Table 1 shows the demographic data of the 65 indivi-
duals in this study. Median age was 67 years old and
interquartile range was 60–73 years old. In terms of level of
injury, 28 individuals (43%) had spinal injury at C3 to 4, 10

Fig. 1 Flowchart of the study. CSCI cervical spinal cord injury
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(15%) at C4 to 5, 10 (15%) at C6 to 7, 8 (10%) at C5 to 6, 4
(6%) at C1 to 2, 3 (5%) at C7 to T1, and 2 (3%) at C2 to 3.

Serial changes in dysphagia

Average DSS score of the 65 individuals was significantly
decreased after injury compared with before injury;
however, it significantly increased for 2 months after
injury, indicating that swallowing function was decreased
immediately after injury, but gradually improved there-
after (Fig. 2a). Similarly, average FOIS score was sig-
nificantly decreased after injury compared with before
injury; however, it significantly increased at each time
point after injury, demonstrating that functional oral
intake was decreased immediately after injury, but also
gradually improved thereafter (Fig. 2b). When we looked
at serial changes in each ASIA impairment scale, both
DSS and FOIS in each scale improve gradually after
injury, whereas the average scores of DSS and FOIS in
complete paralysis showed lower than those in incom-
plete paresis in every time point (Fig. 2c, d). When
evaluating aspiration (DSS score ≤4), 22 individuals
(35%) suffering from aspiration at 2 weeks after injury
decreased to 11 individuals (17%) at 3 months. Similarly,
when evaluating tube dependency (FOIS score ≤3), 11
individuals (17%) who were tube dependent for nutrition
at 2 weeks after injury decreased to 3 individuals (5%) at
3 months.

Correlation between severity of dysphagia and
motor scores at 2 weeks after injury

A significant correlation was identified between DSS and
motor scores (rs= 0.67 and p < 0.001; Fig. 3a). A sig-
nificant correlation was also found between FOIS and motor
scores (rs= 0.61 and p < 0.001; Fig. 3b). These findings
indicate that individuals with more severe paresis had more
severe dysphagia and less functional oral intake.

Discussion

The incidence of dysphagia in several studies has been
reported to be between 7 and 51% [3, 5, 8, 10, 14–16]. One
of the reasons for this wide range is that individuals with
CSCI have various degrees of dysphagia, making it difficult
to set a definition for dysphagia. Another reason may be
differences in the time of dysphagia evaluation, as swal-
lowing dysfunction can vary over time after injury [17]. The
current study confirmed this varying degree of dysphagia
from before injury to 3 months after injury.

It is very important to recognize not only the incidence of
dysphagia but also its natural course following CSCI. To
the best of our knowledge, no previous study has demon-
strated this varying degree of dysphagia over time after
injury. We found deterioration in swallowing function
immediately after CSCI; however, the clinical course of
dysphagia showed gradual improvement in most cases.
Some individuals still suffered from aspiration and were
tube dependent for nutrition; however, all three individuals
who were still tube dependent at 3 months had a tra-
cheostomy, which is one of the known risk factors for
dysphagia [3, 5, 15].

Several studies have reported that the level of injury and
severity of paralysis have a significant relationship with
dysphagia [5, 14, 16]. We previously reported in another
series that ASIA impairment scale grade A or B was a
significant risk factor for dysphagia according to logistic
regression analysis of 298 cases [5]. The current study
found a significant correlation between motor scores and
severity of dysphagia, indicating more severe dysphagia in
individuals with more severe paresis in the acute phase.

This study is not without limitations. Firstly, we followed
the individuals for only 3 months from the acute to subacute
phase, which is a relatively short period. Studies with longer
follow-up would be needed to investigate dysphagia from
the subacute to chronic phase. Second, patients with more
severe injuries which may have dysphagia might have been
excluded because they changed hospital due to deterioration
of their conditions. Third, as patients with mild paresis who
discharged from our hospital also could not followed, a bias
in the population of this study should be acknowledged.

Table 1 Summary of demographic data of 65 patients at two weeks
after injury

Age (year) 67 (60–73)

Sex (female/male) 14/51

DSS 5 (4–6)

FOIS 6 (5–6)

Tracheostomy 8 (12)

Motor score 46 (19–73)

ASIA impairment scale (%)

A 14 (22)

B 1 (2)

C 23 (35)

D 22 (34)

E 5 (8)

Level of injury (%)

C1/2 4 (6)

C2/3 2 (3)

C3/4 28 (43)

C4/5 10 (15)

C5/6 8 (12)

C6/7 10 (15)

C7/T1 3 (5)
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When treating individuals with CSCI, we need to pay
attention to dysphagia, particularly in the acute phase,
especially in two weeks after injury. In addition, individuals

with severe paralysis (i.e. low motor scores, and low grade
of ASIA impairment scale) should be closely monitored at
meals and be considered to treat by direct and/or indirect

Fig. 2 Serial changes of dysphagia. The dots and bars indicated means
and standard deviations. The number of patients with ASIA impair-
ment scale A, B, C, D, and E were 14, 1, 23, 22, and 5, respectively.
a Serial changes in dysphagia severity scale score. b Serial changes in

functional oral intake scale score. c Serial changes of dysphagia
severity scale in each ASIA impairment scale. d Serial changes of
functional oral intake scale in each ASIA impairment scale

Fig. 3 a Correlation between dysphagia severity scale and motor
scores at 2 weeks after injury. Overall 65 individuals were included in
this figure although some dots were overlapped. ASIA, American
Spinal Injury Association. b Correlation between functional oral intake

scale and motor scores at 2 weeks after injury. Overall 65 individuals
were included in this figure although some dots were overlapped.
ASIA, American Spinal Injury Association
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training for eating to avoid aspiration, which may lead to
pneumonia and pulmonary dysfunction.

Data availability

The data sets generated and/or analyzed during the current
study are not publicly available due to the inclusion of
private information of patients but are available from the
corresponding author on reasonable request.
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