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Abstract

Background Context Anterior cervical discectomy and fusion (ACDF) procedures is thought to lead to accelerated
degeneration of the adjacent cervical discs and in some cases can be symptomatic (adjacent segment disease, or ASD).
The occurrence of ASD is of particular interest when treating young individuals, as the cumulative disease burden may
become increasingly significant during their expectedly long lifetime. However, the overall impact of a surgical

intervention on the lifetime prognosis of ASD remains unclear.

Purpose Our goal was to study the long-term outcomes of ACDF surgery among those members of the young adult

population who have been operated on between the ages of 18 and 40.
Study design Retrospective study.

Patient Sample All patients between 18 and 40 years of age at the time of surgery who underwent ACDF due to

degenerative cervical disorders at Helsinki University Hospital between the years of 1990 and 2005 (476 patients).

Outcome Measures Cervical reoperation rate, satisfaction with the surgery, employment status, Neck Disability Index

(NDI)

Methods We retrospectively analyzed the medical records of all patients between 18 and 40 years of age at the time
of surgery who underwent ACDF due to degenerative cervical disorders at Helsinki University Hospital between the
years of 1990 and 2005. We sent questionnaires to all available patients at the end of the follow-up (median 17.5
years) to assess their current neck symptoms, general situations, and levels of satisfaction with the surgery.
Furthermore, we compared the results for different types of ACDF surgeries (i.e., discectomy only versus synthetic

cage or bone autograft implantation for fusion) in propensity-score-matched groups.

Results Of the 476 patients who were included in the study, surgery was performed in 72% of the cases due to
intervertebral disc herniation and in 28% due to spondylotic changes. The total reoperation rate during the entire
follow-up (median 17.5 years) was 24%, and 19.5% if early reoperations (<28 days from index surgery) were excluded.
At 10 years post-surgery, the total reoperation rate was 16.8% and 12.8% with early reoperations excluded. The
probability of surgery for adjacent level disease was 10.3% at 10 years and 16.8% for the duration of the entire follow-
up, with the annual incidence rate of 1.1% for those with ASD requiring surgery. Statistically significant risk factors
leading to the need for further cervical surgery included central spinal cord compression and smoking at the time of
the index operation. After propensity score matching, there was no significant difference found between the
outcomes of different types of surgery. A total of 443 patients were still able to be contacted 12-28 years after the
surgery. Of the 281 patients responding to the questionnaires, 92% were still satisfied with the results. With respect to
employment, 67% of patients were working, 7% were unemployed, and 7% were on disability due to cervical
problems. The median NDI score was 12%, with 56% of patients having an NDI score lower than 15%; it has been
suggested that this latter NDI score serves as a cut-off value for significant neck morbidity. The NDI scores were
significantly higher among female patients, patients with spondylosis, and patients having undergone further cervical

surgeries during the follow-up.
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Conclusions Long-term satisfaction with the surgery was very high, and the employment rate among patients
resembled that of the general population in Finland. Thus, the long-term prognosis after having ACDF surgery at a
younger age seems to be good, even though nearly half of the patients experienced some persistent neck symptoms

later in life.

Keywords: anterior decompression, cervical disc herniation, cervical spondylosis, reoperation, long-term outcome

Introduction

Anterior cervical discectomy and fusion (ACDF) is the leading surgical treatment of cervical radiculopathy caused by
intervertebral disc herniation or spondylotic nerve root compression. Peak incidence rates of cervical radiculopathy
are generally among those in the sixth decade of life, with spondylosis causing the majority of symptoms [1]. However,
in the younger patient population, intervertebral disc herniations are more commonly the cause for radiculopathy.
ACDF surgery leads to rapid pain relief and improved function, and the short-term results are very convincing [2]
[3]1.What is not completely understood is the effect of surgery on long-term prognosis and whether it will lead to
further procedures. It has been suggested that ACDF surgery might accelerate the degeneration of the adjacent
cervical discs and, in some cases, lead to symptomatic adjacent segment disease (ASD). The total annual incidence of
ASD has been reported in previous studies to be 2.9%, and there is up to a 25.5% lifetime risk of developing post-
operative ASD [4]. The need for reoperation due to ASD across unrestricted age groups has been evaluated in several
studies [5] [6] [7] [8] [9] [10] [11] [12]. The estimates for the annual incidence rate of ASD requiring surgery vary from
0.8% to 2.4% [5] [6], with 7.2% of cases needing surgery in 25 years [8], and 22.2% in 10 years [6]. The occurrence of
ASD is of particular interest when treating young individuals, as the cumulative disease burden from degenerative
cervical disorders may become increasingly significant during their expectedly long lifetime. This can lead to a
significant reduction in quality of life and higher overall health-related costs. Those patients treated in the Finnish
health care system are assigned with personal identification numbers, making it possible to conduct reliable long-term
follow-up studies. In the present study, we investigated the long-term results and reoperation needs for patients who
were operated on with ACDF for intervertebral disc herniation or foraminal nerve root compression before the age of

40 years.

Methods

The study protocol and questionnaires were approved by the Helsinki University Hospital (HUH) ethics committee

(HUS/2703/2017).

Patient population
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We retrospectively collected the medical records of all patients between 18 and 40 years of age who underwent
anterior cervical decompression surgery in the Department of Neurosurgery at HUH between the years of 1990 and
2005. The analysis was conducted between December of 2017 and February of 2018. The follow-up period ranged
between 12 and 28 years. Only patients with degenerative cervical disorders (i.e., a herniated I.V. disc and/or
spondylosis) were included in the study. Patients who were operated on because of a tumor, fracture, or other major
trauma or epidural abscess were excluded. Also, patients with other cervical surgeries performed before this index
surgery were excluded (including three patients who had undergone previous cervical laminectomies). A total of 476
patients were included in the study (Figure 1). Baseline information about the patient population is presented in Table

1.
Surgical procedure

All operations were performed under general anesthesia at the Department of Neurosurgery at HUH by fully-trained
neurosurgeons (95%) or senior residents (5%). Indications for surgery in both primary operations and reoperations
were either persistent symptoms after a minimum of six to eight weeks of conservative treatment with radicular pain,
numbness or weakness in the upper extremities, or acute, severe symptoms with intolerable pain, and/or severe
motor weakness with corresponding nerve root compression detected in an MRI. An anterior cervical discectomy (and
osteophytectomy if needed) was performed on all patients. Sixty-four patients (13%) underwent only a discectomy
(during the years of 1990 to 1999). Interbody fusion with iliac crest autograft was performed on 84 (18%) patients
(between the years of 1990 and 1998). For the rest of the patients (328, or 69%), fusion was performed with a
synthetic interbody cage (BAK®, AcroMed®, Cervios®, CeSpace® PEEK, CeSpace® Titanium, Rabea®, Ray®, SynCage®)
(between the years of 1998 and 2005). Three (0.6 %) interbody fusions (one with a synthetic cage and two with iliac
crest autograft) were reinforced with anterior plating. The median duration of hospital stays in the neurosurgical ward
was three days (minimum of one day, and a maximum of 11 days). The majority of the patients were discharged after

this period, and five patients were transferred from HUH to a regional hospital for further rehabilitation.
Follow-up

Patients were routinely invited for clinical follow-up visits. A total of 430 out of 476 patients (90%) had clinical data
available from their follow-up visits (median 67 days, min 15 days, max 340 days). 83% of patients had their follow-up
visits 2—3 months after surgery. There were some exceptions because of patient-related delays and issues, and 73
patients had more than one follow-up visit in the department. We evaluated the medical records from the follow-up

visits and all further visits to HUH neurosurgery.

The clinical conditions of all patients at the post-operative visits were graded by using a five-point Likert scale (1=much
worse than before the operation, 2=worse, 3=similar, 4=better, and 5=much better). The average duration of sick
leave recommended from the Department of Neurosurgery at that time was 60 days. It is possible that patients got a

further extension of sick leave from other health care units.

In the Finnish health care system, each patient has a unique identification number. Therefore, the same patients can

easily be followed in medical records and contacted even after long intervals, leading to minimal loss of follow-up
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data. Due to the organization of the public health care system in Finland, surgery for degenerative cervical disorders is
performed only by neurosurgeons, and surgeries are centralized to university hospitals. For instance, the HUH
Department of Neurosurgery is responsible for performing all cervical surgeries for degenerative disorders in its
catchment area (circa 1.6 million inhabitants at the time of the study period). Therefore, it is reasonable to assume
that patients requiring reassessment or reoperation are generally referred back to the index department. The medical
records of all 476 patients included in the study were thoroughly investigated, and data on all further re-referrals for

surgical evaluation of cervical problems and all further cervical surgeries were collected.

In addition, we contacted all patients who were still living and residing at an available address in Finland (443 patients,
or 93%). Patients were sent a letter containing a customized survey of patient-reported satisfaction with surgery and
their current general life situation, a Neck Disability Index (NDI) questionnaire, and a letter of informed consent. Of
these patients, 281 (59% of all patients in the study) returned the questionnaires. Furthermore, patients were asked
to list any further cervical surgeries they may have had in order to confirm if there were any surgeries that for any
reason would not have been indicated in the investigated medical records. it was noted that 24 patients had died
during the follow-up period. Patient numbers for different parts of the study are represented as a flow chart in Figure
1. Information about complications, further cervical surgeries, and re-referrals was obtained from medical records for

all patients included in the study.
Statistical analysis and propensity score matching

Statistical analysis was conducted using IBM SPSS Statistics 25 software. Statistical comparisons of the results (i.e., the
Likert scale evaluations of conditions) between different patient groups (e.g., age, sex, or primary diagnosis) were
made using the chi-squared test and student’s t-test. P-values less than 0.05 were considered statistically significant.
When using the student’s t-test, the equality of variances was determined with Levene’s test for equality of variances,

and an appropriate t-test was then employed.

To further investigate differences in the groups of patients undergoing ACDF with either discectomy alone, an
autograft bone implant, or a synthetic cage implant, propensity score matching (PSM) [13] was performed. A total of
64 patients had undergone surgery with a discectomy alone. Match cases from patients with implants (autograft or
synthetic cage) were searched by using the PSM algorithm of SPSS software. Sex, primary diagnosis, number of levels
operated on, and duration of the follow-up time were used as predictors (these variables were chosen because there
was a statistically significant difference between discectomy and implant groups). The match tolerance level was set
to the lowest possible value with which a match could still be found for every patient in the discectomy group (0.33 in

the SPSS algorithm).

Results

High number of clinical benefits at short-term follow-up visits
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The Likert scale evaluations of conditions at the post-operative follow-up visits are presented in Supplementary Table
1. While 91% of the patients reported their condition to be better or much better than before surgery, only 1% of
patients reported a worse or much worse condition. A higher proportion of patients reported a benefit of Likert score
5, i.e., @ much better condition, among patients treated for disc herniation in contrast to patients with primarily
spondylotic nerve root compression (56% vs. 46%, p=0.01). However, considering the overall distribution of clinical

scores, there was no significant difference between these groups (Supplementary Table 1).

In the subgroup analysis, the statistically significant independent factors affecting the clinical outcome at the time of
the follow-up visit were implant type and the presence of central spinal canal stenosis with clinical signs of
myelopathy (Figure 2). In addition, the presence of preoperative symptoms for over six months led to a significantly
higher frequency of inferior clinical outcomes (p=0.03) (Figure 2B). The proportion of patients reporting better clinical
conditions was higher if surgery had been performed using a synthetic cage rather than iliac bone graft or discectomy
alone (p=0.009). Notably, patients who had undergone iliac bone graft harvesting for fusion reported their conditions
to be worse or much worse than prior to surgery in 6% of cases. Furthermore, patients with clinical myelopathy had
significantly lower Likert scores than patients with no sign of central stenosis or only radiological findings (p=0.033).
However, 87% of patients with clinical myelopathy were in a better clinical condition after the surgery. It was revealed
that the presence of radiological central stenosis alone did not lead to inferior clinical results. However, patients with
symptom durations of over six months were more likely to report significantly inferior clinical outcomes compared to
patients with shorter symptom durations (Likert score of 1-3, 12% vs. 5.5%, p=0.03). Nevertheless, even patients
experiencing over 12 months of preoperative symptoms generally benefited from the surgery (86% with a Likert score

of 4 or 5).

As expected, surgery provided relief for all types of symptoms (including radicular or neck pain, and sensory or motor
symptoms). The greatest effect was seen for radicular pain, with a reduction from 90% experiencing such pain
preoperatively to only 10% of patients having some residual radicular pain postoperatively. The prevalence of neck
pain also decreased from 54% to 32%. Preoperative sensory or motor symptoms were reported at rates of 80% and
51%, respectively, and these were reduced to 29% and 18% by the time of the clinical follow-up (Table 1 and

Supplementary Table 1).
Typical peri- and post-operative complications observed at tolerable levels

Peri- and post-operative complications were analyzed from the medical records (Supplementary Table 2). The most
common complications were post-operative hematomas (1,4%), persistent dysphonia (4%), or dysphagia (2%) that
were still bothersome at the time of the clinical follow-up visit, and new neurological symptoms (4%) (typically sensory
or motor nerve root symptoms) were also reported. All hematomas but one occurred acutely within 24 hours (with
one occurring on the next day within 36 hours), and all were treated with a hematoma evacuation. Overall, 4.4%
(21/476) of patients required reoperation because of complications, with the reasons for such intervention including
hematomas (n=7), new neurological symptoms (n=9), bone autograft problems (n=3), and primary operation on the

wrong level (n=3). Three patients were reoperated on in acute settings two times (two because of new neurological
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symptoms, and one first because of residual disc herniation, and then a bone autograft problem). Overall, 30.8% of all

complications led to a reoperation.
Ten-year reoperation rate due to ASD: 10.3%

The median follow-up period was 17.5 years (min one year (one patient died one year after surgery), max 27.9 years).
A total of 33% of the patients were referred back to the HUH neurosurgery department at least once for a new
consultation regarding cervical spine problems (Table 2). Due to the organization of health care in Finland, patients
requiring a reoperation or an assessment of their case are referred back to the index department servicing the
geographical area. Thus, it is reasonable to assume that the available data contain information on nearly all of the re-
evaluations of our patients. Patients with no implant or an autograft were re-referred more often than patients with a
synthetic cage (p=0.004), which may also be due to the longer available follow-up times for this group of patients.
Patients with spondylosis were re-referred more often than patients with disc herniation, but the difference was not

statistically significant (p=0.078). The annual risk of needing a new neurosurgical evaluation was therefore 2.7%.

During the entire follow-up period of 17.5 years (median), 140 new cervical surgeries, either of the index level or of
other cervical levels, were performed on 112 patients (24%). All of these cervical reoperations were able to be
categorized as either early revisions (<28 days from the primary operation) or late surgeries (>28 days). A total of 17%
of reoperations (n=24) were performed at an early period after surgery (<28 days), and these consisted of the
aforementioned revision surgeries to deal with post-operative complications. All early reoperations were either
anterior decompressions of the same level (58%), hematoma evacuations (29%), or bone autograft removals (8%). The
risk of early revision surgeries was 4.4%. We found that 13 later operations were done in hospitals other than HUH (11
in four other Finnish university hospitals, and two in a private hospital) (Table 2). Out of the later reoperations, 17%
were performed during the first two years. Excluding early revision surgeries (<28 days) from the analysis, the
reoperation rate during 10 years was 12.8% and 19.5% during the entire follow-up period, with a median of 6.9 years
of time to reoperation (Figure 3A). The annual risk for a patient to require another cervical surgery later on during

follow-up was 1.4% per year.

The most common reoperation type in both early and late reoperations was anterior decompression (70% of all
reoperations). Most late reoperations were performed on levels other than that of the index surgery (69%). In fact,
84% of late ACDFs were performed on other levels, whereas all late laminectomies except for one (91%) were on the
level of the primary operation (all of them were multi-level laminectomies spanning other levels). Thus, laminectomy
was often the method of choice when performing further surgery on the same level. Eight late foraminotomies were
performed, and four were contained in the same level, while four were in other levels. Altogether, 23% of late
reoperations involved further decompression of the index level, 82% involved decompression of the adjacent level,
and 3% involved decompression of the non-adjacent level. Therefore, 80 patients underwent surgery for ASD, and the
risk of needing surgery for adjacent level disease was 10.3% in 10 years, and 16.8% for the duration of the entire

follow-up (median 17.5 years), with a 1.1% annual incidence rate of adjacent level disease requiring surgery.

Clinical myelopathy and smoking as risk factors for cervical reoperations
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Risk factors of requiring at least one later reoperation (>28 days) were central spinal cord compression (p=0,008, with
16% of patients with no central compression, 30% of patients with only radiological stenosis, and 28% of patients with
clinical stenosis being reoperated on at least once), implant type (p=0.011, 17% synthetic cage, 21% bone autograft,
and 33% discectomy only), and smoking at the time of the operation (p=0.001, 31% smoking, and 14% non-smoking).
Information about smoking was based on the questionnaires sent to the patients. Thus, only patients who responded
were included in the analysis regarding smoking status. Men were reoperated on more often than women (22% vs.
16%), but the difference was not statistically significant (p=0.074). Also, primary diagnosis (21%, spondylosis, and 19%
disc herniation), age (<30 years at 16%, and >30 years at 20%), number of levels operated on (20% one level, and 17%
two or more levels), smoking at the present time (23% smoking, and 20% non-smoking), and whether the primary
operation was performed in an acute setting (23% acute setting, and 19% non-acute setting) were not statistically

significant factors.

Time to reoperation was analyzed with the Kaplan—Meier estimator, with early (<28days) revision surgeries excluded
from the analysis (Figure 3). The statistically significant factors in the Kaplan—Meier survival estimates were spinal cord
compression (median times: 6.8 years to reoperation with no central compression, 8.6 years only radiological, and 9.4
years clinical myelopathy, p=0.007, Figure 3), and smoking at the time of the operation (median times to reoperation:
9.0 years if smoking, and 8.6 years if not smoking, p=0,001). Patients with disc herniation tended to undergo new
cervical surgeries earlier, with a 6.8-year median time to new surgery versus a median of 11.0 years for patients with
spondylotic nerve root compression (p=0.057). However, the total percentage of patients undergoing new surgeries at
least once was comparable (21%% and 19%, respectively, p=0.544). Also, patients who had only had a discectomy
(median times to reoperation: 7.0 years for synthetic cage, 10.4 years for bone autograft, and 4.9 years for only
discectomy, p=0,074), and men (median times to reoperation: 7.4 years for men, and 5.9 years for women, p=0.083)
were operated on more often, but these differences were not statistically significant based on the Kaplan—Meier

analysis.
Propensity matched cohort analysis dissolves differences in outcomes by fusion type

Discectomy alone (without autograft or a synthetic cage for fusion) seemed to lead to a higher reoperation rate. In
order to further investigate differences in groups of patients undergoing ACDF with either discectomy alone, an
autograft bone, or a synthetic cage implant, we performed propensity score matching (PSM) to minimize confounding
factors (Supplementary Table 3). Most differences between the groups disappeared with propensity matching, but
there was still a significant difference in the duration of the follow-up (median 23 vs. 19 years, discectomy and others,
respectively). After propensity matching, there was still a trend of more reoperations in the discectomy group, but the
difference was not statistically significant (33% vs. 20%, p=0.109). The Kaplan—Meier analysis was also done with a
propensity-score-matched cohort, and there were no statistically significant differences in time elapsed without new

cervical surgery (data not shown).

Patients report favorable subjective outcome assessment in the long-term
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Patients replied to a general information questionnaire for the study (Table 3). Again, a total of 281 of patients
returned the questionnaires (59% of all patients included in the study). Of these respondents, 67% of patients were
working, and 13% were on disability, 56% of whom had cervical problems (or 7% of all patients that returned the
questionnaires). It was revealed that 43% of the patients smoked at the time of the operation, and 25% were smoking
at the time of the survey. Satisfaction with the surgery was evaluated on a Likert scale of 1-5 (5=very satisfied, 1=very
unsatisfied). It was shown that 92% were either satisfied or very satisfied with the surgery (score of 4-5), 3% were
either unsatisfied or very unsatisfied (score of 1-2), and 5% were indifferent. Patients were also asked if they would

choose the surgery again in the same situation, and 96% reported that they would.
NDI questionnaire and mild residual neck symptoms in long-term follow-up

The patients completed an NDI questionnaire regarding the current state of their condition at the time of the study
(Table 4), and 279 patients returned the NDI questionnaire. The NDI score is calculated and presented on a scale of 0—
100%, with higher numbers being correlated with worse functional ability [14] [15] [16]. The median score on the NDI
among the patients was 12% (mean 18%, min 0%, max 84%, standard deviation 17%). Of the respondents, 56% of
patients had an NDI score lower than 15%, which has previously been estimated to be the cut-off value to detect neck
pain associated with disability [17]. Women, patients with spondylosis, and patients with at least one further cervical
surgery had significantly higher NDI scores compared to other groups. Also, patients with operations on two or three
levels, or radiological signs/symptoms of central spinal canal stenosis had higher scores, but these differences were
not statistically significant. The patients who were not satisfied with the results of the surgery had considerably higher

scores compared to the satisfied patients. Implant type did not affect the NDI score.

Discussion

The aim of this study was to examine the long-term prognosis of young adult patients who have undergone anterior
cervical procedures due to degenerative cervical disorders. To our knowledge, this is the first study to focus
specifically on younger adult patients. These patients are of special interest since they are of working age with long
careers ahead of them, and they could in general be very physically active. The strengths of our study include the large
patient population and the minimal loss of patients during the follow-up period due to the organization of the Finnish

health care system.

In general, satisfaction with surgery was high. At the post-operative follow-up visit several weeks after surgery, 91% of
patients were in better clinical condition than before the surgery. At the time of questionnaire completion, 12-28
years after surgery, 92% of the patients were still satisfied with the results, and 96% reported that they would have

chosen surgery again as the treatment option.

The most common surgical complications found in our study were persistent dysphagia (2%) and dysphonia (4%). The
incidence rate of post-operative hematomas was 1.4%. These numbers are within a range reported previously in

another study (dysphagia: 2-67%, dysphonia/recurrent laryngeal nerve palsy: 0.2-16.7%, and hematoma: 1-10%)
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[18]. The early reoperation rate (<28 days from the index surgery), or the revision surgery rate, was 4.4%. In a recent
study from the U.S. with over 50,000 patients, Kelly et al [19] found an early reoperation rate of 3.35% (<90 days).
Thus, our results are in line with these findings (with only one reoperation being done between days 29-90 in our
study). Lower early revision rates have also been reported, such as 2.07% in 90 days in the study conducted by
Shousha et al [20]. As mentioned, the incidence rate of post-operative hematomas in our study was the same as
previously reported levels [18]. Thus, the difference in early revision rates may reflect differences in clinical practices
between neurosurgical units, countries, and eras. It is possible that the threshold for surgical revision on patients with
some residual radicular or myelopathic symptoms after the primary surgery was lower in our unit in those years. One
reason for this difference may also be related to the publicly-funded Finnish healthcare system, where patients or
insurance companies are not responsible for the costs of revision surgery. Consequently, this may lead to earlier or
even more active intervention in patients with residual symptoms after primary surgery. The mean post-operative
hospital stay was three days based on the general practice of the era. At the present time, patients are typically

discharged the next day after surgery.

Excluding early revision surgeries (<28 days), the reoperation rate during the rest of the follow-up period was 19.5%,
with a median of 6.9 years of time to reoperation. The 10-year cervical reoperation rate was 12.8% excluding early
reoperations. In a previous study conducted by our department, Saarinen et al reported the overall reoperation rate
to be 15% in 10-12 years in a population of all ages, and 11% if the early reoperations (<1 month) were excluded [7].
The reoperation rate due to ASD was 10.3% in 10 years, and 16.8% for the entire follow-up period of a median 17
years, with a 1.1% annual ASD surgery risk rate. Burkhardt et al [8] conducted a retrospective study similar in nature
to ours in Germany, but with a patient population ranging from 26 to 61 years of age. They reported an overall
reoperation rate of 17.2% over 25 years, with a reoperation rate due to degenerative cervical disorders of 10.7%, and
a reoperation rate due to ASD of 7.4%. Despite a similar basic setting, there are major differences between our
studies. In the study conducted by Burkhardt et al, all patients were operated on due to intervertebral disc herniation
and with autograft bone with or without Caspar plating, and the sample represented all age groups. Also, it should be
noted that higher reoperation rates have been published (Yue et al reported 16.9% in 7.2 years [10], and Butterman et
al reported 29% in 10.9 years [12]). However, most studies have focused on reoperations due to ASD, and estimates
vary considerably (Chung et al reported a rate of 6.8% over 10-25 years [9], Ishihara et al reported a rate of 6% over
10 years [11], Lee et al reported a rate of 22.2% over 10 years [6], and Butterman et al reported a rate of 21% over
10.9 years [12]). In contrast to the previous studies, our study only contained patients under the age of 40. Conflicting
results about age and the incidence rates of ASD have been reported: both young [5] and old [4] patients been found
with different incidence rates of ASD, and some studies have reported no difference between age groups at all [11]. If
the first operation is done while the patient is at a young age, there is more time for degenerative changes to develop,
and thus more time for patients to end up needing a reoperation. Younger patients may also be more physically
active, which may affect the development of ASD. Older patients have also experienced more degenerative changes at
the time of the first surgery. On the other hand, higher reoperation rates have been reported in studies with older
patients (Yue et al reported a rate of 16.9% in 7.2 years, with a mean age of 51 years [10]). Burkhardt et al [8] also
suggest that the fact that all of their patients were operated on due to disc herniation could explain their low

reoperation rates; furthermore, they have indicated that patient selection could have been more restricted at the
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time at which patients were operated on. In our study, there was no significant difference between the disc herniation
and spondylosis groups, but there was a trend of patients with spondylosis needing new surgery later than patients

with disc herniations.

In our series, smokers were reoperated on more often, and this result is in concordance with the work of Lee at al. [6].
Again, it was revealed that 43% of patients that returned the questionnaires smoked at the time of the operation, and
25% were still smoking at the time of the questionnaire. In comparison, 22—25% of Finnish adults smoked between
1996 and 2005, and 15% in 2016 [21]. Therefore, it is apparent that smoking was significantly more common among
patients in the past. As has also been previously reported, smoking is a risk factor associated with degenerative disc
disease [22] [23], and as mentioned in previous studies as well as our own, smoking increased the risk of needing a
later reoperation. However, some studies have reported that there is no correlation between smoking, radiological
signs of degenerative cervical disease [24], and the radiological fusion rate after ACDF [25], but these studies have

focused only on radiological signs.

Regarding the number of levels operated on, there was no statistically significant difference in terms of the number of
further surgeries needed, although there was a slight trend toward more new surgeries being needed in patients with
single-level ACDF, which is in concordance with research conducted by Hilibrand et al [4] and Lee et al. [6]. In contrast
to previously published work, our study contained patients operated on with all of the most common ACDF
techniques not involving plating; discectomy, bone autograft, and synthetic implants were performed in the same unit
and by the same set of surgeons but at different periods of time, reflecting the evolution of the treatment strategy of
choice in cervical surgery. Patients operated on with a synthetic cage for fusion had better clinical outcomes in the
short-term follow-up, but there was no difference in long-term NDI scores. Patients who received only a discectomy
seemed to require more further surgeries, but with the employment of propensity matching to adjust for inherent
differences in the patient groups, this difference turned out to be insignificant. The slight trend of needing more
further surgeries is likely only indicative of the longer available period of follow-up for discectomy patients. In the
previous literature, there is no strong consensus about the optimal technique, and a simple discectomy has been
reported to be both inferior [26] and equal [27] [28] to the use of implants in randomized controlled trials. Thus, more

studies are needed to resolve this issue.

The median NDI score of patients was 12%, with a mean of 18%. Kato et al determined the mean NDI score in the
general population to be 6.98% [17]. They also estimated the cut-off value to detect neck pain associated with
disability to be 15%. Burkhart et al [8] reported the mean NDI to be 14% with a 17-45 year follow-up period, and Yang
et al [29] 14.2% with a >10 year follow-up period. Nunley et al [30] conducted a study with shorter follow-up of 12-24
months, and the median NDI was reported to be 18%. Therefore, as with young adult patients, ACDF surgery seems to
be associated with persistent mild neck disability symptoms in later life. However, 67% of patients were working at
the time of responding to the questionnaire, 7% were unemployed, and 7% were on disability pension due to cervical
problems. The employment rate of working age adults in Finland in August of 2017 was 70.5%, and the unemployment
rate was 7.5% [31]. Thus, the proportion of employed and unemployed patients resembles that of the general

population. To our knowledge, there is no previous study estimating the long-term effects of surgically-treated
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degenerative cervical disorders on future working status, and thus more studies are needed to draw any further

conclusions.

Regarding the results reported on the NDI in terms of satisfaction and employment status, the response rate was 59%
of the original 476 patient cohort. The Finnish Institute for Health and Welfare has conducted many population-based
health survey studies of the Finnish population. An overall response rate of 73.6% has been reported by this institute
[32]. Thus, we find that the response rate in our study of 59% (63% of those with available contact information) is
good even if not optimal, since our survey concerns matters that were 12-28 years in the past for the patients.
However, the survey response rate may vary between satisfied and unsatisfied patients as well as other subgroups,

and this must be kept in mind in interpreting the results.

Total disc replacement (TDR) has been an increasingly common method of treating degenerative cervical disorders in
recent years. Young patients with sufficient disc space and a highly mobile cervical spine are thought to represent the
ideal population for TDR instead of ACDF. The data are conflicting, however, and both equal [29] and superior results
to ACDF have been published [33] [34]. Nevertheless, because the method was first introduced in the early 2000s,
data about long-term prognosis after TDR are still scarce. Dufour et al [35] reported 15 of 384 patients (4%) to have
undergone new cervical surgeries, excluding early revisions, in a five-year follow-up, with 10 cases relating to ASD and
five to other cervical levels. In contrast, in a period of five years, 7.6% (36/476) of patients in our study underwent
another cervical surgery, with 6.3% (30/476) of cases relating to ASD (early reoperations excluded). As we know, Yang
et al [29] had the longest follow-up period thus far (>10 years), and they reported an almost equal occurrence rate of
ASD (33-35%) in the ACDF and TDR groups without the need for further cervical surgeries during the follow-up.
Therefore, the long-term reoperation rates or occurrence of ASD do not seem to be superior with TDR to the long-

term results presented here for ACDF among young adults.

Conclusions

In this study, the 10-year reoperation rate was 12.3%, with 10.3% attributed to ASD. The annual reoperation risk due
to ASD, i.e. the annual incidence rate of ASD requiring surgery, was 1.1%. The most important risk factors for needing
a reoperation were clinical myelopathy before the index surgery and smoking at the time of the index surgery.
Patients who were operated on with only a discectomy had similar NDI scores in the long-term follow-up and were not
reoperated on more often, and it is likely that the slight trend in this direction merely reflects the longer available
follow-up time. Therefore, discectomy alone still seems to be a vital alternative to the general modern practice of
fusion with synthetic implants. The patient-reported long-term satisfaction levels with the surgery were very high, and
the employment rate among patients resembled that of the general population in Finland. Thus, the long-term
prognosis after ACDF performed at a younger age seems to be good even though ACDF surgery may be associated

with persistent mild neck disability symptoms in later life.
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489 patients

- All 18- to 39-year-old patients with ACDF done in the HUH Dept. of Neurosurgery

between 1990 and 2005.

- Three patients excluded because of
previous cervical surgery;

- 10 patients excluded because of
non-degenerative indications for
surgery: two tumours, six fractures
or other major traumas, one cervical
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/
476 patients included in the retrospective cohort study

all re-referrals for surgical evaluation of cervical problems and further cer
surgeries;

- 430 patients (90%) had a clinical follow-up at 2-3 months post-surgery;
collected as part of investigation of medical records.

-

- All underwent thorough investigation of further medical records for identification of

\

vical

data

J

- Nine patients (5%) died before
commencement of this follow-up
study;

- Five patients (2%) with no available
address in Finland.

-

443 patients (93%) were sent additional questionnaires
- NDI;
- General information and satisfaction with surgery.

\

- 162 patients (34%) did not
answer the questionnaires.

281 patients (59%) answered the questionnaires

- Including the parts of the study concerning questionnaire data (satisfacti
surgery, employment status, and the NDI).

on with the
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Figure 1: Number of patients represented as a flow chart.
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Figure 2
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Figure 2: The condition at the follow-up visit scored on Likert scale in terms of subgroups: (a) primary diagnosis (herniated
intervertebral disc or spondylotic nerve root compression), (b) preoperative symptom duration, (c) the presence of radiological
central stenosis or clinical myelopathy, and (d) fusion type with discectomy only, synthetic cage implant, or iliac bone autograft.

Data and p-values are presented in more detail in Supplementary Table 1.
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Figure 3: The percentage of patients who have not undergone a new cervical surgery presented as a Kaplan—-Meier plot with the
function of time in years. Early revision surgeries within 28 days are excluded (a) All patients, (b-f) Patients grouped by
(b)primary diagnosis of spondylotic nerve root compression or disc herniation, (c) fusion type, (d) gender, (e) spinal cord
compression, and (f) smoking status at the time of the primary surgery. Vertical lines represent the end of follow-up/sensoring.
Statistically significant factors were central spinal cord compression and smoking status at the time of the operation. Patients
with only a discectomy performed and men were operated on more often, but these differences were not statistically significant

in the Kapplan—Meier analysis.

Table 1: Baseline information about patient population and surgeries

n %
Total 476
Gender Male 289 61 %

Female 187 39%
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Primary Diagnosis Herniated intervertebral disc 345 72 %
Spondylotic nerve root compression 127 27 %
Not recorded 4 1%
Age in years, median (min-max) 37 (22-40)
Under 30 44 9%
Over 30 432 91 %
Symptoms before the operation Radicular pain 428 90 %
Neck pain 256 54 %
Sensory symptoms 380 80%
Motor symptoms 243 51 %
Duration of symptoms before surgery <2 weeks 31 7%
2 weeks - 2 months 82 17 %
2 - 6 months 146 31%
6 - 12 months 115 24 %
12 months > 85 18 %
Unclear 16 3%
Surgery in acute setting 44 9%
Spinal cord compression Radiological central stenosis’ 56 12 %
Clinical myelopathy2 60 13%

Number of levels operated 1 405 85%
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2 70 15%
3 1 0,2%
Operated level C3-C4 7 1%
C4-C5 41 9%
C5-Cé 225 47 %
C6-C7 266 56 %
C7-T1 11 2%
Fusion/ implant type Synthetic interbody cage 328 69 %
Bone autograft 84 18 %
No implant, discectomy only 64 13 %

1radiological compression of spinal cord with
or without myelomalacia defined by
radiologist in standard radiological
assessment and reporting.

*clinical signs or symptoms of myelopathy
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Table 2: Rereferrals and reoperations (including revision surgeries after primary surgery and further cervical surgeries later in

follow up).

Number of new referrals to the 0 1 2 3 4 5
HUH neurosurgery
all patients 321(67%) 107 (22%) 31 (7%) 9 (2%) 6 (1%) 2 (0%)
diagnosis herniated 247 (72%) 66 (19%) 20 (6%) 6 (2%) 4 (1%) 2 (1%)

disc

spondylosis 73 (57%) 39 (31%) 10 (8%) 3(2%) 2 (2%) 0 (0%)
Number of reoperations 0 1 2 3 4
All patients 364 (76%) 92 (19%) 14 (3%) 4 (1%) 2 (0%)
No of levels 1 307 (76%) 80 (20%) 12 (3%) 4 (1%) 2 (0%)
operated
primarily

2 56 (80%) 12 (17%) 2 (3%) 0 (0%) 0 (0%)
Type of early (<28 late (>28 total Reoperation early (<28 late (>28 total
reoperations days) days) levels days) days)
hematoma 7 (29%") 0 7 (5%) Index level or 17 (71%") 27 (23%) 44 (31%)
evacuation including index

level

anterior 14 (58%) 85(73%) 99 (70%) Non-index 0 80 (69%) 80 (57%)
decompression level
Laminectomy2 0 11 (9%) 11 (8%) Level not 0 7 (6%) 7 (5%)
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specified3

posterior 0 8 (7%) 8 (6%) hematoma 7 (29%) 0 7 (5%)
foraminotomy2
bone autograft 2 (8%) 0 2 (1%) epidural 0 2 (2%) 2 (1%)
removal stimulator
epidural 0 2 (2%) 2 (1%) all 24 (100%) 116 (100%) 140 (100%)
stimulator
type not 1 (4%) 11 (9%) 12 (9%)
specified3
all 24 (100%) 117 141

(100%) (100%)

1percentages from the total number of early and late reoperations

’One operation contained both laminectomy and posterior foraminotomy.

*operations done in other hospitals
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Table 3: Basic information questionnaires. 281 out of the original 476 patients (59%) altogether returned the questionnaires.

Question (number of answers) n (%)

Employment status working 187 (67%)

(280) unemployed 19 (7%)
on disability pension 36 (13%)

due to cervical problems 20

due to other reasons 13
reason not available 3
on part-time disability 11 (4%)
pension
other (for example 27 (10%)

studying, old age pension)

Smoking (present) yes 70 (25%)
(275) no 205 (75%)
Smoking (at the time of the operation) yes 112 (43%)

(260) no 148 (57%)
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Satisfaction to the result of the surgery 5 (very satisfied) 182 (65%)
(281) 4 (satisfied) 77 (27%)

3 (can’t say) 13 (5%)

2 (unsatisfied) 6 (2%)

1 (very unsatisfied) 3(1%)
Would the patient choose surgery again? yes 259 (96%)

(270) no 11 (4%)
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Table 4: Summary of the results of NDI questionnaires send to the patientsnow at the end of follow up.

NDI score number of
patients
0-20% 186 67%
21-40% 54 19%
41-60% 33 12%
61-80% 5 2%
81-100% 1 0,4%
n (%) median p-value
NDI (%)
All patients 279 12%
Primary diagnosis herniated disc 201 (72%) 12% 0,036
spondylosis 77 (28%) 18%

Age <30 27 (10%) 8% 0,364
>30 252 (90%) 12%

Gender female 122 (44%) 16% 0,008
male 157 (56%) 10%

Operated levels 1 235 (84%) 12% 0,189

2 or more 44 (16%) 16%
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Implant type Synthetic interbody cage 198 (71%) 12% synthetic vs autograft: 0,065

synthetic vs. no implant: 0,451

bone autograft 45 (16%) 12%
autograft vs. no implant: 0,521

no implant, discectomy only 36 (13%) 13%

Central compression no 202 (76%) 10% no vs. clinical myelopathy: 0,055

no vs. only radiological: 0,164

only radiological findings 32 (12%) 15%
only radiological vs. clinical: 0,514
clinical myelopathy 33 (12%) 18%
Number of reoperations 0 217 (78%) 10% 0,000
1 or more 62 (22%) 23%
Smoking (present) no 202 (74%)  12%
0,936
yes 70 (26%) 11%
Smoking (at the timeof no 145 (56% 12% 0,995
the operation)
yes 112 (44%) 12%
Satisfaction to the satisfied (grade 4-5) 257 (92%) 10% 0,000
surgery
unsatisfied or can’t say 21 (8%) 38%

(grade 1-3)




