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Abstract 

Purpose  The clinical outcomes of patients who received a cervical collar after anterior cervical decompression 
and fusion were evaluated by comparison with those of patients who did not receive a cervical collar.

Methods  All of the comparative studies published in the PubMed, Cochrane Library, Medline, Web of Science, 
and EMBASE databases as of 1 October 2023 were included. All outcomes were analysed using Review Manager 5.4.

Results  Four studies with a total of 406 patients were included, and three of the studies were randomized controlled 
trials. Meta-analysis of the short-form 36 results revealed that wearing a cervical collar after anterior cervical decom-
pression and fusion was more beneficial (P < 0.05). However, it is important to note that when considering the Neck 
Disability Index at the final follow-up visit, not wearing a cervical collar was found to be more advantageous. There 
were no statistically significant differences in postoperative cervical range of motion, fusion rate, or neck disability 
index at 6 weeks postoperatively (all P > 0.05) between the cervical collar group and the no cervical collar group.

Conclusions  This systematic review and meta-analysis revealed no significant differences in the 6-week postopera-
tive cervical range of motion, fusion rate, or neck disability index between the cervical collar group and the no cervi-
cal collar group. However, compared to patients who did not wear a cervical collar, patients who did wear a cervical 
collar had better scores on the short form 36. Interestingly, at the final follow-up visit, the neck disability index scores 
were better in the no cervical collar group than in the cervical collar group.

PROSPERO registration number: CRD42023466583.
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Introduction
Cervical degenerative disc disease (CDDD) is a prevalent 
spine condition that often necessitates surgical interven-
tion for patients with severe symptoms [1]. Surgery is 
still considered the gold standard for patients who do not 
respond to conservative treatments or who experience 
severe myelopathy [2]. Anterior cervical decompression 
and fusion (ACDF) was initially introduced by Smith and 
Robinson [3] in 1957 at the 24th American Academy of 
Orthopaedic Surgeons (AAOS) conference. In June of 
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that same year, Ralph Cloward reported the ACDF tech-
nique using SA derived from a fresh cadaver [19]. ACDF 
has since become the established and widely accepted 
surgical approach for treating CDDD [20, 21]. Although 
ACDF is a commonly performed spinal surgery and steel 
plates have biomechanical advantages, the use of cervi-
cal collars (CCs) after ACDF is still widely accepted [4, 
5], but there is still no consensus on whether CCs should 
be used after surgery. The purpose of using CCs after 
ACDF is to prevent further spinal cord injury, promote 
vertebral body ossification, reduce pain, and ultimately 
provide patients with more stability [6, 7]. However, it is 
important to note that the routine use of postoperative 
CCs is still primarily based on routine practice and sur-
geon preference rather than on reliable evidence-based 
literature [8]. There is still insufficient level-one evidence 
to prove the proposed advantages of CCs after ACDF. 
Previous meta-analyses have compared the benefits and 
drawbacks of wearing a CC after ACDF surgery [22, 23]. 
However, all previously published meta-analyses have 
significant limitations, as they did not compare patient 
postoperative quality of life as an outcome. Postopera-
tive assessment of quality of life is an important aspect 
of evaluating the efficacy of treatment for cervical spon-
dylosis [24]. Therefore, to compare the clinical outcomes 
of patients after ADCF, we conducted a meta-analysis 
and reviewed previous studies. Specifically, our analysis 
focused on the outcomes of patients with and without a 
CC.

Methods
Literature search strategy
We systematically searched five electronic databases, 
including PubMed, Cochrane Library, Medline, Web of 
Science, and EMBASE using the following combination 
of MeSH (Medical Subject Heading) terms and free text 
words: “cervical collar”, “anterior cervical discectomy and 
fusion” and “ACDF”. The search date was from when the 
databases were created to 1 October 2023. We did not 
restrict searches based on language or publication year. 
To prevent certain studies from being missed, we manu-
ally searched the bibliographies of RCTs, meta-analyses, 
and systematic reviews.

Selection of studies
The process for study inclusion and exclusion was two-
fold. Studies were first selected based on the title and 
abstract, and if a decision could not be made from the 
summary, the full text was retrieved. When there was a 
disagreement between the two groups, the selection com-
mittee held discussions until a consensus was reached.

Inclusion and exclusion criteria
The study inclusion criteria are as follows: (1). RCTs or 
comparative studies (2). Comparative studies on the effi-
cacy of wearing a cervical collar after ACDF. (3). Studies 
comparing at least one of the following outcomes: neck 
disability index (NDI) scores, short form 36 (SF-36) ques-
tionnaire results, cervical range of motion (ROM) or 
fusion rate. The study exclusion criteria are as follows: 
(1). Editorials, letters, reviews, case reports, and cadaver 
or animal experiments. (2). Studies with patients diag-
nosed with scoliosis, infection or a tumour (3). Studies 
that did not meet the study inclusion criteria; and (4). 
Studies with data of the comparison outcomes that could 
not be extracted.

Data extraction
Two reviewers used standardized data extraction tables. 
The extracted data included authors, publication date, 
title, country, study design, follow-up duration, number 
of patients, mean age of patients, type of operation, and 
comparison outcomes. The comparison of outcomes 
included the NDI score, SF-36 score, ROM, and fusion 
rate. All the data were extracted from article texts, tables, 
and figures. The research author was contacted for miss-
ing data or further information. Two reviewers inde-
pendently extracted the data; differences were resolved 
through discussion, and a consensus was reached by a 
third party. The data extraction outcomes are shown in 
Table 1.

Data analysis
We used Review Manager Version 5.4 (Copenhagen: The 
Nordic Cochrane Centre, The Cochrane Collaboration) 
to analyse the data for all outcomes and compare the CC 
group with the N-CC group. For continuous outcomes, 
such as NDI score, ROM and SF-36 score, the means 
and standard deviations were pooled to calculate the 
weighted mean difference (WMD) and 95% confidence 
intervals (CIs). Risk ratios (RRs) and 95% CIs were used 
to evaluate dichotomous outcomes, such as the fusion 
rate. We used I2 to quantify heterogeneity. If I2 > 50%, 
the heterogeneity was considered significant, and the 
unstandardized mean difference was estimated using a 
random effects model. Otherwise, a fixed-effects model 
was applied (Fig. 1).

Quality assessment
For nonrandomized controlled trials (N-RCTs), the mod-
ified Newcastle Ottawa Scale (NOS) was used to assess 
the risk of bias [9]. Three domains in the NOS were 
evaluated, including selection, comparability, and expo-
sure, totalling 9 points (Table 2). For RCTs, the Cochrane 
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Handbook for Systematic Reviews of Interventions was 
used [10], which included 7 domains: random sequence 
generation, allocation concealment, blinding of partici-
pants and personnel, blinding of outcome assessment, 
incomplete outcome data, selective outcome reporting, 

Table 1  Characteristics of included studies

Outcomes:1. Neck Disability Index, 2. Short Form 36, 3. cervical range of motion, 4. fusion rate

ZP: cervical collar ACP: no cervical collar RCT: Randomized controlled trial

Author (year) Country Study type Number of Samples Gender (male) Average age Follow-UP
(months)

Surgical
level

Outcomes

CC/N-CC CC /N-CC CC /N-CC CC /N-CC

Campbell (2008)11 USA RCT​ 149/108 65/53 44.3/43.3 24/24 1 1,2,3,4

Scerrati (2019)12 Italy Cohort 36/36 17/18 48/48 12/12 1–2 1,4

Abbott (2013)13 Sweden Cohort 17/16 9/11 53.4/47.3 24/24 – 1,2,3,4

Overley (2020)14 USA RCT​ 22/22 12/12 55.2/50.1 12/12 1–2 1,4

Fig. 1  Flow diagram of study selection

Table 2  Quality assessment of cohort studies according to the 
Newcastle Ottawa Scale (NOS)

Author Selection Comparability Exposur Total score

Scerrati.et al 3 2 3 8
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and other sources of bias (Fig.  2). Two reviewers inde-
pendently conducted the quality assessment and dis-
cussed disagreements with a third party.

Results
Literature search
There were 9865 studies identified from five electronic 
databases (Fig. 1). Of those, 3779 studies were duplicates, 
and 6086 studies were excluded after title and abstract 
screening. After careful full-text evaluation, 4 studies 
[11–14] were reviewed, and the data were extracted. The 
demographic and clinical characteristics of the 4 studies 
are described in Table 1. The clinical data of 224 patients 

who wore a CC were compared with those of 182 patients 
who did not wear a CC. The mean follow-up time was 
more than 12 months, and the mean age of the patients 
was 43–55  years. The NDI score and fusion rate were 
reported in 4 studies [11–14]. The SF-36 score and ROM 
were reported in 2 studies [11, 13].

NDI
Three studies [11, 13, 14] with 188 and 146 patients 
compared the mean NDI score at 6 weeks after surgery 
between the CC and N-CC groups. The meta-analysis 
indicated no significant differences between the CC and 
N-CC groups (WMD, −  1.49; 95% CI −  6.44 to 3.45; 
P > 0.05). The heterogeneity test outcome (I2 = 88%) dem-
onstrated significant heterogeneity (Fig. 3).

Four studies [11–14] with 224 and 182 patients, respec-
tively, compared the mean NDI score at the last follow-
up visit between the CC and N-CC groups. The pooled 
outcomes showed that the N-CC group had significantly 
lower NDI scores than the CC group had (WMD, 1.29; 
95% CI, 0.08 to −  2.49; P < 0.05). The heterogeneity test 
outcome (I2 = 37%) and the fixed effects model were 
applied. The results showed that patients who did not 
wear a CC after ACDF surgery had significantly lower 
NDI scores than those who did wear a CC (Fig. 4).

ROMs
Two studies [11, 13] with 166 and 124 patients com-
pared the mean ROM between the CC and N-CC groups, 
respectively. The meta-analysis indicated no significant 
differences between the CC and N-CC groups (WMD, 
4.47; 95% CI − 10.27 to 19.21; P > 0.05). The heterogene-
ity test outcome (I2 = 94%) demonstrated significant het-
erogeneity (Fig. 5).

SF‑36
Two studies [11, 13] with 166 and 124 patients, respec-
tively, compared the mean SF-36 score between the CC 
and N-CC groups. The pooled outcomes showed that 
the N-CC group had significantly lower SF-36 scores 
than the CC group had (WMD, 3.13; 95% CI 0.65 to 5.62; 
P < 0.05). The heterogeneity test outcome (I2 = 24%) and 
the fixed effects model were applied. The results showed 

Fig. 2  The methodological quality of the randomized controlled 
trials

Fig. 3  Meta-analysis of CC group versus N-CC group in NDI at 6 weeks after surgery
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that patients who did not wear a CC after ACDF had sig-
nificantly lower SF-36 scores than those who did wear a 
CC (Fig. 6).

Fusion rate
Four studies [11–14] with 224 and 182 patients, 
respectively, compared the fusion rate between the 
CC and N-CC groups. The meta-analysis indicated 

no significant differences between the CC and N-CC 
groups (OR, 0.46; 95% CI 0.07 to 3.10; P > 0.05). The 
heterogeneity test outcome (I2 = 61%) demonstrated 
significant heterogeneity (Fig. 7).

Fig. 4  Meta-analysis of CC group versus N-CC group in NDI at the last follow-up

Fig. 5  Meta-analysis of CC group versus N-CC group in ROM

Fig. 6  Meta-analysis of CC group versus N-CC group in SF-36

Fig. 7  Meta-analysis of CC group versus N-CC group in fusion rate
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Discussion
ACDF is a widely accepted surgical method for the treat-
ment of degenerative cervical spine diseases [15]. This 
procedure aims to decompress the spinal cord, improve 
the stability of the cervical spine, and have a positive 
impact on nerve roots [16]. The use of CCs has become 
a common practice in treating various clinical conditions 
such as postwhiplash injuries and in ACDF surgeries 
[17]. However, there is still a lack of scientific evidence 
to support this practice. Only a few comparative studies 
have examined the efficacy of CCs after ACDF for the 
treatment of cervical spondylosis.

In our meta-analysis, the information of 406 patients 
was extracted from 4 published studies, including three 
RCTs and one cohort, using the Cochrane Handbook for 
Systematic Reviews of Interventions and the NOS for 
quality assessment. The included studies were of high 
quality. Our study demonstrated that the N-CC group 
had significantly lower NDI and SF-36 scores than the 
CC group had at the last follow-up visit. However, meta-
analysis of the mean 6-week NDI score, ROM, and fusion 
rate revealed no significant differences between the CC 
group and the N-CC group.

Compared to physical therapy protocols or usual 
care, wearing a CC has been found to be associated 
with worse clinical outcomes after whiplash injuries. 
Patients who wore a CC experienced more residual 
neck pain and restricted cervical ROM, particularly in 
the short-term follow-up period. According to Camp-
bell et  al. [11], patients who wore a CChad significantly 
higher NDI scores during the early postoperative period 
than patients who did not wear a CC. This finding sug-
gests that the discomfort and disability associated with 
postoperative brace use may contribute to higher NDI 
scores. Our findings indicate that there were no signifi-
cant differences in the 6-week mean NDI score between 
the CC group and the N-CC group, as observed from 
the meta-analysis. However, it is worth noting that the 
N-CC group had significantly lower NDI scores than the 
CC group had during the last follow-up visit. This may be 
attributed to the use of a CC, which restricts movement 
of the cervical spine. This restriction can lead to atrophy 
of the neck muscles, resulting in discomfort such as neck 
pain and soreness.

Limiting excessive motion can increase fusion rates 
and improve clinical outcomes. Surgeons initially applied 
cervical orthoses to achieve external immobilization. The 
principle of limiting excessive motion also motivated 
the introduction of anterior plating in ACDF. Our study 
demonstrated that there was no significant difference 
in the fusion rate between the CC group and the N-CC 
group. This finding aligns with the conclusion of Jagan-
nathan et al.’s study [18], which had limited evidence, as 

it only investigated fusion rates in patients who did not 
wear a CC. Abbott et al. [13] conducted a study to exam-
ine the impact of CCs on two distinct patient groups. 
They observed that there were no qualitative differences 
in postoperative fusion rates between the group that wore 
a CC and the group that did not three months after sur-
gery. Theoretically, wearing a CC can limit the movement 
of the cervical spine and promote cervical spine fusion. 
However, our research revealed no significant difference 
in the fusion effect between patients who wore a CC and 
those who did not wear a CC after ACDF surgery.

Like previous meta-analytic reports, this study is sub-
ject to several limitations. The studies included in this 
meta-analysis were not of high quality, as systematic 
reviews and meta-analyses should ideally rely on evi-
dence from high-quality studies such as RCTs, well-
structured prospective trials, and prospective cohort 
studies. Additionally, the sample size in this study was 
deemed insufficient.

Conclusion
According to our analysis, wearing a CC after ACDF was 
found to be more beneficial in terms of the SF36 score. 
However, it is important to note that when consider-
ing the NDI score at the final follow-up visit, not wear-
ing a CC was found to be more advantageous. There was 
no difference in the 6-week postoperative ROM, fusion 
rate, or NDI score between the CC group and the no 
CC group. It is important to note that further properly 
designed clinical trials are needed in the future to con-
firm these results and to investigate the long-term effects 
of wearing a CC after ACDF.

Abbreviations
CDDD	� Cervical degenerative disc disease
ACDF	� Anterior cervical decompression and fusion
CC	� Cervical collar
NDI	� Neck disability index
SF-36	� Short form 36
ROM	� Cervical range of motion
RCTs	� Randomized controlled trials
WMD	� Weighted mean difference
CI	� Confidence interval
RRs	� Risk ratios

Author contributions
YW and NG designed the research study and extracted the data. GG and YL 
extracted the data. FG and WY conducted the data analysis and quality evalu-
ation. TZ and GG determined the final results and wrote the manuscript. All 
the authors have read and approved the final manuscript.

Funding
The Ordos City Science and Technology Plan Project (2021YYSHE186-61).

Availability of data and materials
All data generated or analysed during this study are included in this published 
article and its supplementary information files.



Page 7 of 7Zhang et al. Journal of Orthopaedic Surgery and Research          (2024) 19:172 	

Declarations

Ethics approval and consent to participate
Not applicable for this study.

Consent for publication
Not applicable in this section.

Competing interests
The authors declare that there are no conflicts of interest.

Received: 23 October 2023   Accepted: 2 March 2024

References
	1.	 Davies BM, Mowforth OD, Smith EK, Kotter MR. Degenerative cervical 

myelopathy. BMJ. 2018;360: k186.
	2.	 Fountas KN, Kapsalaki EZ, Nikolakakos LG, Smisson HF, Johnston KW, Gri-

gorian AA, Lee GP, Robinson JS Jr. Anterior cervical discectomy and fusion 
associated complications. Spine. 2007;32:2310–7.

	3.	 Smith GW, Robinson RA. The treatment of certain cervical-spine disorders 
by anterior removal of the intervertebral disc and interbody fusion. J 
Bone Joint Surg Am. 1958;40-A(3):607–24.

	4.	 Drew B, Bhandari M, Orr D, Reddy K, Dunlop RB. Surgical preference 
in anterior cervical discectomy: a national survey of Canadian spine 
surgeons. J Spinal Disord Tech. 2002;15(6):454–7.

	5.	 Geisler FH, Caspar W, Pitzen T, Johnson TA. Reoperation in patients 
after anterior cervical plate stabilization in degenerative disease. Spine. 
1998;23(8):911–20.

	6.	 Connolly PJ, Grob D. Bracing of patients after fusion for degenerative 
problems of the lumbar spine–yes or no? Spine. 1998;23(12):1426–8.

	7.	 Miller CP, Bible JE, Jegede KA, Whang PG, Grauer JN. The effect of rigid 
cervical collar height on full, active, and functional range of motion dur-
ing fifteen activities of daily living. Spine. 2010;35(26):1546–52.

	8.	 Gavin TM, Carandang G, Havey R, Flanagan P, Ghanayem A, Patwardhan 
AG. Biomechanical analysis of cervical orthoses in flexion and extension: 
a comparison of cervical collars and cervical thoracic orthoses. J Rehabil 
Res Dev. 2003;40(6):527–37.

	9.	 Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M, Tugwell P. 
The Newcastle-Ottawa Scale (NOS) for assessing the quality if nonrand-
omized studies in meta-analyses; 2013.

	10.	 Higgins JP, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD, Savovic 
J, Schulz KF, Weeks L, Sterne JA. The Cochrane Collaboration’s tool for 
assessing risk of bias in randomised trials. BMJ. 2011;343: d5928.

	11.	 Campbell MJ, Carreon LY, Traynelis V, Anderson PA. Use of cervical collar 
after single-level anterior cervical fusion with plate: is it necessary? Spine. 
2009;34(1):43–8.

	12.	 Scerrati A, Visani J, Norri N, Cavallo M, Giganti M, De Bonis P. Effect of 
external cervical orthoses on clinical and radiological outcome of 
patients undergoing anterior cervical discectomy and fusion. Acta Neuro-
chir. 2019;161(10):2195–200.

	13.	 Abbott A, Halvorsen M, Dedering A. Is there a need for cervical collar 
usage post anterior cervical decompression and fusion using interbody 
cages? A randomized controlled pilot trial. Physiother Theory Pract. 
2013;29(4):290–300.

	14.	 Overley SC, Merrill RK, Baird EO, Meaike JJ, Cho SK, Hecht AC, Qureshi SA. 
Is cervical bracing necessary after one- and two-level instrumented ante-
rior cervical discectomy and fusion? A prospective randomized study. 
Global Spine J. 2018;8(1):40–6.

	15.	 Korinth M. Treatment of cervical degenerative disc disease—current 
status and trends. Zentralbl Neurochir. 2008;69:113–24.

	16.	 Zou S, Gao J, Xu B, Lu X, Han Y, Meng H. Anterior cervical discectomy and 
fusion (ACDF) versus cervical disc arthroplasty (CDA) for two contiguous 
levels cervical disc degenerative disease: a meta-analysis of randomized 
controlled trials. Eur Spine J. 2017;26(4):985–97.

	17.	 He J, Liu Q, Yang Z, Liu H, Wu T, Ding C, Huang K, Wang B. Cervical collar 
use following anterior cervical hybrid surgery: protocol for a prospective 
randomized, time-controlled trial. Trials. 2023;24(1):409.

	18.	 Jagannathan J, Shaffrey CI, Oskouian RJ, Dumont AS, Herrold C, Sansur 
CA, Jane JA. Radiographic and clinical outcomes following single-level 
anterior cervical discectomy and allograft fusion without plate placement 
or cervical collar. J Neurosurg Spine. 2008;8(5):420–8.

	19.	 Cloward RB. The anterior approach for removal of ruptured cervical disks. 
J Neurosurg. 1958;15(6):602–17.

	20.	 Chang CJ, Liu YF, Hsiao YM, Huang YH, Liu KC, Lin RM, et al. Comparison of 
anterior cervical discectomy and fusion versus artificial disc replacement 
for cervical spondylotic myelopathy: a meta-analysis. J Neurosurg Spine. 
2022:1–10.

	21.	 Gutman G, Rosenzweig DH, Golan JD. Surgical treatment of cervical 
radiculopathy: meta-analysis of randomized controlled trials. Spine. 
2018;43(6):E365–72.

	22.	 Ricciardi L, Scerrati A, Olivi A, Sturiale CL, De Bonis P, Montano N. The role 
of cervical collar in functional restoration and fusion after anterior cervi-
cal discectomy and fusion without plating on single or double levels: a 
systematic review and meta-analysis. Eur Spine J. 2020;29(5):955–60.

	23.	 Karikari I, Ghogawala Z, Ropper AE, Yavin D, Gabr M, Goodwin CR, 
et al. Utility of cervical collars following cervical fusion surgery. Does it 
improve fusion rates or outcomes? A systematic review. World Neurosurg. 
2018:S1878-8750(18)32889–4.

	24.	 King JT Jr, McGinnis KA, Roberts MS. Quality of life assessment with the 
medical outcomes study short form-36 among patients with cervical 
spondylotic myelopathy. Neurosurgery. 2003;52(1):113–20.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Comparison of outcomes after anterior cervical discectomy and fusion with and without a cervical collar: a systematic review and meta-analysis
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Literature search strategy
	Selection of studies
	Inclusion and exclusion criteria
	Data extraction
	Data analysis
	Quality assessment

	Results
	Literature search
	NDI
	ROMs
	SF-36
	Fusion rate

	Discussion
	Conclusion
	References


