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Abstract
Background  There is a wide discrepancy in the literature regarding the incidence of postoperative dysphonia 
following ACDF. How postoperative dysphonia is measured is also inconsistent, with many studies relying on patient-
reported outcomes rather than diagnostic laryngoscopy. The purpose of this study was to consolidate information 
regarding dysphonia after ACDF to improve diagnosis and management.

Methods  A comprehensive database search was performed using key terms. Inclusion criteria was as follows: 
published within 10 years, subjects > 18 years of age, ACDF for treatment of cervical radiculopathy and/or myelopathy, 
reports of postoperative changes in voice, and at least one postoperative follow-up between one week and six 
months. Works that included endoscopic surgical techniques and/or subjects with a history of cancer or trauma to 
the operated region were excluded. Reviews and meta-analyses were also removed from analysis.

Results  Twenty-one eligible studies were analyzed. Evaluation methods varied, with incidence rates ranging from 0.3 
to 27%. Symptoms typically arose within one week post-op, persisting up to one year. Treatment modalities included 
steroids, speech therapy, and laryngoplasty. Mechanisms included recurrent laryngeal nerve injury, endotracheal tube 
pressure, and postoperative edema.

Conclusions  Postoperative voice complications following ACDF represent a clinically significant outcome that can 
impact a patient’s quality of life. Patients should be counseled preoperatively about the potential risk, and managed 
postoperatively to mitigate long-term impairments. Involvement of otolaryngologists may help prevent these 
complications or allow for early detection and management, underscoring the importance of multidisciplinary care in 
optimizing surgical outcomes.
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Background
Anterior cervical discectomy and fusion (ACDF) is one of 
the most common cervical spine procedures performed 
in the United States, with approximately 130,000-137,000 
fusions carried out each year [1, 2]. ACDF results in 
markedly improved outcomes when performed for radic-
ular or myelopathic complaints, with sustained improve-
ments 10 years postoperatively [3–5].

While the surgical approach to the anterior cervical 
spine largely requires fascial splitting, without significant 
muscle dissection between the platysma and the longus 
colli, the location of this approach local to the esophagus 
and trachea in addition to neurologic structures such as 
the recurrent laryngeal nerve (RLN) makes postoperative 
complications common [6–9]. Reported morbidity rates 
following ACDF range from 13.2 to 19.3% [1, 10]. Com-
plications related to the larynx are primarily vocal cord 
paralysis resulting from injury to RLN. There is a wide 
discrepancy in the literature regarding the incidence of 
dysphonia following ACDF, ranging from 1 to 70% [11]. 
This may be due to the myriad clinical presentations of 
dysphonia, which can range from transient voice changes 
to long term vocal deficits [12]. How postoperative dys-
phonia is measured is also inconsistent, with many stud-
ies relying on patient-reported outcomes rather than 
diagnostic laryngoscopy [13].

The purpose of this study was to consolidate and syn-
thesize the existing research on dysphonia following 
ACDF. It is intended to present a clearer and more cohe-
sive understanding of how we diagnose, describe, and 
report dysphonia after ACDF. The research question we 
hope to answer is whether or not current methods for 
diagnosing, describing, and reporting dysphonia after 
ACDF are consistent and effective across the literature. 
The findings of this work are intended to form the basis 
of higher quality prospective studies on this topic.

Materials and methods
A systematic literature search was performed using the 
PubMed and Google Scholar databases. Notable studies 
were identified using a search criteria developed in col-
laboration with our institution’s library (Appendix), with 
selected citations uploaded into Covidence (Cochrane, 
London, UK). The reference lists of these studies were 
also evaluated to identify additional relevant papers 
for screening. Inclusion criteria were as follows: manu-
scripts published between 2013 and 2023, subjects > 18 
years of age, ACDF performed to treat cervical radicu-
lopathy and/or myelopathy, reports of postoperative 
voice changes, and at least one postoperative follow-up 
between one week and six months after surgery. Works 
that included endoscopic surgical techniques and/or sub-
jects with a history of cancer or trauma to the operated 
region were excluded. Reviews and meta-analyses were 

also removed from analysis. Abstract screening, full-
text review, and data extraction were then conducted in 
accordance with PRISMA guidelines (Fig. 1). Studies col-
lected and included for this analysis were then reviewed 
for a risk of bias and study design using the Cochrane risk 
of bias assessment tool [14].

Results
A total of 937 studies were obtained from the initial 
search criteria after the removal of duplicate papers. 
After abstract screening and full-text review, 21 full-
text articles were deemed suitable for data extraction 
and analysis. Table  1 highlights the differing ACDF 
approaches utilized by each study, as well as methods for 
evaluating postoperative voice complications.

Of the 13 studies that reported the specialties involved, 
only four listed an ENT head and neck surgeon as part of 
the operative team for initial dissection [18, 24, 32, 34]. 
The laterality of the surgical approach was reported in 
13 studies, with seven using a right-sided approach and 
three using a left-sided approach. Three studies reported 
both left- and right-sided ACDF approaches based on 
either surgeon preference or a previous neck surgery 
[24, 32, 34]. Indications for study inclusion across all 21 
studies were broadly single- or multi-level ACDF to treat 
cervical radiculopathy and/or myelopathy. Three studies 
specifically investigated the outcomes of patients who 
underwent a revision ACDF [18, 24, 32], while two stud-
ies evaluated different surgical constructs [32,36]. Pan-
chal et al. specifically studied patients with minimal vocal 
symptoms based on Voice Handicap Index (VHI-10) 
scores obtained prior to surgery [27].

Table 2 summarizes the clinical characteristics of post-
operative voice complications observed following ACDF 
across the 21 studies. Complication terminology varied, 
with the most commonly used terms including “dys-
phonia” (9/21), “hoarseness” (10/21), “vocal cord pare-
sis” (2/21), “vocal cord paralysis” (7/21), and “recurrent 
laryngeal nerve palsy” (6/21). Choy et al. utilized the 
term “superior laryngeal nerve palsy”, while Mehra et al. 
used “loss of high pitch”, and Strohl et al. used “vocal fold 
motion impairment” [16, 24, 32]. Six studies reported 
multiple diagnoses, with patients experiencing a com-
bination of dysphonia or hoarseness with subsequently 
identified vocal cord paralysis, paresis, or recurrent 
laryngeal nerve palsy. The most common method used 
to evaluate postoperative voice changes was patient-
reported symptoms, which was utilized in 10 of the 21 
studies. Six studies used some variation of endoscopic 
laryngoscopy, while two utilized the Voice Handicap 
Index (VHI-10).

The incidence of voice complications following ACDF 
ranged from 0.3 to 27%. Four studies examined differ-
ences in the incidence of voice complications between 
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different surgical constructs or materials, including 
zero-profile implants, stand-alone anchored spacers, 
and the use of rhBMP-2. However, no significant differ-
ences were found. Jenkins et al. examined the incidence 
of postoperative voice changes following local vs. IV 

steroid administration during ACDF, with higher rates of 
dysphonia reported in the control and IV steroid groups 
[22]. Two studies examined differences in the incidence 
of dysphonia based on external surgical variables such 
as location and timing. Kamalpathy et al. studied the 

Fig. 1  PRISMA flow diagram illustrating systematic review process
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influence of single- vs. multi-level ACDF as well as inpa-
tient vs. outpatient ACDF, Siemionow et al. examined 
differences in dysphagia between same-day vs. staged 
ACDF with posterior spinal fusion (PSF) [23, 31]. Again, 
no significant differences were noted between the exam-
ined groups.

Dysphonia symptom onset occurred within the first 
week of surgery as per 14 of the 21 studies. Choy et al. 
was the only study to report a delayed time of symptom 
onset, with superior laryngeal nerve palsy occurring 
three months after surgery [16]. Time until symptom res-
olution ranged between six weeks and one-year after sur-
gery, with symptoms resolving either transiently or after 
treatment. Mehra et al. found that most patients experi-
encing postoperative voice changes reported symptom 
relief between six-months and one-year postoperatively 
[24]. However, eight studies reported cases of persistent 
symptoms as far as two years postoperatively, with no 
improvement or resolution despite treatment.

There were multiple proposed mechanisms of action 
for postoperative voice changes following ACDF. The 
most commonly described mechanism was recurrent 
laryngeal nerve palsy due to manual retraction (13 of 
21 studies). Other recognized possible causes included 
endotracheal tube and cuff pressure (4/21), postopera-
tive edema or hematoma (6/21), fibrous tissue formation 
(4/21), and compression from spacers and/or implants 
(3/21).

Multiple studies disagreed as to areas of the cervi-
cal spine at a higher risk of postoperative dysphonia. 
Both Chen et al. and Strohl et al. identified lower cervi-
cal regions below C5 as high risk regions based on their 
reported incidence of postoperative voice changes [15, 
32]. However, Mehra et al. found that patients undergo-
ing ACDF at cervical levels above C4 were more likely to 
develop postoperative vocal dysfunction [24]. Winkler 
et al. reported a cervical exposure > four levels as a risk 
factor for the development of vocal symptoms following 
ACDF [34]. Other notable surgical risk factors included 
anterior cervical plating, one or two-level fusions, and 
revision ACDF surgeries. Non-surgical risk factors 
included diabetes, infection, worker’s comp status, and 
psychosocial factors. Erwood et al. found a correlation 
between a postoperative objective swallowing abnor-
mality and subsequent vocal cord paralysis development 
[18]. Reisener et al. found a relationship between pre-
op NDI scores and postoperative dysphonia in patients 
undergoing ACDF [28]. Notable non-surgical risk factors 
included diabetes, infection, and psychosocial factors.

Treatment options for postoperative voice changes 
and vocal dysfunction following ACDF included a com-
bination of conservative and surgical therapies. Five 
studies reported symptom resolution following a course 
of short-term steroids. Jenkins et al. found that local 

steroid application was more effective than IV steroids 
immediately following ACDF at preventing postopera-
tive dysphonia [22]. Four studies reported improved dys-
phonia following a course of speech therapy. Five studies 
included patients who required a laryngoplasty with 
vocal cord medialization to alleviate postoperative vocal 
dysfunction. Regarding preventative measures, two stud-
ies concluded that ENT involvement with either initial 
surgical exposure or postoperative care reduced the inci-
dence of postoperative voice changes. Other alleviating 
factors included the use of stand-alone spacers and post-
operative reintubation to prevent either airway edema or 
vocal cord paralysis.

Discussion
This systematic review focused on dysphonia follow-
ing ACDF. Our review identified several disagreements 
within the existing body of literature regarding the 
prevalence rate, clinical presentation, and measurement 
of dysphonia after ACDF. It is hoped that this study can 
contribute to future research and interventions for post-
operative dysphonia following ACDF, ultimately leading 
to improved patient outcomes.

There was a significant variability in the reported inci-
dence of dysphonia after ACDF, with percentages ranging 
from 0.3 to 27% [19, 24]. This variability may be the result 
of the use of different outcome measures used to define 
dysphonia. While a majority of the included studies used 
perceived symptoms of hoarseness as their primary out-
come, others looked specifically for evidence of recurrent 
laryngeal nerve injury and vocal cord paralysis. Another 
factor that could impact complication rates is the use of 
different tools to measure vocal outcomes. While 10 stud-
ies used patient-reported symptoms such as hoarseness 
to evaluate postoperative vocal complications, six used 
endoscopic laryngoscopy and two the Voice Handicap 
Index (VHI-10). Given that patients may have dysphonia 
without vocal cord changes noted during laryngoscopy, 
it is likely that studies that required a positive laryngos-
copy rather than patient-reported symptoms alone would 
underreport postoperative vocal complications.

Most of the cases of postoperative dysphonia resolved 
within 6 months, requiring observation or conserva-
tive treatments such as short-term steroids and speech 
therapy. Vocal fold injection and medialization was also 
successfully utilized in patients with vocal fold motion 
abnormalities. While most patients with postoperative 
dysphonia recovered without lasting complications, there 
were several reports of patients with persistent dysphonia 
as far as two years postoperatively without any resolution. 
Mehra et al. reported that 9% who underwent an anterior 
approach to the cervical spine had subjective voice com-
plaints that persisted beyond one year [24]. However, it is 
unclear what treatment options were offered to patients 
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with persistent dysphonia. Further investigations into 
optimal treatments for patients with prolonged dyspho-
nia following ACDF are warranted.

Several mechanisms have been proposed to explain 
postoperative dysphonia following ACDF, though its eti-
ology is likely multifactorial. A majority of the included 
studies (13/21) attributed dysphonia to recurrent laryn-
geal nerve injury during the operation. It has been pro-
posed that excessive retraction leads to indirect stretch 
or increased pressure on the nerve, resulting in injury. 
Interestingly, some studies hypothesized that injury to 
the recurrent laryngeal nerve was less likely to occur dur-
ing a left sided anterior approach to the cervical spine 
due to the anatomic course of the left RLN. The left 
RLN has a longer loop than the right-sided nerve and is 
thus better protected within the groove at the junction 
of the esophagus and trachea [12]. However, a relation-
ship between ACDF approach laterality and postopera-
tive dysphonia was not found in our review. Despite this 
anatomic difference, however, our review of the literature 
found no studies that found a statistical difference in the 
incidence of dysphonia following a left vs. right-sided 
ACDF approach.

Another important mechanism of injury proposed 
in the literature is prolonged pressure on the branches 
of the RLN from the endotracheal tube cuff. This has 
been reported to account for between 7.5 and 11.2% of 
RLN injuries, specifically RLN palsy (RLNP). Given the 
reported relationship between endotracheal cuff pres-
sure and RLNP, intraoperative adjustment of cuff pres-
sure has been proposed as a method to avoid RLN injury. 
Other mechanisms of postoperative dysphonia include 
postoperative edema and hematoma as well as vocal cord 
hemorrhage.

While postoperative dysphonia following ACDF is clin-
ically significant, there is paucity of literature that details 
how to prevent or manage this complication. Mehra et al. 
and Strohl et al. emphasized the importance of early oto-
laryngologist involvement, suggesting that head and neck 
surgeons would be able to best manage patient expecta-
tions regarding vocal function following ACDF and help 
counsel patients with complications [24, 32]. Preopera-
tive vocal documentation and/or screening can be used 
to aid postoperative diagnosis if dysphagia arises. These 
screenings can be performed by orthopedic spine sur-
geons as well as head and neck surgeons. Erwood et al. 
further highlighted the importance of otolaryngologists, 
arguing that although otolaryngologists are not formally 
trained in ACDF procedures, they may nevertheless help 
provide safe access to the cervical spine given their expe-
rience operating in the anterior neck [18]. By operating 
alongside the spine surgeon, otolaryngologists may help 
to prevent injury to the vocal cords.
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This systematic review has several limitations. First, 
there is inherent variability across the 21 studies regard-
ing study design, sample patient populations, interven-
tions, and outcome measurements. Reported outcomes 
varied from paper to paper, and some studies did not 
include onset/resolution timepoints or risk factors. 
There are also limitations to our study’s search strategy, 
as potentially relevant studies could have been excluded 
due to the omission of certain terms in our preliminary 
search. Lastly, only studies published from 2013 to 2023 
were included in our analysis. Any earlier findings or 
associations between ACDF and post-operative dyspho-
nia were not included.

Overall, the results of our systematic review show that 
there is a large degree of inconsistency across reported 
incidence rates, mechanisms of action, and management 
options for postoperative dysphonia following ACDF. 
From a clinical perspective, this can create confusion 
regarding the significance of this complication and, if it 
does arise in patients, how to best treat and manage rel-
evant symptoms. Future studies should seek to quantify 
incidence rates within a large patient cohort along with 
significantly associated pre-operative variables. Fur-
thermore, prospective studies investigating the effects 
of various treatment options on alleviating or resolving 
postoperative dysphonia would be beneficial in providing 
clinical direction for providers.

Conclusions
Postoperative vocal complications following ACDF can 
be a notable source of postoperative morbidity. While 
most patients recover within 6 months, some may have 
persistent vocal complications that impair quality of life. 
Patients should be counseled and potentially screened 
preoperatively, as well as managed postoperatively to 
avoid long term impairments from postoperative dyspho-
nia. Early Otolaryngologist involvement may help to pre-
vent this complication and allow for early detection and 
symptom management. Additional prospective studies to 
firmly establish the incidence of postoperative dysphonia 
and identify ideal treatment strategies are warranted.
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