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Abstract

Background: Anterior cervical discectomy and fusion (ACDF) is a widely performed
surgical intervention for cervical spine herniation (CSH) to alleviate symptoms such as
pain, weakness, and restricted mobility. Despite its efficacy, ACDF is associated with
postoperative complications, notably dysphagia and dysphonia (PDD). Objective: This
study investigates the prevalence, severity, and risk factors associated with PDD following
ACDEF using the validated Dysphagia and Dysphonia Inventory (HSS-DDI) adapted into
Greek. Methods: A prospective observational cohort study was conducted at the Uni-
versity General Hospital of Ioannina from May to November 2023. The study involved
40 adult patients who underwent ACDF for CSH. Postoperative dysphagia and dysphonia
were assessed using the Ohkuma questionnaire and HSS-DDI at 1 week and 1 month
postoperatively. Results: The mean age of participants was 54.78 years, with a majority
being male (60%). In terms of body mass index (BMI), 30% of participants had a normal
weight, 47.5% were overweight, and 22.5% were obese. This study revealed that dysphagia
and dysphonia were common postoperative complications, with improvements noted after
one month. Factors such as BMI were statistically significant in influencing dysphagia
outcomes, with normal BMI individuals reporting better outcomes than obese participants.
Confirmatory factor analysis indicated the need for a larger sample size to confirm subscale
validity in the Greek population. Conclusions: Postoperative dysphagia and dysphonia
are prevalent following ACDEF, but most patients experience improvements within a short
period. Identifying risk factors, such as BMI, and utilizing validated assessment tools like
the HSS-DDI can help optimize surgical techniques and postoperative care. Further studies
with larger sample sizes are recommended for a more comprehensive understanding of
these complications.

Keywords: anterior cervical discectomy and fusion; cervical spine herniation; postoperative
dysphagia; postoperative dysphonia; risk factors; surgical outcomes; HSS-DDI
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1. Introduction

Anterior cervical discectomy and fusion (ACDF) is a widely performed surgical proce-
dure for managing spine pathology, particularly in patients with cervical spine herniation
(CSH). In the last twenty years, the use of ACDF has significantly increased, highlight-
ing its significance in spinal surgery [1]. This procedure effectively alleviates symptoms
such as pain, weakness, and restricted mobility caused by nerve root and spinal cord
compression [2]. However, despite its efficacy, ACDF carries the risk of postoperative
complications, with dysphagia and dysphonia (PDD) being the most frequently reported
adverse effects [1,3].

Cervical spine herniation (CSH) occurs when the nucleus pulposus ruptures through
the fibrous annulus, leading to compression of the meninges or spinal nerve roots [4]. This
condition is a common cause of neck pain, particularly in middle-aged individuals, and
can present with additional symptoms, such as radiculopathy, myelopathy, sensory distur-
bances, muscle weakness, restricted mobility, and, in severe cases, upper limb paresis [5].
The etiology of CSH is multifactorial, often resulting from traumatic injury or degenerative
changes in the spine. In severe cases, surgical intervention via either an anterior or pos-
terior approach is required [6]. ACDF is the preferred technique for relieving nerve root
compression and improving the patient’s quality of life [3]. However, given the potential
for postoperative complications, understanding the risks associated with ACDF is crucial
for optimizing patient outcomes [1].

1.1. Postoperative Dysphagia and Dysphonia

Swallowing is a complex neuromuscular process that involves 25 pairs of muscles
and five cranial nerves working in coordination with the respiratory cycle [7]. Dyspha-
gia, or swallowing dysfunction, can impact any stage of swallowing, including the oral
preparatory, oral transit, pharyngeal, and esophageal phases [8]. Postoperative dysphagia
is a common complication of ACDEF, with symptoms typically peaking around the second
postoperative week before gradually improving [9]. Studies indicate that dysphagia occurs
in approximately 50.2% of patients within the first month after surgery, 32.3% in the second
month, 17.8% in the sixth month, and 12.5% after one year [10]. In 12% to 14% of patients,
severe symptoms persist beyond one year [11], with permanent and severe dysphagia
reported in 4% to 10% of patients [12].

Similarly, phonation, which involves air pressure passing through the vocal cords
to produce sound [13], can be affected by ACDF. Dysphonia, defined as an alteration in
vocal pitch, resonance, and quality, is another commonly reported postoperative complica-
tion [14].

Dysphonia after ACDF is often self-limiting, with most cases resolving within
six months [15]. The exact mechanisms underlying postoperative dysphonia remain un-
clear but are thought to be associated with prolonged intubation, mechanical displacement
of laryngeal structures, pharyngeal edema, or vocal cord paralysis [16]. Given its impact
on communication and quality of life, early identification and management of dysphonia
are essential.

1.2. Epidemiology and Risk Factors

The reported prevalence of dysphagia and dysphonia following ACDF varies widely
due to differences in assessment tools, surgical techniques, and definitions used in the
literature. Dysphonia rates range from 3% to 67%, while dysphagia occurs in 1% to 51% of
patients [17]. These complications are among the most common postoperative outcomes
of ACDEF, with some studies suggesting an incidence exceeding 80% [18]. Identifying
risk factors for these complications is crucial for improving surgical outcomes. Several
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factors have been associated with an increased risk of PDD, including advanced age,
female gender, smoking, preoperative opioid use, multilevel surgery (involving more
than one vertebral level), and operations at higher cervical levels such as C3/C4 [2,10,11].
This study aims to investigate the prevalence, severity, and risk factors associated with
PDD following ACDEF. By employing the validated Ohkuma questionnaire (Figure 1), a
standardized and internationally accepted tool for the detection of dysphagia, as well as the
Dysphagia and Dysphonia Inventory (HSS-DDI)—a questionnaire specifically designed for
post-ACDF patients that also assesses dysphonia (Figures 2 and 3) and has been adapted
into Greek—this study provides a comprehensive evaluation of these complications [19].
By documenting clinical characteristics and identifying contributing factors, this study
will contribute to improving surgical techniques and postoperative care strategies for
ACDF patients.

Ohkuma dysphagia screening questionnaire

1 Have you ever been diagnosed with Many times Once No
pneumonia?
2 Do you feel you are becoming thin? Obviously Slightly ~ No
3 Do you ever have difficulty when you Many times Sometimes No
swallow?
4 Do you ever choke during a meal? Many times Sometimes No

5 Do you ever choke when swallowing liquids? Many times Sometimes No

Do you ever have difficulty with coughing up

M ti ti
6 phlegm during or after a meal? any times - Sometimes  No
7 Do you ever have tk}e feeling that food is Many times Sometimes No
getting stuck in your throat?
Does i 1 1 th
8 oes it take you ;):fiiz ?to eat a meal than Obviously Slightly No
D feel that it i tti ifficult t t
9 o you feel that it is getting difficult to ea Obviously Slightly ~ No

solid foods?
10 Do you ever drop food from your mouth? = Many times Sometimes No

Do you ever have the feeling that food is

11 L. Many times Sometimes No
remaining in your mouth?
1 Dc? you ever have the feeling of food or liquid Many times Sometimes No
going up into your throat from your stomach?
D have the feeling that food i
13 oyou .ever ave. ¢ lecing that 100c 18 Many times Sometimes No
getting stuck in your esophagus?
14 Do you ever have difficulty sleeping because Many times Sometimes No

of coughing during the night?
15 Do you feel that your voice is getting hoarse? Obviously Slightly ~ No

Figure 1. Contents of the Ohkuma dysphagia screening questionnaire.
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Hospital for Special Surgery

Hospital for Special Surgery Dysphagia and Dysphonia Inventory (HSS-DDI)
These are some ways swallowing and speaking may be affected during recuperation from cervical

spine surgery. During the past 2 weeks how often did you experience the following?

For each item please circle the response that applies.

All the
time

Most of
the time

Some of
the time

A little of
the time

None of
the time

Had throat pain when swallowing:
saliva

liquids

moist solid foods

dry solid foods

Had throat tightness when swallowing

Food got stuck in throat

Gagged on food

Gagged on pills

Regurgitated food or pills

— et | | | - A A -

NININININININININ

WWWWWw|Www|w|w

N R R E RS

oo,

Modified eating habits:
changed diet or types of food eaten

took smaller bites

chewed more than usual

needed more time to eat

Drank more fluids than usual

Modified the way took pills

Coughed more

— et | | S | -

Was anxious about breathing and
swallowing

Lost weight

Limited social interactions (avoided
restaurants or eating with others)

Overall, was bothered by swallowing ability

NI NN N INNINININININ

Wl W W W | WWWwWw|w|w|w

N N N N IR RS

o] O ;| O g On

Had throat pain when speaking

Voice not loud enough (could not project)

Voice too hoarse or raspy

Voice too deep

Difficulty being understood during
conversations (had to repeat words)

N ININININ

W | Wlwlwlw

R e NI

o |y,

Difficulty being understood during telephone
conversations

N

N

(63}

Spoke less than wanted to

Others commented that speech was different

Limited social or professional interactions
because of speech

Was frustrated by speaking ability

1

N

N

Overall, was bothered by speaking ability

1

© 2017 Hospital for Special Surgery. All rights reserved.

Figure 2. Hospital for Special Surgery Dysphagia and Dysphonia Inventory (HSS-DDI).
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Hospital for Special Surgery

Hospital for Special Surgery Dysphagia and Dysphonia Inventory (HSS-DDI)

SCORING

The scoring for the HSS-DDI is as follows:

1 Record responses in reverse order so that:
4 = None of the time
3 = Alittle of the time
2 = Some of the time
1 = Most of the time

0 = All the time

2. Sum all responses. The summed raw score for the 31 items ranges from 0 to
124.

3. Transform the score to range from 0 to 100 using this equation:

Transformed score = (raw score / 124) x 100.

4. Report the transformed score. A higher score indicates better function or less
dysphagia/dysphonia.

© 2017 Hospital for Special Surgery. All rights reserved.

Figure 3. Scoring of the Hospital for Special Surgery Dysphagia and Dysphonia Inventory (HSS-DDI).

2. Materials and Methods
2.1. Research Questions

What is the prevalence and severity of postoperative dysphagia and dysphonia in
Greek patients following anterior cervical discectomy and fusion?

How do dysphagia and dysphonia symptoms change over time (i.e., at 1 week and
4 weeks postoperatively)?

Which patient-related factors (e.g., BMI, age, and gender) are significantly associated
with the severity and persistence of postoperative dysphagia and dysphonia?

How does the Greek version of the HSS-DDI compare to other assessment tools,
such as the Ohkuma questionnaire, in terms of sensitivity and specificity for detecting
postoperative complications?

2.2. Study Design and Participants

This prospective observational cohort study was conducted at the University General
Hospital of Ioannina between May 2023 and November 2023. The study included patients
who underwent anterior cervical discectomy and interbody fusion for cervical herniated
disc removal. A total of 40 patients were enrolled, comprising 16 females and 24 males.
Ethical approval for the study was obtained from the Ethics Council of the University of
Ioannina (24 April 2023, 20766/2023). All participants provided written informed consent
before inclusion in the study.

2.3. Inclusion and Exclusion Criteria

Eligible participants were adult patients (>18 years) who had undergone anterior
cervical discectomy for cervical herniated disc removal. Participants were required to
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demonstrate cognitive ability sufficient to complete study-related questionnaires and as-
sessments independently and to express willingness to participate in the study.
Patients were excluded if they met any of the following criteria:

e  Presence of a significant cognitive impairment preventing independent completion
of questionnaires;

e  Failure to provide informed consent;

e  History of psychiatric illness;

e  Undergoing posterior cervical discectomy instead of anterior cervical discectomy.

2.4. Patient Recruitment
Patients were recruited from three different sources:

1. University General Hospital of loannina (n = 9);
2. Physiotherapy centers (n = 18);
3. Rehabilitation centers collaborating with the study team (n = 13).

2.5. Data Collection and Clinical Assessments

Patient demographics, medical history, surgical details, and postoperative complica-
tions were recorded. Demographic data, including gender, age, occupation, marital status,
medication use, history of psychiatric illness, and symptom onset, were collected using a
standardized form. Clinical assessments were performed at multiple postoperative time
points: 1 week and 1 month. Postoperative complications, specifically dysphagia and dys-
phonia (PDD), were evaluated during each follow-up visit using validated questionnaires.

2.6. Objective Laryngeal/Phonation Assessment

In cases where patients presented with severe or persistent swallowing and/or voice
dysfunction postoperatively, an objective laryngeal assessment was performed using FEES
(Flexible Endoscopic Evaluation of Swallowing) by ENT specialists according to standard
clinical protocols.

2.7. Assessment of Postoperative Dysphagia and Dysphonia

To assess phonation and swallowing complications following anterior cervical spine
surgery, two validated instruments were administered: the Ohkuma questionnaire
(Figure 3) and the Hospital for Special Surgery Dysphagia and Dysphonia Inventory (HSS-
DDI) (Figures 1 and 2). The Ohkuma questionnaire, a 15-item tool, evaluates dysphagia
symptoms across all three phases of swallowing. Responses are rated on a Likert scale
(Very Often, Sometimes, and Never), scored from 1 to 3, respectively. Patients responding
“Very Often” to at least one question were classified as dysphagic while all others were
categorized as non-dysphagic. This questionnaire has been translated and validated in
Greek and is recognized as a reliable tool for diagnosing and managing dysphagia [20].
The HSS-DDI is a questionnaire specifically developed for the assessment of postopera-
tive PDD following ACDF and comprises 31 items: 20 related to swallowing and 11 to
phonation. Responses are recorded on a Likert scale (1—Continuous, 2—Many times,
3—Several times, 4—Few times, and 5—Never), with scores converted to a percentage,
where 100% represents normal function without symptoms [21]. Given its specificity for
ACDF-related PDD, the HSS-DDI provides a more sensitive evaluation of risk factors for
postoperative complications and underwent a two-way cross-cultural adaptation process
for use in this study [22]. The Ohkuma questionnaire and the HSS-DDI were administered
at 1 week and 1 month postoperatively.
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2.8. Ethical Considerations

This study was conducted in accordance with the principles of the Declaration of
Helsinki. Ethical approval was obtained from the Ethics Council of the University of
Ioannina, and all patients provided informed consent before participation. Confidentiality
and anonymity of patient data were strictly maintained throughout the study.

2.9. Data Analysis

Data analysis was carried out using the Statistical Package for the Social Sciences (SPSS,
Windows version) [23]. Two types of statistical analyses were performed: (a) descriptive
statistics to summarize patient demographics and clinical characteristics, and (b) inferential
statistics for hypothesis testing and comparisons. Continuous variables were presented as
means and standard deviations, while categorical variables were expressed as frequencies
and percentages. Reliability (internal consistency) of the questionnaires was assessed using
Cronbach’s alpha. Comparisons of the total scores of the Ohkuma and HSS-DDI ques-
tionnaires between the two time points (one week and one month postoperatively) were
performed using the Wilcoxon signed-rank test for paired samples. Analysis of variance
(ANOVA) and Tukey’s post hoc test were used to explore differences in questionnaire scores
across BMI categories and to identify specific group differences. Statistical significance was
set at p < 0.05.

3. Results
3.1. Demographic Characteristics of the Participants

Demographic data of the survey participants were collected as part of the data gath-
ering process (Table 1). The majority of participants were male (60%), while 40% were
female. The average age was 54.78 years, ranging from 34 to 74 years. BMI classifications,
based on WHO criteria, indicated that 30% of participants were classified as having a
normal weight, 47.5% as overweight, and 22.5% as obese. Regarding marital status, 67.5%
of participants were married, 10% were unmarried, 10% were divorced, and 12.5% were
widowed. In terms of educational background, 37.5% had completed high school, 32.5%
had completed university, 12.5% had pursued postgraduate studies, 10% had completed
vocational education, and 7.5% had only completed primary school.

Table 1. Demographic characteristics.

Variable Value/Distribution

Mean age 54.8 years (range: 34-74 years)

Gender 24 males (60.0%), 16 females (40.0%)

Mean weight 81.6 kg (range: 51-105)

Mean height 172.8 cm (range: 150-190)

BMI categories Normal: 12 (30.0%), Overweight: 19 (47.5%),

Obese: 9 (22.5%)

Unmarried: 4 (10.0%), Married: 27 (67.5%),
Widowed: 5 (12.5%), Divorced: 4 (10.0%)

Primary school: 3 (7.5%), Middle school: 4 (10.0%),
Educational level High school: 15 (37.5%), University: 13 (32.5%),
Postgraduate: 5 (12.5%)

Marital status
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3.2. Description of Health History

The results of the health history of the participants showed that 87.5% of the partici-
pants had a person who cared for them when they returned from the hospital. Regarding
the smoking habit, 57.5% responded negatively and 42.5% responded positively. Then 35%
of the participants answered that there was a history of psychiatric illness. Of the fourteen
who responded positively nine reported that the history was related to depression, four
to anxiety disorders and one to schizophrenia. In response to the question whether they
had had spinal surgery in the past, 12.5% responded positively. Of these five subjects who
answered positively, three had had cervical spine surgery. Finally, 75% answered that they
were taking medication. This treatment was mainly related to diabetes, blood pressure
regulation, and thyroid (Table 2).

Table 2. Clinical history and preoperative data.

Variable Value/Distribution

Smoking No: 23 (57.5%), Yes: 17 (42.5%)
Psychiatric history No: 26 (65.0%), Yes: 14 (35.0%)
Presence of a caregiver No: 5 (12.5%), Yes: 35 (87.5%)
Medication intake No: 10 (25.0%), Yes: 30 (75.0%)

3.3. Description of the Disease History

The highest percentage of 32.5% reported symptoms from 7 months to one year before
surgery and 27.5% up to 6 months before surgery. Overall, 60% of the participants had
surgery within 1 year of the onset of symptoms, 22.5% from 1 year to 5 years, and 17.5%
after 5 years. The decision to operate was due in 58% of cases to pain, 18% to a doctor’s
advice, 18% to paralysis of the arm, and 8% to dyskinesia. The hernia removed was among
A5-A6 in 31 cases, A6-A7 in 27 cases, A4-A5 in 17 cases, A3-A4 in 8 cases, and A7-TH1 in
one case.

3.4. Swallowing Problems

The survey participants were then asked if they had swallowing problems before
surgery. Responses were given on a Likert scale, where 0—Not at all, 1—Almost not at all,
2—Slightly, 3—Very little, 4—Slightly more, 5—Fairly, 6—Much, and 7—Very much, and
65% responded negatively. The mean score of the grade that affected them was equal to 3.13
(SD = 1.68), indicating a small degree of annoyance, and the mean time they experienced
these problems was equal to 26 months (SD = 22.21), varying between 6 and 60 months
(Table 3).

Table 3. Preoperative swallowing and voice symptoms and analgesic intake after surgery.

Variable Value/Distribution
Swallowing problems before surgery Yes: 14, No: 26
Severity of swallowing problems (0-7) Mean: 3.13 (SD: 1.68)
Voice problems before surgery Yes: 14, No: 26
Severity of voice problems (0-7) Mean: 2.93 (SD: 1.44)
Took analgesics after surgery Yes: 38, No: 2

Severity scores: 0 = no symptoms, 7 = most severe symptoms.

3.5. Phonation Problems

Finally, survey participants were asked if they had any phonation problems before
surgery. Responses were given on a Likert scale, where 0—Not at all, 1—Almost not at
all, 2—Slightly, 3—Very little, 4—Slightly more, 5—Fairly, 6—Much, and 7—Very much,
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and 65% responded negatively. The mean score of the grade that affected them was equal
to 2.93 (SD = 1.44), indicating a small degree of annoyance, and the mean time that they
experienced these problems was equal to 18.29 months (SD = 15.59), varying between one
and 60 months (Table 3).

3.6. Internal Consistency Assessment of the Ohkuma and HSS-DDI Questionnaires
(Cronbach’s Alpha)

The internal consistency of the Ohkuma and HSS-DDI questionnaires was evaluated
at two key time points (one week and one month postoperatively) using Cronbach’s
alpha coefficient. This analysis is fundamental for establishing the reliability of these
tools in measuring dysphagia and dysphonia symptoms in the Greek patient population
following ACDF.

Cronbach’s Alpha Results

As shown in Table 4, both the HSS-DDI and Ohkuma questionnaires demonstrated
high internal consistency at both time points. Cronbach’s alpha values for the HSS-DDI
exceeded 0.87, while the Ohkuma questionnaire consistently achieved coefficients above
the generally accepted threshold of 0.80.

Table 4. Internal consistency of the HSS-DDI and Ohkuma questionnaires (Cronbach’s alpha).

Questionnaire 1st Administration (1 Week) 2nd Administration (1 Month)
HSS-DDI 0.92 0.87
OHKUMA 0.85 0.80

Values greater than 0.70 are considered adequate for research purposes, above 0.80
are regarded as good, and above 0.90 as excellent. These results confirm that both tools are
reliable for assessing dysphagia and dysphonia in patients after ACDF surgery.

The slight decrease in Cronbach’s alpha at the second administration for both tools is
a typical observation and may reflect increased homogeneity in patient responses during
recovery, as well as reduced variability in symptom severity.

3.7. Comparison of Total Scores Using the Wilcoxon Signed-Rank Test

To compare the total scores of the Ohkuma and HSS-DDI questionnaires at two time
points (one week and one month after surgery), the non-parametric Wilcoxon signed-rank
test for paired samples was applied. The use of the Wilcoxon test is justified due to both the
limited variance in the data and the non-normal distribution of the samples, as indicated
by normality checks.

3.7.1. Results for the Ohkuma Questionnaire

For a sample size of n = 40 and a significance level of « = 0.001, the critical value for
the Wilcoxon signed-rank test is 242. According to the results, the test statistic (26.5) is
much lower than 242; so, the null hypothesis is rejected and it is considered that there is
a statistically significant difference between the two measurements at the p < 0.001 level
(Table 5).
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Table 5. Comparison of total Ohkuma questionnaire scores at 1 and 4 weeks postoperatively
(Wilcoxon signed-rank test).

Measurement Mean Total Score
1st Measurement (1 week) 32.36
2nd Measurement (1 month) 35.11

Wilcoxon Statistic p-Value Conclusion

Statistically significant

265 <242 p<0.01 improvement (p < 0.01)

The total score of the Ohkuma questionnaire increased significantly from the first to
the second measurement (mean from 32.36 to 35.11). The Wilcoxon test statistic exceeded
the threshold for statistical significance (p < 0.01), confirming a substantial improvement
in dysphagia symptoms at one month after surgery. This test is considered particularly
rigorous for this sample size due to the low critical value, enhancing the reliability of
the finding.

3.7.2. Results for the HSS-DDI Questionnaire

A similar trend was observed for the HSS-DDI questionnaire, where the mean total
score increased from 117.27 to 135.02. Here, too, the Wilcoxon signed-rank test revealed
a statistically significant difference between the two time points (p < 0.01), indicating
significant clinical improvements in swallowing and voice-related symptoms during the
early postoperative period (Table 6).

Table 6. Comparison of total HSS-DDI questionnaire scores at 1 and 4 weeks postoperatively
(Wilcoxon signed-rank test).

Measurement Mean Total Score

1st Measurement (1 week) 117.27

2nd Measurement (1 month) 135.02

Wilcoxon Statistic p-Value Conclusion

40 <242 p<0.01 Statistically significant

improvement (p < 0.01)

3.7.3. Overall Interpretation and Clinical Value

The simultaneous statistically significant increases in the scores for both tools indicate
strong and objectively measurable improvements in both dysphagia and dysphonia fol-
lowing ACDEF. The use of the Wilcoxon signed-rank test provides increased robustness of
these conclusions due to its methodological rigor and its ability to detect differences even
in small samples.

3.8. Analysis of Variance (ANOVA) of Total HSS-DDI Scores by BMI

In the next stage of the statistical analysis, the body mass index (BMI) was examined
as a significant factor influencing the recovery of swallowing and phonation symptoms, as
reflected in the total score of the HSS-DDI questionnaire. The analysis was performed for
both time points (1 week and 1 month post-surgery) using analysis of variance (ANOVA)
among the three BMI categories (normal weight, overweight, and obese).

It was found that there was a statistically significant difference in the total HSS-
DDI scores between BMI groups at both the first measurement (p < 0.05) and the second
measurement (p = 0.046). Specifically, patients with a normal BMI consistently had higher
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mean HSS-DDI scores (i.e., better postoperative function) compared to overweight and
obese patients, who exhibited the lowest scores, indicating more persistent dysphagia and
dysphonia symptoms after surgery (Table 7).

Table 7. Total HSS-DDI scores by BMI category at one week and one month postoperatively and
ANOVA results.

Mean HSS-DDI Score Mean HSS-DDI Score

BMI Category (1st Measurement) (2nd Measurement)
Normal Weight 129.4 147.2
Overweight 118.7 131.0
Obese 110.2 125.4
p-Value p-Value Conclusion
Statistically
significant
p <0.05 p <0.05 difference in
HSS-DDI scores
by BMI

3.8.1. Application of Tukey’s Post Hoc Test

Following the identification of a statistically significant difference via ANOVA, Tukey’s
post hoc test revealed that all pairwise comparisons between the BMI groups were statisti-
cally significant at the second measurement (p < 0.05):

—  Patients with normal weight had on average 19.2 points higher total HSS-DDI scores
than obese patients.

—  Obese patients had significantly lower scores than overweight patients by 8.5 points.

- Overweight patients also had lower scores compared to normal weight patients
(Table 8).

Table 8. Tukey’s post hoc test results for HSS-DDI scores by BMI category.

Comparison Mean Difference p-Value ]S)lﬁ?elil:iss
Normal vs. Obese 19.2 p <0.05 Yes
Normal vs. Overweight 10.7 p <0.05 Yes
Obese vs. Overweight -85 p <0.05 Yes

3.8.2. Conclusions and Clinical Significance

This difference highlights that an increased BMI is a critical negative prognostic
factor for the postoperative recovery of dysphagia and dysphonia symptoms. The obese
patient group presents more persistent and less improved symptoms according to HSS-DDI
scores, while normal weight patients demonstrate a better clinical course as early as one
month postoperatively.

These findings underscore the importance of a preoperative assessment and man-
agement of body weight as a preventive strategy to optimize postoperative outcomes in
patients undergoing ACDEF.

3.9. Assessment of Sampling Adequacy and Limitations of the Factor Analysis

Both the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy and Bartlett’s
test of sphericity were applied to our sample for both questionnaires. The results from
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these methods consistently indicated that the data were not suitable for a factor analysis.
Specifically, the KMO values were below the recommended threshold, suggesting insuf-
ficient shared variance among items, while Bartlett’s test, although significant, could not
compensate for the low sampling adequacy. Therefore, with the current sample size and
data structure, a reliable factor analysis could not be performed for either questionnaire.

4. Discussion

The present study provides a comprehensive analysis of postoperative dysphagia and
dysphonia in Greek patients after anterior cervical discectomy and fusion (ACDF) using
two patient-reported outcome measures: the validated Ohkuma questionnaire and the HSS-
DDI, an ACDEF-specific instrument for the assessment of both dysphagia and dysphonia.

4.1. Incidence and Severity

Both swallowing and phonation difficulties were frequent pre- and postoperatively,
with preoperative symptom severity typically mild to moderate, as reflected by the mean
severity scores (on a 0-7 scale). The intensity of these symptoms was assessed with specific
ordinal-scaled questions, revealing that most participants reported mild to moderate im-
pairments prior to surgery. Crucially, there were statistically significant improvements in
both the severity and frequency of these symptoms within the first month postoperatively,
as shown by higher total questionnaire scores and confirmed with the Wilcoxon signed-rank
test (p < 0.001).

Both questionnaires demonstrated high reliability (Cronbach’s alpha > 0.80) at
both time points, supporting the stability and appropriateness of these tools for this
patient population.

4.2. Role of BMI

One of the most notable findings was the strong and consistent effect of body mass
index (BMI) on postoperative recovery. ANOVA and Tukey’s post hoc analysis revealed
that patients with a normal BMI achieved significantly better postoperative scores on the
HSS-DDI—both at one week and one month—compared to overweight and obese patients.
All pairwise comparisons were statistically significant at the second measurement (p < 0.05).
Patients with obesity had the most persistent symptoms, while those with a normal BMI
displayed the most favorable recovery profile.

4.3. Other Risk Factors

No statistical associations were found between outcome scores and other demographic
or clinical factors, such as age, gender, psychiatric history, presence of a caregiver, and
previous cervical surgery.

4.4. Factor Analysis Limitations

Confirmatory factor analysis (KMO and Bartlett’s) demonstrated that the sample size
was not sufficient for a robust analysis of tool substructure, indicating the need for larger
samples to validate subscales and underlying domains for the Greek population.

4.5. Clinical Implications

These results underscore the value of a systematic symptom evaluation with patient-
centered, validated tools, revealing that while most patients improve functionally after
ACDF, an elevated BMI is a pronounced risk factor for delayed or persistent postoperative
dysphagia and dysphonia. This highlights the clinical necessity for risk stratification and
targeted perioperative management in higher BMI groups.
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5. Conclusions

This study confirms that dysphagia and dysphonia are frequent but typically improv-
ing complications following ACDEF. The systematic use of reliable, adapted questionnaires
enabled the objective tracking of patient symptoms, capturing a clear trend of postoperative
recovery within the first month.

5.1. Key Findings

e  The majority of patients exhibited significant improvement in swallowing and voice
symptoms by the first month postoperatively, regardless of the initial severity.

e An elevated BMI was strongly associated with more persistent and severe symptoms,
suggesting that it is a critical modifiable risk factor.

e  Both the HSS-DDI and Ohkuma questionnaires were reliable and practical for Greek
clinical settings.

e  No other demographic or clinical variables showed a significant association with
postoperative outcomes.

e  Factor analysis efforts were limited by the sample size, pointing to the need for future
research with larger cohorts.

5.2. Clinical Relevance

Routine preoperative assessment and perioperative management should include risk
stratification for patients with a higher BMI to optimize recovery. Further large-scale studies
are needed to refine these tools and deepen the understanding of the mechanisms behind
persistent dysphagia and dysphonia after ACDF.
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