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ABSTRACT

AIM: To compare, and to analyze the clinical and radiological signs between bidirectional and unidirectional screw fixation in single
level cervical discectomy and fusion surgery.

MATERIAL and METHODS: We retrospectively reviewed the data collected from 90 patients and divided them into the upper
or lower spine fixation group (unidirectional) and the normal upper and lower spine fixation group (bidirectional). The patients’
demographic data and preoperative and postoperative (24 months) clinical outcomes were collected. Pre- and postoperative
(immediately and at 3, 6, 12, and 24 months) changes in the segmental angle in the operating field (SA), cervical lordosis, C2-7
sagittal vertical axis, and active disc height (aDH) were evaluated. We also compared the rate of fusion and muscle size change
between the groups.

RESULTS: The operation time in the bidirectional screw fixation group was significantly longer than that in the unidirectional screw
fixation group (>6 min; p=0.03). There was no significant difference between the two groups in radiographic parameters before and
immediately after surgery. From 3 months postoperatively, the unidirectional group had significantly higher SA and aDH than the
bidirectional group (p=0.03). The fusion rate was higher in the bidirectional screw fixation group than in the unidirectional group, but
this was not statistically significant (97% vs. 88%, p=0.07).

CONCLUSION: The results of this study suggest that unidirectional screw fixation surgery can be useful as it has been associated
with simple surgery, short surgery time, and maintenance of the lordotic curvature of SA and disc height.
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ABBREVIATIONS: ACDF: Anterior cervical discectomy and fusion, ACIF: Anterior cervical interbody fusion, aCSA: Adjusted
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index, SA: Segmental angle, SVA: Sagittal vertical axis, VAS: Visual analog scale
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B INTRODUCTION

nterior cervical discectomy and fusion (ACDF) is
Agonsidered to be the best surgical option for treating

ervical disc disease if conservative treatment for
cervical spine disease fails (9,10). Some studies found that
the addition of assisted fixation by a cervical plate can
stabilize the segment, improve results, and reduce the risk
of pseudarthrosis (9,26). However, complications associated
with the anterior cervical plate, such as esophageal soft tissue
damage, neurovascular damage, and dysphagia, have been
reported in traditional ACDF surgery (2,30).

The interbody cage is designed to provide stability and
promote fusion between the cervical vertebrae without using
an anterior plate to address these complications (21). lIts
purpose is to restore physiological cervical disc height (DH),
provide immediate and stable load support, and promote joint
fixation with satisfactory clinical results (1,14,33). Anchored
cages are currently used in many cervical spine surgeries.
Furthermore, anchored cages have the following advantages
over plate cage surgery: shorter than average operating time
and lesser blood volume loss (25).

Regarding surgery with the anchored cage, there were cases
where the screw was fixed in only one direction, typically
caught in the sternum or jaw. Although a dedicated driver was
used when the screw was caught in the jaw or sternum, the
use of the driver was difficult because of the complexity of its
assembly and operation difficulty, and plate fixation was used
instead in most cases. However, as adjacent segment disease
occurred in the affected area, some surgeons inevitably used
the unidirectional screw fixation method, and there were no
significant postoperative complications. Henceforth, we used
the unidirectional screw fixation method.

This study aimed to compare and analyze the clinical and
radiological signs between unidirectional and conventional
bidirectional screwing surgeries.

B MATERIAL and METHODS

This study was approved by the Institutional Review Board of
our institution (Date: 2 August 2021; No: 2022-07-010).

Demographic Data

This was a multicenter, retrospective, observational, clinical,
and radiological study involving a collection of patients who
received single-level ACDF using the anchored cage at our
institution from May 2012 to June 2019 (Figure 1). Patient
groups excluded were those who underwent >two-level
ACDF operations and those who had cervical spine trauma,
cervical spine surgery, history of posterior instrumentation in
the cervical spine, rheumatoid arthritis, systemic infection,
posterior ligament ossification, and/or malignant tumors.

We recruited 90 patients with cervical degeneration who
met the inclusion criteria. These patients were divided
into an upper or lower spine fixation group (unidirectional
screw fixation group) and a normal upper and lower spine
fixation group (bidirectional screw fixation group) according
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to the fixed vertebrae. All surgeries were performed by two
neurosurgeons. The patients with the same surgical indication
were randomly selected for surgery from May 2012 to June
2019. Data of variables, including sex, age, underlying disease,
occupation, alcohol and tobacco use, body mass index (BMI),
surgical level, and bone marrow density (BMD, T-score) were
collected for all the patients.

Operative Technique

A standard left Smith-Robinson anteromedial approach to the
cervical spine, as described by Kim et al., was conducted (17).
First, a complete discectomy was performed, the cartilage
endplate was removed via curettage, and the upper and lower
endplates were minimally decorated to enhance allograft-bone
fusion. Next, the posterior longitudinal ligament was removed,
and the spinal cord and nerve root were decompressed (17).
Spurs were removed from the upper and lower endplates
after discectomy, and the cartilage endplate was removed to
a minimal extent. For fusion, cage size was determined by
inserting a predetermined test cage (relative to patient height).
After inserting the anchored cage, four (bidirectional) or two
(unidirectional) screws were inserted according to each group
to secure it.

Clinical Outcome

All patients were followed up preoperatively and at 24 months
postoperatively. Clinical outcomes were evaluated using the
visual analog scale (VAS) for neck and arm pain and the neck
disability index (NDI). Additionally, we collected data on the
measures of pain intensity and its impact on disability and
quality of life, calculated using the VAS, NDI questionnaire, as
well as the satisfaction questionnaire for received treatment. In
cases where it was difficult for patients to complete a written
questionnaire, the clinical results were checked via phone call.
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Figure 1: Photograph of the anchored cage; ACDF device.
ACDF: Anterior cervical discectomy and fusion.
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Figure 2: Lateral view of standard cervical radiography of a
patient operated on with an anchored cage. CL represents the
angle (°) between the lower edge of the C2 and C7 vertebrae; SA
represents the angle (°) between the upper edge of the cranial
vertebral body and the lower edge of the caudal vertebral body
at the surgical level. SVA is the distance between the vertical line
away from the C2 center and the posterior upper edge of the
C7 vertebral body. (A) AP: anteroposterior length; SVA: sagittal
vertical axis.

Radiologic Evaluation

Radiological follow-up examination was performed preoper-
atively and postoperatively (immediately and at 3, 6, 12, and
24 months postoperatively) using cervical X-ray radiographs.
Cervical lordosis (CL) and the segmental angle (SA) were
measured using the Cobb angle. CL was determined from the
Cobb angle from C2 to C7, and the SA was defined as the
angle between the upper margin of the cranial vertebral body
and the lower margin of the caudal vertebral body of the op-
erated level (3). The cervical sagittal vertical axis (SVA) yielded
positive and negative indicators representing lordosis and ky-
phosis alignment (Figure 2).

This study also investigated the rate of fusion between the
two groups. Fusion was defined as a movement of <2° in the
lateral flexion/extension view, the presence of the bridging
trabecular bone between the endplates in the anteroposterior/
lateral view, and <50% radiation transmittance around the
cage perimeter (11) (Figure 3).

For cervical muscle measurements, axial T2-weighted
magnetic resonance imaging (MRI) or computed tomography
(CT) was used to measure the transverse cross-sectional
area (CSA) of the transverse area muscles at the level of the
spine where surgery was performed. The CSA was defined
by manually tracking the fascia boundary using digital image
processing software (Petavision for clinics, version 2.0; Asan
Medical Center, Seoul, Republic of Korea). The adjusted
cross-sectional area (@CSA) ratio was defined as the “CSA of
the cervical spine muscle/CSA of the spine in the same axial
image.” This proportion was adjusted to the patients’ body
size (22). We calculated the aCSA values preoperatively and
at 24 months postoperatively for each size at the surgical level
and confirmed the change in the values (Figure 4).

Figure 3: Implant fusion failure
case. Lateral radiographs showing
fusion failure at 2 years after initial
ACDF fixation. A) Flexion and

B) extension shows a difference
of more than 4°. ACDF: Anterior
cervical discectomy and fusion.
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Figure 5: DH represents the length (mm) between the midline
of the upper and lower edges of the disc space at the surgical
level. AP (red line) represents the length of the upper margin in the
cranial vertebral body relative to the working level (mm).

DH: Disc height.

We estimated the degree of cage sedimentation to estimate
the state of spinal alignment indirectly; we compared the
preoperative DH on a regular X-ray image (3). To obtain the
active disc height (aDH), the anteroposterior length of the
upper vertebrae was measured at the surgical level on the
basis of the preoperative CT (aAP) and radiograph (AP). The
aDH was measured using the DH formula (@DH, DHx aAP/AP)
(Figure 5) (17).

Statistical Analysis

The results are presented as the mean values + standard
deviation (SD); SD was determined for quantitative data, such
as cervical parameters, degree of cage sedimentation, NDI,
and VAS scores. Additionally, Student’s t-test, chi-square test,
and Fisher’s exact test were used to confirm the statistical
significance of differences in radiological and clinical
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Figure 4: Measurement of the
transversospinalis muscle.

The transverse area was measured
at the surgical site level using
preoperative axial T1-weighted
magnetic resonance imaging (A)
and postoperative computed
tomography (B). The muscles
involved were the multifidus,
semispinalis cervices, and rotator
(A1-2), as well as the semispinalis
capitis, splenius capitis, and
splenius cervices (B1-2).

outcomes. All statistical analyses were conducted using the
SPSS software (v.24.0; IBM Corp., Armonk, NY, USA), and
statistical significance was defined as p<0.05.

B RESULTS
Demographic and Clinical Outcome

Of the total 90 patients, 43 and 47 were included in the
unidirectional and bidirectional screw fixation groups,
respectively. There were no statistically significant differences
in age, sex (male/female), BMI, BMD, alcohol and tobacco
history, underlying diseases, surgical level, and blood loss
during operation between the two groups (Tables | and lI).
However, it was confirmed that the operation time in the
bidirectional screw fixation group was significantly longer than
that in the unidirectional screw fixation group by more than 6
min (p=0.03) (Table II).

In the preoperative clinical results, no significant difference was
observed in the VAS (neck and arm) scores in the unidirectional
screw fixation group. However, in the postoperative (24
months) clinical results, the VAS (neck and arm) and NDI
scores in the unidirectional screw fixation group had lower
values than those in the bidirectional screw fixation group,
although no statistical significance was observed (Table IlI).

Radiographic Outcome

There was no significant difference between the two groups in
radiographic parameters before and immediately after surgery.
However, at 3 months postoperatively, the unidirectional
screw fixation group continued to show higher SA and aDH
than the bidirectional screw fixation group; this lasted until 24
months postoperatively (Table IV, Figures 6 and 7). Similarly,
in cervical alignment, higher CL and smaller C2-7 SVA were
continuously observed at 3 months postoperatively in the
unidirectional screw fixation group, although this difference
was not statistically significant (Table IV). The fusion rate
was higher in the bidirectional screw fixation group than in
the unidirectional screw fixation group, although there was
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no statistically significant difference (97% vs. 88%, p=0.07;
Table I). The change in the surgical site muscle aCSA between
the two groups was not significantly different between the
preoperative and 2-years postoperative periods (Table Il).

B DISCUSSION

The anchored cage provides an excellent fusion rate and bio-

Table I: Demographic Summary of the Patients

mechanical stability and can be used to correct cervical ky-
phosis and improve cervical alignment (1). To date, few stud-
ies have been conducted on the usefulness of unidirectional
screw fixation of the anchored cage.

In this study, we performed clinical and radiographic com-
parisons between a unidirectional screw fixation group (only
upper or lower vertebra screw-fixed) and a conventional bidi-

Unidirectional screw fixation

Bidirection screw fixation

group (n=43) group (n=47) p-value
Age + SD 60.79 + 11.06 58.34 + 11.86 0.31
Sex (M/F) 28:15 32:15 0.76
Fusion rate (%) 88 97 0.07
Hypertension (n) 20 25 0.35
Diabetes mellitus (n) 7 11 0.37
Smoking (n) 15 16 0.90
Body mass index 2419 + 2.66 24.47 + 3.56 0.79
Bone mineral density (T-score) -1.17+£2.10 -1.27 +1.99 0.82

SD: Standard deviation.

Table II: Comparison Between the Two Groups Regarding Intraoperative Bleeding, Operation Time, and Changes in Paraspinal Muscle
Size at the Surgical Site Level Before and After the Operation (24 months)

Unidirectional screw fixation Bidirectional screw fixation

group (n=43) group (n=47) p-value
*aCSA 9.98 + 6.35 10.65 + 5.93 0.60
Operation Time (min) 117.20 £ 15.32 123.70 + 13.75 0.03
Estimated blood loss (mL) 106.51 + 57.97 126.80 + 68.08 0.13
*Preoperative value — 2-year follow-up value; aCSA: Adjusted cross-sectional area ratio.
Table lll: Comparison of Clinical Parameters Between the Two Groups
Unidirectional screw fixation Bidirectional screw fixation
group (n=43) group (n=47) p-value
VAS (neck)
Preoperative 5.27 +£1.90 551 +2.05 0.58
Postoperative (24 months) 1.53 + 1.66 219 +1.67 0.06
VAS (arm)
Preoperative 5.88 +1.19 5.76 +1.21 0.64
Postoperative (24 months) 1.53 + 1.66 2.00 £ 1.57 0.13
NDI
Preoperative 21.583 +7.09 21.72+7.14 0.90
Postoperative (24 months) 7.37 £ 6.25 8.97 + 5.30 0.19

VAS: Visual analog scale; NDI: Neck disability index.
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Table IV: Continuous Follow-up of Cervical Parameters and Radiographic Images for the Two Groups

Unidirectional screw fixation Bidirectional screw fixation

group (n=43) group (n=47) p-value
CL
Preoperative 11.41 £6.45 10.59 + 7.99 0.59
Immediately postoperative 14.11 £ 6.34 16.68 + 7.95 0.09
Post 3 months 13.69 + 6.23 11.14 £ 7.60 0.08
Post 6 months 13.51 £6.15 11.04 £ 7.56 0.09
Post 12 months 13.11 £ 5.78 10.72 + 7.51 0.10
Last f/u (24 months) 12.76 + 5.81 10.42 + 7.47 0.10
SA
Preoperative 2.16 +2.22 0.85 +3.94 0.07
Immediately postoperative 4.39 + 2.61 4.85 +3.43 0.48
Post 3 months 3.67 +2.39 2.53 +2.59 0.03
Post 6 months 3.51 +2.41 2.25 +2.39 0.01
Post 12 months 3.18 £2.35 214 +2.33 0.03
Last f/u (24 months) 3.06 +2.17 2.00+2.24 0.02
aDH
Preoperative 5.66 = 1.20 5.38 + 1.67 0.36
Immediately postoperative 8.14 +1.22 7.83 +£1.43 0.28
Post 3 months 7.22+1.13 6.62 + 1.52 0.03
Post 6 months 7.10+1.15 6.45 + 1.64 0.03
Post 12 months 7.04+1.14 6.29 + 1.66 0.01
Last f/u (24 mon) 6.95 + 1.11 6.22 + 1.66 0.01
C2-7 SVA
Preoperative 19.52 + 12.70 20.22 +10.71 0.77
Immediately postoperative 12.32 + 8.96 13.40 + 6.62 0.51
Post 3 months 12.80 + 8.41 16.07 + 7.66 0.06
Post 6 months 13.18 £ 7.40 16.44 +7.93 0.07
Post 12 months 13.38 £ 8.14 16.69 + 7.96 0.06
Last f/u (24 months) 13.60 + 8.50 16.92 + 7.85 0.06

CL: Cervical lordosis, flu: follow-up, SA: Segmental angle, aDH: Actual length of disc height, SVA: Sagittal vertical axis.

rectional screw-fixation vertebrae group in patients who un-
derwent one-level ACDF with an anchored cage.

The results of this study demonstrated that SA and DH were
better maintained after surgery in the unidirectional screw
fixation group, but significant differences in cervical lordosis
and C2-7 SVA were not found between the two groups. In the
study by Li et al., C2-7 cervical curvatures and the segmental
Cobb angle decreased after 24 months of follow-up compared

to those at the 1-month follow-up examination (20). However,
a significant decrease was observed in the anchored cage
group when compared to the plate-cage construct group,
which can be explained by the fact that when the screws are
placed on the same plane, a cage that is placed in front of the
intervertebral space acts as a lever for mechanics and creates
an anterior traction force on the upper and lower vertebrae.
In the current study, anterior traction was generated only
in the upper or lower vertebrae in the unidirectional screw
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fixation group (Figure 8). Therefore, significant differences
were observed in the SA and aDH subsidence. However, no
significant difference was observed between CL and C2-7
SVA.

At 3 months postoperatively, the unidirectional screw fixation
group continued to show higher SA and aDH than the
bidirectional screw fixation group; this lasted until 24 months
postoperatively (Table IV, Figures 4 and 5). Similarly, in cervical
alignment, higher CL and smaller C2-7 SVA were continuously
observed 3 months postoperatively in the unidirectional
screw fixation group, but this difference was not statistically
significant (Table IV). According to previous studies, (6,7,13)
because both initial distractive and subsequent compressive
forces affect the cervical spinal alignment and clinical
outcome, higher distraction should be avoided during ACDF
surgery. Although the bidirectional screw does not exert
excessive distraction forces on the interbody space, it seems
obvious that bidirectional screws apply bigger distraction
forces than unidirectional screws. Because biomechanical
stability is associated with a contact surface, we believe that
the initial distraction force after ACDF surgery, in contrast
to the distraction force during surgery, does not affect the
interbody space for better alignment.

Several previous studies have reported that the intraoperative
bleeding and operation times were significantly lower in the
anchored cage group than in the plate fixation group (5,31).
In this study, even among patients using the anchored cage,
it was confirmed that the operation time was shorter in the
unidirectional screw fixation group than in the bidirectional
screw fixation group.

Although no statistically significant difference was observed in
the union rate in this study, a higher union rate was observed
in the bidirectional screw fixation group than that in the
unidirectional screw fixation group. In the unidirectional screw
fixation group, fusion failure was observed in five patients,
whereas in the bidirectional group, fusion failure was observed
in only one patient. Additionally, all patients who failed to have
fusion had a BMD (T-score) of <-3.5, which was much smaller
than the average BMD (-0.35 + 0.29) of patients who had a
successful fusion.

Osteoporosis is a well-known risk factor for fusion failure
(15,16). In many studies, biomechanical tests have shown a
high correlation between BMD and pedicle screw stability
(4,27,32). The number of inserted screws is considered a risk
factor for fusion failure. In the study by Lee et al., the fusion
rate in the standalone cage case was lower than that in the

anchored cage case (19).

@ ©
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Figure 6: Continuous follow-up graph of the SA angle (°) from
preoperative to immediately postoperatively and at 3, 6, 12, and
24 months postoperatively.
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Figure 7: Continuous follow-up graph of aDH (mm) from
preoperatively to immediately postoperatively and 3, 6, 12, and
24 months postoperatively

aDH, active disc height.

Figure 8: The bidirectional screw fixation system contains four
screws located on the upper and lower vertebral bodies, respectively
(A). In the one-direction screw fixation system, two screws are
inserted into the upper or lower vertebral body. (B, C) The cage
placed in front of the intervertebral space acts as a lever for the
dynamics, creating an anterior traction force on the spine (red arrow)
only in the upper part with the screws located in the same plane as
that being placed.



In the study by Jiang et al., double screws in thoracolumbar
spine surgery show mechanical advantages over standard
single-screw techniques (12). Therefore, unidirectional
screw fixation may not be sufficient for stability in cases of
severe osteoporosis, and additional stabilization should be
considered. In this study, fusion failure was radiographically
observed in six patients, but revision surgery was not
performed due to a lack of symptoms. However, due to the
small number of patients (five vs. one), there was no statistically
significant difference in fusion failure; it was, therefore, difficult
to accurately analyze this. In addition, since the follow-up
period of this study was short, the number of patients was
small, and only single-level patients were treated, a study that
compares more patients who undergo multilevel surgery and
long-term prognoses is needed.

Several studies have reported an association between
vertebral misalignment and the paravertebral muscle CSA
(8,28,29). However, there was no significant difference in the
changes in muscle aCSA before and after surgery (24 months)
between the two groups in this study. Owing to the small
surgical level (single level) performed in this study, it is likely
that either uni- or bidirectional screw fixation did not affect the
muscle size. Pourtaheri et al. also confirmed that the change
in muscle size was greater at the multilevel than at the single
level (24). Further research considering a larger surgery range
needs to be conducted in the future. Moreover, in other studies,
aCSA was obtained using MRI during muscle evaluation, and
a pseudo-coloring technique was used to measure the fat
infiltration ratio to observe the degenerative change in muscle
(18,23,28). Therefore, MRl examination was necessary for
accurate measurement and fat ratio measurement. However,
in our study, CT was solely used to examine many patients
after surgery; this was inevitable due to the current Korean
insurance policy.

There were some limitations in this study. First, the patient
selection bias could not be excluded. Many patients with
improved prognosis after surgery were not followed up
for 2 years because many of them stopped attending their
outpatient visits; all these individuals were excluded from the
study. Second, we used a small sample size of patients with
a follow-up period of only 2 years. Future research will require
longer follow-up periods and more participants. Finally, this
study was retrospective, and a more accurate analysis is
expected if prospective studies are conducted.

B CONCLUSION

Inthis study, we compared two surgical methods, unidirectional
and bidirectional screw fixation, using an anchored cage in
patients with cervical degenerative diseases. Our results
effectively demonstrated the usefulness of the unidirectional
screw fixation surgical method in terms of shorter surgery
time, maintenance of the lordotic curvature of SA, and DH.
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