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Outcome After Anterior Cervical Decompression and
Fusion—A Nationwide FinSpine Register Study of
Independent Predictors of Outcome at 12 Months After
Surgery for Degenerative Cervical Spine

Nikolai Klimko, MD,*“" Nils Danner, MD," Henri Salo, MSc” Anna Kotkansalo, MD, PhD,¢
Ville Leinonen, MD," and Jukka Huttunen, MD*"

Study Design. Longitudinal, nationwide register study.

Objective. To identify independent predictors of clinical out-
comes at 12 months for patients undergoing primary anterior
cervical discectomy and fusion (ACDF) for degenerative cervical
spine disease (DCSD).

Summary of Background Data. ACDF is an established surgical
treatment for DCSD. Identifying factors that predict successful
surgical outcomes can improve patient selection and inform de-
cision-making.

Methods. This study utilized data from the Finnish National
Spine Register (FinSpine), covering all Finnish centers that
perform ACDF surgery. Patients undergoing primary ACDF
surgery for DCSD between June 2016 and February 2024
without prior cervical spine surgery were included (n=5517).
Patients were grouped based on the patient symptom status
(“improved” vs. “indifferent or worse”) at 12 months post-
surgery. Predictive factors were identified using classification tree
analysis followed by binary logistic regression.
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Results. At 12 months, 76.8% (n=1799) of patients reported
symptom improvement, while 23.2% (n=>542) reported that
symptoms were indifferent or worse. Loss to follow-up for the
outcome variable was 57.6% at 12 months. The following factors
were associated with better outcomes: shorter preoperative pain
duration (<1 yr, OR=1.95, P<0.001), lower preoperative Neck
Disability Index (NDI) scores (<42, OR=1.37, P=0.012), and
nonsmoking (OR =1.37, P=0.030). The initial diagnosis also
influenced outcomes: patients treated for herniated disks and
nerve root stenosis were more likely to report improvement
compared to those with central canal stenosis or myelopathy
(P<0.001). Gender, age, BMI, working status, regular use of
pain medication, perioperative complications, muscle weakness,
levels fused, and use of plate versus stand-alone cage were not
independently predictive of outcomes.

Conclusions. Shorter preoperative pain duration, lower NDI
scores, and nonsmoking status were significant predictors of
good outcomes at 12 months after ACDF surgery for DCSD.
These findings can help to guide preoperative patient counseling
and enhance evidence-based decision-making for
treating DCSD.

Key Words: ACDF, anterior cervical decompression and fusion,
FinSpine, register study, independent predictors of outcome,
degenerative cervical spine, DCSD

(Spine 2025;50:664-671)

Degenerative cervical spine disease (DCSD) has be-
come a significant socioeconomic burden, and its
prevalence is increasing around the globe.l-2 In Finland,
cervical disk herniations alone account for over 100,000
annual sick leave days in a population of 5.5 million.3 In
the most recent disease burden report by the World Health
Organization in 2021, neck and back pain caused the most
disability-adjusted life years (DALYs) in the Finnish
population aged 40 to 54 years.4

Most symptoms of DCSD can often be managed
conservatively.>-7 However, while there is a group of pa-
tients for whom surgery is indicated, identifying those who
will benefit most from surgical intervention remains
controversial.5-8 Anterior cervical discectomy and fusion
(ACDF), initially described by Cloward et al,%-10 in 1958,
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has since established its role as a main surgical treatment
option for DCSD.11.12 ACDF can be used to treat both
degenerative radiculopathy and myelopathy, regardless of
whether the underlying cause is cervical disk herniation or
degenerative spondylosis.5:6.8

Previous studies have addressed independent factors
that may predict clinical improvement or nonsuccess after
ACDF for DCSD.13-16 In this study, we aimed to find
patient-related and treatment-related factors that predict
outcomes after ACDF in a nationwide cohort of consec-
utive patients. The novelty of our study is the utilization of
consecutive patient data from the Finnish nationwide
spine register (FinSpine). The main question was: Who is
most likely to benefit from ACDF surgery?

FinSpine patients

2016-2024
n =51752
Spine segment
data missing
n = 10264
Non-cervical spine
n = 31905
A
Cervical spine
n = 9583
Other cervical spine
surgery n = 2877
ACDF n = 6706
Previous cervical spine
surgery n = 823
Excluded
diagnoses! <
n = 366
A

Study population
n =5517

Figure 1. Flowchart of the FinSpine register population. The
study population included patients who underwent primary
ACDF for degenerative cervical spine disease. 'Non-
degenerative and missing surgical diagnoses were excluded
from the study population.

Copyright © 2025 The Author(s). Published by Wolters Kluwer Health, Inc.

MATERIALS AND METHODS

FinSpine Register

FinSpine, the Finnish national quality register for
spine surgery, contains comprehensive data from spine
surgeries performed in Finland since 2016.17 Based on
Finland’s tax-funded, universally accessible health care
system, most spine surgeries are carried out in public
hospitals. The current version of the register covers all 23
Finnish public hospitals as well as all major private
hospitals.!7

The register is maintained by the Finnish Institute
for Health and Welfare, an independent agency under the
Ministry of Social Affairs and Health, which is responsible
for pooling and storing the data from all participating
centers. In addition to maintaining a national quality
register, the Finnish Institute for Health and Welfare aims
to further develop the register and facilitate clinical re-
search in collaboration with researchers and clinical ex-
perts.

FinSpine is designed to automatically collect data
from the electronic patient records of participating hos-
pitals as well as patient-reported baseline and outcome
data along with surgeon-reported details of the
procedures.!7 Surgeon-reported parameters include: type
of surgery (primary vs. secondary vs. revision), levels of
fusion and decompression, fusion materials, in-hospital
and late-occurring complications, diagnosis, muscle
weakness caused by nerve root or spinal cord com-
pression, and antibiotic and thrombosis prophylaxis.
Relevant medical history, patient-reported outcome mea-
sures (PROMs), and patient-reported experience measures
(PREMs) are collected directly from patients. Data col-
lection includes visual analog scales (VAS; 0-100), the
Neck Disability Index (NDI),18 Oswestry disability index
(ODI),!9 and EQ-5D.20 Patient-reported data are gathered
by prompting patients to fill out questionnaires via an
online platform. Automatic prompts are sent before the
surgery and at 3 months, 1 year, 2 years, 5 years, and
10 years postoperatively. Participating hospitals have ap-
pointed designated research coordinators, who monitor
the response process, provide assistance and send re-
minders as needed.!”

Study Setting and FinSpine Cohort

A flowchart of the study is presented in Figure 1.
The current version of FinSpine contains records of pa-
tients who underwent spine surgery between June 9, 2016,
and February 29, 2024. At the time of data extraction,
FinSpine had entries from 19 out of 23 public hospitals,
covering every center in Finland in which ACDF surgery
is performed.

For this study, we included patients who underwent
primary ACDF surgery during the study period and had
no history of prior cervical spine surgeries. Patients were
required to have one of the following diagnoses as the
indication for surgery: disk hernia, nerve root stenosis,
central canal stenosis, myelopathy, or degenerative disk
disease. Accordingly, patients with any other diagnosis
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were excluded: trauma (n=269), metastasis (n=2), ky-
phosis (n=2), postoperative instability (n=1), primary
infection (n=7), isthmic spondylolisthesis (n=39), and
indication marked as “Other” (n=2). Cases in which the
indication was missing (n=33) were also excluded.

Out of the 51,752 identified patients, ACDF was
performed on 6706 patients, of whom 5517 met the in-
clusion criteria and formed the final study population.

The Main Outcome Variable

The patient-reported experience measure of global
perceived effect (GPE) at 12 months after surgery was
chosen as the main outcome variable. GPE was selected as
our primary outcome measure due to its simplicity and
direct clinical relevance. GPE captures a broad sense of
patient-perceived improvement that is relatively easy to
interpret. The specific question posed was, “How are your
symptoms currently?” with answer options being “im-
proved,” “indifferent,” or “worse” compared with the
situation before surgery. For all analyses, the outcome
variable was grouped into two categories: the “Improved”
group and the “Indifferent or Worse” group.

Whilst GPE may become more subjective over time
and can be influenced by multifactorial issues,?! we com-
plemented and validated our GPE data with the VAS and
NDI scores to provide a more comprehensive outcome
profile (Figure 2).

Potential Predictive Baseline Variables

The selection of potential predictors for this study
was primarily based on the variables available within the
FinSpine register. FinSpine features an advisory group,
comprising experts in the field, which has deliberated on
and designed the national register.!7 The variables used in
FinSpine are similar to and even compatible with those
used in other Nordic and European spine registers.22-24

A B

100 100

<
a
~
a

VAS Arm
VAS Neck

Baseline 3 Months 12 Months Baseline

Time Point

3 Months
Time Point

Potential predictive baseline variables were: age; sex
(male/female); body mass index (BMI); NDI score
(0-100); separate VAS scores (0-100) for arm and neck
pain; smoking status (yes/no); working status (working,
unable to work, retired, unemployed); categorical pain
duration (<6 wk, 6-12 wk, 3-12 mo, over 1 yr); regular
use of pain medication (yes/no); diagnosis (disk hernia-
tion, nerve root stenosis, central canal stenosis, myelop-
athy, degenerative disk disease); muscle weakness due to
nerve root or spinal cord compression (yes/no); perioper-
ative complication (yes/no); levels fused (1-4); and was the
fusion done with stand-alone cage or was a plate used.

Statistical Analysis

Statistical analyses were performed using RStudio
(version 2024.04.2) and IBM SPSS Statistics (version 28).

Descriptive data for the study population are pre-
sented according to the outcome variable, with means for
continuous variables and counts for proportions. Changes
over time in PROM results at three time points were es-
timated using linear mixed models (LMM).

To identify possible predictive factors, a classi-
fication tree analysis was conducted using the Chi-squared
automatic interaction detection (CHAID) method, with
parent and child node sizes of 250 and 100 subjects, re-
spectively. Statistically significant factors (P <0.05) from
the classification tree were then used to build a binary
logistic regression model to estimate the possible in-
dependent effects of these factors. The regression model
was internally validated by bootstrapping with 1000 re-
samples.

Ethical Approval

This registered study has been permitted by the
Finnish Institute for Health and Welfare and approved by
the Ministry of Social Affairs and Health of Finland.

C

. 100 .

~
a

NDI Score

N
a

0

12 Months Baseline 3 Months 12 Months

Time Point

Global perceived effect at 12 months after primary ACDF surgery E Indifferent or worse E Improved E Non-GPE PROM data only

Figure 2. Patient-reported outcome measures in the primary ACDF population. Horizontal lines in boxplots represent median
values. Statistical significance between “improved” and “indifferent or worse”—groups is presented with *—symbols. * P<0.05, **
P<0.01, *** P<0.001. P-values were obtained using linear mixed models. “Non-GPE PROM data only”—group represents a group
of patients for whom the global perceived effect (GPE) outcome variable data was lost to follow-up. NDI Score indicates Neck

Disability Index Score; VAS, visual analog scale.
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Record number: THL/216/6.02.00/2024. According to
Finnish research legislation, register-based studies do not
require separate institutional ethical board approval.

RESULTS

In the study population comprising 5517 patients
undergoing ACDF surgery, the mean age was 52.8 years
(SD £10.8), with a slightly higher proportion of males
(52.0%, n=2868). Synthetic implants were used in all
cases. A stand-alone cage was utilized in 98.8% of the
cases (n=15545). The usage of a plate increased sig-
nificantly with the number of fused levels: 7% for three
levels, 1.2% for two levels, and 2.3% for a single-level
fusion (P =0.018). The baseline characteristics of the study
population are summarized in Table 1. The mean baseline
NDI score was 42.7 (£17.1), with a VAS score for arm
pain of 57.5 (£27.2) and a VAS score for neck pain of
55.5 (£26.9). Boxplots of baseline, 3-month, and 12-
month VAS arm, VAS neck, and NDI scores are shown in
Figure 2 (see Table, Supplementary Digital Content 1,
http://links.Iww.com/BRS/C655, for full descriptive sta-
tistics specific to the boxplots).

The 12-month postoperative response rate for the
GPE outcome variable in the cohort was 42.4% (n =2341).
Improvement was reported by 76.8% (n=1799) of pa-
tients, whereas 23.2% (n=542) reported that their symp-
toms were indifferent or worse.

In the “Improved” group, the baseline NDI score
was 41.8 (£0.5), with a significant reduction of 23.0 points
(£0.4, P<0.001) at 12 months, as estimated by the linear
mixed model. Similarly, the VAS arm pain score was 55.2
(£0.8) at baseline, with a 12-month reduction of 30.7
points (0.9, P<0.001). The baseline VAS score for neck
pain was 53.4 (+0.7), which declined by 29.2 points
(£0.8, P<0.001) at 12 months. Patients who reported
their symptoms as “indifferent or worse” at 12 months had
higher baseline scores: NDI=46.4 (P<0.001), VAS
arm=>58.4 (P=0.047), VAS neck=57.9 (P=0.003). At
12 months, the “indifferent or worse” group showed less
improvement in NDI (4.8 points, P<0.001) and VAS
scores (2.3 points for arm pain, 4.1 points for neck pain,
P <0.001) (see Table, Supplementary Digital Content 2,
http://links.Iww.com/BRS/C656, for the full detailed linear
mixed model results).

Potential predictive baseline variables were entered
into a classification tree analysis, resulting in three decision
nodes and seven terminal nodes, illustrated in Figure 3. The
most significant predictor was pain duration before surgery
(P <0.001). Patients treated within 12 weeks of pain onset
reported symptom relief in 91.4% of cases. The group with
pain duration of 3 to 12 months (or unknown due to missing
baseline data) had a relief rate of 78.6%. For patients whose
pain duration exceeded one year, 69.0% reported relief;
within this group, baseline NDI (P=0.019) further sub-
divided the group, with favorable outcomes more frequent
in patients with NDI <42 (75.2% vs. 64.3%).

Within the group that had pain lasting 3 to
12 months (or unknown duration), significant differences

Copyright © 2025 The Author(s). Published by Wolters Kluwer Health, Inc.

TABLE 1. Baseline Characteristics of the Study Population.

Variable n Missing, n (%)
Patients, n 5517 0
Age, mean (£ SD) 52.8%£10.8 0
Male, n (%) 2868 (52%) 0
BMI, mean (*SD) 28.6%5.3 2503 (45.4)
NDI Score, mean (+ SD) 42.7+17.1 2600 (47.1)
VAS Arm, mean (+SD) 57.5+£27.2 2657 (48.2)
VAS Neck, mean (*SD) 55.5£26.9 2594 (47.0)
Smoking, n (%) 739 (24.5) 2497 (45.3)
Working status, n (%) 2517 (45.6)

Working 1622 (54.1)

Unable to work 741 (24.7)

Retired 452 (15.1)

Unemployed 185 (6.2)
Pain duration, n (%) 2531 (45.9)

Less than 6 wk 140 (4.7)

6-12 wk 264 (8.8)

3-12 mo 1165 (39)

Over 1 yr 1417 (47.5)
Regular use of painkillers, n (%) 1763 (58.8) 2521 (45.7)
Diagnosis, n (%) 0

Disk hernia 1743 (31.6)

Nerve root stenosis 2827 (51.2)

Central canal stenosis 675 (12.2)

Myelopathy 185 (3.4)

Degenerative disk disease 87 (1.6)
Radiculopathy, n (%) 1449 (26.7) 91 (1.6)
Spinal cord injury, n (%) 485 (8.9) 92 (1.7)
No. levels, n (%) 2964 (53.7)

One 1745 (68.3)

Two 749 (29.3)

Three 57 (2.2)

Four 2 (0.1)
Fused levels, n (%)

C3-4 103 (3.0)

C4-5 426 (12.5)

C5-6 1530 (45.0)

C6-7 1228 (36.1)

C7-Thl 113 (3.3)
Plate vs. stand-alone cage 0

Stand-alone cage 5453 (98.8)

Cage + plate 64 (1.2)
Perioperative complication, n (%) 90 (1.7) 130 (2.4)
Global perceived effect at 12 mo post-op, 3176 (57.6)

n (%)

Improved 1799 (76.8)

Indifferent or worse 542 (23.2)

NDI Score indicates Neck Disability Index Score; VAS, visual analog scale.

were found based on diagnosis (P <0.001). Patients with
disk herniation had an 84.3% improvement rate, whereas
those with central canal stenosis or degenerative disk
disease showed a 65.3% improvement rate. Patients with
nerve root stenosis or myelopathy had an improvement
rate of 78.6%, which was further subdivided by pre-
operative smoking status (P=0.038); nonsmokers were
more likely to report symptom relief (83.8% vs. 75.6%).
Significant factors from the classification tree anal-
ysis were further analyzed using a binary logistic re-
gression model (Table 2). Pain duration of less than one
year before surgery remained the most significant pre-
dictor of symptom improvement, with an odds ratio (OR)
of 1.95 (95% CI: 1.52-2.51, P<0.001). Preoperative NDI
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Included baseline variables

Age

Sex

BMI

Pain duration

Diagnosis for the surgery
Perioperative complication

Working status

Muscle weakness due to a nerve root

Global perceived effect at 12 months after primary ACDF surgery

Node 0
Category % n
Indifferent or worse 232 542
Improved 76.8 1799
Total 100.0 2341

I
Pain duration prior to the surgery (p < 0.001)
|

compression
Muscle weakness due to a spinal cord [ | |
compression 3 - 12 months; Unknown Less than 6 weeks; 6 - 12 weeks Over 1 year
NDI Score Node 1 Node 2 Node 3
Neck pain, VAS ode ode ode
Arm pain, VAS Category % n Category % n Category % n
Smoking pre-operatively Indifferent or worse ~ 21.0 281 Indifferent or worse 86 19 Indifferent or worse ~ 31.0 242
Regular need for painkillers Improved 79.0 1059 Improved 91.4 201 Improved 69.0 539
Levels fused Total 100.0 1340 Total 100.0 220 Total 100.0 781
Plate vs. stand-alone cage I I
Diagnosis for the surgery (p < 0.001) NDI Score (p =0.019)
| \
\ \ \ \ \
Nerve root stenosis; Myelopathy Disc Hernia Central canal stenosis; Degenerative disk disease <42 > 42; Unknown
Node 4 Node 5 Node 6 Node 7 Node 8

Category % n Category % n Category % n Category % n Category % n

Indifferent or worse 214 145 Indifferent or worse 157 77 Indifferent or worse 347 49 Indifferent or worse 248 84 Indifferent or worse 357 158

Improved 78.6 533 Improved 843 415 Improved 65.3 111 Improved 752 255 Improved 64.3 284

Total 100.0 678 Total 100.0 492 Total 100.0 170 Total 100.0 339 Total 100.0 442

I

Smoking pre-operatively (p = 0.038)
|

\ \

Not smoking Smoking; Unknown
Node 9 Node 10
Category % n Category % n
Indifferent or worse 16.2 40 Indifferent or worse 244 105
Improved 83.8 207 Improved 756 326
Total 100.0 247 Total 100.0 431

Figure 3. Classification tree analysis of the study population. The classification tree was built using the Chi-squared automatic
interaction detection (CHAID) method. NDI Score indicates Neck Disability Index Score; VAS, visual analog scale.

scores <42 were also associated with better outcomes
(OR =1.37, 95% CI: 1.06-1.75, P=0.012). Nonsmokers
were more likely to report symptom improvement than
smokers (OR=1.37, 95% CI. 1.04-1.83, P=0.030).
Among diagnostic groups, patients with a herniated disk
were most likely to report improvement at 12 months after
surgery. Patients with nerve root stenosis were the second

TABLE 2. Binary Logistic Regression Model
95% CI

Variable n OR Lower Upper P
NDI Score <42 690 (vs. 137 1.06 1.75 0.012
807)
Pain duration before 786 (vs. 195 152 251 <0.001
surgery <1y 711)
No smoking preoperatively 1162 (vs. 1.37 1.04 1.83 0.030
335)
Diagnosis
Disk hernia (reference) 467 <0.001
Nerve root stenosis 784 061 044 082 <0.001
Central canal stenosis 178 042 027 0.66 <0.001
Myelopathy 46 041 0.21 0.85 0.007
Degenerative disk disease 22 046 0.17 1.84 0.115

Bold values are in Statistically significant P value.

Binary logistic regression model, internally validated by bootstrapping with
1000 resamples. Odds ratios (OR) indicate the likelihood of inclusion in the “im-
proved” category 12 months after ACDF surgery. The included variables were
selected based on the results of classification tree analysis.

NDI Score indicates Neck Disability Index Score.

668 | www.spinejournal.com

most likely group to benefit (OR=0.61, 95% CI:
0.44-0.82, P<0.001), whereas patients with central canal
stenosis (OR =0.42, 95% CI: 0.27-0.66, P<0.001) and
myelopathy (OR =0.41, 95% CI: 0.21-0.85, P=0.007)
were least likely to report symptom relief (ORs are given
with disk herniation as the reference). Degenerative disk
disease did not significantly affect outcomes (P=0.115).

DISCUSSION

We studied predictive factors of outcome at 12 months
after primary ACDF surgery in a nationwide FinSpine co-
hort of 5517 consecutive patients. Overall, patients benefit
from ACDF surgery for degenerative cervical spine disease.
Most patients report symptom relief at 12 months after
surgery, with an average reduction of 23 points in NDI and
31 points in VAS arm pain compared with baseline.

Pain duration before surgery was the most substantial
predictor of outcome. In our binary logistic regression
model, patients whose pain lasted less than one year were
almost twice as likely to report improvement at 12 months
postoperatively. In the classification tree analysis, the
highest GPE success rate at 12 months was observed in
patients who underwent surgery within 12 weeks of symp-
tom onset. Naturally, this group included those with the
most severe symptoms—potentially introducing selection
bias—yet it shows that those with severe symptoms can
derive the greatest benefit from timely intervention.

Copyright © 2025 The Author(s). Published by Wolters Kluwer Health, Inc.



8/ +AWAOANDIMBRAAAAYO/FOAEIOYIASALLIAIPOOAEIEAHION/AD AUMY TXOMAD

YOINXFOHISABZIyY TN +eyNIOITWNOTZTARHHJRSHINAYE AQ [euinolauids/woo mm| sfeuinol//:dny woly papeojumod

G20¢/ve/v0 uo

Spine ¢ Volume 50, Number 10, May 2025

Predictors of 12-month ACDF Outcome e Klimko et al

Patients with lower preoperative NDI scores were
also more likely to experience improvement, suggesting
that less severe neck pain-related disability is associated
with better overall outcomes. Smoking status had a similar
impact, with nonsmokers reporting superior outcomes.

These results align with a recent publication based
on the data from the Norwegian Registry for Spine Sur-
gery (NORSspine), focusing on a model of nonsuccess after
cervical spine surgery for degenerative radiculopathy.!6 In
the NORspine study, pain duration over one year and
NDI scores >41 were associated with an increased rate of
nonsuccess in neck disability and arm pain at 12 months,
smoking was associated with nonsuccess in arm pain
only.!6 Long-lasting pain,!4.25 neck pain as the dominant
symptom,25 and smoking!4.26.27 have been found to pre-
dict poorer outcomes also in other previous studies.
However, a study by Mangan et al?8 found that current
smoking status did not influence PROMs at a mean fol-
low-up time of 19.8 months.

On average, patients in our study cohort reported an
NDI score in the upper range of moderate disability (30%—
48%), indicating a substantial burden of neck-related
symptoms. If surgery is delayed and NDI scores increase,
it is reasonable to assume that comparable GPE success
rates may be harder to achieve. Although high pre-
operative NDI scores and therefore neck pain—dominant
symptoms might predict worse GPE outcomes at
12 months, ACDF surgery can still provide significant
relief in neck pain, as demonstrated in Figure 2. Recent
studies have also been reporting significant improvement
in neck pain after ACDF.29-31

We found that GPE success at 12 months was also
influenced by the surgical diagnosis. A significant effect
was observed in the classification tree subgroup of patients
with pain lasting 3 to 12 months, including those with
missing baseline pain duration data. This was further
confirmed by regression analysis. Patients with disk her-
niations showed the highest rates of improvement, fol-
lowed by those with nerve root stenosis. Patients with
central canal stenosis or myelopathy were least likely to
report improvement, which is not unexpected, as surgery
for these conditions typically aims to halt the progression
of myelopathy-related symptoms.

In our study population, preoperative working status,
muscle weakness caused by either nerve root compression
or myelopathy, regular use of pain medication, age, gender,
BMI, perioperative complications, single-level versus mul-
tilevel fusion, as well as plate versus stand-alone cage
comparison, had no significant effect on GPE at 12 months
in classification tree analysis. For BMI and gender, mixed
results have been previously published.!4:16.32.33 Tn a study
of patients undergoing ACDF surgery for myelopathy or
radiculopathy, Archer er al'4 found that female sex with
odds of having better mJOA (modified Japanese Ortho-
paedic Association scale) at 12 months but worse NDI
scores at 12 months. Similarly, Scerrati er aP’3 found the
female sex to be associated with worse NDI outcomes at
12 months. In the Scerrati er al?3 study, higher BMI cor-
related with worse NDI outcomes at 12 months in uni-

Copyright © 2025 The Author(s). Published by Wolters Kluwer Health, Inc.

variate analysis but was insignificant in multivariate
analysis. Teo et al??2 reported patients exhibiting similar
outcomes irrespective of BMI at six months and two years
after ACDF. In the NORSpine study, gender or BMI did
not predict outcomes, aligning with our results.!6 Interest-
ingly, perioperative complications did not significantly in-
fluence the 12-month GPE outcomes in our study.
Although the evidence on ACDF outcomes is limited, ex-
isting literature on lumbar spine surgery indicates that mi-
nor complications do not significantly affect long-term
outcomes.34-36 Given the rarity of severe complications,
they are probably less likely to impact outcomes on a
national scale.

A key strength of this study is the comprehensive,
nationwide FinSpine register, which is specifically de-
signed for spinal surgery and well suited to our research
objectives. Finland’s nearly free public health care system
ensures that all individuals have access to treatment, re-
sulting in an unselected, representative patient sample
without selection bias. Moreover, FinSpine’s coverage of
all centers performing ACDF surgery generates a cohort
of consecutive patients, further minimizing selection bias.
This design allows the findings of the study to be gener-
alized to a national, population-based level, presenting
real-life data on ACDF surgery and factors affecting
outcomes. Surgery-specific data are entered by spine sur-
geons themselves, meaning experts populate the register,
which likely reduces the risk of errors. Furthermore, the
large number of patients who completed PROMs enables
robust analysis.

A common limitation in clinical register studies is
incomplete data, and not all confounding factors are
known. In our study, the response rate for the 12-month
GPE outcome questionnaire was 42.4%, raising the pos-
sibility that loss to follow-up could introduce attrition
bias. However, previous publications from Nordic na-
tional quality registers suggest that nonrespondents do not
bias the outcome assessments.373% We have also recently
published a study based on the current FinSpine data,
demonstrating similar results.40 Although the outcomes do
not seem to be affected by the attrition bias, patients may
differ in their baseline characteristics as well as co-
morbidities and socioeconomic status between re-
spondents and nonrespondents. Currently, detailed
comorbidity data are not recorded in FinSpine. This
omission represents a potential limitation of our study as
comorbidities can significantly influence postoperative
outcomes. 16

The general limitations of retrospective studies also
apply to the FinSpine register. However, our study does
not involve any unique issues in this regard. In addition to
attrition bias and incomplete data, we recognize the pos-
sibility of data entry errors by both patients and operating
surgeons. In a national register such as FinSpine, which is
populated by a large number of individuals, even specific
questions can be perceived and answered differently.
Therefore, harmonizing data requires validation, training,
and informed communication.22.23
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CONCLUSIONS

This study analyzed a nationwide FinSpine cohort of
5517 patients who underwent ACDF surgery. Our findings
indicate that most patients experience significant symptom
relief at 12 months postsurgery. Based on these results,
timely surgical intervention—specifically, operating with
pain duration of less than a year and with lower Neck
Disability Index (NDI) scores—appears to improve success
rates as measured by PREMs/PROMs. These findings can
help guide preoperative patient counseling and enhance
evidence-based decision-making for treating DCSD.

> Key Points

U FinSpine is a Finnish national spine register
containing data on 5517 primary ACDF
surgeries for degenerative cervical spine disease.

U At 12 months after surgery, 76.8% of patients
reported symptom improvement.

4 Shorter pain duration (<1 yr), lower neck
disability (NDI) scores (<42), and nonsmok-
ing were associated with better outcomes.

U Patients treated for herniated disks and nerve
root stenosis were more likely to report symp-
tom relief at 12 months compared with those
with central canal stenosis or myelopathy.
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