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Abstract
Background: To assess the e�cacy of anterior, posterior, and combined anterior and posterior surgery in the treatment of patients with ankylosing spondylitis
(AS) combined with subaxial cervical spine fracture (SCSF).

Methods: From January 2010 to January 2019, the medical records and imaging �lms of patients with AS combined with SCSF treated by anterior, posterior,
and combined anterior and posterior bone grafting, and fusion using open reduction and internal �xation (ORIF) were assessed retrospectively. The
demographic data, duration of AS, mechanism of injury, fracture type, bone fusion time, follow-up time, and complications were recorded. Postoperative
neurological recovery of the patients was assessed and compared according to the ASIA classi�cation.

Results: A total of 37 patients with AS combined with SCSF were successfully treated by surgery, with a mean follow-up time of 39.4 ± 8.6 months. Eleven
patients were managed by the anterior surgery, posterior surgery for 13 patients, and combined anterior and posterior surgery for 13 patients, with a mean
bone fusion time of 8.5 ± 2.2 months. At the �nal follow-up, there was a statistical difference in ASIA grade between the preoperative and postoperative (P <
0.05). Twenty-four cases were improved to grade E (64.8%), and 10 cases were improved to grade D (27%). The incidence of complications was 8.1% (3/37).

Conclusions: Combined anterior and posterior surgery was a practical method for the treatment of patients with severe osteoporosis and neurological
compression symptoms, three-column fracture combined with sagittal imbalance.  

Background
Ankylosing spondylitis (AS) is a rheumatic spondyloarthritides, characterized by an invasion of axial skeletons such as the spine and sacroiliac joints [1].
Mostly, the lesion progress from the sacroiliac joint to the paraspinal ligaments, facets, and peripheral joints along the central axis of the spine. Ossi�cation of
the intervertebral discs and ligaments usually takes place in the advanced stage, which results in long-segment fusion (“bamboo” spine), and ultimately severe
spinal deformity [2]. Because of the above pathological changes and secondary osteoporosis, spinal elasticity and compliance may be reduced by AS, which
may cause spinal fractures by even slight external forces. The risk of fractures in patients with AS is 3.3 times that the normal, with an incidence of
approximately 10% in AS [3].

The spinal fractures with AS are mostly at the lower cervical spine (approximately 80%), which are unstable cervical fractures through the three columns of the
spine, and are easily associated with severe cervical spinal cord injury [4–6]. At present, surgical treatment for patients with AS combined with lower cervical
spine fracture (SCSF) involving the three columns is recommended [4–6], including anterior, posterior, and combined anterior and posterior surgery. Anterior
surgery is not an appropriate option for patients with severe spinal cord compression symptoms, but posterior surgery in the treatment of anterior column
vertebral collapse cannot receive stable �xation. Therefore, the surgical treatment of AS with lower cervical spine fractures is still a tremendous challenge for
orthopedic surgeons.

In this study, we retrospectively analyzed the clinical outcomes of patients with AS combined with SCSF treated by three approaches of surgery and explored
the indications and surgical pitfalls.

Methods
From January 2010 to January 2019, the medical records and imaging �lms were assessed retrospectively of patients with AS combined with SCSF treated by
anterior, posterior, or combined anterior and posterior approach of bone grafting, and fusion using open reduction and internal �xation (ORIF). This study was
conducted after receiving written informed consent from participants and approval from the Ethics Committee of our institution. Inclusion criteria are as
follows: Key hallmarks of AS diagnosed by the Modi�ed New York Criteria [7]; positive for HLA-B27 antigens; the classical appearance of a bamboo spine
(squared vertebra); SCSF certi�ed by radiographs; managed by bone grafting, and fusion using ORIF. Patients were excluded for incomplete medical records,
poor compliance, comorbidities (severe heart failure, kidney or liver disease), or follow-up time less than two years.

Surgical technique
The patient was placed in the supine position. After the general anesthesia, the junction between 2 cm of the upper edge of both ears was screwed into the
screw, and the cranial traction arch was installed. The patient was placed in the prone position, and a transverse surgical incision was performed in the left
anterior neck. When a combined anterior and posterior surgery performed, the cervical spine was �xed with a neck collar or neck circumference to change the
surgical position as the head frame was removed. Posterior surgery was preceded using a midline incision. Simultaneously, a head frame and proper �exion
were applied to expose the cervico-occipital region. When changing position, the laryngeal nerve and esophagus were easily damaged by changes in the
cervical curve. The procedure must be performed carefully to avoid excessive distraction. The space between the cervical vascular sheath and the organ
sheath was pulled apart, the anterior vertebral fascia was incised layer by layer. And the affected vertebral body was located by �uoroscopy. The ruptured
intervertebral disc was removed, and the intervertebral disc in the upper and lower spaces of the fractured vertebral body was removed with nucleus pulposus
forceps and a curette to the uncovertebral joints on both sides. The posterior longitudinal ligament was preserved, and a suitable bone spacer or allogeneic
bone was placed, where the anterior column was �xed with a cervical titanium plate. Similarly, the affected posterior column was �xated by the pedicle screw
when the posterior surgery was performed. After that, the internal �xator position was checked using �uoroscopy until a satisfactory position was received.
The surgical area was �ushed, negative pressure drainage was placed, and closed the incision.

Postoperative management
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The drainage tube was removed when the �uid volume of the surgical area was less than 50 ml/24 hours. Patients were encouraged to wear a neck collar and
walk using a walking aid to prevent pressure ulcers. After discharge, bone healing was assessed by the X-ray, and CT at 3, 6, and 12 postoperative months.

Data Collection and Outcome Evaluation
The demographic data, duration of AS, mechanism of injury, fracture type, intraoperative blood loss, operation time, bone fusion time, follow-up time, and
complications were recorded. Postoperative neurological recovery of the patients was assessed by the ASIA classi�cation.

Statistical analysis
Data were input in a Microsoft Excel spreadsheet (Redmond, WA, USA) and reported as mean and standard deviation, which were analyzed by the Mann-
Whitney U test using the SPSS 20.0 software package (Chicago, IL, USA). Statistical signi�cance was p < 0.05.

Results
Basic data of 37 patients with AS combined with SCSF were summarized in Table 1, with a mean follow-up time of 39.4 ± 8.6 months. There were 25 cases
caused by high-energy injury (vehicle accident), and 12 cases caused by falling or direct trauma. Eleven patients were managed by the anterior surgery (Fig. 1),
with a mean operation time and blood loss of 145.7 ± 37.3 min and 354.2 ± 58.2 ml respectively. The posterior surgery was performed for 13 patients (Fig. 2),
with a mean operation time and blood loss of 174.7 ± 57.6 min and 476.6 ± 108.2 ml respectively. Thirteen patients received combined anterior and posterior
surgery (Fig. 3), with a mean operation time and blood loss of 254.3 ± 65.4 min and 697.6 ± 176.3 ml respectively. No intraoperative injury of the spinal cord,
nerve root, or vertebral artery occurred.
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Table 1
Summary of clinical data in 37 patients

Number Age

(years)

Gender Duration
of AS
(years)

Segment Fracture
type

Dislocation Approach ASIA grade Follow-
up

time

(months)

Bone
fusion(month

Preoperative Postoperative*

1 75 M 25 C5-C6 B Grade I posterior C E 53 11

2 64 M 24 C3-C4 A NO anterior D E 31 9

3 71 M 27 C4-C5 B Grade I AP B D 34 7

4 37 M 15 C6-C7 B NO posterior C E 36 11

5 63 F 26 C3-C4 A Grade I AP D E 31 6

6 60 M 24 C5-C6 B NO posterior D E 41 7

7 41 M 13 C3-C4 C Grade II AP A A 35 7

8 62 M 18 C4-C5 A NO anterior E E 25 6

9 53 M 19 C5-C6 C Grade I AP B D 39 8

10 63 M 14 C5-C6 B NO posterior C E 32 6

11 51 M 18 C3-C4 A NO anterior D E 55 13

12 64 M 16 C5-C6 D Grade I AP D E 50 10

13 58 M 20 C4-C5 A NO anterior C E 29 10

14 51 M 17 C5-C6 C NO posterior D E 30 7

15 57 M 16 C4-C5 A Grade I AP B D 50 13

16 57 M 20 C5-C6 A NO anterior C E 48 7

17 49 F 13 C6-C7 A Grade I posterior E E 54 8

18 57 M 15 C4-C5 C Grade II AP A A 51 10

19 64 M 22 C5-C6 B Grade I posterior D E 43 11

20 41 M 14 C5-C6 B NO posterior D E 33 7

21 51 M 19 C5-C6 D Grade II AP B B 36 9

22 45 M 16 C4-C5 C Grade I posterior D E 31 8

23 64 M 25 C6-C7 A NO anterior D E 41 11

24 50 M 15 C5-C6 D Grade I AP C D 40 7

25 62 M 28 C5-C6 A NO anterior D E 64 8

26 38 M 12 C6-C7 B Grade I posterior C E 37 6

27 49 F 14 C5-C6 B NO posterior D E 40 6

28 54 M 12 C3-C4 A NO anterior E E 42 6

29 52 M 17 C6-C7 C Grade II AP C E 47 10

30 55 M 20 C5-C6 A NO anterior C E 27 14

31 44 M 10 C4-C5 C Grade II AP B D 38 10

32 70 M 13 C4-C5 C Grade I AP D E 29 4

33 40 M 17 C5-C6 B NO posterior C E 46 10

34 44 M 13 C4-C5 A NO anterior D E 18 10

35 44 M 21 C5-C6 B Grade I posterior B D 38 7

36 55 M 16 C4-C5 A NO anterior D E 30 9

37 78 M 27 C6-C7 C Grade II AP C D 41 8

* P < 0.05, Mann-Whitney U test, compared with the preoperative.
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Preoperatively, according to the ASIA classi�cation, there were 2 cases of grade A, 6 cases of grade B, 11 cases of grade C, 15 cases of grade D, and 3 cases of
grade E. Twenty-four cases were improved to grade E (64.8%), 10 cases were improved to grade D (27%). Three patients were postoperatively assessed as
grade A since severe vertebral destruction and spinal cord nerve injury. All patients were managed by bone grafting at the fracture area, with a mean bone
fusion time of 8.5 ± 2.2 months. At the �nal follow-up, there was a statistical difference in ASIA grade between the preoperative and postoperative (P < 0.05).
Postoperative complications occurred in 3 patients, including cerebrospinal �uid leakage, delayed wound healing, and pulmonary infection. And the above
complications were resolved using antibiotics and a dressing change. The satisfactory bone union was obtained at the �nal follow-up, without internal �xator
re-displacement or dislocation.

Discussion
In this study, 37 patients with AS combined with SCSF were successfully treated by the three approaches of bone grafting, fusion and ORIF. The purpose of the
surgery was to decompress the compression symptoms of the spinal cord effectively, restore and stabilize the bone rupture, and promote bone union. Twenty-
four cases were improved to grade E (64.8%), and 10 cases were improved to grade D (27%), according to ASIA classi�cation. The incidence of complications
was 8.1% (3/37).

In the patients with AS, extensive joint and ligament ossi�cation usually affected the axial skeleton of the spine, such as ankylosis, kyphotic deformity, and
osteoporosis [5, 6, 8]. In particular, the force line of the lower cervical may be destroyed by daily neck activities, which caused the vertebrae fracture. However,
AS with SCSF is commonly misdiagnosed since the preexisting pain and kyphotic deformity [7, 9]. Besides, SCSF was caused by lower energy trauma,
because the vertebral osteoporosis caused by AS reduced spinal �exibility. Via published articles [5], SCSF mostly neared the cervico-thoracic junction and
involved three columns of the spine, which were so unstable to associate with vertebrae dislocation, nerve compression symptoms, and respiratory
complications. Westerveld et al. [10] found that the incidence of spinal cord injury in patients with AS combined with spine fracture was signi�cantly higher
than in a patient without AS (four times). In this study, high-energy trauma was the main cause of SCSF (67.5%), which affected three-column of vertebrae in
14 cases. Besides, 34 patients were associated with neurological injury, and the longer the duration of AS, the more severe the nerve injury. Therefore, CT and
MRI were recommended to be applied to diagnose AS with SCSF at the early stage, especially for patients with a history of high-energy trauma.

The primary treatment of AS with SCSF was to restore the fractured ends and stabilize the spinal sagittal balance [5, 7, 11]. Nonsurgical treatment was limited
to simple fractures without involving the three columns of the vertebrae and displacement, such as �xation using a Halo brace for 10 to 16 weeks [12].
Surgical treatment (ORIF) was necessary for patients with unstable fractures involving the three columns, spinal cord injury, vertebral disc incarceration, and
the presence of sagittal or coronal imbalance [12–14]. Its advantage was to stabilize the lower cervical sequence to promote bone union and decompress the
spinal cord compression symptoms.

The approach of surgery included anterior, posterior, and combined anterior and posterior. The clinical e�cacy of the anterior surgery remained controversial,
although its advantages of complete decompression and satisfactory bone union. Kouyoumdjian et al. [15] reported 19 patients with AS combined with SCSF
were successfully treated by the anterior surgery and concluded that the lengthened internal titanium plates should be used in the anterior surgery to
effectively resist abnormal stresses to receive satisfactory stabilization. However, Najib and Xiang et al. [16, 17]considered that the anterior surgery was only
suitable for SCSF with anterior and middle columns affected, whereas it had a poor ability to resist torsion and bending. In this cohort, 11 patients were
performed anterior surgery and received a good bone fusion. We concluded that it was di�cult to intraoperatively place the prone position in patients with
kyphosis, which easily led to the iatrogenic fracture of the vertebral body and aggravated spinal cord injury. Hence, the anterior surgery could be preferred for
patients with severe kyphotic deformity. If completely reducing the fracture cannot be received, an additional posterior surgery was recommended to prevent
the failure of ORIF caused by the anterior stress concentration. Based on the satisfactory results of the anterior surgery in our patients, it was an effective
option for patients without severe anterior column injury, disc fragmentation, and deformity.

The posterior surgery had been certi�ed its good biomechanical stability and reduction of the fracture, which was mainly suitable for fractures with the good
axial load-bearing function of the anterior column, especially for fractures with dislocation and facet joint twist-lock [5, 16, 18]. Taggard et al. [19] reported 7
patients with AS combined SCSF were effectively managed by the posterior surgery, which improved the neurological compression symptoms at the �nal
follow-up. Liang et al. [20] found that the posterior surgery using pedicle screw �xation and autologous bone grafting could play a critical role in stabilizing the
spinal sagittal balance, correcting kyphosis, and relieving spinal cord compression. However, its shortcomings were mainly limited to dealing with anterior
column fracture and compression, because the injured intervertebral disc was di�cult to be removed [5]. Thirteen patients in this study were conducted by
posterior surgery and obtained good outcomes of spinal sagittal balance and neurological improvement. As far as we were considered, the posterior surgery
could receive stronger stability than the anterior [21], since the strong pedicle screws belonged to three-column �xation. However, its decompression of spinal
cord compression caused by anterior protrusion into the spinal canal was worse than the anterior surgery. Besides, it should be in consideration that AS
combined with severe osteoporosis, which was recommended that the internal �xation included 2 to 3 upper and lower vertebral bodies around the affected
vertebrae respectively to resist the stress concentration caused by ankylosing segment.

The combined anterior and posterior surgery was mainly indicated for patients with severe osteoporosis, three-column injury, dislocation, and spinal cord
compression. Via published studies [6], satisfactory bone union with the improvement of spinal cord compression could be obtained by combined anterior and
posterior surgery. For instance, Olerud and He et al. [8, 22] presented a total of 41 patients with AS combined with SCSF successfully treated by combined
anterior and posterior surgery, and considered that this method was a practical tool to treat SCSF with signi�cant vertebral collapse and lack of anterior
column support. Einsiedel et al. [23] found that there were approximately half of patients with the secondary displacement of the fracture end after anterior
surgery, and they proposed that combined anterior and posterior surgery was ought to effectively decompress the spinal cord compression, especially
vertebrectomy. Besides, whether anterior or posterior side surgery was performed �rstly was still controversial. Some scholars believed that fractures of the
anterior column mostly affected the intervertebral disc, in which there was nucleus pulposus tissue to reduce the possibility of self-fusion [4, 7, 11, 23]. It was
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necessary to perform posterior surgery �rstly to provide stability to complete anterior decompression and ORIF [18]. Others pointed out that the order of
combined surgery depended on the e�cacy of skull traction [5]. Anterior surgery could be performed �rstly as a satisfactory reduction, but posterior surgery
should be performed initially in case of the failure of reduction. In our cohort, 13 patients were effectively managed by a one-stage combined anterior and
posterior surgery and improved their severe neurological de�cits. In our opinion, the �rst step should be conducted on the side with a simple type of fracture
and mild neurological symptoms. The affected anterior column of 10 patients was �xated �rstly using a titanium plate to provide stability for resolving the
injured intervertebral disc and fracture. And posterior surgery was performed �rstly on 3 patients.

Surgery was just the beginning and not the end of the treatment. Postoperative management and strategies for complications were equally important. In this
cohort, complications occurred in 3 patients after combined anterior and posterior ORIF, including intraoperative dural tear, delayed wound healing, and
pulmonary infection. Fortunately, complications were resolved using antibiotics and dressing changes. It can be concluded that the risk of intraoperative
trauma and complications were brought out by the combined surgery. Hence, orthopedics should pay more attention to the surgical indication for AS
combined with SCSF, and choose a practical method according to the affected vertebrae column.

The limitations caused by the small-sample, single-medical-center, retrospective study existed in this study. Further, a comparison between the e�cacy of
different surgical approaches was not performed since the small number of cases.

Conclusion
Surgical strategies for patients with AS combined with SCSF should comprehensively consider the type of injury and fracture, severe osteoporosis, spine
sagittal balance, neurological compression symptoms, and deformity. Combined anterior and posterior surgery was a practical method for the treatment of
patients with severe osteoporosis and neurological compression symptoms, three-column fracture combined with sagittal imbalance.
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Figure 1

A 54-year-old male presented with neck pain for 1 year without a history of trauma a, b) Preoperative anteroposterior and lateral X-ray of cervical vertebra
showed hyperosteogeny at the edge of C3-C4 vertebral body with a fracture line through intervertebral space. c) Preoperative cervical MRI showed C3-C4
intervertebral disc injury with compression of the cervical spinal cord and secondary spinal stenosis. d) Preoperative CT showed C3 vertebral instability with
decreased bone mineral density. e, f) X-ray showed fracture reduction with good internal �xation position at 3 postoperative months after anterior surgery. g, h)
X-ray presented a good recovery of cervical sequence at 6 postoperative months.
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Figure 2

A 38-year-old male with neck pain caused by trauma for 2 days a, b) Preoperative anteroposterior and lateral X-ray of the cervical spine showed straightening
of the physiological curvature of the cervical spine (bamboo spine). c) Preoperative cervical MRI showed vertebral adnexal fracture with surrounding soft
tissue injury at C6-C7. d) Preoperative CT showed intervertebral fracture with widening space. e, f) X-ray presented a satisfactory bone fusion with internal
�xation at 3 postoperative months after posterior surgery. g, h) CT at 6 postoperative months showed satisfactory recovery of spinal sequence.

Figure 3

A 52-year-old male with neck pain and limitation of motion for 12 hours after falling a, b) Anteroposterior and lateral X-ray of cervical vertebra showed C6-C7
vertebral body fracture with dislocation and ossi�cation of paravertebral ligaments (bamboo spine). c) Cervical MRI showed C6-C7 intervertebral disc injury
with an anterior and posterior longitudinal ligament tear. d) CT showed C6 vertebral spondylolisthesis. e, f). X-ray at 3 postoperative months after combined
anterior and posterior surgery showed fracture reduction with a good internal �xation position. g, h) CT at 6 postoperative months showed a good cervical
sequence and satisfactory bone fusion with internal �xation.


