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OBJECTIVE The long-term efficacy of posterior foraminotomy compared with anterior cervical decompression and
fusion (ACDF) for the treatment of degenerative disc disease with radiculopathy has not been previously investigated in a
population-based cohort.
METHODS All patients in the national Swedish Spine Register (Swespine) from January 1, 2006, until November 15,
2017, with cervical degenerative disc disease and radiculopathy were assessed. Using propensity score matching, patients treated with posterior foraminotomy were compared with those undergoing ACDF. The primary outcome measure
was the Neck Disability Index (NDI), a patient-reported outcome score ranging from 0% to 100%, with higher scores
indicating greater disability. A minimal clinically important difference was defined as > 15%. Secondary outcomes were
assessed with additional patient-reported outcome measures (PROMs).
RESULTS A total of 4368 patients (2136/2232 women/men) met the inclusion criteria. Posterior foraminotomy was
performed in 647 patients, and 3721 patients underwent ACDF. After meticulous propensity score matching, 570 patients
with a mean age of 54 years remained in each group. Both groups had substantial decreases in their NDI scores; however, after 5 years, the difference was not significant (2.3%, 95% CI −4.1% to 8.4%; p = 0.48) between the groups. There
were no significant differences between the groups in EQ-5D or visual analog scale (VAS) for neck and arm scores. The
secondary surgeries on the index level due to restenosis were more frequent in the foraminotomy group (6/100 patients
vs 1/100), but on the adjacent segments there was no difference between groups (2/100).
CONCLUSIONS In patients with cervical degenerative disc disease and radiculopathy, both groups demonstrated clinical improvements at the 5-year follow-up that were comparable and did not achieve a clinically important difference from
one another, even though the reoperation rate favored the ACDF group. This study design obtains population-based
results, which are generalizable.
https://thejns.org/doi/abs/10.3171/2019.9.SPINE19787
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ervical radiculopathy is characterized by radiating
pain from the neck to the shoulder or arm. Radiculopathy is typically the consequence of degenerative disc changes such as disc herniations and/or osteophyte formations. The lower cervical segments are more
frequently affected.8 When treatment with medication,

therapeutic injections, and physiotherapy has failed, there
are several surgical treatment options available. The most
common surgery for disc-induced radiculopathy is anterior cervical decompression and fusion (ACDF). In the
United States, more than 120,000 patients undergo ACDF
surgery annually, with an increase of 4% per year.16 ACDF

ABBREVIATIONS ACDF = anterior cervical decompression and fusion; MCID = minimal clinically important difference; NDI = Neck Disability Index; PROM = patientreported outcome measure; Swespine = Swedish Spine Register; VAS = visual analog scale.
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is believed to accelerate adjacent-segment pathology, that
is, degenerative changes at the level immediately adjacent
to a surgically treated level.8
Posterior cervical foraminotomy may be more costeffective, in the short term, with quicker returns to work
than ACDF surgery.1,26 Short-term follow-up has not
demonstrated any differences in adverse events or the
need for secondary surgeries.11 Higher rates of wound
infections and hospital readmissions have been reported
after posterior surgeries, and higher rates of postoperative dysphagia have been observed after ACDF surgery.30
Posterior foraminotomy preserves motion at the index
level, but no protection against deterioration at the adjacent cervical segments has been realized in practice.13,17
Posterior foraminotomy surgery decreased in the US from
3.4/100,000 in 1992 to 1.2/100,000 in 2005.27
The national Swedish Spine Register (Swespine) was
founded in 1993. Cervical spine procedures have been
included in Swespine since 2006.24 Using Swespine, the
primary aim of this study was to compare the 5-year clinical outcome results in Neck Disability Index (NDI) in
patients with cervical degenerative disc disease and radiculopathy who were treated with either posterior foraminotomy or ACDF surgery. Secondary outcomes assessed
were EQ-5D scores, visual analog scale (VAS) scores for
neck and arm, and secondary surgery. The hypothesis was
that patients with fused levels perform equally well and do
not experience more adjacent-segment pathology than do
patients with preserved motion.

Methods

Trial Design
In this prospective, register-based cohort study, data
were collected for all Swedish patients undergoing surgery on the cervical spine, registered in Swespine, since
the registration of cervical procedures began on January
1, 2006. Final follow-up information was entered on November 15, 2017. Inclusion criteria were cervical disc herniation or foraminal stenosis with radiculopathy treated
surgically with posterior foraminotomy or ACDF. ACDFs
utilized plate with autograft/allograft, stand-alone cage, or
cage with plate. Exclusion criteria were previous cervical
surgery, presence of myelopathy, or instability.
Data Collection and Outcomes
Patients completed baseline and mailed follow-up questionnaires as well as validated patient-reported outcome
measures (PROMs) without any assistance from the surgeon.5,24 Preoperative patient data included routine demographics, smoking habits, work status, sick listing, duration of neck pain, attitude toward returning to work, use of
analgesics, fine motor skills, and PROMs, including NDI,
EQ-5D, and VAS separately for arm and neck pain. The
surgeon recorded data, including diagnosis, surgical treatment, surgical levels, neurological impairment, Ranawat
grading,21 instability, type of implant, and any perioperative complications. Follow-up questionnaires and PROMs
were sent to the patients after 1, 2, and 5 years postoperatively. The follow-up questionnaire included information
about postoperative pain and fine motor skills, global as-

sessment, sick listing, heavy work, exercise, and if the patients suffered from dysphagia or hoarseness more than 1
month postoperatively (yes/no) or had other complications
(thrombosis, emboli, antibiotic treatment).
The primary outcome (NDI score) is a 10-item, self-administered questionnaire measuring disability in patients
with neck pain. The questions measure daily activities
(e.g., the ability to dress, lift heavy objects, read, work,
drive a car, sleep, and perform leisure activities) as well as
concentration abilities and the severity of pain and headache. Each item is scored from 0 to 5. The maximum score
is 50 points, indicating severe disability, and the minimum
score is 0, indicating no disability. In order to deal with
items which may have been mistakenly overlooked by the
patient, the score is transformed into a percentage (range
0%–100%).19 The minimal clinically important difference
(MCID) in NDI has been reported to be 15%–17%3,19,31
with a standard deviation of 17%.12
Secondary outcomes were the EQ-5D (ranging from
−0.5 to 1, with higher scores reflecting a better quality of
life), EQ-5D health (ranging from 0 to 100, with higher
scores indicating better health), and VAS for neck and arm
pain14 (ranging from 0 to 10, with higher scores indicating
more severe pain). The MCID is 0.24 for EQ-5D19 and 2.5
for VAS of the neck and arm.3
Study Oversight
This study was approved by the Swedish ethics review board. Since 1998, Swespine has been entirely patient based, and all participants provide oral and written
informed consent. The Swespine register is owned and
governed by the Swedish Society of Spinal Surgeons
(www.4s.nu) with public financial support.
Statistical Analysis
Missing values were replaced with multiple imputation
using chained equations as implemented in the R package
MICE,28 generating 100 imputations. These imputations
were analyzed, one at a time, pooling the results using
Rubin’s rules.28 The following imputation models were
used: predictive mean matching for numerical variables,
logistic regression for dichotomous variables, and ordinal
regression for ordinal variables. The proportion of missing
values ranged from 0.1% for “number of degenerative levels” to 16.8% for “attitude toward returning to work after
surgery.”
To select confounders that might give rise to treatment
selection bias, we used present knowledge and a directed
acyclic graph (DAG).7 A propensity score was constructed
to control for the following potential covariates: sex, age
(continuous), smoking (current vs no smoking at present),
BMI (continuous; kg/m2), employed (yes vs no), sick leave
(yes vs no), disability pension (yes vs no), number of degenerated levels (1–4), attitude toward returning to work
after surgery (positive vs negative), and preoperative NDI
(continuous).
Patients were matched 1-to-1 based on estimated propensity scores limited by the requirement that the difference between scores should be no larger than 0.005
and surgery should have taken place within 180 days.
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TABLE 1. Baseline characteristics before and after propensity score matching
Before Matching

After Matching

Covariate

PF (n = 647)

ACDF (n = 3721)

p Value

PF (n = 570)

ACDF (n = 570)

p Value

Male, n (%)*
Mean age, yrs (SD)*
Smoking, n (%)*
Mean BMI (SD)*
Unemployed, n (%)*
Sick leave, n (%)*
Disability pension, n (%)*
Mean no. of levels (SD)*
Positive returning to work, n (%)*
Mean preop NDI score, % (SD)*
Pension, n (%)
Heavy work, n (%)
Mean hospital time, days (SD)
Fine motor skill, n (%)
Mean EQ-5D score (SD)
Mean VAS-neck score (SD)
Mean VAS-arm score (SD)

401 (62.0)
55.2 (9.3)
112 (17.3)
26.4 (3.9)
72 (11.1)
223 (34.5)
181 (28.0)
1.65 (0.8)
525 (81.1)
39.1 (17.2)
96 (14.8)
151 (23.3)
1.8 (1.4)
408 (63.1)
0.4 (0.3)
5.7 (2.6)
5.4 (2.7)

1831 (49.2)
49.9 (9.2)
652 (17.5)
26.9 (4.7)
425 (11.4)
1754 (47.1)
1322 (35.5)
1.35 (0.5)
3084 (82.9)
43.7 (17.1)
279 (7.5)
1000 (26.9)
2.2 (1.7)
2568 (69.0)
0.4 (0.3)
5.9 (2.5)
5.7 (2.6)

<0.001
<0.001
0.90
0.028
0.83
<0.001
<0.001
<0.001
0.28
<0.001
<0.001
0.06
<0.001
0.003
<0.001
0.06
0.007

341 (59.8)
54.1 (8.8)
102 (17.9)
26.5 (3.9)
62 (10.9)
212 (37.2)
170 (29.8)
1.52 (0.7)
469 (82.3)
40.1 (17.1)
63 (11.1)
145 (25.4)
1.8 (1.4)
368 (64.6)
0.4 (0.3)
5.7 (2.6)
5.4 (2.7)

329 (57.7)
54.1 (9.0)
102 (17.9)
26.5 (3.7)
67 (11.8)
213 (37.4)
181 (31.8)
1.55 (0.6)
461 (80.9)
39.8 (16.7)
71 (12.5)
141 (24.7)
2.0 (1.4)
376 (66.0)
0.4 (0.3)
5.8 (2.5)
5.7 (2.5)

0.47
0.96
>0.99
0.80
0.64
0.95
0.48
0.53
0.54
0.83
0.46
0.78
<0.001
0.62
0.69
0.58
0.05

PF = posterior foraminotomy.
* Selected confounders used for propensity score matching.

Matching was performed using logistic regression models with posterior foraminotomy as the outcome and the
confounders as explanatory variables. The mean and SD
for numerical variables and the numbers and percentages
for categorical variables, before and after matching, were
calculated, together with a p value for the null hypothesis
of equal distributions. Time plots illustrate primary and
secondary outcomes after 1, 2, and 5 years of follow-up.
Using ANCOVA, we compared the mean 5-year outcome
values between the treatment groups, adjusted for the covariates included in the propensity score and also for the
baseline values for each outcome. The mean differences of
the 5-year values between the groups are presented with
95% CIs and p values. A positive mean difference corresponds to higher values for posterior foraminotomy (compared with ACDF). In addition, all available cases were
analyzed, including all patients who had completed each
follow-up, with imputation for missing data.
Patient demographics were followed up for all available
cases using linear regression for the numerical variables
weight and BMI (mean differences between groups); logistic regression for the dichotomous variables pension,
sick leave, disability pension, improvement of fine motor
skills, working, heavy work, and dysphagia (results presented as odds ratios with fusion used as reference); and
ordinal regression for postoperative sick leave and satisfaction index (odds ratios).
The mean number of complications and secondary
surgeries was computed for all available cases for each
group and compared using unadjusted and adjusted linear
regression analyses. Reoperations on the index level and
the adjacent levels were analyzed separately.
346

All statistical analyses were performed using R, version 3.1.0 (R Foundation for Statistical Computing).

Results

We enrolled 6052 patients, of whom 4368 met the inclusion criteria. Posterior foraminotomy had been performed in 647 patients (mean age 55 years), of whom 246
(38%) were women and 401 (62%) were men. A total of
3721 patients (mean age 50 years) had undergone ACDF,
including 1890 women (51%) and 1831 men (49%). The
percentages of smokers and the attitude toward returning
to work after surgery were similar in both groups, while
fine motor skills were less impaired in the foraminotomy
group (408 patients [63%]) than in the ACDF group (2568
patients [69%]; p = 0.003). In the foraminotomy group,
there were slightly more retired patients (96 [15%]) and
fewer sick-listed patients (223 [35%]) compared with the
ACDF group (279 retired patients [8%], p < 0.001; and
1754 sick-listed patients [47%], p < 0.001). The mean hospital stay was 1.8 ± 1.4 days for the foraminotomy group
and 2.2 ± 1.7 days for the ACDF group (p < 0.001) (Table
1). There were 2719 of 3688 responding patients (74%)
with 1-year follow-up, 2115 of 3111 patients (68%) with
2-year follow-up, and 1033 of 1539 patients (67%) with
5-year follow-up (Fig. 1). After propensity score matching, 570 patients with 5-year follow-up remained in each
group, and there was a good covariate balance between
the groups (Table 1).
The cervical levels involved were allocated within
the propensity score–matched patient groups as follows:
C3–4, 48 (4.2%); C3–5, 17 (1.5%); C3–6, 9 (0.8%); C3–7,

J Neurosurg Spine Volume 32 • March 2020
Unauthenticated | Downloaded 01/08/23 02:51 PM UTC

MacDowall et al.

FIG. 1. CONSORT diagram. All available patients are collected at each time point; therefore, several patients in the baseline box
(n = 3721) are not shown in the follow-up boxes because they have not yet reached 1 or 2 years of follow-up. Hence, they are not
counted as lost to follow-up.

6 (0.5%); C4–5, 51 (4.5%); C4–6, 111 (9.7%); C4–7, 37
(3.2%); C5–6, 265 (23.2%); C5–7, 343 (30.1%); C5–T1, 7
(0.6%); C6–7, 195 (17.1%); C6–T1, 20 (1.8%); C7–T1, 25
(2.2%); and missing, 6 (0.5%).
Outcome at 5 Years
The foraminotomy group improved in NDI from 41.3%
(95% CI 37.6%–44.9%) to 28.3% (95% CI 23.7%–32.8%),
and the ACDF group improved from 40.7% (95% CI
36.2%–45.1%) to 25.1% (95% CI 19.8%–30.4%), with a
mean difference of 2.3% (95% CI −4.1% to 8.7%, p = 0.48)
(Table 2 and Fig. 2).
There were no significant mean differences between
groups in EQ-5D (−0.07, 95% CI −0.18 to 0.04; p = 0.22),
VAS-neck (0.69, 95% CI −0.36 to 1.74; p = 0.20), or VASarm (0.68, 95% CI −0.39 to 1.75; p = 0.21) (Table 2 and
Fig. 2).

Follow-Up of Demographics and Secondary Surgery
At the 1-year follow-up, more patients in the ACDF
group than in the foraminotomy group reported hoarseness and dysphagia that lasted more than 1 month after
surgery (OR 0.15 [95% CI 0.08–0.29, p < 0.001] and OR
0.09 [95% CI 0.05–0.17, p < 0.001], respectively). We observed no differences between the groups for other baseline variables (BMI, working status, sick listing, disability
pension, fine motor skills, and satisfaction index).
In the posterior foraminotomy group, 38 of 358
(10.6%) reported postoperative superficial wound healing issues compared with 80 of 2344 patients (3.4%)
treated with ACDF (raw data without imputation and
before propensity score matching). After propensity
score matching, the OR was 3.94 (95% CI 1.87–8.30, p <
0.001). No patient in the foraminotomy group had a surgical intervention for deep infection, while 1 patient in
J Neurosurg Spine Volume 32 • March 2020
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3.47 (2.65 to 4.28) 2.0 (0 to 10)
5.40 (4.85 to 5.95) 6.0 (0 to 10)

* Adjusted for sex, age, smoking, BMI, unemployed, sick leave, disability pension, number of degenerated levels, attitude toward returning to work after surgery, and baseline values for each outcome.

2.83 (2.11 to 3.56) 2.0 (0 to 10)
5.70 (5.05 to 6.35) 6.0 (0 to 10)

0.68 (−0.39 to 1.75), 0.21

3.08 (2.32 to 3.85) 2.0 (0 to 10)
5.52 (4.84 to 6.20) 6.0 (0 to 10)
3.84 (3.09 to 4.58) 3.0 (0 to 10)
5.68 (5.14 to 6.22) 6.0 (0 to 10)

70 (1 to 100)
63.9 (58.2 to 69.5) 68 (8 to 100)
50 (0 to 100)
47.9 (43.3 to 52.5)

0.69 (−0.36 to 1.74), 0.20

68.2 (62.2 to 74.2)
49.3 (43.7 to 54.9) 50 (0 to 100)

−3.9 (−12.5 to 4.6), 0.36

0.68 (0.60 to 0.75) 0.8 (−0.6 to 1.0) −0.07 (−0.18 to 0.04), 0.22
0.42 (0.34 to 0.50) 0.4 (−0.6 to 1.0)
0.60 (0.52 to 0.68) 0.7 (−0.3 to 1.0)

42 (0 to 84)

NDI score,
%
EQ-5D
score
EQ-5D
health
score
VAS-neck
score
VAS-arm
score

41.3 (37.6 to 44.9)

Median (range)
Mean (95% CI)

Baseline

0.43 (0.36 to 0.49) 0.5 (−0.5 to 1.0)

2.3 (−4.1 to 8.7), 0.48
20 (0 to 98)
25.1 (19.8 to 30.4)
40 (0 to 92)
40.7 (36.2 to 45.1)
28.3 (23.7 to 32.8) 24 (0 to 84)

Mean (95% CI)
Median (range)
Mean (95% CI)

5 Yrs

Median (range)

Baseline

Mean (95% CI)

5 Yrs

Median (range)

ANCOVA Adjusted
Estimated 5-Yr Difference
Btwn Groups (95% CI),
p Value*
ACDF
PF

TABLE 2. Mean outcome values at baseline and at the 5-year follow-up: propensity score–matched analysis of patients treated with posterior foraminotomy versus ACDF

MacDowall et al.

the ACDF group needed revision surgery due to a deep
infection.
There were no differences between groups in adverse
events, 6 per 100 operations in the posterior foraminotomy
group and 5 per 100 operations in the ACDF group. The
most common adverse events in the posterior foraminotomy group that required intervention were postoperative
hematoma (3 per 100 operations), dural tear (0.6 per 100
operations), and residual stenosis (0.6 per 100 operations).
In the ACDF group, the most common adverse events
were postoperative hematoma (3 per 100 operations) and
dural tear (0.8 per 100 operations). Other complications
listed were thrombosis, urinary tract infection, urinary retention, wound infection, and Horner’s syndrome. There
were more secondary surgeries on the index level in the
foraminotomy group (6 per 100 operations) than in the fusion group (1 per 100 operations) (p < 0.001 for the difference between the groups in the propensity score analysis).
The indication for secondary surgery on the index level in
the foraminotomy group was restenosis, and the revision
surgery was an ACDF. There were no differences between
groups for secondary surgery on the adjacent levels, with
2 of 100 posterior foraminotomies and 2 of 100 ACDF
surgeries requiring additional surgeries (p = 0.20 in the
propensity score analysis). The indication for surgery on
the adjacent levels was adjacent-segment pathology, disc
herniation, or foraminal stenosis in both groups. When
any kind of reoperation was accounted for, at both index
and adjacent levels, there were still more reoperations in
the foraminotomy group, with 9 per 100 operations compared with 4 per 100 operations in the fusion group (p <
0.001 in the propensity score analysis) (Fig. 3).
Sensitivity Analysis Without Propensity Score Matching
The results of the imputation analyses of all available
cases were similar to those of the propensity score matching, with no clinically significant difference between
groups after 5 years of follow-up (Table 3).

Discussion

This is the first observational study, from a national
spine registry, using PROMs that reports long-term outcomes for the treatment of cervical radiculopathy after
posterior foraminotomy compared with ACDF surgery.
We found no significant clinical differences in patient
satisfaction or in adjacent-segment pathology, measured
as secondary surgery on the adjacent levels, between the
groups; however, we found a higher degree of secondary
surgery due to restenosis at the index level after posterior
foraminotomy.
Before propensity score matching, there were clear
indications of selection differences between the patient
groups: the patients receiving posterior foraminotomy
were more commonly males of older age with lower baseline NDI scores and more degenerative levels, and were
more often retired and less often sick listed than the patients receiving ACDF surgery.11 After propensity score
matching, there were no statistically significant differences, and none of the precisions of our estimates precluded
clinically important differences between the foraminoto-
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FIG. 2. Propensity score–matched data: posterior foraminotomy versus ACDF. Time plot diagrams showing the mean values of the
NDI (A), EQ-5D (B), VAS-neck (C), and VAS-arm (D) at each time point. Error bars correspond to 95% CIs. P = posterior.

my and ACDF groups at any point. Regarding PROMs,
our findings are consistent with those in other previously
published randomized clinical trials.6,22,29
Secondary surgery had significantly more reoperations
on the index level in the foraminotomy group due to restenosis. This differs from the literature, which reported
similar numbers of secondary surgery in both posterior
foraminotomies and ACDF surgeries.10,11 There seems to
be some discrepancy about how much of the facet joint
can or should be removed.32 In an observational study such
as this one, one would expect that the extent of facet joint
resections would vary and that this factor could have influenced the stability of the posterior elements. Unfortunately, at the present time, no radiographs are accessible
through Swespine. One could speculate if the secondary
surgeries were, in fact, restenosis only or if some of the

symptoms could have been due to instability. Other studies
have suggested that up to 75% of the cervical facet joint
can be removed with good clinical results,9 which presumes that preserved structures such as the disc and the
longitudinal ligaments may play important roles in stabilizing the cervical spine.32 Our study differs from others
by having a larger sample size with generalizable results
due to spine surgeons throughout the entire country contributing patients. After the propensity score matching was
completed, there were 570 patients in each treatment arm,
which makes it possible to detect even small differences
between the groups. This could explain the detected differences in secondary surgeries at the index levels.
Secondary surgeries on the adjacent levels were the
same in both groups. Preserved motion is believed to prevent adjacent-segment pathology;4 however, this was not
J Neurosurg Spine Volume 32 • March 2020
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Median (range)

NDI score,
%
EQ-5D
score
EQ-5D
health
score
VAS-neck
score
VAS-arm
score

Mean (95% CI)

* Adjusted for sex, age, smoking, BMI, unemployed, sick leave, disability pension, number of degenerated levels, attitude toward returning to work after surgery, and preoperative NDI.

0.76 (0.11 to 1.42), 0.022
2.81 (2.62 to 2.99) 2.0 (0 to 10)
3.43 (2.76 to 4.10) 2.0 (0 to 10)
5.30 (4.84 to 5.77) 6.0 (0 to 10)

5.58 (5.43 to 5.72) 6.0 (0 to 10)

0.73 (0.11 to 1.36), 0.021
3.18 (3.00 to 3.37) 3.0 (0 to 10)
3.69 (3.06 to 4.33) 3.0 (0 to 10)
5.66 (5.20 to 6.13) 6.0 (0 to 10)

5.74 (5.60 to 5.88) 6.0 (0 to 10)

−3.7 (−8.7 to 1.3), 0.15
70 (1 to 100)
67.2 (65.7 to 68.6)
50 (0 to 100)
70 (8 to 100)
64.6 (59.7 to 69.5)
49.9 (46.0 to 53.8) 50 (0 to 100)

46.8 (45.7 to 48.0)

0.66 (0.64 to 0.68) 0.8 (−0.6 to 1.0) −0.08 (−0.14 to −0.01), 0.024
0.60 (0.53 to 0.67) 0.7 (−0.3 to 1.0)
0.42 (0.37 to 0.48) 0.4 (−0.5 to 1.0)

0.38 (0.36 to 0.40) 0.3 (−0.6 to 1.0)

2.9 (−1.0 to 6.7), 0.14
26.8 (25.6 to 28.0) 24 (0 to 98)
44 (0 to 92)
44.1 (43.2 to 45.1)
24 (0 to 84)
27.6 (23.7 to 31.5)
39.6 (36.4 to 42.7) 40 (0 to 84)

Median (range)
Mean (95% CI)
Median (range)
Mean (95% CI)

5 Yrs

Median (range)

Baseline

Mean (95% CI)

5 Yrs

ANCOVA Adjusted
Estimated 5-Yr Difference
Btwn Groups (95% CI),
p Value*
ACDF
Baseline

realized in the current study. This is a very important finding of this study, as the overwhelming amount of published
literature on adjacent-segment pathology involves arthroplasty cases and their control groups (typically ACDFs),
and there is a potential for bias in those studies.2 As the
current study is population based throughout Sweden with
clearly generalizable results due to the manner in which
the patients and surgeons were included, the potential for
bias has been removed and the results are more likely to
be accurate. In this study, anterior fusions and posterior
motion-sparing surgeries did not have differences in the
need for additional surgeries resulting from adjacent-segment issues following the index surgeries.
In agreement with nearly all previously published reports, more patients surgically treated posteriorly experienced postoperative surgical site infections.20 However,
interestingly, all of the infections in this study were superficial and there were no complicated deep surgical site
infections that needed revision surgery reported in the
posterior cohort. A single ACDF patient developed a deep
infection requiring revision surgery.
A major drawback with the posterior foraminotomy
procedure is that anterior pathology is not directly accessed, and osteophytes and medial disc herniations might
not be reached. As preoperative imaging is not accessible
through Swespine at this time, we cannot rule out patient
selection differences between the groups. We also did not
take into account clustering by surgeon and by hospital
or region. Even though we utilized meticulous propensity score matching as a pseudorandomization to create
comparable groups, a prospective randomized trial would
more likely include patients with lateral disc herniations
or foraminal stenoses more equally for both surgical treatments.
We lack complete information regarding which opera-

PF

FIG. 3. Kaplan-Meier plot for reoperations.

TABLE 3. Mean outcome values at baseline and at the 5-year follow-up: imputed data of patients treated with posterior foraminotomy versus ACDF in sensitivity analysis of all available
cases without propensity score matching

MacDowall et al.
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tive technique for posterior foraminotomy was performed
(minimally invasive, endoscopic, or traditional open techniques),29 or if the disc herniation was removed during
posterior nerve root decompression. As no differences in
outcomes between the various techniques for posterior foraminotomy have been established,15,23 we do not believe
that these surgical technique differences would affect the
results of the current study.
Other limitations of this study include the patients lost
to follow-up: 26% in year 1, 32% in year 2, and 33% in
year 5. While the specific data regarding the index surgeries are all included in Swespine, the accuracy of information on delayed complications or reoperations is likely less
stringently reported.18 Nonetheless, we find it unlikely that
this is method related, and as such, it should affect both
treatment groups equally. We made an intention-to-treat
analysis and no per-protocol analysis. As this is an observational large cohort and not a randomized controlled trial,
we have less control over the actual reoperation rates and
are dependent on the numbers that are reported by others
in the register. Therefore, a per-protocol analysis would be
unreliable. Nonetheless, the backside of an intention-totreat analysis is that in this case, failed foraminotomies
reoperated as ACDFs are still analyzed as foraminotomies
and may skew the data in favor of foraminotomy outcome.
The 5-year results should be interpreted with the knowledge of this statistical weakness.
Our study has several strengths. First, Swespine is a
nationwide register using validated instruments with prospectively collected data. Second, in 2016, 90% of the
spine clinics in Sweden were affiliated, and the register
completeness was 75% (www.swespine.se).5,25 Therefore,
these results reflect a national setting with widely generalizable results. At the present time, data continue to be collected in Swespine, and 10-year outcomes are planned for
future evaluation when these data become fully available.

Conclusions

We found no clinically significant differences in primary or secondary outcomes between the posterior foraminotomy and ACDF groups in the short term or during long-term follow-up. There were more revisions at the
index levels in the foraminotomy group, and the adjacent
segments had no differences between the motion-sparing
foraminotomy group and the ACDF group.
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