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Abstract

Study Design: Systematic review and meta-analysis.

Objectives: Patients with lateral cervical disc and foraminal pathology can be treated with anterior and posterior approaches
including anterior cervical discectomy and fusion(ACDF), cervical total disc arthroplasty(TDA), and minimally invasive pos-
terior cervical foraminotomy(MIS-PCF). Although MIS-PCF may have some advantages over the anterior approaches, few
comparative studies and meta-analyses have been done to assess superiority.

Methods: This study includes a systematic review of the literature and meta-analysis of studies directly comparing minimally
invasive posterior cervical foraminotomy to either anterior cervical discectomy and fusion or cervical total disc arthroplasty.

Results: In comparing patients undergoing ACDF and MIS-PCF, operative time ranged from 68 to 97.8 minutes in the ACDF
group compared to 28 to 93.9 minutes in the MIS-PCF group. Mean postoperative length of stay ranged from 33.84 to 112.8
hours in the ACDF group compared to 13.68 to 83.6 hours in the MIS-PCF group. The total complication rates were 3.72% in
the ACDF group and 3.73% in the MIS-PCF group. A random-effects model meta-analysis was carried out which failed to show a
statistically significant difference in the complication rate between the two procedures(OR .91; 95%CI 0.13, 6.43; P = .92, I2 = 59%). The
total reoperation rate was 3.5% in the ACDF group and 5.4% in the MIS-PCF group. A random-effects model meta-analysis was carried
out which failed to show a statistically significant difference in the reoperation rate between the two procedures(OR .66; 95% CI 0.33,
1.33; P = .25, I2 = 0). In comparing patients undergoing TDA andMIS-PCF, operative time ranged from 90.3 to 106.7minutes in the TDA
group compared to 77.4 to 93.9 minutes in the MIS-PCF group. Mean postoperative length of stay ranged from 103.2 to 165.6 hours in
the TDA group and 93.6 to 98.4 hours in theMIS-PCF group. The complication rate ranged from 23.5 to 28.6% in the TDA group and 0
to 14.3% in the MIS-PCF group. The overall reoperation rates were 2.6% in the TDA group and 10.2% in the MIS-PCF group.

Conclusions: There is no clear superiority betweenMIS-PCF and ACDF/TDA in terms of operative time, postoperative length of stay,
or rate of complications/reoperations. Further studies with increased follow-up intervals >48 months, and higher sample sizes are
necessary to determine the true superiority ofMIS-PCF and anterior neck approaches in treatment of lateral disc and foraminal pathology.
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Introduction

Cervical radiculopathy can be characterized by a constellation
of symptoms related to cervical nerve root compression
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including upper extremity pain, paresthesia, and weakness.1,2

Following failure of non-operative management, surgical
intervention is indicated which can be performed with several
techniques. Originally described in two cadaveric studies in
2000, minimally invasive posterior cervical foraminotomy (MIS-
PCF) has gained popularity as a minimally invasive treatment for
lateral spinal canal pathology causing radiculopathy.3,4 Although
initial case series focused on minimally invasive endoscopic
approaches, microscopic, and percutaneous endoscopic (full-
endoscopic) approaches have also been described.5-8

Anterior cervical discectomy and fusion (ACDF) is widely
employed in the treatment of cervical radiculopathy and
myelopathy. Anterior cervical approaches, in general, min-
imize muscular dissection which is required in open posterior
and to a lesser extent in minimally invasive posterior ap-
proaches. This results in decreased postoperative pain and a
decreased risk of postoperative infection.9 Anterior ap-
proaches, however, have several disadvantages including
dysphagia, vocal cord paresis, and risk of damage to critical
anatomic structures. In comparison to any non-fusion pro-
cedure, some anterior cervical fusion patients may develop
symptomatic non-union. There is some evidence that ACDF
may promote adjacent segment disease, the symptomatic
presentation of a patient with radiologic findings of de-
generation above or below a fused segment. Hilibrand et al.10

found that the rate of symptomatic adjacent segment disease
occurred at an incidence of 2.9% per year and predicted that
25.6% of patients would have adjacent segment disease within
10 years of anterior cervical arthrodesis. First reported in the
1990s cervical total disc arthroplasty (TDA), also known as
cervical total disc replacement (CTDR), has gained popular-
ity as a way to treat cervical myelopathy and radiculopathy
and limit the rate of adjacent segment disease by preserving
motion.11

MIS-PCF has some benefits over TDA and ACDF as it
avoids pseudoarthrosis, anterior approach-related compli-
cations, and is motion preserving thus potentially limiting the
development of adjacent segment disease. Few comparative
studies and meta-analyses have been done to assess supe-
riority of these basic techniques for the treatment of lateral
canal and foraminal pathology. This study presents a sys-
tematic review of the literature and meta-analysis of stud-
ies directly comparing MIS-PCF to ACDF or TDA in terms
of operative/hospital admission metrics including opera-
tive time, hospital length of stay, complications, and
reoperations.

Methods

Protocol

This study includes a systematic review of the literature
conducted in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis (PRISMA)
statement.12

Eligibility Criteria, Information Sources, Search

Online databases PubMed, the Cochrane Library, and Scopus,
were used to identify clinical studies comparing minimally
invasive posterior cervical foraminotomy to anterior cervical
discectomy and fusion or cervical total disc arthroplasty.
Specific MeSH terms and key words including “cervical for-
aminotomy,” “anterior cervical discectomy and fusion,”
“minimally invasive foraminotomy,” “anterior cervical fusion,”
“posterior foraminotomy,” “ACDF,” “anterior cervical dis-
cectomy,” “cervical arthroplasty,” and “cervical disc replace-
ment,” were used in various combinations to identify studies of
interest. Additional manual searches through cited references
were performed.

Study Selection

Directly comparative studies including randomized controlled
trials, prospective/retrospective cohort and case-control studies
were included in further analysis. Non-English publications,
editorials, conference abstracts, errata, book chapters, sys-
tematic reviews, meta-analyses, case reports, and case series
were excluded. Only studies directly comparing minimally
invasive posterior cervical foraminotomy by an endoscopic or
tubular system to anterior cervical discectomy and fusion or
cervical total disc arthroplasty were included in analysis.
Studies that included open posterior cervical foraminotomies
performed from a midline incision with a subperiosteal dis-
section or that did not specifically define the operative tech-
nique were excluded. Studies that included anterior cervical
foraminotomies were excluded and studies that included pa-
tients with cervical myelopathy were excluded.

Data Collection Process, Data Items

Studies were evaluated for differences in operative/hospital
admission metrics including operative time, hospital length of
stay, complications, and reoperations.

Summary Measures, Synthesis of Results, Risk of Bias,
Additional Analyses

Meta-analysis was only performed if there were three or more
studies that evaluated the same variable. An odds ratio and
95% confidence interval were calculated for dichotomous
outcomes which were then pooled by random-effects model
meta-analysis. All statistical tests were performed using
RevMan 5.3 (Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2014). An I2 test was performed for
each comparison to test statistical heterogeneity with I2 values
exceeding 25%, 50%, and 75% indicating a low, moderate,
and high degree of heterogeneity, respectively. For all meta-
analyses, outcomes were pooled with weights calculated by
the inverse-variancemethod. A P-value < .05was used to assess
statistical significance. Each study included in meta-analysis
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was further assessed for risk of bias. Specifically, studies were
evaluated for selection bias, performance bias, detection bias,
attrition bias, and reporting bias. Each study was assigned a
corresponding level of evidence according to the scale adopted
by the North American Spine Society, January 2005.13

Results

Systematic Review

In total 221 abstracts were reviewed of which 117 were ex-
cluded. One hundred and four full text articles were assessed
of which 98 were excluded. Studies were excluded for in-
cluding cervical foraminotomies from an anterior approach.
Several studies were excluded for not comparing posterior
cervical foraminotomy to ACDF or TDA.5-8,10,14-35 Studies
were also excluded for including open posterior cervical
foraminotomies within a comparative group or if it was un-
clear from the study methods whether the group was exclu-
sively done in a minimally invasive fashion.9,36-50 Kim et al.51

2018 was excluded for not including operative/hospital ad-
mission metrics. Helseth et al.52 2019 met the majority of
inclusion criteria and was directly comparative in nature,
however, was excluded for including patients with cervical
myelopathy. Overall six studies were included in quantitative

synthesis including four studies that directly compare MIS-
PCF to ACDF, one study that directly compares MIS-PCF to
TDA, and one study that compares MIS-PCF to both ACDF
and TDA.53-58 A flow chart of study inclusion and exclusion is
shown in Figure 1.

MIS-PCF Compared to ACDF

Five studies were included that met inclusion criteria and
directly compared outcomes between patients undergoingMIS-
PCF and ACDF (Table 1).53-57 Of the five studies Ruetten et al.
represents the only randomized controlled trial to compare the
two surgical modalities; the remainder of studies were retro-
spective cohort series. Minimally invasive techniques varied
per study and included a full-endoscopic/percutaneous ap-
proach in Ruetten et al. and a microscopic tubular retractor–
assisted approach in Dunn et al.53,56 Lin et al.57 reported that the
first 11 included cases were done in a microscopic tubular
retractor assisted fashion, whereas the remaining 10 cases were
done using full-endoscopic technique. Mansfield et al. did not
specify the exact technique that was used, however, discussion
with the primary investigator of the study revealed that a mi-
croscopic tubular retractor assisted approach was utilized.59

Young et al.55 described an operative technique utilizing a series
of minimally invasive self-retaining speculums prior to the

Figure 1. A flow chart of study inclusion and exclusion.
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availability of tubular retractors. All patients were treated for
cervical radiculopathy without myelopathy. Three of the five
included studies specified that all patients presented preoper-
atively with lateral disc herniations.53,54,57 Overall 693 patients
were included in the ACDF group and 294 patients were in-
cluded in theMIS-PCF group. Each study comparingMIS-PCF
to ACDF was found to have a high risk of bias (Figure 2).

Two studies compared mean operative time and found it to
range from 68 to 97.8 minutes in the ACDF group compared
to 28 to 93.9 minutes in the MIS-PCF group (Table 2).53,57

The difference reached statistical significance in Ruetten et al.
Two studies compared postoperative length of stay which
ranged from 33.84 to 112.8 hours in the ACDF group com-
pared to 13.68 to 83.6 hours in the MIS-PCF group. The
difference reached statistical significance in Mansfield et al.54

Three studies compared postoperative complications and
found the frequency to range between 1.8% and 6.0% in the
ACDF group and 0% and 14.3% in the MIS-PCF group
(Table 2).53,56,57 Of all patients in the ACDF group who
suffered a complication the most common was pseudoarth-
rosis (36% of total complications), followed by dysphagia
(21% of total complications), infection (14% of total com-
plications), and hematoma (7% of total complications). In the
MIS-PCF group the most common reported complication was
transient hypoesthesia. Only one study, Lin et al.,57 found the
relationship to be statistically significant with a higher com-
plication rate in the MIS-PCF group. The total complication
rates were 3.72% in the ACDF group and 3.73% in the
MIS-PCF group. A random-effects model meta-analysis was
carried out which failed to show a statistically significant
difference in the complication rate between the two procedures
(OR .91; 95% CI 0.13, 6.43; P = .92, I2 = 59%) (Figure 3).

Five studies compared postoperative reoperation and found
the frequency to range between 0% and 5.7% and 0% and
14.3% for ACDF and MIS-PCF, respectively (Table 2).53-57

Of note Mansfield et al.54 reported two reoperations following
ACDF, one of which was a lumbar laminectomy which was
not included for the purpose of this analysis. Lin et al.57 was
the only study to find the reoperation rate to be significantly
different with a higher reoperation rate in the MIS-PCF group.
Of the studies that met inclusion, 54% of the reoperations
following ACDF involved the adjacent level compared to 38%
followingMIS-PCF. The total reoperation rate was 3.5% in the
ACDF group and 5.4% in the MIS-PCF group. A random-
effects model meta-analysis was carried out which failed to
show a statistically significant difference in the reoperation
rate between the two procedures (OR .66; 95% CI 0.33, 1.33;
P = .25, I2 = 0) (Figure 4).

MIS-PCF Compared to TDA

Two studies were included that met inclusion criteria and
directly compared outcomes between patients undergoing
MIS-PCF and TDA (Table 3).57,58 Both studies were retro-
spective cohort series. Kim et al.58 2017 included 17 patients

who underwent TDA with a Prestige LP cervical disc (Med-
tronic Sofamor Danek, Memphis, TN) and compared outcomes
to 18 patients who underwent microscopic MIS-PCF with a
tubular retractor system approach. In addition to the 21 patients
previously mentioned who underwent MIS-PCF, Lin et al.57

included 21 patients who underwent TDA. Patients undergoing
TDA in Lin et al.57 were significantly younger with a mean age
of 41.9 compared to a mean age of 53.4 in the MIS-PCF group.
All patients were treated for cervical radiculopathy without
myelopathy. Both studies specified that all patients presented
preoperatively with lateral disc herniations. Overall 38 patients
were included in the TDA group and 39 in the MIS-PCF group.

Both included studies compared operative/hospital ad-
mission metrics (Table 4). Operative time ranged from 90.3 to
106.7 minutes in the TDA group compared to 77.4 to
93.9 minutes in the MIS-PCF group.57,58 The relationship was
statistically significant with a shorter mean operative time in
the MIS-PCF group in Kim et al. 2017.58 Mean postoperative
length of stay ranged from 103.2 to 165.6 hours in the TDA
group and 93.6 to 98.4 hours in the MIS-PCF group. Kim
et al.58 2017 also found the relationship to be statistically
significant with a shorter postoperative length of stay in the
MIS-PCF group.

The complication rate ranged from 23.5 to 28.6% in the
TDA group and 0 to 14.3% in the MIS-PCF group (Table
4).57,58 Kim et al. 2017 found the relationship to be statistically
significant with a decreased complication rate with MIS-PCF.
Of patients who experienced a complication after TDA the
most common reported cause was heterotopic ossification
(40% of total complications) followed by hoarseness (20% of
total complications) and dysphagia (20% of total complica-
tions). The overall complication rate was 26.3% in the TDA
group compared to 7.7% in the MIS-PCF group. The rate of
reoperation ranged from 0 to 4.8% in the TDA group and 5.6
to 14.3% in the MIS-PCF group with neither studying finding
the difference to be statistically significant (Table 4).57,58 In
the TDA group only one patient underwent reoperation which
was done at the index level. In the MIS-PCF group 4 patients
underwent reoperation of which one (25%) involved an ad-
jacent level. The overall reoperation rates were 2.6% in the
TDA group and 10.2% in the MIS-PCF group.

Discussion

Since first being described in 2000, minimally invasive
posterior cervical foraminotomy has gained popularity as a
minimally invasive motion preserving treatment for cervical
radiculopathy.3,4 There are few studies that have been done
directly comparing outcomes following minimally invasive
posterior cervical foraminotomy and open posterior cervical
foraminotomy.6,28,60-62 Only one previous meta-analysis has
evaluated directly comparative studies which found a trend
towards decreased hospital length of stay and decreased post-
operative analgesic usage following MIS-PCF.63 Five studies
have directly compared operative time between patients
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undergoing MIS-PCF and open PCF with one study finding the
operative time to be significantly increased in the open group
and one study finding the operative time to be significantly
increased in the MIS group. Four previous studies have directly
compared the rate of complications with MIS-PCF and open
PCF and none of them have shown a significant difference.
There have been no significant studies that directly compared
the rate of reoperation.63 There is, therefore, relative parity
between open and MIS-PCF in terms of operative time,
postoperative length of stay, and the rate of complications and
reoperations. In this review, studies including open posterior
foraminotomies within a treatment cohort were excluded. This

was done in an attempt to limit the heterogeneity of procedure
types within the posterior cervical foraminotomy cohort.

The indications for MIS-PCF, ACDF, and TDA are not
identical as ACDF and TDA can be used in the treatment of
bilateral foraminal or central canal pathology. All three pro-
cedures, however, are indicated for the treatment of lateral disc
and foraminal pathology. There has been a lack of studies
directly comparing MIS-PCF techniques to ACDF and TDA
and even fewer comprehensive systematic reviews and meta-
analyses.64-66 This study includes a systematic review of four
studies that directly compare MIS-PCF to ACDF, one study
that directly compares MIS-PCF to TDA, and one study that

Table 2. Comparison of Outcomes Following MIS-PCF and ACDF.

Study
Intervention (# of
patients)

Mean operative time
(minutes)

Mean postoperative length of
stay (hours)

Complication rate
(%)

Reoperation rate
(%)

Ruetten et al,
200853

ACDF (84) MIS-PCF
(91)

68* 28* NR NR 6.0 3.3 4.7 6.7

Mansfield et al,
201454

ACDF (76) MIS-PCF
(21)

NR NR 33.84* 13.68* NR NR 1.32 0

Young et al,
201555

ACDF (268) MIS-PCF
(112)

NR NR NR NR NR NR 2.6 2.7

Dunn et al,
201856

ACDF (210) MIS-PCF
(49)

NR NR NR NR 3.3 0 5.7 8.2

Lin et al, 201957 ACDF (55) MIS-PCF
(21)

97.8 93.9 112.8 93.6 1.8* 14.3* 0* 14.3*

Abbreviations: NR, = not reported; MIS, minimally invasive surgery; ACDF, anterior cervical discectomy and fusion; PCF, posterior cervical fusion.
*Statistically significant difference (P < .05).

Figure 2. A graphic representation of risk of bias for each included study.

Table 1. Studies Included in Quantitative Synthesis Directly Comparing MIS-PCF to ACDF.

Study Study type Level of evidence Intervention (# of patients) Mean age (years) Mean follow-up (months)

Ruetten et al, 200853 RCT II ACDF (84) MIS-PCF (91) NR NR 24 24
Mansfield et al, 201454 RCS III ACDF (76) MIS-PCF (21) 49 49 NR NR
Young et al, 201555 RCS III ACDF (268) MIS-PCF (112) 47.4 50.2 141.6 81.6
Dunn et al, 201856 RCS III ACDF (210) MIS-PCF (49) 49.9 49 44.9 42.9
Lin et al, 201957 RCS III ACDF (55) MIS-PCF (21) 52.5 53.4 39.5 35.9

Abbreviations: RCT, randomized controlled trial; RCS, retrospective cohort series; NR, not reported; MIS, minimally invasive surgery; ACDF, anterior cervical
discectomy and fusion; PCF, posterior cervical fusion.
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compares MIS-PCF to both ACDF and TDA. There was
significant heterogeneity in the minimally invasive method
that was employed across included studies, however, given the
rarity of studies directly comparing MIS-PCF to ACDF or
TDA all minimally invasive techniques were grouped to-
gether. All studies that were included in analysis excluded
patients with cervical myelopathy.

There is no clear superiority betweenMIS-PCF and ACDF/
TDA in terms of operative time. Of the studies that met
inclusion criteria, two compared mean operative time with
MIS-PCF and ACDF and two compared operative time with
MIS-PCF and TDA. Ruetten et al. and Kim et al. 2017 both
found significantly decreased operative time in the MIS-PCF
group as compared to ACDF and TDA, respectively.53,58 Each
study included a different MIS-PCF technique with Ruetten
et al. favoring a percutaneous/full-endoscopic technique and
Kim et al. favoring a microscopic tubular retractor technique.
Mok et al.,67 a 2019 study utilizing data from the National
Surgical Quality Improvement Program (NSQIP) from 2010 to
2016, found posterior cervical foraminotomy to have a signifi-
cantly decreased operative time when compared to TDA and
ACDF. The study further showed that the average operative time
for posterior cervical foraminotomy decreased over consecutive
study intervals. Compared to the anterior approach for ACDF
and TDA, MIS-PCF is a more recently developed surgical ap-
proach. Operative times may continue to decrease for MIS-PCF
as surgeons become more comfortable with the technique.

This systematic review did not definitively show that pa-
tients following MIS-PCF have decreased postoperative
length of stay. Two studies each compared postoperative
length of stay with MIS-PCF and ACDF and with MIS-PCF
and TDA. Mansfield et al. and Kim et al. 2017 both found the

relationship to be statistically significant with shorter post-
operative stay after MIS-PCF.54,58 There was significant
variation in the postoperative length of stay after MIS-PCF as
it ranged from 13.68 to 98.4 hours across all studies. There is a
current trend to perform all three procedures in an outpatient
setting in order to decrease costs associated with admission
and inpatient care. Studies such as Helseth et al.52 have shown
that patients can be discharged on the day of surgery following
MIS-PCF and ACDF without a compromise to safety. The
concern of discharging a patient after an anterior neck pro-
cedure is higher than following a posterior procedure as an-
terior procedures have the risk of causing hematomas which
can be slow to accumulate, however, acutely life threatening.
As minimally invasive posterior cervical foraminotomy is
already routinely performed in an outpatient setting with same
day discharge the actual average postoperative length of stay is
likely much shorter than in the above studies.68 Inclusion of
more patients across more centers would likely show a sta-
tistically significant decrease in the postoperative stay after
MIS-PCF compared to TDA and ACDF.Witiw et al.,69 a 2018
study using the MarketScan database (IBM, Armonk, NY),
found patients following posterior cervical foraminotomy
spent less time admitted to the hospital after surgery and were
more likely to be discharged on the day of surgery compared to
patients after ACDF.

By avoiding the anterior neck approach, MIS-PCF should
limit the complications associated with ACDF and TDA,
however, that was not shown by this systematic review and
meta-analysis. Of the studies that met inclusion criteria, three
compared complication rates between MIS-PCF and ACDF
and two compared complication rates between MIS-PCF and
TDA. Lin et al. found a statistically significant increase in the

Figure 4. Forest plot comparing reoperations after ACDF (anterior cervical discectomy and fusion) and MIS-PCF (minimally invasive
posterior cervical foraminotomy); IV (inverse variance), CI (confidence interval), df (degrees of freedom).

Figure 3. Forest plot comparing complications after ACDF (anterior cervical discectomy and fusion) and MIS-PCF (minimally invasive
posterior cervical foraminotomy); IV (inverse variance), CI (confidence interval), df (degrees of freedom).
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rate of complications after MIS-PCF as compared to ACDF,
however, unlike the other included studies, did not include a
description of what the complications were following MIS-
PCF. Pooled analysis did not show a statistically significant
difference in complication rates between the two procedures.
As for MIS-PCF in comparison to TDA, one of two studies
found a statistically significant increase in complication rate
after MIS-PCF.58 A meta-analysis was not performed as only
two studies met inclusion criteria.

Two previous meta-analyses have shown similar results.
Liu et al.65 failed to find a statistically significant difference in
complication rates comparing posterior cervical foramin-
otomy and ACDF. The study, however, did not exclusively
compare minimally invasive posterior cervical foraminoto-
mies and included multiple studies that were excluded from
this meta-analysis. Sahai et al., a 2019 meta-analysis, used
non-comparative case series to compare outcomes following
MIS-PCF to historical ACDF controls and failed to find a
statistical difference in the rate of complications. Sahai et al.
was also limited by an open foraminotomy series, which was
excluded from this study, being included in the minimally
invasive group.36,56,66

Five studies compared the rate of reoperation after ACDF
and MIS-PCF. Only one study, Lin et al. found the difference
between the two to be statistically significant with an increased
rate of reoperation after MIS-PCF. This was not demonstrated
in pooled analysis. Two studies were included that compared
reoperation after MIS-PCF and TDA with neither study
finding a statistically significant difference.57,58 Given small
sample size, both studies were likely insufficiently powered to
detect a significant difference in the rate of reoperation.

Given the minimally invasive and motion preserving nature
ofMIS-PCF one would expect for it to have a decreased risk of
reoperation compared to ACDF. As expected, the proportion

of patients undergoing MIS-PCF who underwent reoperation
were more likely to have revision at the index-level and less
likely to have surgery at an adjacent level, whereas patients
undergoing reoperation after ACDF were more likely to have
surgery involving an adjacent level. Increased index-level
reoperation after MIS-PCF may be related to poor decom-
pression of the exiting nerve root at the time of initial surgery.
As previously stated, MIS-PCF is a fairly new procedure with
a significant learning curve; the rate of index-level reoperation
may decrease as surgeons become more comfortable with the
procedure. The failure to identify a statistically significant
difference in the rate of reoperations is also likely related to the
time course of this study. Only one study comparing outcomes
following MIS-PCF and ACDF had follow-up greater than
four years. ACDF case series with long follow-up have shown
that rates of adjacent segment disease increase each year after
surgery and can reach as high as 25% at 10 years.10,70-72 A
recent meta-analysis comparing outcomes following TDA and
ACDF found that the superiority of TDA over ACDF in risk of
adjacent-level surgery only became significant after 4 years of
follow-up.11 Future studies with longer follow-up intervals
may show that MIS-PCF has a decreased reoperation rate
compared to ACDF secondary to a decreased risk of adjacent-
level operations.

Limitations

There are several limitations to this study. Following systematic
review only 6 studies were included that met inclusion/
exclusion criteria. Although all studies were directly compar-
ative in nature, outcomes of interest were not included in each
study which greatly limited the ability to perform meta-
analyses. Follow-up time and cohort size were additionally
limited and decreased the ability to define several statistically

Table 4. Comparison of Outcomes Following MIS-PCF and TDA.

Study
Intervention (# of
patients)

Mean operative time
(minutes)

Mean postoperative length of
stay (hours)

Complication rate
(%)

Reoperation rate
(%)

Kim et al,
201758

TDA (17) MIS-PCF
(18)

90.3* 77.4* 165.6* 98.4* 23.5* 0* 0 5.6

Lin et al,
201957

TDA (21) MIS- PCF
(21)

106.7 93.9 103.2 93.6 28.6 14.3 4.8 14.3

Abbreviations: RCS, retrospective cohort series; MIS, minimally invasive surgery;, TDA, total disc arthroplasty; PCF, posterior cervical fusion.
*Statistically significant difference (P < .05).

Table 3. Studies Included in Quantitative Synthesis Directly Comparing MIS-PCF to TDA.

Study Study type Level of evidence Intervention (# of patients) Mean age (years) Mean follow-up (months)

Kim et al, 201758 RCS III TDA (17) MIS-PCF (18) 42.1 42.8 82.5 84.1
Lin et al, 201957 RCS III TDA (21) MIS- PCF (21) 41.9* 53.4* 38.7 35.9

Abbreviations: RCS, retrospective cohort series; MIS, minimally invasive surgery; TDA, total disc arthroplasty; PCF, posterior cervical fusion.
*Statistically significant difference (P < .05).
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significant relationships. There was heterogeneity with regard
to the MIS-PCF technique that was employed across studies.
The majority of studies that were included in analysis were
graded as class III in terms of level of evidence. All studies that
compared ACDF to MIS-PCF were further characterized as
having a high risk of bias. A further limitation of the study is
that only four of the six studies exclusively included patients
with lateral stenosis.

Conclusions

This study, to the best of our knowledge, is the first systematic
review andmeta-analysis to analyze studies that directly compare
MIS-PCF and ACDF and MIS-PCF and TDA. Based on the
limited number of included studies, there is no clear superiority
between MIS-PCF and ACDF/TDA in terms of operative time,
postoperative length of stay, the rate of complications or the rate
of reoperations. Further studies with increased follow-up
intervals >48 months, and higher sample sizes are necessary
to determine the true superiority of MIS-PCF and anterior neck
approaches in treatment of lateral disc and foraminal pathology.
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