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Abstract

Objective Cervical fractures with ankylosing spondylitis (CAS) are a specific type of spinal fracture with poor stability, low
healing rate, and high disability rate. Its treatment is mainly surgical, predominantly through the anterior approach, posterior
approach, and the anterior—posterior approach. Although many clinical studies have been conducted on various surgical
approaches, controversy still exists concerning the choice of these surgical approaches by surgeons. The authors present
here a systematic evaluation and meta-analysis exploring the utility of the anterior—posterior approach versus the anterior
approach and the posterior approach.

Methods After a comprehensive literature search of PubMed, Cochrane, Web of Science, and Embase databases, 12 clinical
studies were included in the final qualitative analysis and 8 in the final quantitative analysis. Of these studies, 11 conducted
a comparison between the anterior—posterior approach and the anterior approach and posterior approaches, while one exam-
ined only the anterior—posterior approach. Where appropriate, statistical advantage ratios and 95% confidence intervals were
calculated.

Results The present meta-analysis of postoperative neurological improvement showed no statistical difference in the overall
neurological improvement rate between the anterior—posterior approach and anterior approach (OR 1.70, 95% CI 0.61 to
4.75; p=0.31). However, the mean change in postoperative neurological function was lower in patients who received the
anterior approach than in those who received the anterior—posterior approach (MD 0.17, 95% CI -0.02 to 0.36; p =0.08).
There was an identical trend between the anterior—posterior approach and posterior approach, with no statistically significant
difference in the overall rate of neurological improvement (OR 1.37,95% CI 0.70 to 2.56; p =0.38). Nevertheless, the mean
change in neurological function was smaller in patients receiving the anterior—posterior approach compared with the posterior
approach, but there was no statistically significant difference between the two (MD 0.17, 95% CI -0.02 to 0.36; p=0.08).
Conclusions The results of this review and meta-analysis suggest that the benefits of the anterior—posterior approach are
different from those of the anterior and posterior approaches in the treatment of ankylosing spondylitis-related cervical
fractures. In a word, there is no significant difference between the cervical surgical approach and the neurological functional
improvement. Therefore, surgeons should pay more attention to the type of cervical fracture, the displacement degree of
cervical fracture, the spinal cord injury, the balance of cervical spine and other aspects to comprehensively consider the
selection of appropriate surgical methods.
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Introduction

Ankylosing spondylitis (AS) combined with cervical spine
fracture is a specific type of spinal trauma in AS patients. This
chronic inflammatory disease is characterized by extensive

>4 Fu-li Huang ossification of bone, joint, and ligament tissues. The anky-
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brittleness of the vertebral body, even small external forces
can cause severe comminuted spinal transection fractures,
also known as "carrot stick fractures". The yearly number of
AS patients in the United States has been increasing [1], and
found to be more common in men [2]. The incidence of spinal
fractures in AS patients is up to five times higher than that in
the normal population. AS complicated with cervical spine
fractures is more common than other parts, often accompa-
nied by cervical spinal cord injury, accounting for approxi-
mately 73% [3], followed by thoracic spine fractures [4]. The
choice of the surgical method for AS patients with combined
cervical medullary injury is strongly correlated with postop-
erative complications, length of stay, and in-hospital mortality
[5]. Commonly used surgical procedures include the anterior,
posterior, and anteroposterior approaches.

Most of them require strong internal fixation to counteract
the locally concentrated stress and to maintain the stability
of the fracture end. However, considerable controversy still
exists on the requirements for preoperative traction repo-
sitioning, and on the choice of the optimal method: poste-
rior, anterior, or combined anterior—posterior fixation [6-9].
Therefore, it is extremely important to analyze the available
scientific evidence and summarize the existing findings on
the optimal choice of an appropriate surgical procedure,
which would serve clinical education and practical guidance.

Methods

The protocol and registration data are as follows: prospero.
com; registered code: CRD42022315984.

The following inclusion criteria were applied: A retro-
spective clinical study of the surgical treatment of AS com-
bined with cervical fractures.

The exclusion criteria implemented were as follows: (1)
non-human experimental studies; (2) studies on non-surgical
treatments; (3) studies that did not evaluate the combination
of anterior and posterior approaches; (4) studies that did not
assess clinical outcomes; and (5) case reports.

Literature search and selection

Literature from the PubMed, Embase, Web of Science,
and Cochrane databases was systematically searched from
01/06/1990 to 03/31/2022.

The search strategy was based on a PubMed search with
subject terms + free terms: ("Surgical Procedures, Opera-
tive" [Mesh] or Entry Terms) and ("Spondylitis, Ankylos-
ing" [Mesh] or Entry Terms) as the search was conducted
logically.

A total number of 162 published abstracts or manuscripts
were identified. As can be seen in the PRISMA flow chart
(Fig. 1), after applying the inclusion and exclusion criteria,
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Fig.1 PRISMA flow diagram of the study selection process

a total number of 12 articles were included in the qualitative
analysis and 8 articles in the quantitative analysis. Two inde-
pendent researchers completed the selection and collation of
the literature (Figs. 2, 3,4 and 5).

Data analysis

We conducted data analysis using Review Manager, version
5.0 (Cochrane Collaboration). The Mantel-Haenszel test was
adopted to calculate the dominance ratios and 95% confidence
intervals, and forest plots were generated for each comparison.
The overall effect of each method in the control and treatment
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groups was assessed using a fixed-effects model. Improvement
in neurological function was selected as the primary outcome.
The secondary outcome was the incidence of complications.
The risk of bias was assessed using the Cochrane Risk of Bias
tool to provide further insight into the conclusions drawn by
the authors and our own subsequent meta-analysis.

Results

Study selection and characteristics

Of the initial 162 articles, 12 met the inclusion criteria and
were clinically evaluated for neurological improvement. The

quantitative analysis included eight studies, whose research
information examined is summarized in Table 1. In 11 stud-
ies, the anterior—posterior approach was compared with either
the anterior or posterior approach, whereas in one study, only
the anterior—posterior approach was assessed. All studies
measured the preoperative and postoperative neurological
status, complications, revise surgery, and dead in Table 2.

Relations between approach and neurological
outcome, complications, revise surgery and DEAD

The analysis showed that the anterior—posterior approach
was the most common in our included studies, followed by
the posterior and anterior approaches. Since the outcome
data of each article was not compared under the same uni-
fied standard, the author did not conduct statistical analysis
on the following data, we did not conduct statistical analysis
on the following data.

Comparison between anterior-posterior approach
and anterior approach

Our analysis of neurological outcomes and complication
rates between the anterior—posterior approach and anterior
approach revealed no significant difference in the overall
neurological improvement rates, although the patients who
received the anterior—posterior and anterior approach had
higher neurological improvement rates (OR 1.70, 95% CI
0.61 to 4.75; p=0.31). The mean change in the postoperative
neurological status was improved in patients who underwent
the anterior—posterior approach, but with no significant dif-
ference between the two groups (MD 0.14, 95% CI -0.23 to
0.51; p=0.47). Similarly, no significant difference was found
in the complication rates between the two approaches (OR
1.03,95% CI1 0.37 to 2.87; p=0.96). Patients who underwent
the anterior approach had a higher rate of secondary revision
surgery than those in the anterior—posterior group, with a
significant difference between the two groups (OR 0.37,95%
CI 0.14 to 0.99; p=0.05); the mortality did not differ sig-
nificantly between the two groups (OR 1.17,95% CI 0.35 to
3.81; p=0.79); no significant difference was found between
the two groups between the neurological deterioration in
the CO-C4 upper cervical spine (OR 0.50, 95%CI 0.04 to
7.10; p=0.61) and the C5-C8 lower cervical spine (OR 0.80,
95%C1 0.53 to 1.21; p=0.02).

Comparison of anterior-posterior versus posterior
approach

Our analysis of neurological outcomes and complication
rates between anterior—posterior versus posterior approaches
showed trends similar to those of the anterior—posterior ver-
sus anterior approach comparison. Although the rate of the
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Fig.3 Impact of wre surgical approach (anteroposterior vs anterior)
on the rates of neurological improvement A, mean change in the
postoperative neurological function B, complication rates C, rates of

neurological improvement was higher in the patients who
received the anterior—posterior approach (OR 1.37, 95%
CI 0.70 to 2.56; p=0.38), no significant difference was
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observed between their overall neurological improvement
rates. An improvement in the mean change was established
in the postoperative neurological status of patients who
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Fig.3 (continued)

underwent anterior—posterior and posterior approaches,
but there was no significant difference between the two
(MD 0.17, 95% CI -0.02 to 0.36; p=0.08). Similarly, no
significant difference was detected in the rate of surgical
complications between the anterior—posterior and posterior
approaches (OR 1.39, 95% CI 0.70 to 2.78; p=0.34); there
was also no significant difference in the rate of revision sur-
gery in patients who underwent anterior—posterior and pos-
terior surgery and between the two groups for posterior sur-
gery (OR 0.48, 95% CI1 0.07 to 3.17; p=0.45). Additionally,
no significant difference was found between the two groups
between the mortality in the two groups (OR 1.86, 95% CI
0.64 to 5.30; p=0.26); no significant difference was found
between the two groups between the neurological deterio-
ration in the CO-C4 upper cervical spine (OR 0.36, 95% CI
0.03 to 4.21; p=0.41) and the C5-C8 lower cervical spine
(OR 0.95, 95%CI1 0.27 to 3.30; p=0.44).

Favours experimental Favours control

Discussion

CAS is clinically characterized by progressive cartilage
ossification combined with bone loss, resulting in a tubular
spine that becomes stiff, fragile, and poorly resistant to
stress and prone to fracture at low energy. Neck hyperex-
tension is the most common mechanism of injury in CAS
[22]. In the literature collected in this paper, there are also
statistical data assessing the causes of injury. However,
this paper did not analyze the causes of injury because
different criteria for evaluating low-energy injuries and
high-energy injuries are defined in the literature, hindering
their comparison. Even though, it is easy to see that most
of the literature still documents the etiology of low-energy
injuries, indicating that low-energy trauma is a cause of
fractures in patients with AS that cannot be ignored [23].
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Fig.4 Impact of the surgical approach (anteroposterior vs posterior)
on the rates of neurological improvement A, mean change in the post-
operative neurological function B,complication rates C,rates of revise
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The incidence of cervical spine fractures in AS patients
is three times higher than in the general population [24].
Despite the high incidence of fractures in patients with anky-
losing spondylitis, delayed diagnosis is common. Chronic
pain may mask patient's symptoms [24]. Simple DR films of
the spine may not reveal fractures due to distorted anatomy,
ligamentous ossification, and artifacts. On the other hand,
early diagnosis and high suspicion of spinal cord injury may
prevent possible long-term neurological damage. Therefore,
due to the high susceptibility of patients with AS to spi-
nal fractures and spinal cord injury even with only minor
low-energy trauma, initial CT or MR imaging of the entire
spine should be performed even if the patient is minimally
symptomatic.

The change in neurological function was chosen as the
main outcome indicator in this paper because it is an impor-
tant indicator for evaluating the value of surgery. First,
almost all the literature includes it as one of its outcome indi-
cators for easy collection and statistics. Second, neurological
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function is also the purpose of our surgical treatment, and
optimal neurological recovery can be achieved by an appro-
priate choice of surgical procedures to be applied. In the
comparison presented in Table 1, we included the number
of events, with no significant difference between the com-
bined approach and the anterior and posterior approaches
in terms of absolute values. We included inconsistent scales
for the evaluation of neurological improvement in the lit-
erature (The B in The Fig 3 and 4), but two main scales
owner applied: Frankel and ASIA grade scores. To enable
the inclusion of a larger amount of data in this meta-analysis
and to more objectively evaluate the outcome of the pro-
cedure, we employed the mean and variance values of the
neurological improvement grade difference for comparison.
However, during our statistical collection we found that bet-
ter neurological recovery was obtained after the application
of the combined approach than after that of the anterior and
posterior approaches, but with no significant difference. This
is also in line with the study of our current research, based
on our analysis results and related literature show that the
surgical approach is not directly related to the prognosis of
patients [17]. Due to the particularity of the physical con-
dition of patients with ankylosing spondylitis, the surgical
methods should be individualized to avoid serious postop-
erative complications. Therefore, the indications of anterior,
posterior and combined surgical approaches should depend
on the nature of the injury, the mechanics at admission, the
type of fracture, the degree of fracture displacement, the
stability of fracture, the degree of nerve damage and so on.
In the literature included here, the most appropriate proce-
dure was performed, and some neurological recovery was
achieved. Since the mechanics, severity and neurological
outcome are quite different in the upper cervical spine (CO-
C4) than lower (C5-C8) injuries, and the upper and lower
cervical fractures are only partially divided in the included
literature, this important detail is reflected in Table 1. In
this article, there was no significant difference between the
nerve damage of the upper and lower cervical injuries and
the surgical approach. We are unable to collect more detailed
conditions from the included literature, such as the type of
fracture, spinal cord injury, fracture stability, fracture dis-
placement and so on. However, the degree of postopera-
tive neurological recovery is strongly correlated with the
degree of cervical medullary injury damage, the presence
or absence of diagnostic delay, and the adequacy of surgical
decompression. Therefore, we recommend the implemen-
tation of stabilization surgery for CAS patients to achieve
spinal balance and prevent further neurological impairment.

Metz-Stavenhagen et al. [25] recommended a combined
anterior—posterior surgery approach in cases of severe com-
bined posterior convexity, even though a higher complica-
tion rate exists after the use of this procedure. Michael et al.
[26] found respiratory infections and urinary tract infections
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Table 2 Relations between
approach and neurological

Outcome

Neurological Outcome

Complications Revise surgery DEAD Total

o . approach -
outcome, complications, revise Improvement Same Degeneration
surgery, DEAD
AP 118(90.07%) 10(0.08%) 3(0.02%) 62(47.33%) 14(10.69%) 12(9.16%) 131
P 25(25%) 59(59%) 16(16%) 23(23%) 8(8%) 4(4%) 100
A 32(66.67%)  7(14.58%) 9(18.75%) 9(18.75%) 10(20.83%) 7(14.58) 48

to be the least common complications in patients with CAS.
In the present study, we also clearly established a higher
complication rate in the combined approach, but with no
statistically significant difference from those in the posterior
and anterior approaches.

The reoperation rate is one of the indicators we uti-
lized to evaluate the choice of the appropriate procedure.
In this meta-analysis, we found a significant difference in
the reoperation rate between the anterior and the combined
approaches (p =0.05), but not between the posterior and the
combined approaches.

No significant difference was observed in mortality
between the combined approach and the anterior and pos-
terior approaches. Thus, we concluded that limited asso-
ciation existed between mortality in CAS patients and the
procedure. Our statistical analysis showed that concurrent
pulmonary infections and thrombosis were important causes
of death in patients with CAS. Providing patients with strong
immobilization and early lowering to the floor can effec-
tively prevent such complications and reduce mortality.

Anterior fixation alone is the weakest and prone to com-
plications method, leading to complications such as screw
loosening and titanium plate displacement. Conversely, ante-
rior surgery has the advantages of less trauma, complete
decompression, and higher fusion rate, and is suitable for
patients with good bone quality, less severe posterior column
displacement and not accompanied by severe retroconvex
deformity. Many reports of successful outcomes have been
previously published. For example, Kouyoumdjian et al. [15]
concluded that the anterior application of lengthened inter-
nal fixation plates can effectively counteract abnormalities.
However, if the fracture is not completely repositioned by
the anterior approach, it is in an unstable state due to the
displacement of the posterior fracture end, and the increased
anterior stress can easily cause internal fixation failure.
Hence, the combined approach is more effective.

The posterior approach alone is stronger than the ante-
rior, with adequate exposure and exact repositioning, and is
suitable for most CAS patients, especially when the applica-
tion of the anterior approach is difficult due to the presence
of a posterior convexity deformity in the cervical spine. Its
shortcomings are limited stability and the need for suffi-
ciently long fixed segments to extend the surgical range [27].
It is also not suitable for CAS patients with fractures in the
anterior column. Liu et al. [16] established no statistical

difference in the degree of neurological recovery between
the posterior-only approach and the combined approach, but
the former had the advantages of shorter operative time, less
surgical bleeding, and fewer surgery-related complications,
and therefore the posterior-only approach is more favorable.
In this article, there was no statistically significant differ-
ence between the combined anterior—posterior and posterior
approaches. However, evidence suggests that patients with
combined severe kyphosis are not suitable for simple pos-
terior surgery because (1) it requires extensive dissection
of the neck muscles, increases the risk of wound infection,
and does not relieve the anterior spinal cord compression;
(2) it is not suitable for patients with bone defects in the
anterior column [28]; and (3) the stiffness of the posterior
component and the vertebral body osteophytes, which may
hinder the determination of the anatomical location of the
instrument insertion point. As a result, it may lead to pedicle
fractures, screw misalignment, nerve defects, and vertebral
artery injury. Okten et al. [10] documented intraoperative
complications of nerve root damage and vertebral artery
injury due to improper screw placement in three patients
with posterior approaches.

The combined anterior—posterior approach provides the
best firmness compared to that achieved by the anterior and
posterior approaches. We consider that the combined ante-
rior—posterior approach may be the best option for treat-
ing cervical fractures in patients with AS. The use of this
approach facilitates the achievement of the balance of the
cervical spine, strong fixation of the anterior, middle, and
posterior columns, and adequate and rapid nerve decom-
pression. In addition, this combined approach can overcome
the disadvantages of anterior surgery and posterior surgery
alone. The rate of early three-column fusion increases after
strict stabilization of the cervical fracture; and the incidence
of loosening, dislodgement, fracture, and sinking of the
implanted instrumentation is also lower. Due to firm fixa-
tion, patients are able to maintain better strength of their
cervical motion and are able to get out of bed earlier, which
helps to reduce complications, such as hemorrhagic pneu-
monia, deep vein thrombosis and decubitus ulcers. Payer
et al. [29] reported in their study the treatment of four CAS
cases with the combined approach. After a mean follow-
up of 11 months, all patients showed good alignment with
no deformities. Einsiedel et al. [12] suggested a combined
approach with an anterior approach followed by a posterior
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approach in the first stage of surgery, whereas Ji et al. [30]
supported that a sequential approach followed by an anterior
approach was more appropriate. Olerud et al. [11] concluded
that although a combined approach is associated with more
surgical bleeding, more trauma, and longer operative time,
a combined anterior and posterior approach is still recom-
mended. However, due to the long operative time and high
bleeding volume, it is not suitable for CAS patients with a
poor physical condition.

Conclusion

Overall, this article highlights the results of the analysis of
the combined anterior—posterior approach compared to the
anterior and posterior approaches alone in the treatment of
patients with CAS. The rate of revision surgery was higher
in the anterior approach, but with no statistically signifi-
cant differences in other aspects of outcome indicators. We
conclude that for severe posterior convex deformities and
loss the balance of the cervical spine if physical conditions
permitting, a combined anterior—posterior approach is a rela-
tively effective option for patients with CAS to ensure stabil-
ity of the fracture end and to reduce the number of second-
stage surgeries to improve patient acceptance. In a word,
there is no significant difference between the neurological
functional improvement and cervical surgical approach
selected by the surgeons after considering the patient's con-
dition. Therefore, surgeons should pay more attention to the
type of cervical fracture, the displacement degree of cervical
fracture, the spinal cord injury, the balance of cervical spine
and other aspects to comprehensively consider the selection
of appropriate surgical methods.
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