
Vol.:(0123456789)1 3

https://doi.org/10.1007/s00264-022-05493-z

ORIGINAL PAPER

Standalone cage versus anchored cage for anterior cervical 
discectomy and fusion: a comparative analysis of clinical 
and radiological outcomes

Niharika Virkar1 · Pramod Bhilare1 · Shailesh Hadgaonkar1 · Ajay Kothari1 · Parag Sancheti1 · Siddharth Aiyer1 

Received: 1 April 2022 / Accepted: 20 June 2022 
© The Author(s) under exclusive licence to SICOT aisbl 2022

Abstract
Purpose  The use of standalone cages (SAC) and anchored cages (AC) in anterior cervical discectomy and fusion surgery 
(ACDF) has shown advantage of reduced operative time and lower incidence of dysphagia. However, there is limited literature 
available comparing the clinical and radiological outcomes of SAC and AC.
Methods  We conducted a prospective study for patients undergoing ACDF for cervical radiculopathy or myelopathy. Patient 
were classified based on the cage used into SAC group and the AC group. Clinical outcomes were assessed using the modi-
fied Japanese Orthopedic Association (mJOA) for myelopathy and Neck Disability Index (NDI) and Visual Analogue Scale 
(VAS) for radiculopathy. Dysphagia was graded as per Bazaz score. Radiologically, global cervical lordosis, segmental 
lordosis, cage subsidence, and migration were assessed.
Results  We analyzed 31 patients in each group with a minimum two year follow-up. The mean VAS improved from 7.9 to 
4.56, mean NDI score improved from 27.6 to 19.8, and mean mJOA improved from 10.8 to 11.7 which were statistically 
significant (p < 0.05); however, no significant difference was noted between the SAC and AC groups. Mean global lordosis 
improved from 14.4 to 20.3° and mean segmental lordosis improved from 6 to 10.1° at six months and plateaued to 6.9° at 
final follow up without any significant difference between the groups. The subsidence was statistically more in 12.9% (4/31) 
in SAC than 6.4% (2/31) in AC.
Conclusion  AC showed of lower rates of subsidence while both SAC and AC had comparable clinical outcomes and radio-
logical alignment outcomes.
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Introduction

Anterior cervical discectomy and fusion (ACDF) is one 
of the most common spine surgical procedures performed 
for treating diverse cervical spine disorders since its first 
description by Smith and Robinson [1, 2]. The procedure 
encompasses an adequate decompression of the spinal 
cord and nerve roots followed by osseous fusion using an 
interbody spacer. Various interbody spacer constructs have 
been utilized including autologous bone graft, bone graft 

substitute, standalone interbody cages, anchored cages, and 
interbody spacers augmented by an anterior plates [1–5].

Anterior cervical plates with iliac crest bone grafts have 
been associated with higher rates of dysphagia and donor 
site morbidity [6–8]. To negate this, over the last couple of 
decades, two interbody implants, i.e., anchored cage (AC) 
and standalone cage (SAC), have become popular for ACDF 
surgeries. The evolution of ACDF with the use of SAC and 
AC provides restoration of height, immediate stability, and 
restoration of cervical lordosis [9–11]. The SAC and AC 
were able to reduce incidence of dysphagia that is associ-
ated with the use of anterior plate system with bone grafts or 
interbody cages. Interbody cages have been reported to cause 
complications like cage migration and subsidence [9, 12, 
13]. This led to the introduction of AC designs incorporating 
fixing screw which theoretically provides a scaffold for bony 
fusion and stability [14–16]. However, there is a paucity 
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of literature regarding clinical or radiological difference 
between the use of either SAC and AC designs. Hence, we 
attempted to assess the clinic-radiologic outcomes between 
two such subsets of patients undergoing ACDF, one treated 
with SAC and the other with AC.

Materials and methods

A prospective study was performed on patients undergoing 
single level ACDF for clinical symptoms of myelopathy, 
radiculopathy, or myeloradiculopathy between 2018 and 
2020. The study was approved by the institute review board 
and ethics committee. Written informed consent was taken 
from all participants and all ethical standards in the Declara-
tion of Helsinki were followed.

All the patients undergoing single level ACDF for degen-
erative cervical disc disease were included in the study. 
Patients who had an active infection, traumatic fracture, 
tumour, and revision surgical procedures were excluded 
from the study. The patients were divided into two groups: 
SAC group and AC group. The surgery was performed by 
three experienced spine surgeons at a tertiary care spine unit 
with the decision on use of cage design left to the discretion 
of the operating surgeon.

Clinical assessment

Demographic details were noted and clinical presenting 
symptoms including any neurological deficit were docu-
mented. Pain was assessed using the Visual Analogue 
Scale (VAS score) and Neck Disability Index (NDI score). 

Myelopathy was assessed using the modified Japanese 
Orthopaedic Association (mJOA) score. Clinical follow-up 
was performed pre-operatively, immediate post-operative, at 
six months, one year, and two years. Dysphagia was assessed 
using the Bazaz criteria for severity of difficulty swallow-
ing [17].

Radiological assessment

Plain lateral projection radiographs were studied for global 
lordosis, segmental lordosis, cage migration, cage subsid-
ence, and radiological fusion using standard definitions 
reported by previous authors [18–20]. MRI findings includ-
ing level of pathology and Pfirrmann grade of degeneration 
for the disk were noted [21]. Radiological follow-up was 
performed preo-peratively, immediate post-operative, at 
six months, one year, and two years.

Illustrative example of measurement of radiological 
parameters on the lateral radiograph is shown in Fig. 1. The 
global lordosis was measured by Cobb’s angle between the 
end plates of the C2 and C7 vertebrae. The segmental lor-
dosis was measured by Cobb’s angle between superior end 
plate of cranial vertebrae and inferior end plate of caudal 
vertebrae of the operated segment. Subsidence was defined 
as > 2-mm decrease in the anterior or posterior disk height 
(Fig. 2) and cage migration was the change in distance 
between the anterior tip of the vertebral body and the ante-
rior tip of the cage [22]. Fusion was assessed as the presence 
of trabeculae bridging bone formation at the anterior and/or 
posterior cortex of the involved vertebral bodies and absence 
of radiolucency through fusion levels.

Fig. 1   Showing measurements 
of global lordosis, segmental 
lordosis, and disc height at 
index level for a patient with 
standalone cage a pre-operative 
radiograph and b post-operative 
radiograph. The cobb angle is 
measured between inferior end 
plate of C2 and the inferior end 
plate of C7. The global lordosis 
is measured at 14.4° pre-opera-
tively and 17.6° post-operatively
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Surgical procedure

The surgery was performed in the supine position, with the neck 
and head kept in a slight extension position with a towel roll 
placed below the shoulders. The standard right-sided Smith-
Robinson approach was used to access the anterior vertebral body 
with intervening discs. Level is confirmed using intra-operative 
fluoroscopy. Discectomy was done at the desired level, followed 
by disc space preparation and insertion of the cage, i.e., SAC or 
AC. Care was taken to prevent breaching the subchondral bone 
to reduce the risk of subsidence. Cage position was confirmed on 
intra-operative image intensifier and wound was closed in layers. 
The patient was given a soft cervical collar to immobilize the spine. 
Patients were allowed bedside sitting and standing on day one. By 
day two, patients could be mobilized with support, as per tolerance.

Statistical analysis

Statistical analysis was done using SPSS 27.0 software. Clini-
cal and radiological changes were analyzed using paired t, 
unpaired t test, and ANOVA test. The statistical significance 
was defined as p < 0.05.

Results

We analyzed 62 (SAC: n = 31 and AC: n = 31) patients who 
fulfilled the inclusion criteria and underwent ACDF surgery 
in this study. Out of 62, 47 were male, and 15 females. The 
most commonly involved level was C5-6, with the mean 

age at the time of surgery being 47.8 years (range 17–83). 
The mean duration of symptoms was 11 ± 3 months (range 
8–16 months).

The preop mean VAS, NDI, and mJOA score pre-opera-
tively and post-operatively was comparable for both groups 
(p > 0.05) (Table 1). The mean VAS improved from 7.9 to 
4.56, mean NDI score improved from 27.6 to 19.8, and mean 
mJOA improved from 10.8 to 11.7 which were statistically 
significant (p < 0.05); however, no significant difference was 
noted between the SAC and AC groups for the clinical out-
comes and the pain status (Table 2).

There was no significant difference in mean surgical 
time between SAC (94 ± 12 min) and AC (98 ± 8 min). 
The amount of blood loss in SAC (80 ± 10 ml) and AC 
(88 ± 8 ml) was comparable. There was no significant dif-
ference in incidence of dysphagia and Bazaz grade of dys-
phagia between both groups.

Radiological outcome

The mean values for the global lordosis and the segmental 
lordosis pre-operatively and post-operatively were compara-
ble between the SAC and AC group (p > 0.05) (Table 3). The 
mean global lordosis improved from 14.4 to 20.3° and mean 
segmental lordosis improved from 6 to 10.1° at six months 
and plateaued to 6.9° at final follow-up without any signifi-
cant difference between the SAC and AC groups (Tables 3 
and 4).

Global cervical spine lordosis showed a statistically 
significant increase at six  months postop, from 14.45 

Fig. 2   Showing a 32-year-old male patient with C56 collapsed disc 
space with radiculopathy. a Pre-operative radiographs show a col-
lapsed and kyphotic C56 disc space. b The immediate postop radio-
graph with satisfactory cage placement and restoration of disc height. 

c The final follow-up radiograph showing cage subsidence; however, 
the patient continued to remain asymptomatic with good functional 
outcomes
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to 23.4 ± 1.17, followed by a decrease and plateau to 
20.3 ± 1.08 at 2 years. The segmental cervical spine lordo-
sis, for the operated vertebrae, showed a statistically sig-
nificant increase at six months postop, from 6.1 to 10.1, 
followed by a drop to 6.9 ± 1.2 at two years follow-up. There 
was no statistically significant difference between the type 
of implant used, in either global lordosis or segmental 
lordosis.

The incidence subsidence as assessed using the ante-
rior/posterior disk space height was seen in six patients 
out of a total of 62. A total of 13.7% (4/31) in standalone 
and 6.8% (2/31) in anchored cages were statistically sig-
nificant. There was cage migration observed in four cases, 
two in each group as evaluated by a change in the anterior 
cage distance when compared to the anterior tip of the 

vertebral body. However, none of the patients with cage 
migration had clinical symptoms resulting from the same. 
There were no cases of surgical site infection or radiologi-
cal nonunion at final follow-up.

Discussion

Traditionally, anterior cervical discectomy and fusion has 
been carried out using iliac crest grafts as interbody spac-
ers; however, it was associated with donor site morbidity 
and complications of graft migration, collapse, or expul-
sion [1]. This was later complemented by the addition of 
anterior cervical plates to reduce the complications previ-
ously mentioned [1, 4]. Anterior plates were associated 

Table 1   Pre-operative clinical parameters in the SAC and AC group showing groups are comparable and final post-operative parameters between 
the two groups suggesting no significant difference was noted between the groups

Variable AC group preop SAC group preop p-value AC group final 
postop

SAC group final 
postop

p-value

Mean VAS 8.1 7.9 p = 0.47 4.6 4.5 p = 0.46
Mean NDI 28.74 26.5 p = 0.28 21.06 18.7 p = 0.28
Mean mJOA 10.29 11.3 p = 0.07 11.16 12.3 p = 0.06

Table 2   Comparing the clinical outcome for VAS, NDI, and mJOA scores pre-operative and post-operative values for both groups which show a 
significant improvement in clinical outcomes

Mean preop 
VAS

Mean 
postop VAS

p value Mean preop NDI Mean 
postop NDI

p value Mean preop 
mJOA

Mean postop 
mJOA

p value

AC group 8.1 4.6 p < 0.05 28.74 21.06 p < 0.05 10.29 11.16 p < 0.05
SAC group 7.9 4.5 p < 0.05 26.5 18.7 p < 0.05 11.3 12.3 p < 0.05
Both groups 7.97 4.56 p < 0.05 27.61 19.88 p < 0.05 10.83 11.70 p < 0.05

Table 3   Pre-operative radiological parameters in the SAC and AC group showing groups are comparable and final post-operative radiological 
parameters between the two groups suggesting no significant difference was noted between the groups

Variable AC group preop SAC group preop p-value AC group final 
postop

SAC group final 
postop

p-value

Global lordosis 14.54 14.71 p = 0.937 20.34 20.35 p = 0.675
Segmental lordosis 6.79 5.72 p = 0.350 7.25 6.62 p = 0.274

Table 4   Comparing the 
radiological outcome for global 
lordosis and segmental lordosis 
for both groups showing 
significant change in the 
individual groups post surgery

Mean preop 
global lordosis

Mean postop 
global lordosis

p value Mean preop seg-
mental lordosis

Mean post op seg-
mental lordosis

p value

AC group 14.54 20.34 p < 0.05 6.79 7.25 p < 0.05
SAC group 14.71 20.35 p < 0.05 5.72 6.62 p < 0.05
Both groups 14.45 20.35 p < 0.05 6.06 6.93 p > 0.05
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with higher rates of hoarseness of voice, dysphagia, and 
oesophageal irritation which led to the introduction of the 
SAC [7, 9]. Being a lower profile implant, rates of dyspha-
gia encountered were reduced [7, 9]. Evolution in the cage 
design has seen previous carbon fiber and titanium cages 
being replaced by PEEK cages (poly ether ether ketone) 
which are radiolucent and have a young’s modulus closer 
to bone thereby theoretically reducing the risk of subsid-
ence [1, 2, 18].

Cervical radiculopathy and myelopathy treated with 
ACDF have provided satisfactory outcomes [5, 7, 13, 18]. 
A review of the preexisting literature yielded comparative 
studies between the cage + anterior plate and SAC or AC. 
However, we found limited literature comparing outcomes 
of SAC with AC [23].

Cho et al. published the only report on comparison on 
PEEK cages (SAC) and AC cages and noted that the clinical 
outcomes assessed using NDI and VAS score showed no sta-
tistically significant difference between the two groups [24]. 
However, there was improved segmental lordosis and disc 
height and reduced subsidence in the AC group. These find-
ings were comparable to our results for the clinical outcomes 
and subsidence. However, the segmental lordosis and global 
lordosis in our series did not show a significant difference 
between the SAC and AC groups.

Dysphagia is recognized as a common complication 
following ACFD and rates with the use of anterior cer-
vical plates are reported to be more than SAC and AC 
[7, 25, 26]. Wang et al. [25] reviewed multicentric retro-
spective data and reported a 20% dysphagia in the immedi-
ate post-operative period which reduced to 1.1% at 1-year 
follow-up. Li et al. [27] reported an incidence of 5.9% 
postoperative dysphagia in the SAC group and 12.9% in 
the cage and plate group which reduced to 1.5% and 4.5%, 
respectively, at the three month follow-up. They concluded 
that the SAC had an advantage in lowering dysphagia. We 
observed an incidence of 9% transient dysphagia in the 
postoperative period with none of the patients reporting 
dysphagia at one year follow-up. In our study, the dyspha-
gia was only of mild grade as per Bazaz score and the rates 
did not differ significantly in the two groups.

We assessed radiological outcomes using the segmental 
and global cervical lordosis, subsidence, and cage migra-
tion. The occurrence of poorer clinical outcomes in ACDF 
surgeries is correlated with the occurrence of subsidence 
and local kyphosis at the index level [10, 11]. Our study 
reported improvement in the segmental lordosis and global 
lordosis for both groups, which were well-maintained at 
final follow-up without difference between the groups. Cho 
et al. [24] noted that the segmental lordosis in their series 
declined for SAC and AC over time; however, the decline 
in the anchored group was lower favouring better lordosis 
maintenance with the AC group.

Authors have reported that post ACDF procedure, the 
kyphotic malalignment promotes degenerative changes 
in adjoining vertebrae and adjacent segment degenera-
tion [2, 20, 28]. The presence of pre-operative segmental 
kyphosis has been reported to correlate with higher chance 
of cage subsidence [24, 29]. In our series, the patients with 
subsidence did not show any features of adjacent segment 
degeneration at two years follow-up and the pre-operative 
segmental alignment was kyphotic in one patient out of six 
as seen in Fig. 2. Suggesting other factors such as age, bone 
mineral density may have an impact on subsidence [28].

Post fusion surgery, the bone remodeling process is 
associated with the settlement of the cage into the verte-
bral body [12]. Previous authors have defined subsidence of 
cage as sinking of the cage and loss of disc height by more 
than 2 mm which has been associated with poorer clini-
cal outcomes and recurrence of symptoms [2, 13]. Bartels 
et al. noted that subsidence is a coupled process of bone 
resorption and formation, which takes place over several 
months [12]. We observed subsidence rates of 6.8% (2 out 
of 31) in anchored cages and 13.7% (4 out of 31) in patients 
with standalone cages. Comparatively, other studies have 
reported subsidence rates ranging from 7% in a study by 
Hida et al.  [30] of 146 patients to 82% in a study of 96 
patients by Kim et al. [29] with the use of cylindrical cages. 
The study by Kim et al. reported no impact on clinical out-
come even with significant rates of subsidence [29]. Simi-
larly, on our series, the six patients with subsidence did not 
show worse or poorer clinical outcomes at two year interval.

Previous studies have shown subsidence to be related to 
numerous factors such as disk space over distraction, end 
plate damage during curettage, or forceful implantation 
of the cage [4, 29–31]. There are several factors that can 
reduce the incidence of cage subsidence which include end 
plate preservation, large contact surface, and increased 
bone mineral density [29]. Although the AC group had 
lower subsidence, numerous confounding factors such as 
age, bone mineral density, and surgical technique may 
contribute to subsidence. Subsidence was more frequently 
observed over the superior end plate of the inferior verte-
bral body in five out of the six cases. This may be attrib-
uted to lower mineralization at the superior end plate when 
compared to the inferior end plate. The limitation of our 
study includes the fact that these confounding factors for 
subsidence have not been studied and the sample size in 
each of the groups is small. The use of the AC or the 
SAC was left to the discretion of the operating surgeon 
and this can be source of selection bias. However, both 
cage designs were used in comparable numbers during 
the course of the study. Since the clinical and radiological 
results were comparable, it appears that the cage design 
does not impact the clinical outcomes at the 2 years fol-
low-up. No randomized control trial has been performed 
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to compare outcomes for SAC and AC and this could be 
area for future potential research.

In conclusion, both anchored cages and standalone 
cages have comparable clinical outcomes. The radiologi-
cal outcomes for cervical lordosis and sagittal alignment 
are comparable at two years follow-up. However, anchored 
cages may have a lower rate for subsidence. The addition of 
anchoring screws however does not completely negate the 
risk of subsidence and cage migration.
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