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Abstract

Objective: To investigate the effect of psychological intervention on the prognosis of patients
with C4 dislocation and spinal cord injury.

Methods: We investigated target patients admitted between 2010 and 2018. Patients’ mental
state, quality of life and neurological function at different time points were evaluated to examine
the relationship between psychological intervention and recovery and prognosis of acute and
critical spinal cord injury.

Results: All patients showed improvements in clinical symptoms, neurological function and
quality of life. Psychological intervention significantly improved Zung Self-Rating Anxiety Scale
score, Zung Self-Rating Depression Scale score and SF-36 Mental Component Summary score
within 3 months. Japanese Orthopaedic Association neurological function score and SF-36
Physical Component Summary score were significantly improved after |-year follow-up.
Psychological intervention did not improve 2-year survival.

Conclusion: Timely and professional psychological intervention can eliminate the psychological
disorders of C4 dislocation patients with spinal cord injury. This has a positive effect on their
quality of life and prognosis.
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Introduction

The position of the C4 vertebra is unique: it
belongs anatomically to the lower cervical
spine (C3-C7), but is linked to the corre-
sponding upper cervical spinal cord (Cl-
C4). There are few survivors of C1-C3
spinal cord injury, but individuals may sur-
vive C4 spinal cord injury if treated in time.
Spinal cord injury below C4 (C5-CS) is gen-
erally not life threatening, but patients
often show upper extremity segmental sen-
sory and motor dysfunction after injury.
There are few large-sample studies on
patients with C4 spinal cord injury.

C4 dislocation with spinal cord injury is
a serious trauma with high mortality.'™
Patients experience quadriplegia and a
series of complications, such as respiratory,
nervous, cardiovascular and urinary system
problems,”® which considerably reduces
quality of life, often causes substantial
mental stress and leads to psychological dis-
orders such as anxiety and depression. In
modern clinical medicine,”'® psychological
factors play an important role in the devel-
opment and prognosis of disease. There
have been many studies on the role of psy-
chological factors in cancer, endocrine dis-
orders, cardiovascular disorders and other
diseases,'' '* but there are no reports in the
spinal cord injury literature on the relation-
ship between psychological intervention
and prognosis in patients with C4
dislocation.

Owing to medical resource limitations,
heavy economic burden of patients and out-
dated treatment concepts, patients with

cervical spinal cord injury in China are
often treated in spine surgery centres after
hospital admission, and go home directly
after discharge. During hospitalization,
any psychological counselling the patient
receives is generally provided by their
family and friends rather than by a profes-
sional psychiatrist. Against this background
of cervical spinal cord injury treatment in
China, this study evaluated the effects of
professional psychological intervention on
postinjury anxiety, depression, neurological
function, quality of life and survival in
patients with C4 dislocation and spinal
cord injury. The study emphasizes the
importance of surgeons actively introducing
a professional psychotherapy team to facil-
itate prognosis to supplement surgical treat-
ment. It also discusses the current status
and future needs of traditional spinal sur-
gery modalities in China.

Materials and methods

Patients

With written approval from the medical
ethics committee of Second Affiliated
Hospital of Xi’an Jiaotong University
(approval no. 2020048), we collected data
on all target patients with neck injuries
between 2010 and 2018. This was a retro-
spective case control study. All procedures
were carried out in accordance with the
code of ethics of the World Medical
Association (Declaration of Helsinki)
for  experiments involving  humans.
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Written informed consent was obtained
from the patients. After admission, patients
were offered psychological evaluation in
addition to general symptomatic treatment.
The inclusion criteria were 1) C4 dislocation
without C4 vertebral fracture or other seg-
mental injury; 2) no disability before the
injury, with normal motor and sensory
functions of limbs; 3) no recent history of
neck surgery before the injury; 4) received
surgical treatment. Exclusion criteria were
1) mental or nervous system diseases; 2)
other serious injuries or dysfunction of
heart, lung, brain or other important
organs; 3) inability to cooperate with
follow-up; 4) mild C4 dislocation without
neurological symptoms.

Clinical outcome measures

The Zung Self-Rating Anxiety Scale (SAS)
and the Zung Self-Rating Depression Scale
(SDS) were used to assess anxiety and
depression.'> ! Each questionnaire con-
tains 20 items, with a total score of 20 to
80. The scales have demonstrated good reli-
ability and can effectively assess the overall
anxiety and depression status of patients.
Scores lower than 50 on the SAS indicate
normal psychological status, 50 to 59 indi-
cates mild anxiety, 60 to 69 moderate anx-
iety, and 70 or more severe anxiety. SDS
score ranges from 20 to 80 (‘no depression’
to ‘major depression’). Scores greater than
49  indicate  substantial  depression.
American  Spinal Injury  Association
(ASIA) spinal cord injury classification
and the Japanese Orthopaedic Association
(JOA) score were used to assess neurologi-
cal function. The Medical Outcomes Study
36-Item Short Form Health Survey (SF-36)
was used to assess patient quality of life,
and comprises a Physical Component
Summary (PCS) measure and a Mental
Component Summary (MCS) measure.””
High scores on the SF-36 indicate better
quality of life. Responses to all scale items

were evaluated and analysed before sur-
gery, 3 months after surgery, 6 months
after surgery, 1 year after surgery and 2
years after surgery. After discharge, the
patients were regularly visited and evaluat-
ed by a professional team according to each
time point.

Groups

Participants were randomly divided into
two groups according to the minimum
imbalance index method. To protect
patients’ privacy, all study participants
were anonymous. The control group
received conventional systemic treatment
at the Spine Surgery Centre, including but
not limited to general symptomatic treat-
ment, surgical treatment, routine postoper-
ative  nursing, routine postoperative
neurological exercise, postoperative respira-
tory exercise and the company of family
members or nursing workers.?! In addition
to routine treatment, the intervention group
simultaneously received (free of charge)
professional psychotherapy by
psychiatrists.

Psychological interventions

All psychological interventions occurred
during the period of hospitalization
after injury. In addition to conventional
surgical treatment, a professional psycho-
logical treatment team provided a psycho-
logical treatment intervention during
hospitalization. The treatment comprised
three aspects: cognitive—behavioural psy-
chotherapy, supportive psychotherapy,
and medication.’> > Cognitive-behaviou-
ral psychotherapy included the use of sys-
tematic desensitization to promptly manage
patients’ denial, fear and anxiety and to
help patients and family members to grad-
ually accept the disease and actively coop-
erate with treatment and rehabilitation.
Supportive psychotherapy included
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companionship, listening, encouragement
and communication between patients.
Medication included appropriate use of
anxiolytic and antidepressant drugs.

Surgical approaches

Two main surgical approaches were used:
the anterior approach and the combined
anterior and posterior approach. After
admission, all patients received closed
reduction using cervical traction. If the
interlocking of the articular process disap-
peared after traction, the anterior approach
was used. Otherwise, the combined anterior
and posterior approach was selected. All
surgical procedures were performed by an
experienced team at the Spine Surgery
Centre and were selected based on each
patient’s injury and physical condition.
Regardless of which surgical method was
used, the ultimate goal of surgery was to
achieve stable internal fixation and suffi-
cient spinal cord decompression.

Statistical analysis

Statistical analysis was performed using
IBM SPSS Statistics for Windows, version
22.0 (IBM Corp., Armonk, NY, USA).
Parameters were analysed as the mean
(standard deviation, SD) and compared
using two-sided Student t-tests or the y°.
The significance level was set at P < 0.05.

Results

Of 108 patients with C4 dislocation and
spinal cord injury screened, 24 declined
the psychological assessment. After psycho-
logical evaluation of the remaining individ-
uals, patients who met either of the anxiety
or depression criteria were considered to
have mental disorders. After excluding 12
people, 72 were included in the study
(Figure 1), with 36 in the control group
and 36 in the intervention group. There
were 88 men and 20 women, aged 17 to 79

N=2071
Patients undergoing cervical
injuries between 2010-2018

|

B

Ml Diagnosis ofrier\-c',i?:;l spinal cord
Diagnosis of cervical dislocation = o
injury
N=8 N=593
Definite diagnosis of C4 Diagnosis of cervical vertebral
dislocation fracture

L

N

N=108
C4 dislocation

|
| |

N=84 N=24
Underwent Declined
psychological psychological
assessment assessment

Figure |. Patient selection.

years (average of 47.21 +£14.03 years). Of
these, 89 patients were of Han ecthnicity
and 19 were of Hui.

Regarding cause of injury, 58 people had
been injured in traffic accidents, 32 injured
by falling, 10 injured by heavy objects and
8 injured by falling from high places. There
were 28 patients with rib fractures and 25
patients with limb fractures. The anterior
approach was used for 56 patients and the
combined anterior and posterior approach
for 16 patients (Figure 2). Background
characteristics of the two groups, such as
age, sex, preoperative JOA score, preoper-
ative SAS score, preoperative SDS score,
preoperative SF-36 PCS score and preoper-
ative SF-36 MCS score, were independently
tested using the t-test (P >0.05) to ensure
compliance with the principle of equilibri-
um (Table 1).
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At the beginning of the study; that is,
before surgery, the JOA score, SAS score,
SDS score and SF-36 score (including PCS
and MCS scores) were not significantly dif-
ferent between the intervention and control
groups (Table 2).

Neurological function in the two groups
continued to improve after receiving

Figure 2. Surgical approaches. Preoperative
radiographs [(A) sagittal; (D) sagittal].
Postoperative radiographs of two surgical
approaches: combined anterior and posterior
approach [(B) coronal; (C) sagittal] and anterior
approach [(E) coronal; (F) sagittal]. Informed con-
sent was obtained from the patient.

Table I. Demographic data.

surgery until 2 years after surgery
(Figure 3; Table 2). There were no signifi-
cant differences in JOA scores between the
intervention group and the control group at
3 months and 6 months. At 1 year post-
surgery, the JOA scores of the two groups
began to differ (P =0.043). At 2 years post-
surgery, the JOA scores were still signifi-
cantly different between the two groups
(P=0.042), 8.55+3.82 in the control
group and 10.76 £ 3.27 in the intervention
group. Changes in ASIA spinal cord injury
classification are shown in Table 3.
Regarding patient mental health, the
SAS and SDS scores of both groups
declined (Figure 4; Table 2). There were sig-
nificant differences in the SAS and SDS
scores between the intervention group and
the control group at 3 months (P <0.01;
P <0.01), 6 months (P<0.01; P<0.01), 1
year (P<0.01; P<0.01), and 2 vyears
(P<0.01; P<0.01) post-surgery.
Regarding quality of life, the PCS and
MCS scores of the control group and the
intervention group at 2 years post-surgery
were significantly higher than before sur-
gery (Figure 5; Table 2). There were no sig-
nificant differences in PCS scores between
the two groups at 3 months and 6 months.
PCS scores of the intervention group were
significantly different from those of the
control group at 1 year (P<0.01) and 2
years (P<0.01). MCS scores of the

Characteristic Control (N =36) Intervention (N = 36) P value
Age (years), mean + SD 45.03 + 14.04 49.394+13.88 0.189
Sex, male/female, n 29/7 26/10 0.405
Preoperative JOA score, mean = SD 6.19+2.03 6.11£1.69 0.850
Preoperative SAS score, mean + SD 59.53 +£4.40 59.36 +3.62 0.861
Preoperative SDS score, mean + SD 62.75+5.14 60.83 +-4.09 0.084
Preoperative SF-36 PCS score, mean + SD 34.00 £+ 12.38 30.68 +12.52 0.261
Preoperative SF-36 MCS score, mean + SD 5729+ 17.13 60.51 - 18.16 0.442

JOA, Japanese Orthopaedic Association; SAS, Zung Self-Rating Anxiety Scale; SDS, Zung Self-Rating Depression Scale; SF-
36, MOS 36-Item Short Form Health Survey; PCS, Physical Component Summary; MCS, Mental Component Summary; SD,

standard deviation.
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Table 2. Changes in clinical outcomes during postoperative follow-up.

SF-36
Time point Group N JOA SAS SDS PCS MCS
Presurgery Control 36 6.194+2.03 59.53+440 62.75+5.14 34.00+1238 5729+ 17.13
Intervention 36 6.11+£1.69 59.36+3.62 60.83+4.09 30.68+12.52 60.51+18.16
3 months  Control 29 631+£1.85 59.66+£35 58.17+£225 41.73+12.94 47+£23.16
Intervention 32 6.59+1.68  54.59+£2.7% 5403+ 1.89% 42.64+10.02 74.09 £ 14.85%
6 months  Control 24 65+1.79 58.17+2.78 5754184 4459+899 46.07+16.1
Intervention 29 7.03+1.92 51.03+3.17% 51.86+3.51* 46341078 68.78+ 15.23*
| year Control 20 6.9+2.05 5324238 529+2.15 4685+ 1146 57.23+12.83
Intervention 26 835+2.53% 45.77+2.89% 4631 +3.89% 57.51+7.21* 76.22+9.02*
2 years Control 20 8554382 45.7+241 49.05+258 53.78+10.62 6691+ 14.09
Intervention 25 10.76 +3.27% 3536 +3.21*% 37.16 £2.9% 65.73 £9.15% 75.44 +9.28*

The JOA, SAS, SDS, PCS and MCS scores are all reported as mean =+ standard deviation.
JOA, Japanese Orthopaedic Association; SAS, Zung Self-Rating Anxiety Scale; SDS, Zung Self-Rating Depression Scale; SF-
36, MOS 36-Item Short Form Health Survey; PCS, Physical Component Summary; MCS, Mental Component Summary.

*Statistically significant difference between the control and intervention groups.

15+

-= Control

-o- Intervention

-
(=]
N

JOA Score
e

Q.°° » & g & \4‘& '\:é‘

Figure 3. Improvements in JOA scores (mean
[SD]) at different postoperative time points. JOA,
Japanese Orthopaedic Association; SD, standard
deviation.

intervention group and the control group
were significantly different at 3 months
(P<0.01), 6 months (P<0.01), 1 year
(P<0.01), and 2 years (P=0.026) post-
surgery.

It is worth noting that during the study,
patients in both the control and interven-
tion groups died successively (Figure 6).
By 2 years post-surgery, 20 patients in the

control group and 25 patients in the inter-
vention group had survived. However, psy-
chological intervention did not significantly
affect the 2-year survival in the two groups
(Table 4).

The causes of death can be approximate-
ly classified into respiratory diseases, car-
diovascular  diseases, urinary system
diseases, cerebrovascular diseases and
others. Most patients died of respiratory
diseases, particularly respiratory failure
(Table 5). All the deceased patients had
received systematic specialized treatment
or rescue in the hospital before they died.

Discussion

For patients with cervical spinal cord
injury, the surgeon’s first consideration
during the admission is the traumatic con-
dition and stability of vital signs. This is
appropriate and understandable from the
perspective of treatment.’® However, when
the patient is stable after receiving special-
ized surgical treatment, doctors usually
shift their attention to other severely injured
patients. In the process, the psychological
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Table 3. ASIA spinal cord injury classification during follow-up.

ASIA
Time point Group N A B C D E
Pre-surgery Control 36 8 20 8 0 0
Intervention 36 7 23 6 0 0
3 months Control 29 5 16 8 0 0
Intervention 32 5 18 9 0 0
6 months Control 24 5 I 8 0 0
Intervention 29 4 15 10 0 0
| year Control 20 3 8 8 | 0
Intervention 26 2 14 7 3 0
2 years Control 20 2 5 7 4 2
Intervention 25 | 5 8 7 4
ASIA, American Spinal Injury Association.
(a) -# SAS Control (b) & SDS Control
- ao.
= -~ SAS Intervention -8~ SDS Intervention
60 604
4 a0 & a0
20 20+
@‘W F & in‘p“e )
ﬁz'c &Q
g <

Figure 4. Improvements in SAS (a) and SDS (b) scores (mean [SD]) at different postoperative time points.
SAS, Zung Self-Rating Anxiety Scale; SDS, Zung Self-Rating Depression Scale; SD, standard deviation.

changes of injured patients tend to be qui-
etly ignored. This situation is common in
many large teaching hospitals in China.
Surgeons pay more attention to whether
the surgical procedure itself is perfect, and
the technical achievements it reflects.”” An
important question is whether this treat-
ment approach, which is commonplace
and widely implemented, is necessarily suf-
ficient. Good operative techniques can cer-
tainly promote the recovery of patients’
injuries, but (just like the logarithmic
growth curve) current mainstream surgical

techniques carried out by teams with similar
technical skill levels are limited. There are
many factors that play an important role in
recovery.”® How to further promote the
recovery of patients and improve their qual-
ity of life is an issue that needs urgent atten-
tion. There is an old saying in China: ‘Only
when you are in a good mood can you be
healthy’. Is this really the case?

Modern medicine has shifted from a
purely biomedical model to a biopsychoso-
cial medical model.”” A growing number of
clinical disciplines have realized the
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Figure 5. Improvements in SF-36 scores (mean [SD]) at different postoperative time points. SF-36, Short
Form Health Survey; PCS, Physical Component Summary; MCS, Mental Component Summary; SD, standard

deviation.
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Figure 6. Survival curves of patients during the
postoperative follow-up period.

importance of psychological factors in dis-
ease outcomes,'' especially the disciplines
of endocrinology, oncology and cardiolo-
gy.!>'* The use of psychotherapy to
improve prognosis and patient quality of
life is receiving increasing attention.*
Clinicians, especially surgeons, should pay
more attention to the overall psychological,
physical and social fitness of patients to
ensure their safety and quality of life.’!
However, few surgeons in China consider
psychotherapy indispensable to the treat-
ment process.

Previous research has demonstrated the
important role that emotions play in
health.*® Surveys show that more than
70% of people worldwide have experienced
traumatic events to varying degrees, and
31% of these individuals experience four
or more traumatic events.> Cervical
spinal cord injury caused by C4 dislocation
is a serious trauma. In addition to physical
function damage, it can often cause anxiety,
depression and even posttraumatic stress
disorder (PTSD).** The core symptoms of
PTSD are traumatic memory invasion,
avoidance of trauma-related stimuli, nega-
tive cognitive and emotional changes,
enhanced arousal and excessive behaviour
after one or more traumas.”> More than
50% of patients have mood, anxiety and
substance abuse disorders, and some also
show aggression and self-harm behaviour.*®
Preliminary findings suggest that connec-
tions between portions of the anterior cin-
gulate cortex contribute to the persistence
of negative emotions and are important in
identifying the possible brain mechanism
underlying persistent sadness in daily life.*”

This study focused on the effect of pro-
fessional psychological interventions on the
recovery of neurological function, mental
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Table 4. Two-year survival.

Group Survival

Death

Total Survival rate (%)

Control
Intervention

Total 45

20 16
25 I
27

36
36
72

55.56%
69.44%
62.50%

2 =1481, P=0.224.

Table 5. Causes of death during follow-up.

Cause of death

Control

Intervention

Respiratory failure
Pulmonary infection
Pulmonary embolism
Myocardial infarction
Heart failure

Urinary tract infection
Renal failure

Cerebral haemorrhage
Cerebral infarction
Others

5
3
|
|
|
|
|
|
|
|

N

OO0 —0O0 —0O0 — h

health, quality of life and survival prognosis
at various time points after injury. Novel
approaches such as the use of psychological
interventions can supplement traditional
treatment methods, which are still widely
used in China. Previous studies have con-
firmed the positive physical and mental
effects of psychological interventions.*®
Regarding neural function recovery, the
JOA scores of the two groups of patients
did not differ until 1 year post-surgery
(P=0.043), which demonstrates that
neural function takes a long time to recov-
er.* Previous studies have shown that the
neurological function recovery rate in
patients with cervical spinal cord injury is
positively correlated with follow-up time.
Neurological improvement at 6 months or
less is not as obvious as that at long-term
follow-up of 3 to 5 years.*’ This study con-
firms this pattern to some extent. At 2 years
post-surgery, the intervention group and
the control group both improved, but the

gap between them widened further. This
supports previous findings of the positive
effect of psychological intervention on
spinal cord injury.*!

In terms of mental health, this study
mainly evaluated the two most common
psychological disorders after major trau-
mas, anxiety and depression, using the
SAS and the SDS. Anxiety and depression
scores in the control group were still higher
at 6 months post-surgery compared with
before surgery. It was not until 1 year
post-surgery that SAS and SDS scores in
the control group declined significantly
(P<0.01). In the intervention group, SAS
and SDS scores declined from 3 months to
2 years post-surgery, and were always sig-
nificantly different from those of the con-
trol group (P <0.01). This indicates that it
took time for patients’ psychological state
to change under normal conditions.** SAS
and SDS scores in the control group began
to decline only approximately 1 year
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post-surgery. However, psychological inter-
ventions can have positive and substantial
effects in a very short period.** In contrast,
neurological function improves slowly in
the early stages after surgery.’”

The quality-of-life results showed that
PCS scores did not differ significantly
between the two groups until 1 year post-
surgery, (similar to the neurological func-
tion recovery shown by JOA scores). This
suggests that physical recovery requires
time.**+ Psychological intervention
cannot rapidly change objective neurologi-
cal damage; rather, its effect is more long-
term. The between-group difference in
postoperative MCS scores indicated that
the psychological intervention had a rapid
and strong effect on patients’ mental health,
a pattern similar to the changes in SAS and
SDS scores.

In terms of prognosis, there was no sig-
nificant between-group difference in the 2-
year survival rate, which might reflect the
limited follow-up time and the lack of
longer-term results. It has been reported
that 42.8% of cervical spinal cord injury
deaths occur within 1 week, 68.3% within
2 weeks and 90.5% within 4 weeks.*
Regarding cause of death, 27 people died
within 2 years in this study; 16 died from
respiratory diseases (9 from respiratory fail-
ure and 7 from pulmonary infection). This
suggests that the prevention and treatment
of respiratory complications is essential.
Previous studies show that respiratory dys-
function and pulmonary complications are
the main causes of short-term and long-
term mortality in patients with cervical
spinal cord injury;>® the present findings
are consistent with this. This suggests that
for patients with cervical spinal cord injury,
respiratory tract management is very
important and can improve patient survival
rate and quality of life.>*’

This study only explored the effects on
long-term clinical prognosis of professional
psychological intervention for patients with

C4 dislocation with spinal cord injury. The
findings were positive. Individuals who
experience major trauma such as cervical
spinal cord injury often develop PTSD
owing to sudden changes in their living con-
ditions, career and interpersonal relation-
ships after the injury. Positive, effective
and timely professional psychological inter-
vention can help to prevent the develop-
ment of negative emotions, so that
patients can rebuild their confidence and
hope in life, reshape social relationships,
and more actively cooperate with treatment
and rehabilitation. This type of intervention
requires the joint input of molecular biolo-
gy, endocrinology, neurophysiology, psy-
chophysiology, humanities, sociology and
other approaches.

There were several study limitations,
such as a relatively small sample and the
retrospective design. Moreover, we did not
track the subsequent recovery of patients
who did not have psychological disorders
or declined psychological assessment at
admission, and could not compare the
prognosis of these patients with those with
psychological disorders. Considering the
particularity of C4 spinal cord injury, it is
unlikely that these patients will maintain a
good psychological state. At the time of
admission assessment, most patients did
have psychological disorders. We suspect
that psychological disorders are universal
in patients with C4 dislocation and spinal
cord injury, and this study confirms the
positive effect of psychological intervention
for these individuals.

Conclusions

For patients with C4 dislocation and spinal
cord injury, timely professional psycholog-
ical intervention after injury substantially
improves their mental health, long-term
recovery of neurological function and qual-
ity of life. Surgeons should actively cooper-
ate with psychiatrists, pay attention to the
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role of psychological intervention in disease
prognosis and consider psychotherapy an
essential standard treatment.
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