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a b s t r a c t 

Background: Sagittal malalignment is associated with poor quality of life. Correction of lumbar lordosis through 

anterior column release (ACR) has been shown to improve overall sagittal alignment, however typically in com- 

bination with long posterior constructs and associated morbidity. The technical feasibility and radiographic out- 

comes of short-segment anterior or lateral minimally invasive surgery (MIS) ACR techniques in moderate to severe 

lumbar sagittal deformity were evaluated. 

Methods: Consecutive patients treated with short-segment MIS ACR techniques for moderate to severe lumbar 

sagittal deformity correction were retrospectively analyzed from a prospectively collected database. Clinical out- 

comes included perioperative measures of invasiveness, including operative time, blood loss, complications, and 

average length of stay. Radiographic outcomes included measurement of preoperative, immediate postoperative, 

and long-term follow-up radiographic parameters including coronal Cobb angle, lumbar lordosis (LL), pelvic inci- 

dence (PI), PI-LL mismatch, pelvic tilt (PT), T1 pelvic angle (TPA), T1 spino-pelvic inclination (T1SPI), proximal 

junctional angle (PJA), and sagittal vertical axis (SVA). 

Results: The cohort included 34 patients (mean age 63) who were treated at an average 2.5 interbody levels 

(range 1-4) through a lateral or anterior approach (LLIF or ALIF). Of 89 total interbody levels treated, 63 (71%) 

were ACR levels. Posterior fixation was across an average of 3.2 levels (range 1-5). Mean total operative time 

and blood loss were 362 minutes and 621 mL. Surgical complications occurred in 2 (5.9%). Average hospital stay 

was 5.5 days (including staging). At last follow-up (average 25.4 months; range 0.5-7 years), all patients (100%) 

demonstrated successful achievement of one or more alignment goal, with significant improvements in coronal 

Cobb, LL, PI-LL mismatch, PT, and TPA. No patient was revised for PJK. 

Conclusions: These data show that short-segment MIS ACR correction of moderate to severe lumbar sagittal 

deformity is feasible and effective at achieving overall alignment goals with low procedural morbidity and risk 

of proximal junctional issues. 

I

 

b  

h  

i  

h

R

A

2

l

Informed Consent Statement: 

This study was performed under Institutional Review Board over- 
sight, with waived informed consent for retrospective review of 
data from a prospectively collected quality improvement registry. 
✩ Funding Disclosure: No funding was provided for this work. 
∗ Corresponding author at: MultiCare Neuroscience Institute, 605 E. Holland, Suite

E-mail address: tohmeh@comcast.net (A.G. Tohmeh). 

m  

r  

h

 

h  

ttps://doi.org/10.1016/j.xnsj.2021.100068 

eceived 22 December 2020; Received in revised form 2 May 2021; Accepted 3 May

vailable online 9 May 2021 

666-5484/© 2021 The Author(s). Published by Elsevier Ltd on behalf of North Ame

icense ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
ntroduction 

Since the introduction of minimally invasive lateral lumbar inter-

ody fusion (MIS LLIF) in the early new millennium [1] , indications

ave expanded to include more complex spinal deformity surgery. Still,

n the deformity community, there remained concern that sagittal align-

ent may be difficult to achieve with MIS surgery [ 2 , 3 ]. However, the

eported reduced morbidity and complication profile [4-8] coupled with

igh fusion rates [ 9 , 10 ] rendered LLIF a valuable procedure. 

In an attempt to avoid major posterior osteotomies, lateral surgeons

ave expanded the use of LLIF to include anterior column release (ACR)
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Table 1 

Distribution of interbody fusion (IBF) levels and those in which anterior 

column release (ACR) was performed. 

# IBF Levels # ACR Levels # Patients 

LLIF 70 48 29 

ALIF 15 15 8 

P/TLIF 4 0 4 

LLIF = lateral lumbar interbody fusion; ALIF = anterior lumbar interbody fu- 

sion; P/TLIF = posterior / transforaminal lumbar interbody fusion; IBF = in- 

terbody fusion; ACR = anterior column release. 
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intentional release/resection of the anterior longitudinal ligament

ALL) in conjunction with the use of hyperlordotic interbody spacers to

etter address sagittal alignment correction. Reports of such techniques

ave mostly been used in the context of long instrumented fusions, with

elatively short follow-up [11-14] . 

While there are several small and mostly short-term follow-up series,

here is no long-term data reflecting the occurrence of reoperations and

djacent segment disease. The current case series was compiled to assess

he efficacy of short-segment anterior column release performed through

 lateral transpsoas (LLIF-ACR) or an anterior approach (ALIF-ACR) and

he use of hyperlordotic interbody fusion devices in the treatment of

ocal lumbar sagittal deformity, highlighting the effect of minimally in-

asive techniques and preservation of fusion levels on mid- to long-term

lignment correction and incidence of proximal junctional complica-

ions. 

aterials and methods 

atient cohort 

Consecutive patients treated at one center by a single surgeon who

et the following inclusion criteria were included for retrospective ex-

raction of prospectively collected chart data: primary diagnosis of sagit-

al malalignment deformity with or without scoliosis who underwent

IS-LLIF and/or ALIF with anterior column release (ACR) through re-

ection of the anterior longitudinal ligament (ALL) and insertion of ei-

her a 20 or 30 degree hyperlordotic interbody device at one or more

umbar or lumbosacral levels, existence of preoperative and postopera-

ive long-cassette standing radiographs, and a minimum of 6 months

ostoperative follow-up. Sagittal malalignment was defined by one

r more of the following well-established criteria: PI-LL > 10°, PT > 25°,

VA > 50 mm, TPA > 14°, and/or T1SPi > 0° [15-17] . 

perative details 

One important objective of the surgery was to reconcile spinopelvic

arameters without having to cross the thoracolumbar junction. As such,

he operative strategy was to reduce the number of fused levels with

he possible advantage of reducing perioperative morbidity while still

chieving spinal realignment objectives. All degenerative levels and

hose within the extent of either coronal or sagittal deformity were in-

luded in the fusion construct. Choice of UIV was with consideration for

voiding the apex of the curve and identifying the proximal stable, neu-

ral, horizontal level. Patients with osteoporosis, significant thoracolum-

ar kyphosis, or rotary scoliosis in the upper lumbar or thoracolumbar

egments were treated more extensively and therefore excluded from

his cohort. 

Direct decompression was performed when required, based on bony

anal stenosis, stenosis with maintained disc height, locked facets, ex-

ruded discs and if radicular neurologic symptoms were present at rest.

ll decompressions were performed minimally invasively using a split-

lade retractor. Except in two cases, one a revision of pre-existing spinal

nstrumentation, patients underwent percutaneous pedicle screw instru-

entation at all fused levels and MIS facet releases, as classified by

chwab et al. [18] as needed either during the same anesthetic or as

 staged procedure. The patient with pre-existing instrumentation un-

erwent a limited exposure to remove the hardware and the remaining

evels were instrumented with percutaneous pedicle screws. 

All instrumented levels included interbody cage support, whether

rom a pre-existing fusion or from the index procedure. Eleven patients

32.4%) underwent staged procedures where the posterior component

as performed 2-4 days following the anterior portion. The graft mate-

ial used in all cases was autologous bone marrow aspirate concentrate

nd synthetic bone extender. 
2 
adiographic assessment 

All patients prospectively underwent full-length radiographic imag-

ng at the preoperative and 6-week, 3-month, 6-month, 12-month, and

ubsequent annual postoperative visits. The following spinopelvic pa-

ameters were measured using SurgiMap software (Nemaris; New York,

Y): pelvic incidence (PI), pelvic tilt (PT), lumbar lordosis (LL), L4-S1

ordosis (L4-S1 LL), coronal Cobb (CC), T1 pelvic angle (TPA), sagittal

ertical axis (SVA), T1 spinopelvic inclination (T1SPI), proximal junc-

ion angle (PJA) above the upper instrumented vertebra (UIV + 1 and

IV + 2). The following criteria were defined as successful alignment:

I-LL < 10°, PT < 25°, TPA < 20°, T1SPi < 0°, and/or SVA < 50 mm [15-17] .

dditionally, proximal junctional kyphosis (PJK) was defined as a PJA

f greater than 10° and a pre- to postoperative change of greater than

0° [19] . 

tatistical analysis 

Statistical analysis included descriptive statistics of each measured

arameter at each time point and paired comparisons (via matched pair

-test) across time points to quantify corrective effect. Measures of co-

ariance were tested to determine the influence of preoperative patient

actors and surgical variables on the measured outcomes. All analyses

ere performed using JMP statistical software (SAS Institute; Cary, NC)

ith a significance level set at 0.05. 

esults 

Thirty-four (34) patients met the inclusion criteria. The majority

62%) were male and average age at the time of surgery was 63 years

range: 47-83). Comorbidities included smoking (7.1%) and diabetes

ellitus (17.9%). In addition to coronal and sagittal deformity, 24

70.6%) had stenosis. Sixteen (16, 47.1%) had had prior decompres-

ion surgery, 6 of those at levels of current ACR procedure. Eleven (11,

2.4%) had previous instrumented lumbar fusion surgery, mostly at

evels adjacent to the current ACR procedures, except in one case of

osterior-only fusion being revised to multi-level interbody fusion. 

Interbody fusions (IBF) were performed in a total of 89 levels

 Table 1 ): 70 LLIF levels in 29 patients, 15 ALIF levels in 8 patients,

nd 4 P/TLIF levels in 4 patients. All P/TLIF levels were performed at

5-S1, and none included ALL release/ACR. All ALIF levels included

LL release/ACR and included L5-S1 in all 8 patients, L4-5 in 6, and

3-4 in 1. LLIF was performed at 70 levels, of which 48 included ALL

elease/ACR, most commonly performed at L3-4 (22, 46%), then equally

t L4-5 and L2-3 (12, 25%), and infrequently at L1-2 (2, 4%). 

IBF procedures were supplemented posteriorly with percutaneous

edicle fixation, including iliac fixation in 9 (26.5%); none crossed the

horacolumbar junction. The upper instrumented vertebra (UIV) was

ost commonly L2 (18, 52.9%), then L3 (8, 23.5%), then L1 (6, 17.6%),

hen L4 (2, 5.9%). A direct decompression was included in 11 (32.4%).

acet releases were performed in 10 (29.4%) patients (6 Grade 1; 4

rade II [18] ). Posterior procedures were staged in 11 (32.4%). Aver-

ge follow-up was 25.4 months (range: 5.4 – 85.2 months): 3 (9%) were
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een last at their nominal 6-month, 12 (35%) at their 12-month, and 19

56%) at their 24-month or later postoperative follow-up visit. 

In non-staged procedures, total combined (anterior and posterior

rocedures) operative time averaged 272 minutes and total combined

lood loss averaged 376 mL. Staged surgeries averaged 198 minutes for

nterior and 255 minutes for posterior procedures, and 359 mL blood

oss for anterior and 507 cc for posterior procedures. Following staged

r non-staged surgery, mean preoperative to postoperative hemoglobin

nd hematocrit drop was 14.2 g to 10.8 g and 42.3 to 32.0, respectively.

ix (6, 17.6%) were transfused, 2 due to intraoperative vascular compli-

ations that led to elevated blood loss (maximum intraoperative blood

oss was 1.6 L). Average hospital stay was 5.5 days including staged

rocedures, the majority (76.5%) discharged to home. 

omplications 

Surgical complications occurred in 2 (5.9%) patients. Another 8

23.5%) patients experienced medical and/or anesthesia-related compli-

ations. Surgical complications included one case where venous bleed-

ng was encountered after the ALL retractor was removed in a right-

ateral approach at the L4-5 level. Bleeding was controlled intraopera-

ively with hemostatic agents, and immediate postoperative venography

howed a distal inferior vena cava injury but no active bleeding. The pa-

ient was managed with 3 months of anticoagulants and completion of

he procedure was achieved with a second stage-surgery. The second

urgical complication was in a patient who developed a transient post-

perative neuropraxia ipsilateral to a right-sided 3-level LLIF ACR from

2-L5. The patient also underwent Grade 2 posterior osteotomies at the

ame levels and open pedicle fixation. 

Medical complications included 3 cardiopulmonary events, 2 acute

enal failures, cholecystitis, urinary retention, and ileus. 

eoperations 

Two patients required reoperation during the same admission: one

atient with cholecystitis returned to the OR for cholecystectomy; an-

ther patient who underwent L2-4 LLIF-ACR with L1-5 MIS fixation re-

urned to the OR for unresolved radiculopathy symptoms requiring L1-2

irect decompression. An additional two patients underwent additional

urgery more than one year later: one patient who underwent primary

2-5 fusion required L5-S1 microdiscectomy 15 months post-primary

urgery; another patient who underwent primary 4-level L2-S1 fusion

ater (after determination of solid fusion) required unilateral removal of

ainful hardware 32 months postoperative. 

No patient was reoperated for symptomatic pseudarthrosis; nor was

ny patient identified as having asymptomatic pseudarthrosis based on

ardware loosening, hardware breakage, or cage subsidence. 

adiographic Results 

Representative case examples are shown in Figures 1 and 2 . Aver-

ge changes in radiographic parameters from pre- to postoperative are

hown in Table 2 . Notably, all spinopelvic parameters improved, most

tatistically significantly, including overall lumbar lordosis (LL), L4-S1

L, and PI-LL mismatch. A further breakdown of segmental correction

s shown in Table 3 , demonstrating that ACR (regardless of approach)

ignificantly improved segmental lordosis, whereas non-ACR levels did

ot. 

At last follow-up visit, all patients (100%) demonstrated successful

chievement of one or more alignment goal. The distribution of goals

chieved is shown in Table 4 . Achievement of these goals was not depen-

ent on sex, age, severity of preoperative deformity (classified as either

oderate or severe based on SVA, PT, and PI-LL mismatch), number of

nstrumented levels, use or level of posterior release, form of fixation

open vs. percutaneous), level of UIV, or number or location of ACR

evels (p > 0.05). 
3 
Since all surgeries were intended to minimize levels of fusion and

void crossing the thoracolumbar junction, the uppermost instrumented

ertebra (UIV) was always lumbar: 17.6% at L1, 52.9% at L2, 23.5% at

3, and 5.9% at L4. At last follow-up, 3 patients (9%) had a UIV + 1

ngle greater than 10° and a change from baseline of greater than 10°.

n this group, the UIV + 1 PJA averaged 19.5° and the change from pre-

o postoperative averaged 18.1°. When using the same radiographic PJK

efinition but with UIV + 2, an additional 2 patients (total of 5 or 15%)

et the definition. In this group, the UIV + 2 PJA averaged 21.9° and the

hange from pre- to postoperative averaged 14.1°. 

Helgeson et al. [20] proposed 15° change at UIV + 1 as the definition

f PJK, which was based on two standard deviations from the mean

n their study. Coincidentally, two standard deviations from the mean

ngle at UIV + 1 at preoperative was 15.2° degrees in the current study.

sing this definition, the results of the current study would include 2

atients (6%) using UIV + 1, or 1 patient (3%) using UIV + 2. 

The incidence of radiographic PJK was not dependent on sex, age,

umber of instrumented levels, use or level of posterior release, form

f fixation (open vs. percutaneous), level of UIV, or number or loca-

ion of ACR levels (p > 0.05). No preoperative spinopelvic parameter was

redictive of PJK by either definition. There were no instances of PJF

r revision or reoperation for proximal junctional complications at any

imepoint. 

iscussion 

Several published studies have described the use of hyperlordotic

ages in conjunction with anterior longitudinal ligament release (ACR)

n the correction of sagittal malalignment deformity. One of the earliest

xperiences with the lateral ACR technique was reported by Akbarnia

t al., wherein a cohort of 17 patients showed an average increase in

umbar lordosis by 22° by first-stage ACR, and total average lordosis in-

rease of 29° following second-stage posterior procedures [11] . Berjano

t al. described a similar experience with 12 patients where segmen-

al angular correction averaged 24° and average lumbar lordosis was

ncreased by 31° [12] . Both of these studies concluded that correction

apability with ACR is similar to what can be achieved through a more

nvasive pedicle subtraction osteotomy [21] . However, both of these co-

orts included Smith-Petersen osteotomies at the level of the ACR and

sed open posterior instrumentation. 

Murray et al. reported on 31 patients and 47 levels with a mix of all

IS (ACR with percutaneous posterior fixation) and hybrid procedures

MIS-ACR with open posterior osteotomies and fixation) [13] . They re-

orted an overall increase in lumbar lordosis of 17.6° and a complica-

ion rate of 61%. Turner et al. reported on 34 patients at 5 centers with

 minimum 1-year follow up [14] . An average of 7 levels (range 2-16)

ere fused and ACR was performed at an average of 1.7 levels. Open

osterior instrumentation was performed in 76.5 % of cases. They found

hat the average segmental correction with ACR (14.1°) was over 4 times

ore than what was achieved with LLIF alone (3.3°), and the addition

f posterior osteotomy increased lordosis by another 72.7%. 

Saigal et al., based on a literature review that included the above-

eferenced studies [22] , made the recommendation of applying ACR

n patients with moderate sagittal deformity, or Grade II as classified

y the Mummaneni et al. algorithm [23] , i.e., when SVA > 60 mm but

T < 25° and PI-LL < 30°, although the authors left room for modification

f such MIS deformity algorithms with evolving techniques, experience,

nd learnings. 

The current study cohort included both of what Mummaneni et al.

ould classify as Grade II and Grade III (SVA > 60 mm, PT > 25°, and

I-LL > 30°) sagittal deformities, or what the current study considers as

oth moderate and severe sagittal deformities. Mummaneni’s classifica-

ion suggests that Grade II (moderate) deformities can be treated with

IS decompression and interbody fusion at the apex of the curve, while

rade III (severe) deformities should be treated with open surgery, pos-

erior osteotomies, and extension of the fusion into the thoracic spine. 
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Fig. 1. Preoperative (left) and last (7-yr) postoperative (right) 

standing lateral radiographs of a 55-year-old male who un- 

derwent L2-L5 LLIF ACR with staged grade II osteotomies 

and open pedicle fixation posteriorly. Short-segment approach 

in this patient resulted in improved lumbar lordosis ( + 25.0°

overall, and + 8.2° across L4-S1) and corrected overall stand- 

ing alignment. LL = lumbar lordosis; PI = pelvic incidence; PI- 

LL = pelvic incidence - lumbar lordosis mismatch; PT = pelvic tilt; 

SVA = sagittal vertical axis. 

Fig. 2. Preoperative (left) and last (2-yr) postoperative 

(right) standing lateral radiographs of a 68-year-old female 

who underwent L2-S1 anterior column realignment via L2- 

L4 LLIF ACR and L4-S1 ALIF ACR, with percutaneous pos- 

terior fixation L2-Ileum. Short-segment approach in this 

patient resulted in improved and harmonious lumbar lor- 

dosis and corrected overall standing alignment. LL = lum- 

bar lordosis; PI = pelvic incidence; PI-LL = pelvic incidence - 

lumbar lordosis mismatch; PT = pelvic tilt; T1SPI = T1 spino- 

pelvic inclination . 

Table 2 

Average radiographic parameters at preoperative and immediate and last postoperative visits. Last postoperative visit averages nom- 

inally 24 months (range: 6 months – 7 years). 

Pre-op Immediate Post-op Last Post-op p-value (Pre-Last) 

CC 11.9° 6.6° 6.9° p < 0.0001 

LL -34.6° -49.3° -45.4° p < 0.0001 

PI 53.2° 52.9° 54.1° p = 0.3249 

PI-LL 18.6° 2.4° 10.1° p < 0.0001 

PT 23.1° 16.7° 19.3° p = 0.0003 

TPA 22.5° 15.1° 18.8° p = 0.0003 

T1SPI -0.4° -1.4° -1.1° p = 0.5381 

SVA 55.2 mm 35.0 mm 37.9 mm p = 0.1690 

L4-S1 LL 25.1° 30.6° 29.0° p = 0.0260 

UIV + 1 angle -2.4° 1.1° 4.0° p < 0.0001 

UIV + 2 angle -2.2° 3.8° 4.1° p < 0.0001 

CC = coronal Cobb (angle); LL = lumbar lordosis; PI = pelvic incidence; PI-LL = pelvic incidence - lumbar lordosis mismatch; 

PT = pelvic tilt; TPA = T1 pelvic angle; T1SPI = T1 spino-pelvic inclination; SVA = sagittal vertical axis; UIV = upper instrumented 

vertebra. 

4 
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Table 3 

Average segmental lordosis values at preoperative and last postoperative visits. Last postoperative visit averages nominally 24 months 

(range: 6 months – 7 years). 

Pre-op Last Post-op Pre- to Last Post-op Difference p-value (Pre-Last) 

Non-ACR levels -9.1° -10.8° -1.7° p = 0.2482 

All-ACR levels -10.2° -19.3° -9.1° p < 0.0001 

LLIF-ACR levels -7.7° -17.1° -9.4° p < 0.0001 

ALIF ACR levels -18.4° -26.5° -8.1° p = 0.0002 

ACR = anterior column release; LLIF = lateral lumbar interbody fusion; ALIF = anterior lumbar interbody fusion 

Table 4 

Percentage of patients meeting alignment goals at preoperative and imme- 

diate last postoperative visits. Last postoperative visit averages nominally 

24 months (range: 6 months – 7 years). 

Pre-op Immediate Post-op Last Post-op 

PI-LL < 10° 18% 73% 53% 

PT < 25° 65% 88% 79% 

TPA < 20° 29% 87% 63% 

T1SPI < 0° 61% 67% 56% 

SVA < 50 mm 50% 80% 52% 

PI-LL = pelvic incidence - lumbar lordosis mismatch; PT = pelvic tilt; 

TPA = T1 pelvic angle; T1SPI = T1 spino-pelvic inclination; SVA = sagit- 

tal vertical axis. 
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The rationale behind the current authors’ application of short-

egment ACR was to provide adequate sagittal correction while minimiz-

ng the number of fused levels to reduce the morbidity of the procedure

nd incidence of proximal junctional issues. MIS posterior techniques

percutaneous screws and facet releases) were employed in most (ex-

epting 2 cases requiring hardware revision), and no fusions crossed the

horacolumbar junction. Like the prior ACR studies, LL, PI-LL mismatch,

nd PT were all significantly improved, even with increased reliance on

IS techniques and with longer follow-up than prior reports. Further,

chievement of global alignment goals was independent of whether the

eformity was moderate or severe according to Mummaneni’s classifi-

ation, suggesting that their prescription for more aggressive open con-

tructs extending into the thoracic spine may be unnecessary to achieve

nd maintain successful sagittal alignment. 

Moreover, these perioperative clinical results compare favorably

ith those of long-construct corrections, not unsurprisingly, as sparing

evels and use of MIS techniques are intuitively expected to reduce mor-

idity. Osteotomies, in particular, result in increasingly higher compli-

ation rates with increasing grade [24] , although with a trade-off for

ncreasing correction capacity. In the current cohort, the most serious

omplication occurred in a patient with iatrogenic flatback where, in

ddition to LLIF-ACR, a more extensive (Schwab Grade II) osteotomy

as performed along with hardware revision. 

A literature review of short- versus long-segment fusions in the set-

ing of adult degenerative scoliosis found no significant difference in

verall correction, yet a lower complication profile when short-segment

usion was employed [25] . The authors concluded that shorter fusion

onstructs should be used, when indicated, in order to reduce periop-

rative time, costs, and complications. The determination of inclusion

f levels, and in particular the UIV, is a topic of continued study and

ebate. It has been proposed and commonly argued that multi-level cor-

ections that stop at the upper lumbar region should extend to T10 or

igher to avoid proximal level breakdown. 

However, as highlighted in a debate article by Shufflebarger et al.

26] , while this T10-pelvis dogma was based on reasonable biomechan-

cal assumptions considering the increased rigidity of the spine at levels

ith true rib attachments, it seems to have been based on a relatively

mall experience, and has perhaps overshadowed the algorithmic rec-

mmendations for indication of UIV. The concluding case example in

hat debate article in fact highlights Shufflebarger’s successful outcome
5 
ith a short-construct solution, albeit one that was achieved through

hree stages of open procedures and undoubtedly more morbidity than

hat is similarly achieved by the MIS solutions in the current study. 

Consistent with Shufflebarger’s teaching, Bridwell et al. suggested

hat decision-making about where to stop a fusion construct proximally

equires identification of the “stable, neutral, and horizontal vertebra ”

27] . Having accomplished this in the treatment selection for the cur-

ent cohort, the long-term results have been good, with no symptomatic

roximal level failures. 

A systematic literature review by Cho et al. [28] reports that the

revalence of PJK following adult spinal deformity surgery varies widely

rom 6-62%. They also report that PJK does not appear to affect clinical

utcomes and that risk factors include age, bone quality, shorter fusion

onstructs, UIV below L2, and inadequate restoration of global sagittal

alance. The results of the current study both support and challenge

hese findings. 

While the incidence of PJK in the current short-segment cohort

anged from 3-15% (depending on the definition used), that radio-

raphic result did not affect clinical outcomes, as no revision or reoper-

tion was required. However, unlike Cho et al., neither number of levels

or level of UIV was a factor in the incidence of PJK. Kim et al. simi-

arly showed that choice of proximal level, comparing T9, T11, and L1)

as not a factor in radiographic and clinical outcomes or prevalence of

evision [29] . The authors concluded that the more distal proximal fu-

ion level at a neutral and stable vertebra may be satisfactory, consistent

ith the recommendation Bridwell et al. It is presumed that, along with

his recommendation, ultimately, it is the overall alignment achieved

nd maintained that is the most significant factor. Notably, all patients

n the current cohort met one or more alignment goals. 

Limitations of the study include the lack of inclusion of patient re-

orted outcomes. While the focus was on radiographic outcome and

linical complications and failures requiring revision (none), patient-

eported pain, function, quality of life, and satisfaction with outcome

re important and will be the subject of future studies. 

The cohort was not entirely homogeneous given the variations in

evels treated, but we attempted to qualify the type of patient for whom

his surgical strategy was applied, and limited the analysis population

o those meeting a specified set of inclusion criteria. Due to what was an

volution in clinical decision-making, this stratification created a rela-

ively isolated cohort without an effective control group for comparison,

ince patients with less complex deformities would have been treated

ess aggressively (e.g., LLIF without ACR), and those with more complex

eformities and/or comorbid factors such as osteoporosis would have

een treated more aggressively by applying less segmental correction

cross more levels. Future studies across multiple practices may enable

atched-cohort comparisons and further assessment of this strategy. 

onclusion 

The current study results support the concept that it is feasible

o minimize fusion levels while correcting moderate to severe sagit-

al deformity if adequate release of the ALL and disc annulus is per-

ormed, with MIS posterior facet releases if needed, along with hyper-

ordotic cages and supplemental MIS posterior instrumentation. Such
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hort-segment technique may also be effective in reducing morbidity

nd risk of proximal junctional issues. 
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