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Abstract

Background
It is a challenge to reduce and immobilize the broken “bamboo spine”, especially for the upper cervical spine, in patients with
ankylosing spondylitis (AS) before and during posterior surgery.

Methods
We retrospectively analyzed the case histories, operations, neurologic outcomes, follow-up data, and imaging records of 17
patients with AS and upper cervical spine fracture-dislocation who underwent surgical treatment in three clinical spine center
from 2010 to 2019. A halo vest was used to reduce and immobilize fractured spinal column ends. The neurological injury was
evaluated using the American Spinal Injury Association (ASIA) impairment scale score and Japanese Orthopaedic Association
(JOA) score before and after operation. Complications and time of bone fusion were recorded.

Results
Fourteen patients achieved closed anatomical reduction after halo vest application. No displacement in fracture ends and loss
of reduction occurred after prone position. No patient presented with secondary neurological deterioration. All patients was
performed posterior surgery. The surgery improved the ASIA grade in all patients (P < 0.001). The mean JOA score also
increased signi�cantly at last follow-up compared to preoperation (14.5 ± 2.3 vs. 9.2 ± 2.4, P < 0.01). No severe complication and
death occurred. All patients reached solid bony fusion at 12-month follow-up.

Conclusions
Use of a halo vest before and during the operation is safe and effective in patients with AS who develop upper cervical spine
fracture-dislocation. This technique makes positioning, awake nasoendotracheal intubation, nursing, and the operation more
convenient. It can also provide satisfactory reduction and rigid immobilization and prevent secondary neurologic deterioration. .

Background
Ankylosing spondylitis (AS) is a chronic in�ammatory spondyloarthropathy characterized by sacroiliitis and axial joint lesions.
Degeneration of the affected joints leads to paravertebral benign ossi�cation and ankylosis with the development of “bamboo
spine”[1,2]. With the progression of AS, fracture-dislocation can occur under slight forces or without force because of the
increased vertebral osteoporosis and bony brittle [3]. These spine traumas, which are located at cervical level in 81% of patients
[4,5], are frequently more severe and extremely unstable with associated higher risk of neurological deterioration compared with
cervical fractures in the healthy population, because the broken ‘‘bamboo spine” behaves similarly as a long-bone fracture with
long lever arms [6,7].

Owing to its highly unstable characteristics, initially intact patients may sustain neurological de�cit and secondary neurologic
deterioration(SND) after weakly protected transfers and manipulation [8,9]. Therefore, these patients should be handled with
great care. Reduction and immobilization of fracture is the cornerstone during the whole period of treatment. Rigid collar and
skull traction are most often used. However, it has no reduction to fracture in rigid collar and it is not enough to maintain the
stability in AS patients. The application of any type of distraction force increased the risk of precipitating a further neurologic
decline at the level of an unstable spinal segment, particularly in the cervical spine [10]. Otherwise, traction reduction in the
severely kyphotic patient is a technical challenge, �rst having to provide in-line traction, with the traction bale often 45° to the
horizontal, followed by a gradual reduction in extension [11].
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The present study was performed to evaluate the safety and e�cacy of using a halo vest for reduction and immobilization in
patients with AS who develop upper cervical spine fracture-dislocation before and during posterior surgery.

Methods

Patient population
The study is based on datas from AS patients with upper cervical spine fracture- dislocation who underwent surgical treatment
in three clinical spine center from January 2010 to January 2019. The study design is a retrospective chart review and a
radiological follow-up with plain radiographs or computed tomography (CT). The study group consisted of 17 patients (16 men,
1 women; mean age 54.2 ± 8.9 years, range 39–70 years). Of these patients, the mean AS duration was 33.4 ± 8.8 years (range,
19–45 years); median follow-up, 22.3 ± 10.4 months (range, 12–36 months).

All patients were evaluated with plain radiography and CT. CT scans were used to �nd those fractures easy to escape diagnosis
on plain radiography due to distorted anatomy, ossi�ed ligament and osteopenia. It can also elucidate the bone detail of the
fracture, deformity, and tissues surrounding the �xation site. If the patient presented with neurologic impairment, magnetic
resonance imaging (MRI) was performed to differentiate the various causes of cord compression and to identify cord
contusion.

Halo vest application and closed reduction
All vests were obtained from one appliance manufacturer (Fig. 1). The standard technique of crown halo applications involves
choosing 4 pin �xation sites. Two pins are placed in the frontal area and two posteriorly, usually in the posterior parietal or
parietooccipital areas [12]. The frontal points are usually at the level of the equator intersecting with the mid pupillary lines. This
usually avoids the frontal sinus and hence violations through the anterior table. The posterior pin sites should avoid the
mastoid air cells [13]. The halo vest is performed immediately after CT or MRI. According to the preexisting alignment and
details of fracture-dislocation, reduction was obtained via regulating the length of anterior and posterior bars of halo vest to
allow the cervical spine in the position of extension or �exion. Meanwhile, we asked the feeling of patients and evaluate
changes of sensation and muscle strength. The bars are connected at all times, maintaining stability at all points of the
procedure and minimizing the possibility of slippage or sudden movements. Then the reduction was assessed by X-ray. It was
viewed as spine reduction failure if the distance between 2 surgery-restored vertebral bodies was more than 3mm; and reduction
success if 1-3mm; anatomical reduction if less than 1mm [14]. Reduction can be performed repeatedly until obtaining a
satisfactory restoration. If reduction failed due to the pain response and high muscle tension in the cervical spine, it can be
performed again in the operating room after anaesthesia under neurophysiologic monitoring until a satisfactory restoration. It
must be noted that all the reduction manipulation should be gentle and gradual with �uoroscopic guidance to prevent
secondary or iatrogenic neurologic defecit.

Treatment and operative technique
Halo vest was always not removed during anesthesia, position and operation. After an awake nasoendotracheal intubation and
induction of general anesthesia, the patients needed to take prone position for posterior surgery. The reduction was con�rmed
using intraoperative radiography after prone position. If there was some minor changes in the fracture ends, we can re-
manipulated four bars of the halo vest again to obtain the most restoration. Neurophysiologic monitoring, including sensory
and motor-evoked potentials, was employed. Then all the patients were performed posterior surgery alone. Pedicle screws were
routinely used for �xation in C1 and C2. Lateral mass screws were used instead of pedicle screws in subaxial cervicai spine. At
least 3 segments below the fracture site in the caudal spine should be �xed.

Follow-up was carried out at 2, 6, 12, 24 and 36 months postoperation. Patients were monitored for neurological and
radiographic outcome. The Japanese orthopaedic association (JOA) score and American spinal injury association (ASIA)
impairment scale were used to evaluate the neurological status pre- and postoperation. The neurologic status of the patients at
last follow-up was used for de�ning clinical prognosis. Fusion was considered complete when trabecular bone was visible and



Page 4/12

spanned the fracture site. Complications were also recorded such as infection, dysphagia, severe pneumonia, death, screw
loosening and breaking, and rod breakage.

Statistical analyses were performed using SPSS for Windows, Version 18.0 (SPSS Inc., Chicago, IL, USA). ASIA grade, bony
fusion, and instrumentation complication were interpreted by percentage and statistically analyzed by the Chi-square test. JOA
scores were expressed by mean (X ± S) and analyzed by t test. P < .05 was viewed as statistical signi�cance.

Results
In our series, A low-energy injury of the spine occurred in 9 cases and a high-energy injury in 8 cases. A single spinal segment
was involved in each patient. The odontoid fracture occurred in 6 patients, C2 vertebral body fracture occured in 1 patient, and
C2/3 fracture-dislocation occured in 10 patients. Halo vest is performed immediately after CT or MRI. Fourteen patients
achieved closed anatomical reduction, 1 with success reduction and 1 with reduction failure because of intolerant of pain in the
fracture. For these 2 patients, reduction was performed gently and gradually again after anesthesia and prone position in
operating room. All obtained satisfactory restoration. No patient presented with displacement in the fracture ends and loss of
reduction after prone position and during operation.(Table 1)



Page 5/12

Table 1
Datas of 17 AS patients with upper cervical spine fracture-dislocation

Case

No.

sex Age

(year)

Type
of
injury

Surgery

Duration

(min)

Blood

Loss

(ml)

Type of

reduction

Second
neurologic
deteriation

ASIA grade

Preoperation
last

follow- up

JOA scores

Preoperation
last

follow- up

Fusion

Time

(month)

1 M 51 FD at
C2/3

122 160 anatomical No D E 8 16 12

2 M 59 OF 95 90 anatomical No E E 17 17 6

3 M 48 OF 110 150 anatomical No E E 17 17 6

4 M 39 FD at
C2/3

120 180 anatomical No D E 9 15 6

5 M 55 FD at
C2/3

115 150 anatomical No D E 12 17 6

6 M 56 FD at
C2/3

140 300 successful No C D 7 10 12

7 M 48 FD at
C2/3

120 130 anatomical No D E 11 16 6

8 M 68 OF 135 180 anatomical No E E 17 17 6

9 M 70 FD of
C2

130 200 anatomical No E E 17 17 6

10 F 65 FD at
C2/3

96 120 anatomical No C D 8 12 6

11 M 51 OF 104 150 failed No E E 17 17 6

12 M 62 OF 80 100 anatomical No E E 17 17 6

13 M 42 FD at
C2/3

116 170 anatomical No D E 11 15 6

14 M 43 FD at
C2/3

134 240 anatomical No C E 6 14 12

15 M 53 OF 95 140 anatomical No E E 17 17 6

16 M 57 FD at
C2/3

108 190 anatomical No C E 7 13 12

17 M 54 FD at
C2/3

105 270 anatomical No D E 13 17 6

FD: fracture-dislocation; OF: odontoid fracture; ASIA: American Spinal Injury Association; JOA: Japanese Orthopaedic
Association

Seven patients showed no neurologic impairment and they all could walk freely with halo vest under supervision. Two patients
experienced secondary neurologic deterioration under only rigid collar �xation in other hospital. There is no further deterioration
after halo vest �xation in our hospital. The other 8 patients with neurologic de�cit showed no secondary neurologic
deterioration after halo vest application. These 10 patients with neurologic impairment could all take semi-reclining or sitting
position.

All patients were surgically treated via posterior surgery alone. The median operation duration was 113.2 ± 16.5 minutes, and
bleeding volume in surgery was 171.8 ± 56.4ml. The patients with severe complication, including infection, cardiac arrest, heart
failure, and respiratory failure were not found. No death case occurred within perioperative. One died because of tra�c accident
two and half years after operation. There is no new neurologic de�cit in the 7 intact patients. The neurological lesion of other
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cases was recovered to different degrees at last follow-up, 2 from Grade C to D, 2 from Grade C to E, and 6 from grade D to E by
ASIA classi�cation, and there is signi�cant difference between post- and preoperation (P < 0.001). The mean JOA score also
increased signi�cantly at last follow-up compared to preoperation (14.5 ± 2.3 vs. 9.2 ± 2.4, P < 0.01). (Table 2)

Table 2
Statistical analysis of the evaluation on surgical outcome

Assessment of time point AISA

grade

JOA

score

preoperation 3.6 ± 0.5 9.2 ± 2.4

Final follow-up 4.8 ± 0.4 14.5 ± 2.3

t 8.5 4.1

P < 0.001 < 0.01

AISA Grades of patients were evaluated as A, B, C, D, and E from poor to good. For statistical analysis wise, 5 Frankel Grades
were de�ned as continuous variables A = 1, B = 2, C = 3, D = 4 and E = 5, and were analyzed by the paired t-test.

The radiological follow-up has not shown any signs of disturbed healing, non-unions or loosening of implants. The rate of spine
bony fusion was 76.5% after 6 months postoperation and 100% before 12 months postoperation.

Illustrated cases
Case 1

A 51-year-old man complained of numbness and weakness of the right limbs after falling down. Radiologic imaging is shown in
Fig. 2. Halo vest was performed immediately after examination and anatomical reduction was achieved. He could take a semi-
reclining position on bed. Posterior �xation and fusion alone was performed. After operation, the patient showed good
neurological improvement from the spinal cord injury. His preoperative JOA score was 8 and postoperative JOA score at last
follow-up was 16, for an improvement rate of 88.9%. According to AISA classi�cation, the grade of neurologic function
improved to E from D.There was no complication during the treatment. The 12-month-postoperative CT showed solid fusion.

Case 2

A 62-year-old man came to the emergency room after tra�c accident, complaining severe neck pain. There was no complaint of
numbness and weakness of limbs. Radiologic examination is shown in Fig. 3. Halo vest was performed immediately after
examination, but closed reduction failed because of pain in the neck. After anesthesia and prone position, reduction was
performed again and a satisfactory restoration was obtained. Posterior �xation and fusion alone was performed. After the
operation, there was no nerologic de�cit. The 24-month-postoperative CT showed good fusion at fracture site.

Discussion
The original model of modern Halo vest was �rst introduced by Perry and Nickel in 1959 for the treatment of patients with
poliomyelitis [15]. Holla M found that the halo-vest was the most restrictive immobilizer and reduced movement of the cervical
spine substantially for �exion-extension and lateral bending, and nearly complete for rotation [16]. So we use halo vest to
achieve reduction and immobilization by regulating the length of anterior and posterior bars of the halo vest for upper cervical
spine fracture-dislocation in patients with AS. According to our experiences, there are three following advantages. First, they can
walk freely with the vest in the ward for those neurologic intact patients. No lying in bed makes nursing convenient and
decreases the perioperative complication. Secondly, there is no worry about displacement of fracture sites when an awake
nasoendotracheal intubation and prone position was performed. Thirdly, closed anatomical reduction via halo vest make
surgery to be simple. A standard internal �xation and fusion is enough and there is no need to perform open reduction via
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screws and rods in operation. In our case study, no secondary displacement occured before and during operation after halo vest
and all patients obtained satisfactory restoration before incision.

It was reported that secondary deterioration of neurological status was observed in 13.9% AS patients [17]. The risk of incurring
a new onset neurode�cit after a cervical injury in patients with AS is at least 3 times that of the general population [18]. After
halo vest �xation in our cases, no patient presented with secondary neurologic deterioration, even they walk freely in the ward.
Although halo vest has so many advantages in the reduction and immobilization for upper cervical spine fracture-dislocation in
patients with AS, it has a high rate of complications when it is as a non-surgical treatment for these patients, including patient
discomfort, dysphagia and aspiration, pin loosening, pin site infection, spinal instability, pin site infections, loss of reduction,
and pressure sores [19–21]. The poor tolerability of the halo vest in the elderly has been also questioned [22]. So, halo vest is
only used for closed reduction and temporary �xation before and during operation in our case study.

Surgical management is still indicated in patients with neurological de�cit, secondary deterioration of neurologic status,
unstable fracture con�guration, and the presence of an epidural hematoma [10]. The options for surgical �xation of cervical
spine fractures are anterior �xation, posterior �xation, and combined anterior- posterior �xation. Because anterior �xation has
been associated with higher failure rates, posterior or combined anterior-posterior �xation should be considered [23,24].
Numerous case reports and series have demonstrated successful management of cervical spine fractures in patients with AS
using posterior �xation alone[25–27]. Payer M concluded that combined surgical approach with posterior–anterior
�xation/fusion has been reported to have many advantages, such as excellent deformity correction, direct and indirect
decompression of the spinal cord, immediate stability, permission of early mobilisation without external immobilisation, and
excellent maintenance of correction in the absence of relevant neck pain [28]. However, the operation time, total costs,
hospitalization lengths and complicationa are higher in combined anterior-posterior approach compared with posterior
approach alone [29]. According to Robinson Y, even though surgical treatment is associated with a considerable complication
rate, it improved the survival of spinal fractures related to AS [30]. After closed reduction via halo vest, we performed only
posterior internal �xation and fusion. All the patients achieved bony fusion in one year. There was a signi�cant improvement in
the neurologic function.

Published complication rates of spinal fractures in patients with AS are high, ranging from 30–50% [31]. Complications are
reported at equally high rates in nonsurgically and surgically treated cohorts. Pneumonia and respiratory insu�ciency,
postoperative deep venous thrombosis, and wound infections are frequent postoperative complications. Westerveld et al found
high complication rates in surgically treated patients, including instrumentation failure in 35%, neurologic deterioration in 14%,
and wound infection in 10% [17].The rate of complications in this study is lower than previous estimates because our study only
included patients with upper cervical spine fracture who usually presenting with minor neurologic defecit and therefore likely
substantially underestimates the true likelihood of adverse events in this patient population.

Conclusions
Upper cervical spine fracture-dislocation in patients with AS is extremely unstable. The application of Halo vest before and
during operation can provide saticfactory reduction and rigid immobilization, prevent second neurologic deterioration and make
the surgery simple and safe. Posterior internal �xation and fusion alone can achieve complete bony fusion and good neurologic
improvement for these patients.

List Of Abbreviations
AS: Ankylosing spondylitis

JOA: Japanese Orthopedic Association

ASIA: American Spinal Injury Association

CT: Computed tomography
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MRI: Magnetic resonance imaging

CSF: Cerebrospinal �uid

SND: secondary neurologic deterioration
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Figures

Figure 1

Picture of hao vest. There were three main parts of the halo vest: crown halo, bars and vest.
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Figure 2

A 51-year-old man with ankylosing spondylitis was diagnosed as C2/3 fracture-dislocation. A. Sagittal CT of the cervical spine
showing C2/3 fracture- dislocation. B. Sagittal MRI showing C2/3 fracture-dislocation with spinal cord injury. C. Application of
halo vest and sitting position. D. Lateral X-ray after halo vest showing closed anatomical reduction at C2/3. E. Prone position
with halo vest. F. No loss of reduction after position. G. Posterior �xation and fusion from C1 to C6. H. sagittal CT at 12-month
follow-up showing solid fusion at the fracture site.
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Figure 3

A 62-year-old man with AS was diagnosed as odontoid fracture and atlantoaxial dislocation. A,B. Lateral X-ray and sagittal CT
of the cervical spine showing odontoid fracture and atlantoaxial dislocation. C. Application of halo vest and free standing or
walking. D. Lateral X-ray showing a failed reduction. E. Prone position with halo vest. F. Intraoperative radiography showing
anatomical reduction after regulating the bars of halo vest again. G. Posterior �xation and fusion was performed from C1 to C5.
H. Sagittal CT at 24-month follow-up showing solid fusion at the fracture site.


