
Introduction
Spinal cord injury (SCI) is a devastating neurological 
condition that produces a wave of unfortunate 
ramifications, affecting most, if not all organs. It is 
estimated that each year approximately 12 000 new cases 
of SCI occur in the United States, with about 300 000 
patients living with neurological consequences.1 When 
the spinal cord incurs direct mechanical trauma, local 
ischemia and hemorrhage occur, leading to edema and 
neural cell death in the immediate vicinity.2 Afterwards, 
changes in the injury zone result in the breakdown of 
cellular membranes, and, consequently, the release of 
inflammatory cytokines, all leading to an even greater 

extent of neural cell loss.3 When SCI reaches the chronic 
stage, a cystic cavity forms that is surrounded by an 
astroglial scar, and axons distal to the site of injury undergo 
progressive Wallerian degeneration.4 The astroglial scar 
and cystic cavities compounded with less than sufficient 
endogenous remyelination and axonal regrowth severely 
limit the potential of the spinal cord for intrinsic repair.5 
Hence, the end result of the pathophysiological changes in 
the spinal cord includes permanent deficits such as loss of 
sensory perception and motor paralysis at the distal level 
of the injury.6 SCI affects nearly every aspect of the lives of 
the patients and their families, since loss of independence 
and elevated lifelong mortality rates follow SCI.7
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When a patient is affected by SCI, the damages to the 
sensory and motor systems are conspicuous, yet the 
impact of the injury on the willful elimination of stool and 
urine usually goes unnoticed by the general population.8 
In the aftermath of the injury, the patients are faced with 
neurogenic bowel dysfunction (NBD), since SCI affects 
colorectal motility,9 transit times,10 and bowel emptying,11 
often causing constipation, fecal incontinence, or a 
combination of both.12 However, it should be noted that 
the effects of neurogenic bowel on the quality of life after 
SCI extend far well beyond the mere inconvenience or 
the pain. In the Stockholm SCI study, bowel dysfunction 
was rated as a moderate to severe life-limiting problem 
by 41% of the patients.13 In a study that evaluated the 
physical and psychological effects of SCI, on a scale of 0 
(for no perceived problem) to 10 (maximum perceived 
problem), patients rated their loss of mobility as a mean 
of 6.8 and their bowel management as 5.1.14 Patients 
with SCI commonly declare incontinence as the reason 
for not engaging in outside activities.8 Additionally, an 
immense amount of time, expense, and attendant support 
are needed to cope with the secondary outcomes of SCI, 
including bowel problems.15 Yet, despite all the disastrous 
impacts of NBD on the patient’s life, a limited number of 
studies have been dedicated to identifying the influence 
that each of the characteristics of the injury exerts on 
different aspects of bowel problems in patients with SCI.

To better evaluate the factors contributing to the extent 
of the problems associated with the neurogenic bowel, we 
aimed to study the correlations between the severity of 
the problems and variables such as the cause of injury, the 
level of injury (LOI), and the time since injury (TSI).

Materials and Methods 
This study was cross-sectional and questionnaire-based. 
A hundred and ten patients were enrolled in the study 
according to the selection criteria. All patients were in 
the 18-65 age range, had complete traumatic SCI (ASIA 
classification A), with either a cervical or thoracic 
LOI. Exclusion criteria were as follows: 1) pre-existing 
comorbidities such as diabetes mellitus and cardiovascular 
diseases, 2) disorders and conditions involving the limbs 
such as deformities and amputations, and 3) neurological 
and neurodegenerative conditions such as multiple 
sclerosis, cerebral palsy, spinal muscular atrophy, etc.

Two questionnaires were administrated to the patients: 
the NBD score questionnaire, and the Cleveland Clinic 
constipation system (CCCS) score questionnaire. The 
NBD score (range, 0- 47, with 47 representing severe 
symptoms) is a validated symptom score where each 
symptom of NBD is weighted concerning its impact on 
quality of life. In this scale, four categories have been 
defined based on the severity of dysfunction: very minor 

NBD (0-7), minor NBD (7-9), moderate NBD (9-13), and 
severe NBD (14 or more).12 The CCCS score (range, 0–30, 
with 30 representing severe symptoms) is mainly aimed 
at the evaluation of constipation. It correlates well with 
objective physiological findings in constipated patients 
and allows uniformity in the assessment of the severity of 
constipation.16

At inclusion, demographic data were obtained and 
the questionnaires were administered. Univariate linear 
regression was then used to assess both the presence and 
the extent of correlation of each of the subscales of the 
two scoring systems with the LOI and the interval passed 
since SCI. P < 0.05 were considered statistically significant. 
Different severities of the NBD score were also presented 
based on the cause of SCI and also the LOI so that the 
possible correlations could be better observed. Data were 
analyzed using SPSS software, version 16.0 (IBM Crop., 
Armonk, USA).

Results
Demographics
We included 110 patients were included in the present 
study. The mean age of the patients was 29.49 ± 8.45 and a 
mean interval of 21.25 ± 17.46 years had passed since the 
injury. Most of the enrolled patients were male (71.8%) 
and also most of them suffered from thoracic SCI (73.6%). 
Other demographic characteristics can be seen in Table 1.

NBD Score
Descriptive Results
The items in the questionnaire, plus the mean score (μ) 
and the standard deviation (σ) of each were as follows: 
Frequency of defecation (μ = 2.38, σ = 2.42); Time used 
for each defecation (μ = 1.71, σ = 2.66); Uneasiness, 
headache or perspiration during defecation (μ = 0.90, σ 
= 1.00); Regular use of tablets against constipation (μ = 
0.87, σ = 1.00); Regular use of drops against constipation 
(μ = 0.22, σ = 0.63); Digital stimulation or evacuation of 

Table 1. Demographic Results

Mean
Standard 
Deviation

No. %

Age 29.49 8.45 - -

Gender
Male - - 79 71.8%

Female - - 31 28.1%

Cause

Accident - - 76 69.1%

Falling - - 30 27.3%

Others - - 4 3.6%

Interval from SCI 21.25 17.46 - -

LOI
Cervical - - 29 26.3%

Thoracic - - 81 73.6%

Abbreviations: SCI, spinal cord injury; LOI, level of injury.
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the anorectum (μ = 3.93, σ = 2.87); Frequency of fecal 
incontinence (μ = 5.91, σ = 4.49); Medication against fecal 
incontinence (μ = 0.36, σ = 1.16); Flatus incontinence (μ 
= 1.51, σ = 0.86); Perianal skin problems (μ = 0.55, σ = 
1.16). The mean ± SD total NBD score was 18.09 ± 7.59 
(Table 2).

Regression to Time Since Injury
Based on the regression analysis, the total NBD score 
per se was not significantly associated with the TSI, 
yet associations were observed among the subscales. 
Frequency of defecation (B = 0.265, P = 0.006), digital 
stimulation or evacuation of the anorectum (B = 0.185, P = 
0.049), and perianal skin problems (B = -0.209, P = 0.029) 
were all positively correlated with TSI. On the other hand, 
the frequency of fecal incontinence (B = 0.258, P = 0.006) 
was negatively associated with this variable (Table 2).

Regression to the Level of Injury
We found no significant associations between the total 
NBD score and the LOI. Within the subscales, uneasiness, 
headache, or perspiration during defecation (B = -0.288, 
P = 0.003) and regular use of drops against constipation 
(B = -0.292, P = 0.002) were negatively associated with 
LOI (Table 2).

Severity According to the Level of Injury
When patients were grouped according to the severity 
of SCI, we observed that among the cervical patients, 
the severity of NBD was very minor in 16.7%, minor in 
50.0%, and moderate in 33.3% of the cases. Among the 

thoracic patients, the severity was very minor in 15.0%, 
minor in 45.0%, moderate in 30.0%, and major in 10.0% 
of the cases (Figure 1A).

Severity According to the Cause
Among the patients that fall victim to SCI as a result of 
accidents, the severity was very minor in 17.6%, minor 
in 41.2%, moderate in 29.4%, and major in 11.8% of the 
cases. When falling is the cause of the SCI, the NBD 
severity is very minor, minor, and moderate in 11.1%, 
77.8%, and 11.1% of the patients, respectively. 100% of 
the SCI patients injured by other causes have moderate 
SCI (Figure 1B).

CCCS Score
Descriptive Results
The items in the questionnaire, plus the mean score (μ) 
and the standard deviation (σ) of each were as follows: 
Frequency of bowel movements (μ = 1.06, σ = 0.78); 
Difficulty: painful evacuation effort (μ = 1.90, σ = 1.50); 
Completeness: feeling incomplete (μ = 1.92, σ = 1.31); 
Pain: abdominal pain (μ = 1.46, σ = 1.43); Time: minutes 
in lavatory per attempt (μ = 1.90, σ = 1.54); Assistance: 
type of assistance (μ = 1.08, σ = 0.93); Failure: unsuccessful 
attempts for evacuation per 24 hours (μ = 0.83, σ = 1.35); 
History: duration of constipation (μ = 0.38, σ = 0.63). The 
mean ± SD total CCCS score was 10.46 ± 5.36 (Table 3).

Regression to the Time Since Injury
When this score is regressed to TSI, a significant positive 
association can be observed (B = 0.279, P = 0.044). Within 

Table 2. Neurogenic Bowel Dysfunction Results

Descriptive Results
Univariate Linear Regression 

to TSI
Univariate Linear Regression 

to LOI

Mean SD
Standardized 

Coefficients (Beta)
P

Standardized 
Coefficients (Beta)

P

Frequency of defecation 2.38 2.42 0.265 0.006** -0.071 0.477

Time used for each defecation 1.71 2.66 -0.056 0.566 0.013 0.894

Uneasiness, headache or perspiration during 
defecation

0.90 1.00 0.115 0.238 -0.288 0.003**

Regular use of tablets against constipation 0.87 1.00 -0.001 0.989 -0.040 0.676

Regular use of drops against constipation 0.22 0.63 -0.507 0.613 -0.292 0.002**

Digital stimulation or evacuation of the anorectum 3.93 2.87 0.185 0.049* -0.153 0.115

Frequency of fecal incontinence 5.91 4.49 -0.209 0.029* 0.173 0.077

Medication against fecal incontinence 0.36 1.16 0.108 0.260 0.027 0.781

Flatus incontinence 1.51 .86 -0.150 0.115 -0.120 0.217

Perianal skin problems 0.55 1.16 0.258 0.006** -0.072 0.457

NBD Total Score 18.09 7.59 0.066 0.491 -0.042 0.666

Abbreviations: SCI, spinal cord injury; TSI, time since injury; LOI, level of injury; NBD, neurogenic bowel dysfunction.
*:P value < 0.05; **: P value < 0.01.
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Figure 1. Severity of Neurogenic Bowel Dysfunction in Patients With Different LOI and Cause of Injury.

Table 3. Cleveland Clinic Constipation System (CCCS) Results

Descriptive Results Univariate Linear Regression to TSI Univariate Linear Regression to LOI

Mean SD
Standardized 
Coefficients 

(Beta)
P

Standardized 
Coefficients 

(Beta)
P

Frequency of bowel movements 1.06 0.78 0.253 0.070 -0.086 0.556

Difficulty: painful evacuation effort 1.90 1.50 0.338 0.014* 0.061 0.680

Completeness: feeling incomplete 1.92 1.31 0.039 0.780 0.126 0.393

Pain: abdominal pain 1.46 1.43 0.082 0.560 -0.253 0.082

Time: minutes in lavatory per attempt 1.90 1.54 0.295 0.037* 0.192 0.200

Assistance: type of assistance 1.08 0.93 0.203 0.147 -0.462 0.001**

Failure: unsuccessful attempts for 
evacuation per 24 hours

0.83 1.35 -0.196 0.161 0.232 0.112

History: duration of constipation 0.38 0.63 0.392 0.004** 0.121 0.409

Cleveland Clinic constipation system 
score

10.46 5.36 0.279 0.044* 0.005 0.971

Abbreviations: SCI, spinal cord injury; TSI, time since injury; LOI, level of injury.
*P value < 0.05; **P value < 0.01.
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the subscales, difficulty: painful evacuation effort (B 
= 0.338, P = 0.014), time: minutes spent in lavatory per 
attempt (B = 0.295, P = 0.037), and history: duration of 
constipation was positively correlated with the TSI (Table 
3).

Regression to the Level of Injury
The analysis revealed no significant association between 
the CCCS score and the LOI. However, among the 
subscales, assistance: type of assistance was negatively 
associated with LOI (B = -0.462, P = 0.001, Table 3).
 
Discussion
In this study, we observed that some aspects of NBD 
were associated with certain characteristics of SCI. After 
regression analysis was done, certain subscales of the 
NBD score and the CCCS score were found to have a 
linear correlation with LOI and TSI. Moreover, the cause 
of injury and LOI were associated with different patterns 
of NBD severity among the patients’ population. To 
summarize, this study denotes that possible associations 
exist between bowel issues of patients with SCI face and 
variables such as LOI, TSI, and the cause of injury. These 
associations need to be further investigated with greater 
sample sizes, more reliable study designs, and more 
meticulous statistical methods.

With respect to the associations with the interval 
since SCI, we see that among the subscales of the NBD 
score, there was a significant association between the 
frequency of defecation and the TSI: the more time had 
passed since the injury, the less frequent were the bowel 
movements. This observation is unparalleled in studies 
similar studies. A questionnaire-based study by Lynch 
et al that aimed to describe the bowel function of spinal 
cord injured (SCI) patients had previously shown that 
there were no changes in bowel motion frequency with 
TSI for either the patients or the controls.17 If we consider 
that the enteric nervous system of the large bowel 
undergoes pathological alterations after SCI, and that 
these alterations worsen as time passes since the injury, 
this observation can be explained. This is evidenced 
by a study by White and Holmes which reported the 
changes of the colonic neuromuscular junctions in rats 
with experimental high-thoracic (T3) SCI. The results 
showed a significant decrease in colonic enteric neuron 
density that became more pronounced as more time 
passed since the occurrence of injury.18 This reasoning 
implies that TSI should be associated with more invasive 
methods for stimulating defecation, which is proven 
true by the significant association observed between the 
time passed and digital stimulation or evacuation of the 
anorectum. Furthermore, frequent digital stimulation 
can be the reason why perianal skin problems are 

positively associated with TSI. On the other hand, as 
bowel movements occur more frequently when less time 
has passed since SCI, the possibility of fecal incontinence 
can be expected to increase, as it does in the results of 
the study. Additionally, when the CCCS score is regressed 
to interval since SCI, we can observe a clear association, 
implying that the effects of constipation tend to become 
grave as time passes since the occurrence of SCI. The 
subscales “difficulty: painful evacuation”, “time: minutes 
spent in lavatory per attempt”, “history: duration of 
constipation” were also positively associated with the 
TSI. These correlations back up the possibility that the 
alterations of the bowel become more prominent as time 
passes. Also, in the case of constipation, a report by Salvioli 
and colleagues revealed that some patients with chronic 
SCI suffering from constipation have an abnormally high 
sigmoid colon compliance, have a significantly lower 
tolerance of lower sigmoid distension, and presented 
an abnormal pattern of visceral sensation referral,19 all 
implying that a type of neural remodeling has taken place.

Considering the effects of LOI, when the subscales of 
NBD score are examined, we can see that a higher LOI 
is significantly correlated with uneasiness, headache, 
or perspiration, complaints commonly associated with 
painful evacuation and constipation. Moreover, regular 
use of drops against constipation was also associated with 
a higher LOI. A similar pattern can be observed within 
the CCCS scales: the type of assistance was negatively 
correlated with the type of assistance, indicating that 
patients with a higher LOI were more in need of 
intervention to cope with constipation. These results are 
not surprising since a higher LOI usually causes a higher 
extent of disruption in the autonomic nervous system.20 
Lesions above T1 are associated with prolonged mouth-
to-cecum transit time, but transit times in paraplegics are 
comparable to normal.21 Moreover, in a questionnaire-
based study involving 90 patients. De Looze and 
colleagues observed that constipation seemed to be more 
frequent in those who were tetraplegic compared with 
paraplegics, but the difference was not significant. Yet, 
paraplegics with a lesion below T10 suffered significantly 
less from constipation.22

With respect to the patterns of NBD severity, regardless 
of the fact that the LOI is cervical or thoracic, a similar 
Gaussian distribution is observed in the population. The 
mean is located on the minor severity group in both cases, 
and the variances are not wildly different. Also, the fact 
that a some of the thoracic patients reported severe NBD 
is probably due to the larger size of the thoracic subgroup. 
On the other hand, when the severity is investigated 
according to the cause, patterns are not as similar. A 
majority of patients injured by falling experienced minor 
NBD, while patients affected by accidents tended to 
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experience a wider range of NBD severity with a higher 
variance among the patients. This could be because 
accidents per se encompass a more diverse spectrum of 
traumas compared to falling, owing to the fact that when 
a road accident occurs, there are multiple factors that can 
influence the severity of injury: the type of the vehicle 
(car versus motorcycle), the position of the victim’s seat 
inside the car, the mechanism of the injury (whether the 
injury was sustained during the collision or the rollover), 
the time interval between the sustenance of injury and 
receiving medical care, etc.23 The patients that have been 
injured because of other causes all experience moderate 
NBD, which suggests that the characteristics of this group 
should be investigated in more detail in further studies.

Limitations of the study should be acknowledged. 
The cross-sectional nature of the study means that we 
only investigated the prevalence of factors and their 
associations. In order to make more definite conclusions, 
study designs that investigate the incidence of the 
problems and their associations with SCI characteristics 
are recommended. Also, each of the SCI characteristics 
investigated could serve as a confounding variable in 
the analysis of other characteristics, and it is useful to 
stratify the patients in future studies, or to analyze the 
characteristics against each other to detect and be wary of 
possible confounders. Lastly, larger samples sized can be 
considered when designing further studies.

Conclusion
Certain characteristics of SCI, namely interval since injury, 
LOI, and the cause of injury, are correlated with different 
aspects of bowel function of patients with SCI. To better 
define and observe these associations, studies with larger 
samples and prospective designs are warranted.
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