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Abstract
Background The current use of external cervical orthoses (ECO) after cervical discectomy is still based on a common practice
than a solid scientific literature. The aim of this study is to evaluate the impact of ECO on radiological and functional outcomes in
patients undergoing anterior cervical discectomy and fusion (ACDF).
Methods We compared two cohorts of consecutive patients who underwent ACDF with and without ECO after surgery. Thirty-
six patients operated from January 2015 to June 2016 received an ECO whereas 36 patients, operated from July 2016 to
December 2017, did not. Each patient underwent radiological and functional evaluation using plain x-ray at 1, 6, and 12 months
after surgery and Neck Disability Index (NDI) at 2 weeks and 3, 6, and 12 months after surgery, respectively.
Results In the ECO group, 5 patients (13.9%) presented an incomplete fusion and 31 patients (86.1%) presented a complete
fusion (CI 0.705–0.953). In the non-ECO group, 8 patients (22.2%) presented an incomplete fusion and 28 patients (77.8% [CI
0.608–0.899]) had a complete fusion, with no statistically significant differences between two groups. No statistically significant
differences were also observed regarding the NDI neither at 2 weeks nor at 3-, 6-, and 12-month follow-up. At multivariate
analysis, patients who underwent two-level ACDF showed a five-fold increased risk of worse NDI at 3-, 6-, 12-month (p = 0.003,
CI 1.770–14.584) follow-up.
Conclusions We advise against the routine use of ECO after single- or two-level ACDF as we did not find out any significant
statistical differences between the two groups.
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Introduction

Although the underling pathophysiological mechanisms
are poorly understood [12], the cervical radiculopathy
represents one of the leading causes demanding spine sur-
gery worldwide [4].

First described by Robertson and Cloward in the 1950s [3],
ACDF has been widely used to treat cervical myelopathy and
radiculopathy. In experienced hands, ACDF represents a rel-
atively straightforward operation with high rate of clinical
success [2]. Following ACDF, cervical collars have been used
with the aim of preventing further spinal cord injuries [10–14]
promoting vertebral ossification and relieving pain and finally
providing patients with an increased sense of security [5].
Despite these theoretical advantages, the routine use of post-
operative ECO is still based on a common practice and sur-
geon’s preference than solid evidence-based literature.
Moreover, their use is not without complications, including
skin breakdown and damage [8, 9], difficulty in swallowing,
coughing, breathing, and vomiting [8].

Furthermore, the type of cervical orthoses and the duration
of its use are debated [6–11]. From a theoretical point of view,
since ossification of adjacent levels rarely occurs before
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3 months after surgery, the cervical collar should be worn for
at least 3 months. Instead, it is common practice to wear the
collar only for 20–30 days after surgery. Therefore, we present
a case series comparing two different cohorts of consecutive
patients in order to evaluate the impact of postoperative ECO
on both fusion rate and functional outcome in patients with
cervical myelopathy or radiculopathy undergoing ACDF at
our institution.

Materials and methods

This is a case series comparing functional and radiological
outcome of two different cohorts of patients up to 12 months
after surgery.

Indications for surgery were the following: patients with cer-
vical radiculopathy due to cervical disc herniation that had failed
conservative treatment of at least 6 weeks or patients with cervi-
cal cord compression or myelopathy secondary to cervical disk
herniation. In all cases, diagnosis was confirmed by magnetic
resonance. Patients with radiographic signs of cervical spine in-
stability, with severe facet joint arthritis as well patients with
traumatic or neoplastic diseases involving the spine were exclud-
ed from the study. Participationwas voluntary and all participants
signed awritten informed consent; patients were thereafter free to
interrupt their participation at any time and without explanation.
We enrolled 72 patients (age range 18–77). From January 2015
to June 2016 (control group, 36 cases), patients received an ECO

(Schanzmodel) after surgery. From July 2016 toDecember 2017
(cases, 36 patients), patients did not receive any cervical collar
(ECO) after surgery. Patients were operated by the same senior
surgeon using the standard ACDF microsurgical technique and
the same type of PEEK cage (Spine Vision ACIF, 92160 Antony
FRANCE).

Following surgery, x-rays were performed on the first post-
operative day.

Before discharge, the patients with collar were instructed to
wear it at daytime, both in and outdoors over a 4-week period
after which the collar could be removed. All patients were
restricted form activities such as contact sports, running,
heavy lifting, driving, and outer-range cervical spine move-
ments during the first 3 months after the operation. Before
surgery and after 1, 3, 6, and 12 months, NDI was adminis-
tered to all patients. Cervical range of motion (CROM) was
tested as well.

Radiographs, performed at 1, 6, and 12 months after sur-
gery, included upright anterior-posterior, lateral and flexion-
extension radiographs. Fusion was defined as the presence of
bridging trabecular bone as evidenced by continuous bony
connection of the vertebral bodies above and below in at least
one of the following areas: lateral, anterior, posterior, and/or
through the allograft ring implant. Incomplete fusion was de-
fined by the presence of bony remodeling resembling fusion
without the presence of continuous bony connection.

The statistical analyses were carried out using the Statistical
Package for the Social Sciences software package for Windows

Table 1 Baseline demographic variables (n.s. not significant difference)

Variables With ECO (n = 36) Without ECO (n = 36)

n (%) Median Range n (%) Median Range

Male (n.s.) 17 (47.2%) 18(50%)

Female 19 (52.8%) 18 (50%)

Age (years) (n.s.) 48 31–77 48 33–77

BMI (n.s.) 26.6 19–40.5 25.2 17.2–41.2

Myelopathy (n.s.) 14 (39%) 9 (25%)

Without myelopathy 22 (61%) 27 (75%)

Complication (n.s.) 0% 0%

Single level (n.s.) 16 (44.4%) 20 (55.6%)

Two-level 20 (55.6%) 16 (44.4%)

NDI at 2 weeks (n.s.) 16.5% 0–78% 11.5% 10–68%

NDI at 3–6-12 months (n.s.) 3% 0–48% 2.1% 0–35.5%

CROM (n.s.) 80% 40–100% 80% 30–100%

Fusion at 1 month (n.s.) No fusion = 29 (80.6%) No fusion = 32 (88.9%)

Incomplete = 6 (16.7%) Incomplete = 4 (11.1%)

Complete = 1 (2.8%) Complete = 0 (0%)

Fusion at 6 and 12 months (n.s.) No fusion = 0% No fusion = 0(0%)

Incomplete = 5 (13.9%) Incomplete = 8 (22.2%)

Complete = 31 (86.1%) Complete = 28 (77.8%)
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(version 11.0.1; SPSS, Inc. Microsoft Corporation, One
Microsoft Way Redmond, WA 98052-7329, USA).

The sample size was calculated on the basis of the
primary hypothesis of the study. We considered the inci-
dence of fusion after ACDF with collar reported in the
literature and hypothesized that percentage would de-
crease without the collar, due to absence of immobiliza-
tion. Target sample size was 76 (38 in each group). The
sample size was calculated assuming an incidence of fu-
sion of 80% in the control group and 50% fusion rate (38
vs 38 patients) or 45% fusion rate (29 vs 29 patients) in
patients without collar, with 5% significance (a = 0.005)
and 80% power (b = 0.80). The sample size was calculat-
ed using web-based sample size calculator (https://
clincalc.com/stats/samplesize.aspx).

The Fisher exact test was used for comparing clinical
variables of patients. ANOVA analysis was used to com-
pare means. Logistic regression analysis was used for de-
fining the impact of the aforementioned variables on di-
chotomized functional outcome measures (NDI at 2 weeks
and NDI at 3, 6, and12 months). Results presenting p ≤
0.05 were considered statistically significant.

Results

The ECO group was composed of 17 males and 19 females
and the non-ECO group of 18 males and 18 females. In the
ECO group, 32 patients wore the cervical collar for 4 weeks
and 4 for more than 4 weeks.

The baseline demographic characteristics of population are
shown in Table 1.

None of all 72 patients had postoperative complications
and none was lost at the final follow-up.

The 1 month follow-up cervical x-ray showed that 61
(84.7%) patients had no cervical fusion, 10 (13.9%) had an
incomplete fusion, and 1 (1.4%) had a complete fusion. In the
ECO group, 29 (80.6%) patients had no cervical fusion, 6
(16.7%) had an incomplete fusion, and 1 (2.8%) had a com-
plete fusion. In the non-ECO group, 32 (88.9%) patients had
no cervical fusion, 4 (11.1%) had an incomplete fusion, and
no patient had a complete fusion (Fig. 1).

The x-rays at 6- and at 12-month follow-up were the same.
Particularly, 59 patients (81.9%) presented fusion and 13 pa-
tients (18.1%) presented incomplete fusion. In the ECO group,
5 patients (13.9%) presented an incomplete fusion and 31

Fig. 1 Lateral cervical x-rays at
12 months without cervical ver-
tebrae fusion. a A patient with no
cervical fusion. b A partial bony
fusion

Fig. 2 Lateral cervical x-rays at
12 months with complete cervical
vertebrae fusion after one-level
(a) and 2-level (b) ACDF
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patients (86.1%) presented a complete fusion (0.861 [CI
0.705–0.953]). In the non-ECO group, 8 patients (22.2%) pre-
sented an incomplete fusion and 28 patients (77.8%) had a
complete fusion (0.778 [CI 0.608–0.899]) -Fig. 2.

At univariate analysis, none of the aforementioned demo-
graphic variables had a significant impact on the fusion rate at
6 and 12 months (Table 2).

One-way ANOVA to compare the NDI at 2 weeks and
at 3, 6, and 12 months with the demographic variables
showed no difference at various follow-ups between
groups (Table 3). Nonetheless, we found that patients
who underwent two-level ACDF had a worse clinical out-
come than for the single-level at 2 weeks (p = 0.03) and at
3, 6, and 12 months (p = 0.007). These data were con-
firmed by multivariate logistic regression analysis, show-
ing patients undergoing two-level ACDF had an increased
risk of worse NDI at 3, 6, 12 months (OR = 5081, CI
1770-14,584; p = 0.003) (Table 4).

Discussion

Cervical collar is routinely used following ACDF surgery
to theoretically improve the clinical and radiological out-
come and avoiding surgical postoperative complications.
However, this precaution is based more on a common
practice than on a solid clinical evidence. The highest
level of evidence available so far comes from the review
by Camara R. et al. [3] advising against routine use of
ECO after ACDF because of a lack of fusion improve-
ment, with no mention regarding functional outcomes.

In our study, we analyzed both radiological and func-
tional outcomes after ACDF in 72 patients. They
belonged to two groups that differed solely for the use
of ECO after surgery; even if this is not a randomized
control study, sensu stictu, the temporal line itself repre-
sents a randomization factor.

We did not find out any significant difference regarding
fusion rate between the two groups at 1, 6, and 12-month
follow-up. This evidence is in line with the conclusion of the
study by Jagannathan et al. [7], although the evidence of that
study is limited, since fusion rates were only investigated in
patients without ECO. Abbott et al. [1] studied the impact of
ECO in two different groups of patients and noted no qualita-
tive differences in postoperative fusion rates between the
group with ECO and the group without it at 3 months after
surgery. Despite this evidence, we cannot yet conclude that the
radiological outcome is similar between groups, since our
power calculation only addressed a ≥ 30% difference between
the groups (80% in ECO group vs 50% in non-ECO group).
Thus, our primary conclusion is not really justified: a smaller
benefit could still be identified with al larger patients’ sample.
Nonetheless, the number of patients with radiological fusion
in the non-ECO-group was higher than expected (0.778 [CI
0.608–0.899]), with a value very close to that reported in the
literature for patients with collar. Finally, from a clinical point
of view, both complete and partial fusion can be considered as
a good result and in both groups we observed a 100% fusion at
12-month follow-up (both complete and partial).

Table 2 Contingency tables showing none of the variables had an
impact on fusion rate

Uncompleted
fusion n (%) at
6 and
12 months

Completed
fusion n at 6
and
12 months

p (χ2)
unilateral

p (χ2)
bilateral

Male/female 7/6 28/31 0.76 0.45

Median age
population
(year)
< 48/≥ 48

4/9 31/28 0.22 0.13

Median BMI
population
< 25,615/≥ 25,-
615

4/9 29/30 0.36 0.18

ICD-9-CM
721.1/722.0

5/8 18/41 0.74 0.40

Cervical level
single/two

6/7 30/29 1 0.50

ECOwithout/with 8/5 28/31 0.54 0.27

Table 3 Analysis of variance
(ANOVA) comparing NDI values
in patients with and without ECO.
The difference between the two
groups are not statistically
significant

ECO

N Mean % SD % Minimum % Maximum % p value

NDI at 2 weeks

Without ECO 36 16.2 15.2 0.00 68.00

With ECO 36 21.3 22.2 0.00 78.00

Total 72 18.8 19.1 0.00 78.00 0.26

NDI at 12 months

Without ECO 36 5.3 8.5 0.00 35.50

With ECO 36 9.4 13.3 0.00 48.00

Total 72 8.1 13.7 0.00 48.00 0.12
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Our results suggest that the use of postoperative ECO is inef-
fective either on radiological and clinical outcome at 2 weeks,
and at 3, 6, and 12 months. The data about NDI are in contrast
with the study of Abbot et al. [1], suggesting that the use of ECO
after ACDF is associated with significantly lower levels of NDI,
although the same authors did not find any statistical differences
at 6 months after surgery.

We observed that patients who underwent two-level ACDF
had a worse clinical outcome than those who underwent sur-
gery for single-level, with an increased risk of worse NDI
(OR = 5081; p = 0.003). These findings were already outlined
by another paper [15].

The main limitations of our study are the relatively low
sample size, with consequent decrease of statistical power,
and the inclusion of patients who underwent ACDF for both
single-level and two-level disc herniation; moreover, due to
the absence of a standardized randomization process, some
bias could have occurred since patients could have been pos-
itively influenced by our expectations, leading to better out-
comes at early follow-ups. Finally, the fact that only one sur-
geon has been involved could affect the generalizability of
these results. Nonetheless, it presents different important
strength aspects: it was specifically designed as a prospective
case-control study to evaluate fusion rates and clinical out-
come in patients who underwent ACDF with and without
ECO. All patients were selected and operated by the same
senior surgeon using standard ACDF, using the same type of
cage in all cases. Finally, all patients were followed up pro-
spectively with a standardized protocol, all patients complied
with using ECO, and no patients were lost at follow-up.

Conclusion

In line with other authors [15], we advise against the routine
use of ECO after single-level or two-level ACDF. The use of
postoperative ECO can be proposed for few accurately select-
ed cases.

However, based on the limitations of this study, especially
for the low number of patients enrolled, we suggest
performing further prospective case-control studies in order
to achieve a better and improved comprehension of the effects
of postoperative use of ECO after ACDF.
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