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BACKGROUND: Advances in operative techniques and instrumentation technology have
evolved to maximize patient outcomes following minimally invasive transforaminal
lumbar interbody fusion (MIS-TLIF). The transfacet MIS-TLIF is a modified approach to the
standard MIS-TLIF that leverages a bony working corridor to access the disc space for
discectomy and interbody device placement.
OBJECTIVE: To evaluate clinical and radiographic results following transfacet MIS-TLIF
using an expandable interbody device.
METHODS:We performed a retrospective review of consecutive patients who underwent
transfacet MIS-TLIF for degenerative lumbar spondylolisthesis. Patient-reported outcome
measures for pain and disability were assessed. Sagittal lumbar segmental parameters and
regional lumbopelvic parameters were assessed on upright lateral radiographs obtained
preoperatively and during follow-up.
RESULTS: A total of 68 patients (61.8% male) underwent transfacet MIS-TLIF at 74 levels.
The mean age was 63.4 yr and the mean follow-up 15.2 mo. Patients experienced signif-
icant short- and long-term postoperative improvements on the numeric rating scale
for low back pain (–2.3/10) and Oswestry Disability Index (−12.0/50). Transfacet MIS-TLIF
was associated with an immediate and sustained reduction of spondylolisthesis, and an
increase in index-level disc height (+0.71 cm), foraminal height (+0.28 cm), and segmental
lordosis (+6.83◦). Patients with preoperative hypolordosis (<40◦) experienced significant
increases in segmental (+9.10◦) and overall lumbar lordosis (+8.65◦). Pelvic parameters
were not significantly changed, regardless of preoperative alignment. Device subsidence
was observed in 6/74 (8.1%) levels, and fusion in 50/53 (94.3%) levels after 12 mo.
CONCLUSION: Transfacet MIS-TLIF was associated with clinical improvements and
restoration of radiographic sagittal segmental parameters. Regional alignment correction
was observed among patients with hypolordosis at baseline.

KEY WORDS: Minimally invasive lumbar fusion, Transfacet MIS-TLIF, Indirect decompression, Expandable
interbody device, Spondylolisthesis
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M inimally invasive spine surgery (MISS)
has progressed significantly in the
past 2 decades.1 Advances in image

guidance and instrumentation technology have
evolved to maximize patient-reported outcomes

ABBREVIATIONS: DH, disc height; FH, foraminal height; MCID, minimum clinically important difference; MISS,
minimally invasive spine surgery; MIS-TLIF, minimally invasive transforaminal lumbar interbody fusion; NRS,
numeric rating scale; ODI, Oswestry Disability Index; OLL, overall lumbar lordosis; PEEK, polyetheretherketone;
PI,pelvic incidence;PRO,patient-reported outcome;PT,pelvic tilt; SD, standard deviation; SL, segmental lordosis;
SS, sacral slope

Supplemental digital content is available for this article at www.operativeneurosurgery-online.com.

(PROs) and radiographic results. Compared to
traditional open approaches, MISS is associated
with decreased operative blood loss, shorter
lengths of stay, more rapid mobilization, lower
opioid use, and earlier return to work,1-5 while
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maintaining comparable long-term clinical outcomes and fusion
rates.6-8 The transfacetminimally invasive transforaminal lumbar
interbody fusion (MIS-TLIF), as described in a concurrently
published report, is a proposedmodification to the standardMIS-
TLIF to treat lumbar degenerative diseases and low-grade spondy-
lolisthesis.2,9
Transfacet MIS-TLIF with placement of an expandable

interbody device achieves decompression of the affected nerve
roots and spinal canal directly via discectomy and facetectomy
and indirectly via disc height (DH) restoration and segmental
realignment.10,11 Expandable interbody devices can be placed
with less risk to both exiting and traversing nerve roots and
can be adjusted intraoperatively to restore DH and allow suffi-
cient compression against the adjacent vertebrae to prevent
migration.12,13 Expandable interbody devices result in a large and
sustained restoration of disc and neuroforaminal height, along
with increased index-level segmental lordosis (SL), which may
correlate with improved PROs.11,14,15 Although regional lumbar
and spinopelvic parameters are clinically meaningful outcomes
in the context of deformity surgery,16,17 their role in single-
level MIS-TLIF for degenerative etiologies is unclear.18-21 Studies
that evaluated both clinical outcomes and regional lumbopelvic
parameters after MIS-TLIF have not consistently demonstrated
an association between the two.11,14,22,23
Although expandable interbody devices offer several advantages

over static devices, there are concerns about late postoperative
complications.11,24 Patients treated with expandable interbody
devices for various spinal pathologies may have an increased
risk for vertebral endplate subsidence.24-26 Reasons for subsi-
dence are multifactorial, including bone quality or technical
aspects related to endplate preparation, inappropriate device
sizing or positioning, and overdistraction of the disc space with
device expansion.24,27 Implant properties, such as morphology
and material, also contribute to subsidence risk.8,27 Larger-
diameter devices that cover greater surface areas are associated
with less subsidence.24,27,28 However, implanting a device with
a large footplate is not always feasible, particularly with postero-
lateral MISS approaches. Lastly, titanium-based implants have a
high modulus of elasticity relative to cortical and/or cancellous
allograft bone, as compared with polyetheretherketone (PEEK)
materials.29 Modulus mismatches impart an increased risk for
vertebral endplate violation, device subsidence, migration, and
pseudarthroses.29
The objective of this study is to evaluate the clinical outcomes

and radiographic results of transfacet MIS-TLIF with placement
of an expandable interbody device. We report (1) PRO measures;
(2) radiographic outcomes of sagittal segmental, regional lumbar,
and pelvic parameters; and (3) interbody device subsidence and
fusion rates.

METHODS

Patient Sample and Operative Intervention
This is a retrospective single-center case series of consecutive patients

who underwent transfacet MIS-TLIF with an expandable interbody

device at 1 or 2 adjacent levels. The operations were performed at
an academic medical center between 2015 and 2018. The indications
for surgery were lumbar degenerative disease with foraminal and/or
central stenosis and segmental instability/grade I-II spondylolisthesis.
The operative technique for transfacetMIS-TLIF is described in a concur-
rently published report.

The study was approved by our Institutional Review Board. Consent
was waived, as this is a retrospective review of cases.

PROMeasures
We collected information on demographics, clinical characteristics,

and operative details. PRO measures were assessed preoperatively and
during routine postoperative clinic visits at 6 wk, 4 mo, 6 mo, 1 yr, and
follow-up visits thereafter.We used the numeric rating scale (NRS/10) for
pain intensity in the lower back andOswestry Disability Index (ODI/50)
for physical disability. The minimum clinically important difference
(MCID) in patients undergoing lumbar spine surgery for the NRS back
pain is estimated as 1.2 points and for the ODI as 12.8 points.30

Radiographic OutcomeMeasures
Sagittal segmental and lumbopelvic parameters were assessed on full-

length upright lateral 36-inch radiographs of the lumbar spine with
sufficient caudal coverage to accurately evaluate pelvic parameters. Serial
radiographs were obtained preoperatively, postoperatively on day 1, and
during routine postoperative follow-up at 6 wk, 4 mo, 6 mo, 1 yr, and
additional visits thereafter.

Sagittal segmental parameters were DH, foraminal height (FH), SL,
and amount of spondylolisthesis at the index level(s). DH was measured
anteriorly, from inferior endplate of the rostral vertebra to the superior
endplate of the caudal vertebra. FH was measured as the interpedicular
distance.31 SL (ie, fused segment angle) was measured as the lateral Cobb
angle at the superior and inferior endplates of the fusion segment. The
amount of listhesis was measured as the percentage offset (slip) of the
vertebral body posterior wall relative to the adjacent caudal vertebral
body.32,33

Sagittal lumbopelvic parameters were regional overall lumbar lordosis
(OLL), pelvic incidence (PI), PI-OLL mismatch, sacral slope (SS) angle,
and pelvic tilt (PT). OLLwas measured as the lateral Cobb angle between
the superior endplate of L1 vertebral body and the endplate of S1. PI, SS,
and PT were measured as previously described.34,35 PI-OLL mismatch
was taken as the absolute difference between PI and OLL.

For patients with a minimum of 12 mo radiologic follow-up,
interbody fusion was assessed on anterior and lateral radiographs, or
CT scans when available, as solid bridging bone connecting the adjacent
vertebral bodies across the interbody space or facet joints. Pseudarthrosis
was defined as persistent motion at the “fused” segments on dynamic
radiographs (greater than 5◦ of angular motion or 2 mm of translation),
lucency around the screws, or instrumentation breakage/failure.33,36
Device subsidence was assessed on all patients and defined as compromise
of either caudal or rostral endplates on postoperative radiographs.

Statistical Analysis
Descriptive statistics were calculated for demographics, operative

characteristics, and outcome measures. Continuous variables are
presented using means and standard deviations (SD) and categorical
variables using frequencies and percentages. Parametric tests for paired
data were used to compare clinical and radiographic outcomes following
transfacet MIS-TLIF. We made pairwise comparisons of each the 6-wk
and 1-yr postoperative PRO measures relative to their baseline values.37

2 | VOLUME 0 | NUMBER 0 | 2020 www.operativeneurosurgery-online.com

D
ow

nloaded from
 https://academ

ic.oup.com
/ons/advance-article-abstract/doi/10.1093/ons/opaa144/5841233 by LILIEN

FELD
 SER

IALS user on 21 M
ay 2020



TRANSFACET MIS-TLIF

TABLE 1. Demographic and Operative Characteristics of Patients
Who Underwent MIS-TLIF

Patient characteristics All patients (N= 68 patients)

Number of MIS-TLIF levels 74 levels
Age at surgery, yr 63.4 (9.6) (range 29-82)
Preoperative BMI, kg/m2 30.1 (5.2)
Sex
Male 42 (61.8%)
Female 26 (38.2%)

Preoperative spondylolisthesis
Grade I 61 (82.4%)
Grade II+ 12 (16.2%)
Missing 1 (1.4%)

Operative levels 62 single level (83.8%)
L2/3 7 (9.5%)
L3/4 9 (12.2%)
L4/5 54 (73.0%)
L5/S1 4 (5.4%)

Side of complete facetectomy
Left 58 (78.4%)
Right 15 (20.3%)
Bilateral 1 (1.4%)

Expandable cages 74 levels (100%)
Lordotic articulating 61 (82.4%)
Parallel 13 (17.6%)

Follow-up duration, mo 15.2 (8.8) (range 1.4-44.3)

BMI = body mass index.
Values are presented as n (%) for categorical variables or mean (SD) for continuous
variables.

For serial radiographic measurements data, we made pairwise compar-
isons of each “immediate” and “late” mean change in radiographic
parameters relative to baseline.37 The “immediate” time point refers to
radiographs obtained on postoperative day 1, and “late” refers to radio-
graphs obtained at the last available follow-up.

To evaluate the effects of transfacet MIS-TLIF on segmental
(SL) and regional (OLL) spinal lordosis, we performed a stratified
analysis of radiographic changes based on preoperative OLL: hypolor-
dosis (<40◦), normolordosis (40◦-60◦), and hyperlordosis (>60◦)
subgroups.34 Additionally, we used linear regression to examine the
relationship between the magnitude of change in SL and OLL against
their corresponding preoperative values. This analysis was prespecified
based on findings by Uribe et al18 of segmental and regional lumbar
alignment changes after MISS lumbar interbody fusion procedures, in
which baseline sagittal parameters were found to affect the extent of
correction gained.

A 2-sided P-value < .05 was considered statistically significant. Statis-
tical analyses were performed using IBM SPSS Statistics v25 (IBM,
Armonk, New York).

RESULTS

Baseline Characteristics: Demographics and Operative
Details
A total of 68 patients (61.8% male) underwent transfacet

MIS-TLIF at 74 levels (Table 1 and Figure 1). The mean age

FIGURE 1. Flow diagram providing details of patients included in the clinical
study.

at surgery was 63.4 yr (SD 9.6, range 29-82). Most (54/74,
73.0%) procedures were performed at L4-L5. All (100%) patients
received expandable interbody devices, of which 61/74 (82.4%)
were the articulating type. The mean postoperative follow-up
duration was 15.2 mo (SD 8.8, range 1.4-44.3), and 49/68
(72.1%) patients were included in the radiographic fusion
analysis.

Patient-Reported Outcomes
Patients experienced significant improvements on self-reported

measures of low back pain and disability following transfacetMIS-
TLIF (Table 2 and Figure 2).
Mean NRS back pain decreased from 6.8/10 (SD 2.1) at

baseline to 3.8 (SD 2.5) postoperatively at 6 wk, and 1.8 (SD
2.8) at 1 yr. Among patients with paired preoperative and either
6-wk or 1-yr postoperative NRS back pain, 12/19 (63.2%) and
13/16 (81.3%) achieved the MCID threshold of 1.2 points,
respectively.
Similarly, the mean cumulative ODI score improved from

29.0/50 (SD 9.4) at baseline to 16.7 (SD 10.5) at 6 wk

OPERATIVE NEUROSURGERY VOLUME 0 | NUMBER 0 | 2020 | 3

D
ow

nloaded from
 https://academ

ic.oup.com
/ons/advance-article-abstract/doi/10.1093/ons/opaa144/5841233 by LILIEN

FELD
 SER

IALS user on 21 M
ay 2020



KHALIFEH ET AL

TABLE 2. Patient-Reported Outcome (PRO) Measures

PROmeasures, mean (SD) Preoperative 6 wk postoperative 1 yr postoperative

NRS back pain score/10 6.8 (2.1), n = 62 3.8 (2.5), n = 20 1.8 (2.8), n = 18
Cumulative ODI score/50 29.0 (9.4), n = 60 16.7 (10.5), n = 62 10.0 (11.0), n = 43
Paired change in NRS back pain score (95% CI) –2.3 (–3.5; –1.1), n = 19 pairs –4.3 (–6.2; –2.4), n = 16 pairs
Paired change in cumulative ODI score (95% CI) –12.0 (–15.1; –8.9), n = 55 pairs –17.6 (–21.6; –13.5), n = 39 pairs

Numeric rating scale for back pain (NRS/10) and Oswestry Disability Index (ODI/50) measures reported preoperatively and postoperatively at 6 wk and 1 yr. Bold values indicate a
statistically significant difference from preoperative baseline in PROs, P < .001.

FIGURE 2. Longitudinal data exploring patient-reported outcome measures
obtained preoperatively and during routine postoperative clinic visits following
transfacet MIS-TLIF. The smoothed lines represent the mean PRO measure
scores. The error bars represent SD in both directions. NRS: Numeric Rating
Scale for low back pain (/10). ODI: Oswestry Disability Index for physical
disability (/50).

postoperatively and 10.0 (SD 11.0) at 1 yr. Among patients with
paired preoperative and either 6-wk or 1-yr postoperative ODI,
22/55 (40.0%) and 22/39 (56.4%) achieved theMCID threshold
of 12.8 points, respectively.

Radiographic Outcomes
Index-Level Segmental Parameters
Transfacet MIS-TLIF with an expandable interbody device

was associated with immediate and sustained increases in index-
level DH, FH, and SL (Table 3 and Figure 3). Mean DH
increased significantly from 0.95 cm (SD 0.3) preoperatively to
1.69 cm (SD 0.2) immediately postoperatively and was 1.67 cm
(SD 0.3) on the last follow-up. Similarly, FH increased from
1.98 cm (SD 0.3) to 2.25 cm (SD 0.3) immediately following
surgery and was sustained at 2.25 cm (SD 0.3) late postoper-
atively. There was an immediate and large increase in SL from
6.95◦ (SD 4.0) preoperatively to 14.12◦ (SD 3.2) postoperatively
(mean paired change 6.83◦, 95% CI 5.8; 7.9). SL increases were
maintained during late follow-up (mean paired change 5.98◦,
95% CI 4.9; 7.0).
There was a sustained postoperative reduction in spondylolis-

thesis. Prior to surgery, 61/73 (82.4%) operative levels had grade
I spondylolisthesis, and the remaining 12/73 (16.2%) were grade
II (>25% slip). The mean percentage offset of one vertebral body
over its adjacent segment corrected significantly from 17.15%
(SD 8.1) to 7.15% (SD 3.8) immediately and 9.14% (SD 5.2)
late postoperatively.

OLL and Pelvic Parameters
Paired differences between preoperative and each “immediate”

or “late” postoperative measurements of OLL, PI-OLLmismatch,
PT, and SS angle were not statistically significant (Table 3 and
Figure 4). Preoperative OLL was 53.99◦ (SD 12.1) and was not
significantly increased immediately postoperatively (mean paired
change 0.53◦, 95% CI –1.9; 3.0). Late postoperative OLL was
minimally increased from baseline (mean paired change 2.81◦,
95% CI 0.6; 5.0).
Transfacet MIS-TLIF had nominal effects on pelvic param-

eters. SS was not significantly increased from the preoperative
mean value of 37.08◦ (SD 9.6) immediately (mean paired change
1.58◦, 95% CI–0.2; 3.4) or late (mean paired change 0.43◦, 95%
CI–1.5; 2.4) postoperatively. Similarly, for PT (preoperative
20.35◦, SD 9.4) at the immediate (mean paired change 0.26◦,
95% CI–2.1; 2.6) and late (mean paired change 0.28◦, 95% CI–
2.3; 2.9) postoperative follow-up.
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TRANSFACET MIS-TLIF

TABLE 3. Radiographic Outcomes afterMIS-TLIF, Reported Preoperatively andDuring “Immediate” (Day 1) and “Late” (Last Available) Postoper-
ative Follow-up

Radiographic outcomes by operative
state, mean (SD)

Preoperative
(N= 67 patients,

73 levels)

Immediate
postoperative (N= 61
patients, 65 levels)

Late postoperative
(N= 67 patients,

73 levels)

Segmental parameters
Disc height, cm 0.95 (0.3) 1.69 (0.2) 1.67 (0.3)
Change in disc height (95% CI) 0.71 (0.6; 0.8) 0.71 (0.6; 0.8)
Foraminal height, cm 1.98 (0.3) 2.25 (0.3) 2.25 (0.3)
Change in foraminal height (95% CI) 0.28 (0.2; 0.4) 0.27 (0.2; 0.4)
Segmental lordosis, ◦ 6.95 (4.0) 14.12 (3.2) 13.09 (3.8)
Change in segmental lordosis (95% CI) 6.83 (5.8; 7.9) 5.98 (4.9; 7.0)
Spondylolisthesis, % 17.15 (8.1) 7.15 (3.8) 9.14 (5.2)
Change in spondylolisthesis (95% CI) –9.12 (–11.1; –7.2) –7.77 (–9.7; –5.9)

Regional lumbopelvic parameters
Overall lumbar lordosis (OLL), ◦ 53.99 (12.1) 54.85 (10.3) 57.05 (12.0)
Change in OLL (95% CI) 0.53 (–1.9; 3.0) 2.81 (0.6; 5.0)
Pelvic incidence (PI), ◦ 57.43 (11.1) 59.72 (13.1) 58.39 (12.3)
Change in PI (95% CI) 1.84 (–0.9; 4.5) 0.71 (–1.8; 3.2)
PI-OLL mismatch, ◦ 9.61 (7.6) 9.03 (6.6) 7.88 (5.8)
Change in PI-OLL mismatch (95% CI) –0.42 (–2.4; 1.6) –1.71 (–4.0; 0.5)
Sacral slope angle, ◦ 37.08 (9.6) 39.08 (9.4) 37.85 (9.2)
Change in sacral slope angle (95% CI) 1.58 (–0.2; 3.4) 0.43 (–1.5; 2.4)
Pelvic tilt, ◦ 20.35 (9.4) 20.65 (8.7) 20.53 (10.0)
Change in pelvic tilt (95% CI) 0.26 (–2.1; 2.6) 0.28 (–2.3; 2.9)

Bold values indicated statistically significant paired differences in radiographic outcomes between preoperative and the corresponding postoperative time point, P < .05.

Stratification by Preoperative Regional Lumbar Lordosis
We performed a stratified analysis of changes in SL, OLL,

and pelvic parameters based on preoperative OLL in 3 strata
(Table 4).
We observed significant postoperative increases in SL within

each OLL subgroup. The magnitude of SL change was greater
in patients with preoperative hypolordosis (mean paired change
“immediate” 9.10◦, SD 2.3; and “late” 6.82◦, SD 4.3) than those
with hyperlordosis (mean paired change “immediate” 5.97◦, SD
5.0; and “late” 5.82◦, SD 5.0). Moreover, patients with preop-
erative hypolordosis experienced significant and large increases in
OLL (mean paired change “immediate” 8.65◦, SD 5.3; and “late”
9.74◦, SD 9.9). Individuals who were hyperlordotic at baseline,
despite increases in SL, experienced a mean decrease in OLL
(mean paired change “immediate” –4.77◦, SD 9.5; and “late” –
1.06◦, SD 6.6). We did not observe meaningful changes in pelvic
parameters within OLL subgroups.
Linear regression revealed a significant inverse relationship

between preoperative SL and postoperative change in SL
(“immediate” r2 = 0.48 and “late” r2 = 0.38) (Figure 5). There
was a similar inverse relationship between preoperative OLL and
change in OLL (“immediate” r2 = 0.34 and “late” r2 = 0.16),
wherein a low preoperative OLL was associated with a greater
postoperative increase inOLL, as was seen in the stratified analysis
(Figure 6).

Pseudarthrosis and Interbody Device Subsidence
Of the 49 patients with radiographic follow-up at least

12 mo postoperatively, 3/49 (6.1%) had signs of radiographic
pseudarthrosis at 3/53 (5.7%) levels. None of the 3 patients
with radiographic pseudarthrosis experienced new or worsening
symptoms of low back or leg pain requiring revision surgery.
Radiographic subsidence was observed in 6/68 (8.8%) patients

at 6/74 (8.1%) levels. One of the 6 patients had marked subsi-
dence into the endplate of the caudal vertebral body and required
revision anterior fusion surgery within 6 wk of transfacet MIS-
TLIF (Figure 7). Two of the 6 patients with early subsidence
progressed to radiographic pseudarthrosis.

DISCUSSION

Summary of the Findings
In summary, patients with degenerative lumbar spondylolis-

thesis who underwent transfacet MIS-TLIF with placement
of expandable interbody devices experienced immediate and
sustained improvements in clinical outcomes and radiographic
sagittal segmental parameters. PRO measures for back-related
pain and disability were improved during short- and long-term
postoperative follow-up. The mean change from baseline was
approximately –2 to –4/10 points on the NRS back pain and
–12 to –18/50 points on the ODI. Most patients exceeded
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KHALIFEH ET AL

FIGURE 3. Longitudinal data exploring the repeated sagittal segmental radiographic measurements before and after transfacet MIS-TLIF. The
smoothed lines represent the mean radiographic profiles. The error bars represent SD in both directions.

the estimated MCID thresholds for these PRO measures.
We observed immediate and sustained increases in index-level
anterior DH (∼0.7 cm), FH (∼0.3 cm), and SL (∼6◦). Transfacet
MIS-TLIF was not associated with clinically meaningful increases
in OLL (0.5◦-3◦). However, our stratified analysis showed signif-
icant differences between strata by preoperative OLL, suggesting
that the variance in segmental and regional lordotic changes is
explained by baseline radiographic factors. Specifically, preoper-
ative hypolordosis was associated with large positive corrections
in SL and OLL.

Findings in Context: MIS-TLIF With an Expandable
Interbody Device
The use of expandable interbody devices provides additional

sagittal segmental correction when compared with historical data

on MISS lumbar fusions using static devices. Several studies
examine the effects of device type on radiographic sagittal
segmental parameters after open or MIS-TLIF. Yee et al38 showed
that patients undergoing TLIF experienced marginal increases in
SL, regardless of whether expandable (1◦-2◦) or static (3◦) devices
were used. However, in a radiographic analysis by Hawasli et al,14
patients who underwent MIS-TLIF with expandable versus static
devices demonstrated larger increases in index-level DH (0.82 vs
0.26 cm), FH (0.13 vs 0.05 cm), and SL (5.2◦ vs 2.3◦). Kim
et al15 and Massie et al11 found similar results in favor of
expandable devices. We did not perform a direct comparison by
device type. However, we speculate that expandable devices may
add greater DH and SL to widen the interpedicular distance,
as compared to static devices, with no meaningful difference in
endplate subsidence or fusion.

6 | VOLUME 0 | NUMBER 0 | 2020 www.operativeneurosurgery-online.com

D
ow

nloaded from
 https://academ

ic.oup.com
/ons/advance-article-abstract/doi/10.1093/ons/opaa144/5841233 by LILIEN

FELD
 SER

IALS user on 21 M
ay 2020



TRANSFACET MIS-TLIF

FIGURE 4. Longitudinal data exploring the repeated sagittal lumbopelvic radiographic measurements before and after transfacet MIS-TLIF. The
smoothed lines represent the mean radiographic profiles. The error bars represent SD in both directions.

Our results compare favorably with published radiographic and
clinical outcomes after MIS-TLIF using crescent-shaped artic-
ulating expandable interbody devices. In a retrospective cohort
of 44 patients who underwent MIS-TLIF at 49 levels and
1.5 yr median follow-up, Massie et al11 reported significant
clinical improvements of –3.3/10 on the NRS back pain and
–15.7/50 on the ODI. They observed significant changes in
sagittal segmental parameters, specifically increases of 4.94◦ in
SL and 0.31 cm in posterior DH, and a reduction of 0.43 cm
in spondylolisthesis. They did not observe significant increases in
spinopelvic parameters of sagittal vertical axis or PT. In our study,
spinopelvic parameters of PI-OLL mismatch, SS angle, and PT
were not significantly changed. We did not expect to see differ-
ences in overall sagittal balance as the majority (83.8%) of trans-
facet MIS-TLIF were single level. Moreover, additional recon-

struction via anterior column realignment, posterior column
osteotomy, or sacral/pelvic osteotomy was not performed.

Findings in Context: Local and Regional Sagittal Balance
After MISS
The restoration of local and regional sagittal balance is

an important consideration after MISS. In a literature review
comprising 1182 patients from 24 anterior, lateral, and
posterior/transforaminal MISS lumbar interbody fusion study
cohorts (6 studies examining MIS-TLIF), Uribe et al18 reported a
3.9◦ increase in SL, from an average 8.1◦ preoperatively to 12.0◦
postoperatively. In a subsequent systematic review, Carlson et al22
identified 9 studies that reported segmental (SL) and regional
(OLL) lordotic changes after MIS-TLIF. The mean preoper-
ative SL was 12.7◦ and postoperative SL was 15◦, an increase
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TABLE 4. Radiographic Outcomes Stratified by Preoperative Regional Overall Lumbar Lordosis (OLL)

Radiographic outcomes by lordotic
stratification, Mean (SD)

Hypolordosis
(N= 10 patients,

10 levels)

Normolordosis
(N= 35 patients,

40 levels)

Hyperlordosis
(N= 22 patients,

23 levels)
One-way ANOVA

P value

Preoperative
Segmental lordosis (SL), ◦ 4.15 (2.0) 7.08 (3.9) 7.93 (4.3) .038
Overall lumbar lordosis (OLL), ◦ 34.16 (5.3) 51.42 (5.6) 67.09 (4.2) <.001
Pelvic incidence (PI), ◦ 49.08 (11.1) 55.9 (10.2) 63.66 (9.3) .001
PI-OLL mismatch, ◦ 14.92 (9.5) 9.41 (7.6) 7.51 (5.6) .035
Sacral slope angle, ◦ 26.81 (6.9) 35.55 (8.1) 44.18 (7.5) <.001
Pelvic tilt, ◦ 22.28 (7.5) 20.35 (8.5) 19.48 (11.7) .745

Immediate postoperative
SL 13.07 (2.5) 14.27 (3.6) 14.18 (3.0) .613
Change in SL (95% CI) 9.10 (7.4; 10.8) 6.78 (5.4; 8.2) 5.97 (3.8; 8.2) .180
OLL 42.41 (5.3) 53.08 (5.5) 62.21 (11.1) <.001
Change in OLL (95% CI) 8.65 (4.6; 12.8) 1.81 (–1.3; 5.0) –4.77 (–9.1; –0.5) .001
PI 53.47 (11.5) 56.49 (11.6) 66.36 (13.3) .008
Change in PI (95% CI) 5.17 (–1.4; 11.7) 0.82 (–2.7; 4.3) 1.86 (–3.9; 7.6) .557
PI-OLL mismatch 11.88 (6.4) 9.39 (7.3) 7.32 (5.5) .210
Change in PI-OLL (95% CI) –2.66 (–9.6; 4.2) –0.44 (–3.3; 2.5) 0.57 (–2.9; 4.0) .590
Sacral slope 31.26 (5.6) 36.83 (8.2) 45.0 (8.8) <.001
Change in sacral slope (95% CI) 4.74 (1.5; 8.0) 0.85 (–1.6; 3.3) 1.25 (–2.5; 5.0) .334
Pelvic tilt 22.21 (6.3) 19.65 (9.1) 21.36 (9.2) .673
Change in pelvic tilt (95% CI) 0.43 (–5.6; 6.4) –0.03 (–3.3; 3.3) 0.61 (–4.2; 5.5) .970

Late postoperative
SL 10.97 (3.0) 13.03 (4.0) 13.75 (3.3) .144
Change in SL (95% CI) 6.82 (3.8; 9.9) 5.86 (4.5; 7.3) 5.82 (3.7; 8.0) .817
OLL 43.90 (10.7) 54.51 (9.0) 66.03 (8.8) <.001
Change in OLL (95% CI) 9.74 (2.7; 16.8) 3.27 (0.2; 6.3) –1.06 (–4.0; 1.8) .004
PI 48.21 (8.8) 57.55 (11.0) 63.35 (12.3) .003
Change in PI (95% CI) –0.87 (–6.5; 4.8) 1.84 (–1.9; 5.5) –0.31 (–5.1; 4.5) .654
PI-OLL mismatch 5.05 (4.5) 8.09 (6.0) 9.12 (5.8) .186
Change in PI-OLL (95% CI) –9.87 (–18.5; –1.2) –1.45 (–4.3; 1.3) 1.61 (–1.6; 4.8) .003
Sacral slope 31.10 (8.2) 35.01 (7.2) 44.33 (7.4) <.001
Change in sacral slope (95% CI) 4.29 (–0.01; 8.6) –0.52 (–3.3; 2.3) 0.15 (–3.5; 3.8) .236
Pelvic tilt 17.11 (3.9) 22.54 (9.5) 19.02 (12.3) .226
Change in pelvic tilt (95% CI) –5.16 (–9.9; –0.4) 2.36 (–1.0; 5.7) –0.46 (–6.1; 5.2) .130

One-way ANOVA performed to compare the 3 lordosis groups. Bold values indicate significant differences, P < .05.

of 2.1◦. Change in SL ranged between 0.1◦ and 8.4◦, with
most reports between 0◦ and 3◦. This is slightly lower than
observed in our series. Notably, the majority (111/171, 65%)
of included cases in the systematic review used static interbody
devices, which may provide less lordotic restoration than
expandable interbody devices.11,14 The authors were cautious
in their interpretation because of marked variability within the
literature in the measurement and reporting of radiographic
parameters.
Regional (OLL) lordotic changes after MISS lumbar interbody

fusions are influenced by multiple factors, including operative
levels, number of levels treated, interbody device position, device
type, internal fixation, and use of compressive techniques.18 In a
systematic review of 19 MISS lumbar interbody fusion cohorts
and 720 patients, Uribe et al18 reported a significant increase
of 3.7◦ in OLL, from an average 43.5◦ preoperatively to 47.2◦

postoperatively. For MIS-TLIF specifically, the systematic review
by Carlson et al22 reported a mean increase in OLL from 39.6◦ to
45.0◦, corresponding to a pre-post difference of 5.2◦. However,
OLL change estimates varied considerably, ranging from –6.8◦ to
14.7◦, with most studies reporting minimal increases between 1◦
and 7◦.

Segmental (SL) and regional (OLL) lordotic changes may be
explained by variation in preoperative lordosis. In the previ-
ously mentioned report, Uribe et al18 found a significant inverse
relationship between preoperative OLL and postoperative change
in OLL (r2 = 0.41), whereas SL did not have a similar
association (r2 = 0.001). Using pooled data from a systematic
review, Carlson et al22 found that preoperative SL (B = 0.58)
and OLL (B = –0.13), and postoperative OLL (B = 0.21)
were associated with increased postoperative SL. In our study,
linear regression revealed significant associations between each
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FIGURE 5. Scatterplots of postoperative “immediate” and “late” changes in segmental lordosis (SL) vs preoperative values of
SL. Ordinary least squares (OLS) regression lines and 95% CI included.

FIGURE 6. Scatterplots of postoperative “immediate” and “late” changes in regional overall lumbar lordosis (OLL) vs preoper-
ative values of OLL. Ordinary least squares (OLS) regression lines and 95% CI included.

preoperative SL (“immediate” change r2 = 0.48 and “late”
change r2 = 0.38) and OLL (“immediate” change r2 = 0.34
and “late” change r2 = 0.16) and their corresponding postop-
erative change values (Figures 5 and 6). Similarly, in our strat-
ified analysis, preoperative hypolordosis (OLL < 40◦) was
associated with relatively large increases in OLL (mean change
“immediate” 8.65◦ and “late” 9.74◦). The association between
preoperative SL and OLL and the corresponding change values
is stronger than would be expected from regression towards the
mean (see Figures, Supplemental Digital Contents 1 and 2).
For these reasons, Uribe et al18 make the distinction between
alignment “preservation” and “restoration/correction.” Alignment
changes, particularly lordosis increases, are possible after MISS
lumbar interbody fusion, even MIS-TLIF. However, the extent
of correction gained largely depends on preoperative spinal
lordosis.

Findings in Context: Interbody Fusion and Device
Subsidence
Lastly, radiographic interbody fusion was observed in 94.3%

(50/53) levels after 12 mo, and subsidence in 8.1% (6/74) of all
included levels. In a meta-analysis by Parajón et al6 of 40 reports
and 1533 patients, fusion rates for MIS-TLIF were high, ranging
from 91.8% to 99.1%, regardless of graft material. At a minimum
follow-up of 12 mo, fusion rates for patients treated with (32.6%
of patients) and without (67.4% of patients) recombinant human
bone morphogenic protein were 98.8% and 93.1%, respectively.
In the report by Massie et al,11 in which titanium expandable
interbody devices were used, fusion rate was 96% (46/48 levels)
at 12 mo. The subsidence rate was 6.1% (3/49), and none of
the cases were clinically significant nor required revision surgery.
Although these results are reassuring, well-powered, prospective
studies with extended follow-up are needed to estimate the risks
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FIGURE 7. Upright lateral radiographs taken A, preoperatively, B, postoperatively on day 1, and C, 6 wk following transfacet MIS-TLIF at L4-L5.
Radiograph at 6 wk shows subsidence of the expandable interbody device into the caudal endplate and new grade II anterolisthesis of L4 on L5. The patient
subsequently underwent revision surgery with removal of the posterior instrumentation, followed by anterior lumbar interbody fusion.

of long-term complications with expandable devices, including
adjacent segment disease, subsidence, and pseudarthrosis.

Limitations of the Study
Our study has several important limitations. First, this is a

single-center observational study with a relatively small sample
size, variable follow-up, and some missing data. Second, this
study is limited by lack of a comparator group, namely standard
MIS-TLIF, against which to compare clinical outcomes and
radiographic results. Third, radiographic results are subject to
measurement error because of variable radiograph quality and
inaccuracy because of observer errors. Moreover, as it is not
possible to blind reviewers to a patient’s operative state, measure-
ments made on postoperative radiographs may be systematically
biased to favorable changes in sagittal parameters. The effects of
random and systematic measurement error were mitigated by the
use of standard procedures for outcomes assessment, blinding of
reviewers to PROs, and serial postoperative measurements by 2
independent reviewers.

CONCLUSION

Patients undergoing transfacet MIS-TLIF with expandable
interbody devices experienced clinically meaningful improve-
ments in PROs. Radiographic sagittal segmental parameters of
SL, anterior DH, FH, and spondylolisthesis were improved early
following transfacet MIS-TLIF and were sustained throughout
the postoperative course. Transfacet MIS-TLIF did not affect
OLL or spinopelvic parameters (PI-OLL, SS, and PT);
however, it was associated with significant regional lordotic

alignment corrections among patients with low baseline OLL
(<40◦). Patients had acceptable rates of interbody fusion
and device subsidence consistent with those reported in the
literature.
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Supplemental digital content is available for this article at www.
operativeneurosurgery-online.com

Supplemental Digital Content 1. Figure. Scatterplots of change in regional
segmental lordosis (SL) across a given time period vs SL at the beginning of that
period. Boxed panel presents the change in SL following transfacet MIS-TLIF vs
preoperative SL. Nonboxed panels present the change in SL across time periods
in which no spinal surgical intervention was performed. The magnitude of the
inverse relationship diminishes across time periods that do not span the operative
event. This suggests that the association between change in SL after MIS-TLIF
and preoperative SL is beyond what is expected because of regression towards the
mean.
Supplemental Digital Content 2. Figure. Scatterplots of change in regional
overall lumbar lordosis (OLL) across a given time period vs OLL at the beginning
of that period. Boxed panel presents the change in OLL following transfacet
MIS-TLIF vs preoperative OLL. Nonboxed panels present the change in OLL
across time periods in which no spinal surgical intervention was performed. The
magnitude of the inverse relationship diminishes across time periods that do not
span the operative event. This suggests that the association between change in
OLL after MIS-TLIF and preoperative OLL is beyond what is expected because
of regression towards the mean (ie, towards normal ranges of overall lordosis).

COMMENT

T he authors have presented their initial experience with the transfacet
approach to MIS-TLIF using an expandable interbody device. The

details of the operative technique are published in a concurrent approach.
These findings suggest that among patients with low-grade degener-
ative lumbar spondylolisthesis, transfacet MIS-TLIF was associated with
significant improvement in patient reported outcomes (NRS-BP and
ODI). Moreover, the authors noted significant improvement in index-
level segmental radiographic parameters like disc height, foraminal height
and segmental lordosis, without significant change in overall lumbar
lordosis. The rates of pseudarthrosis and cage subsidence were 6% and
8.8% respectively. Strengths of the study include standardized outcomes
assessment, blinded radiographic evaluation and analysis stratified by
preoperative lumbar lordosis.
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The lack of comparison with standard MIS-TLIF and the variable
length of follow up are the two most important limitations of this
study. The outcomes observed seem to be congruent with previously
available literature evaluating standardMIS-TLIF with expandable cages.
In addition, as the authors correctly pointed out, it is important to
contextualize the findings to use of an expandable cage which may

itself be responsible for the improvements observed. Studies that involve
comparison with standard MIS-TLIF would be welcome investigations
for the future.

Mohamad Bydon
Rochester, Minnesota
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