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Assessing the Fractional Curve for 
Proper Management of Adult 
Degenerative Scoliosis
Seth C. Ransom1,*, Zach Pennington1,*, Nolan J. Brown2, Shane Shahrestani3,  
Jessica Ryvlin4, Ali Shoustari1, John C. Hagen5, Anthony L. Mikula1,  
Nikita Lakomkin1, Luis D. Diaz-Aguilar2, Benjamin D. Elder1, Joseph A. Osorio2, 
Martin H. Pham2

1Department of Neurologic Surgery, Mayo Clinic, Rochester, MN, USA 
2Department of Neurological Surgery, University of California, San Diego, CA, USA 
3Department of Neurosurgery, Cedars-Sinai Medical Center, Los Angeles, CA, USA 
4Department of Neurological Surgery, University of Pittsburgh Medical Center, Pittsburgh, PA, USA 
5Department of Radiology, Baylor College of Medicine, Houston, TX, USA

Adult degenerative scoliosis (ADS) is a coronal plane deformity often accompanied by sagit-
tal plane malalignment. Surgical correction may involve the major and/or distally-located 
fractional curves (FCs). Correction of the FC has been increasingly recognized as key to 
ameliorating radicular pain localized to the FC levels. The present study aims to summarize 
the literature on the rationale for FC correction in ADS. Three databases were systematical-
ly reviewed to identify all primary studies reporting the rationale for correcting the FC in 
ADS. Articles were included if they were English full-text studies with primary data from 
ADS ( ≥ 18 years old) patients. Seventy-four articles were identified, of which 12 were in-
cluded after full-text review. Findings suggest FC correction with long-segment fusion ter-
minating at L5 increases the risk of distal junctional degeneration as compared to constructs 
instrumenting the sacrum. Additionally, circumferential fusion offers greater FC correction, 
lower reoperation risk, and shorter construct length. Minimally invasive surgery (MIS) 
techniques may offer effective radiographic correction and improve leg pain associated with 
foraminal stenosis on the FC concavity, though experiences are limited. Open surgery may 
be necessary to achieve adequate correction of severe, highly rigid deformities. Current data 
support major curve correction in ASD where the FC concavity and truncal shift are con-
cordant, suggesting that the FC contributes to the patient’s overall deformity. Circumferen-
tial fusion and the use of kickstand rods can improve correction and enhance the stability 
and durability of long constructs. Last, MIS techniques show promise for milder deformi-
ties but require further investigation.

Keywords: Adult spinal deformity, Fractional curve, Radiography, Adult degenerative sco-
liosis, Spine surgery, Neurosurgery

INTRODUCTION

Adult spinal deformity (ASD) comprises both degenerative 
spinal deformity (de novo deformity) and residual deformity 
from adolescent idiopathic scoliosis. One type of de novo ASD 
– adult degenerative scoliosis (ADS) affects over 30% of elderly 
Americans.1-3 Patients with ADS most commonly present with 

lumbosacral radicular pain caused by stenosis of the foramina 
on the concavity of the lumbosacral curve (present in up to 97% 
of patients).1,2 For these patients with isolated radicular pain, 
limited neural element decompression via a laminoforaminoto-
my may represent a reasonable and effective treatment approach. 
However, for those patients whose symptoms can be attributed 
to their global spinal malalignment (e.g., decreased physical ac-
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tivity tolerance and chronic fatigability of the paraspinal and 
proximal leg musculature), definitive therapy involves surgical 
correction of the sagittal and coronal alignments via long-seg-
ment instrumented fusion.3-7

When correcting the coronal deformity in these patients, res-
toration of overall coronal alignment may require treatment of 
both the major and fractional curves (FCs).8 The FC is defined 
as the compensatory curve located caudal to the major curve, 
most commonly at the lumbosacral junction (L4–S1).8 The L4, 
L5, and S1 nerve roots exiting on the FC concavity are the most 
common precipitants of radicular pain in patients with ADS; 
therefore, many experts recommend correction of any FCs ex-
ceeding 15°.9,10 In fact, prior work suggests that failure to cor-
rect a coexisting FC in ADS patients reduces the likelihood that 
global coronal balance will be successfully restored and main-
tained in the postoperative period.8,11-13

Related to the concept of FC correction is whether the fusion 
construct should extend to the sacrum. For patients with ado-
lescent idiopathic scoliosis (which becomes adult idiopathic 
scoliosis later in life), termination at L3 or L4 is common as an 
attempt to preserve motion segments.14 However, in de novo 
(degenerative) ADS, the lumbar FC generally contributes to ra-
dicular pain generation and may contribute to the overall de-
formity. In such cases, the construct must include the FC, ne-
cessitating instrumentation to the sacrum. However, there re-
mains debate regarding the degree to which the FC drives the 
overall deformity, and consequently whether it needs to be in-
cluded in the fusion construct. The present systematic review 
aims to address these questions, specifically focusing on: (1) 
characterizing the importance of preoperative FC assessment as 
it relates to surgical planning, (2) comparing surgical outcomes 
for ADS patients undergoing deformity correction surgery ac-
cording to whether or not the FC was corrected, and (3) to dis-
cuss future directions relevant to ongoing investigations regard-
ing the importance of FC correction in patients with ADS.

MATERIALS AND METHODS

1. Search Strategy
In accordance with PRISMA (Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses) guidelines, the PubMed, 
Ovid and Cochrane databases were queried for studies published 
between January 2010 and June 2023 focusing on FC manage-
ment in patients with ADS.15 All 3 databases were searched us-
ing the following keywords: (“spine deformity” OR “complex 
spinal deformity” OR “scoliosis” OR “degenerative scoliosis”) 

AND (“fractional curve” OR “fractional lumbosacral curve” 
OR “lumbosacral hemi curve” OR “compensatory lumbosacral 
curve” OR “secondary lumbosacral curve” OR “minor lumbo-
sacral curve”) AND (“measurement” OR “analysis” OR “radi-
ography” OR “imaging” OR “assessment”).

2. Study Selection Process
Two investigators (SCR, NJB) independently screened each 

article according to title and abstract. When points of disagree-
ment regarding study inclusion arose, they were resolved by a 
third reviewer (MHP). Full-text English translations of each ar-
ticle identified on title and abstract screen were obtained and 
screened for inclusion in the final analysis. Studies were includ-
ed if they: (1) presented primary data, (2) described a coherent 
methodology for assessing the FC or FC and deformity-related 
symptomatology, (3) included only adults (age≥ 18 years) with 
degenerative scoliosis, and (4) reported relevant data enabling 
characterization of the role that FC management plays in cor-
rective surgery for patients with double curves (comprised of 
the major and FCs) in the setting of ADS.

3. Data Extraction and Analysis
The following information was extracted from included stud-

ies (when available): year of publication and surname of first 
author, study sample size (number of patients), method of FC 
quantification, surgical details (when surgery was performed), 
relevant patient inclusion and exclusion criteria implemented 
by each study, findings relevant to FC correction (and level of 
statistical significance when indicated), and any conclusions 
made regarding the importance of correcting the FC in patients 
with double curves secondary to ADS. Although descriptive 
statistics were reported, data were too heterogeneous to allow 
for a quantitative meta-analysis.

4. Quality and Risk of Bias Assessment
Given the retrospective, nonrandomized nature of the in-

cluded studies, assessment of potential sources of bias was con-
ducted in order to provide a fair assessment of the strength of 
the evidence informing the conclusions made in the present 
study. Accordingly, we assessed the quality and Risk of Bias 
(ROB) of each study using the Cochrane Risk Of Bias In Non-
randomized Studies-of Interventions (ROBINS-I) tool. Overall, 
studies were mostly in the moderate-to-high ROB category, 
with 5 studies comprising high ROB and 7 studies qualifying as 
moderate ROB. Finally, one study was assigned low ROB.
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RESULTS

1. Study Selection and Characteristics of Included Studies
Seventy-four unique studies were identified, of which 23 met 

criteria for full-text review (Fig. 1). After exclusion criteria were 
applied, only 12 studies remained: 10 single-institution retro-
spective cohort studies and 2 multicenter retrospective cohort 
studies. Details of the included studies are presented in Tables 1 
and 2. Furthermore, the results of the ROB assessment, which 
was conducted using Cochrane ROBINS-I tool, are presented 
as a traffic light plot in Fig. 2.

2. Radiographic Quantification of the FC
All but one of the included studies described the methodolo-

gy for radiographic determination of the FC Cobb angle.16-26 
The one study utilized preoperative radiographic parameters to 
localize ASD pain to specific sources within structural FC.16 
Examples of methodologies used to determine FC included 
that of Zhang et al.,16 who defined FC as the angle inscribed by 
lines through the superior endplate of L4 and pedicles of S1. 
Similarly, Brown measured FC as the Cobb angle inscribed by 
the line connecting the superior edge of the iliac alae and a hor-
izontal line through the pedicles of the proximal vertebra of the 
FC (L4 or L5).17

3. FC as a Radiographic Predictor of Outcomes
Seven of the studies presented data correlating FC curve size 

with the severity of the major curve, extent of operative correc-
tion required for a successful outcome, global coronal imbal-
ance, and the severity of lumbosacral radiculopathy. Pugely et 
al.18 examined 48 patients evaluated for ADS at a single center. 
The cohort was divided into those presenting with isolated 
back pain, those presenting with combined low back and ante-
rior thigh/knee (femoral) pain, and those presenting with com-
bined low back pain and sciatica. Those presenting with sciatica 
more commonly had symptomatic foraminal stenosis within 
the concavity of the FC, unless the structural curve lay in the 
lower lumbar spine (apex below L3), in which case symptoms 
derived from foraminal stenosis in the structural (main) curve 
concavity. In both patients with sciatica and femoral pain, fo-
raminal size was significantly lower than in patients with lum-
bago alone. It thus follows that radicular pain down the back of 
the leg could suggest foraminal stenosis within the FC concavi-
ty as the driver of clinical presentation.18 The authors concluded 
that precise localization of the source of leg pain in ADS pa-
tients is a critical component of operative planning as it affects 
decisions related to determining which specific levels should be 
targeted by operative intervention.

4. FC Analysis and Surgical Planning
Eight articles focused on the impact of including the major/

minor curve in devising the construct and the need for pelvic 
fixation. Amara et al.20 described their single-institutional expe-
rience in which they treated 99 patients with ADS. All included 
patients demonstrated lumbar radiculopathy ipsilateral to any 
FCs > 10° at the L4–S1 levels, specifically. Patients were divided 
into 3 groups—those undergoing correction of the FC only 
(N= 27), those undergoing T10-pelvis fusion with correction of 
the both the fractional and major coronal curves (n= 46), and 
those undergoing fusion to the upper thoracic spine with cor-
rection of the major coronal curve only (n= 26). Those under-
going fusion to the upper thoracic spine were noted to have sig-
nificantly larger major curve angles than patients who were not 
fused to the upper thoracic levels. Furthermore, the authors 
found that patients in the group undergoing FC correction 
alone had significantly lower surgical morbidity, reduced com-
plications, and the lowest likelihood to require inpatient reha-
bilitation facility placement relative to the other groups. Across 
all 3 groups, there was no significant difference in coronal bal-
ance postoperatively. This suggests that FC correction may be 
indicated for select patients, namely those presenting with a 

Fig. 1. PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses) diagram outlining study selec-
tion process.
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primary complaint of radiculopathy localizing to the level of 
the FC. However, these data suggest it is not necessary to incor-
porate FC correction in the surgical plan for all ASD patients. 
Although this appeared to be the case, the authors did acknowl-
edge one caveat: patients who underwent FC correction alone 
exhibited higher rates of reoperation.

The same group subsequently described a subset of 78 pa-
tients who underwent surgery for FCs (L3–S1) > 10° involving 
≥ 1 interbody fusion within each patient’s FC.23 All patients in-
cluded in the study presented with primary complaints of lum-
bar radiculopathy that could be localized to the level of the FC. 
With respect to the specifics of FC correction, interbody place-
ment at 2–3 levels (versus 1-level interbody placement) was as-
sociated with significantly reduced fractional and major curves 
without a commensurate increase in complications.

More recently, in an expanded multicenter cohort, Chou et 
al.22 examined outcomes in 118 ADS patients who underwent 
correction of their FCs (79 underwent open correction, while 

39 underwent circumferential minimally invasive surgery 
[cMIS] correction). Despite the fact that direct decompression 
was performed less frequently in the cMIS group, pain out-
comes—including postoperative visual analogue scale (VAS) 
leg pain scores—were similar between the cMIS and open 
groups. This suggests foraminal stenosis on the FC concavity 
drives the radicular leg pain and the indirect decompression af-
forded by FC correction may be sufficient to offer symptomatic 
improvement. To clarify, neural element decompression ap-
pears to be the key process driving pain relief. While for pa-
tients with an exclusively radicular pain picture, direct decom-
pression (such as hemilaminectomy or foraminotomy) may be 
sufficient. However, for those with concurrent axial pain attrib-
utable to the deformity, indirect decompression with interbody 
placement via either open or cMIS techniques may offer effec-
tive symptom relief without the need for concurrent direct de-
compression. Said strategy helps to maintain fusion surfaces 
that would be removed with direct decompression, and so the-

Fig. 2. ROB (Results of Risk of Bias) assessment conducted using the ROBINS-I (Risk Of Bias In Non-randomized Studies-of 
Interventions) tool.
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oretically improve the odds of successful radiographic fusion. 
Finally, one advantage of concurrent FC correction is that the 
placement of instrumentation helps to maintain the nerve root 
decompression and so may allow for better long-term symptom 
relief, though this remains a point of ongoing investigation.

Data from Brown et al.17 suggested that correction of the FC 
was associated with more favorable patient-reported outcomes 
in a series of 16 ADS patients who underwent posterior fusion 
to L5. Average FC correction was 10.4°and postoperative L5–S1 
degeneration correlated significantly with the magnitude of re-
sidual FC. For example, patients requiring revision had signifi-
cantly larger residual FCs (21° vs. 8.7°, p< 0.05) and those with 
subsequent L5–S1 disc degeneration had significantly larger re-
sidual FCs than those without such degeneration (15° vs. 8.7°, 
p< 0.05). As distal segment degeneration is a driver of surgical 
revision, these data suggest FC correction may reduce the odds 
of revision surgery for adjacent segment disease.

Yagi et al.21 compared the efficacy of a hybrid anterior-poste-
rior surgical approach to conventional anterior column release 
(ACR) with posterior fusion in 33 patient pairs undergoing 
corrective surgery for ADS. Each pair was matched by age and 
coronal curve magnitude for analysis. Patients underwent ei-
ther “conventional” anterior release followed by long-segment 
posterior instrumentation, or a “hybrid” multilevel anterior in-
terbody fusion followed by posterior segmental instrumenta-
tion. The combined anteroposterior procedure has been previ-
ously associated with improved correction of severe deformity 
curves, lower likelihood for postoperative progression, and re-
duced rates of pseudarthrosis. In this study, the hybrid group 
demonstrated significantly lower rates of both postoperative 
coronal imbalance (38% vs. 56%, p= 0.03), complications (18% 
vs. 39%, p= 0.01), and rates of surgical revision (12 of 33 pa-
tients vs. 6 of 33 patients, p= 0.03), though quality of life (QoL) 
outcomes were similar. The major complications in the control 
group, which exhibited the higher overall rate of complications, 
included proximal junctional kyphosis (PJK) (n= 7) and deep 
infection. Interestingly, although one of the touted advantages 
of the anterior-posterior hybrid approach was a decreased risk 
for pseudoarthrosis, the latter was not demonstrated by Yagi 
and colleagues. Specifically, only 3 cases of pseudarthrosis were 
reported, and 2 of them occurred in the hybrid group.

Both Chou et al.22 and Manwaring et al.24 compared the abili-
ty of cMIS techniques to achieve FC correction relative to open 
techniques. Manwaring et al.24 examined the impact of ACR 
with concomitant extreme lateral interbody fusion (XLIF) on 
sagittal and coronal balance in 36 patients treated for ADS. Both 

patients who underwent XLIF without ACR and those who un-
derwent ACR demonstrated improvement in their coronal Cobb 
angle; there was significant correction in the ACR group (8.2° 
vs. 4.2°, p< 0.002). As mentioned previously, in their compari-
son of patients treated via open (n= 79) versus cMIS (n= 39) 
approaches, Chou et al.22 observed no differences in postopera-
tive pain, change in coronal Cobb angle, change in pelvic inci-
dence-lumbar lordosis (PI-LL) mismatch, Oswestry Disability 
Index (ODI) improvement or VAS back pain scores. However, 
cMIS techniques achieved these results with fewer direct de-
compression procedures.

Bridwell10 and Cho et al.11 have reported that correction of 
the FC via decompression alone or short-segment fusion both 
represent reasonable options, even though they may accelerate 
degeneration of the residual curve. Both TLIF and anterior 
lumbar interbody fusion (ALIF) approaches can be entertained 
and allow for curve correction and indirect decompression of 
the nerve roots ipsilateral to the FC concavity. Ultimately, a less-
invasive decompression alone may be preferable in frail patients 
with predominately radicular symptoms and no evidence of in-
stability on radiographic evaluation.

Buell et al.25 recently presented the results of a multicenter 
analysis of 106 patients with ≥ 30° coronal main curves and 
≥ 10° lumbosacral FCs who underwent L4–5 TLIF (n= 47) ver-
sus L4–5 and/or L5–S1 (lateral) ALIF (n= 59) for FC correction. 
Matched analysis of 28 pairs of patients showed no significant 
difference in FC correction between TLIF and ALIF (55.7% vs. 
64.8%, respectively). Notably, patient-reported outcomes on the 
ODI and 36-item Short-Form health survey were similar be-
tween groups, as were overall complication rates. It was noted 
that ALIF offered greater restoration of lordosis at L5–S1, sug-
gesting that ALIF may be preferable when concomitant sagittal 
plane correction is desired.

Next, in their 59 patient retrospective series, Geddes et al.26 
sought to determine whether ALIF can improve the FC in de-
formity surgery as compared to posterior surgery alone. The 
authors found the addition of ALIF led to significantly greater 
FC correction (12.1° vs. 4.8°, p< 0.01) and smaller postopera-
tive FC (6.1° vs. 8.6°, p= 0.023). Major curve correction (23.5° 
vs. 14.9°, p= 0.006) was also greater and multivariable analysis 
showed the addition of ALIF to be independently predictive of 
FC correction even after accounting for the use of TLIFs in the 
posterior-only cohort.

Most recently, Zuckerman et al.27 re-examined the multi-in-
stitutional International Spine Study Group (ISSG) dataset pre-
viously analyzed by Buell et al. Their analysis focused on the 
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relative importance of correcting the major versus FCs in ADS 
patients. All 243 patients included in their analysis underwent 
≥ 6-level fusion for coronal Cobb angles > 30° and C7 coronal 
vertical axes > 3 cm. Improvement in patient-reported outcomes 
assessed with ODI were correlated with both lumbosacral FC 
and major coronal curve correction; they also correlated preop-
erative coronal alignment with FC magnitude. They noted that 
FCs were largest in patients wherein the coronal imbalance lay 
ipsilateral to the major curve convexity, suggesting the FC was 
the driver of overall coronal imbalance.27

DISCUSSION

An ongoing question pertaining to ADS is whether the FC is 
a driver of coronal malalignment or merely a compensatory 
curve for the major scoliotic curve. In general, the present liter-
ature suggests that the presence of the FC concavity ipsilateral 
to side of truncal shift is a risk factor for persistent coronal ma-
lalignment. It also suggests that FC correction may help to alle-
viate ASD-associated radiculopathy without requiring direct 
decompression.

An additional advantage of FC correction is a potential re-
duction in the odds a patient will require surgical revision, in-
dicating that FC correction in addition to the major curve can 
optimize surgical outcomes. This finding coincides with the 
proposal recently advanced by Plais and the International Spine 
Study Group.28 Through investigating a multicenter cohort of 
404 patients (age> 45 years) with thoracolumbar major coronal 
curves (> 15°; apex at T11–L3) and FCs > 5°, the authors found 
that among patients with global coronal malalignment, those 
with truncal shift ipsilateral to the FC concavity had signifi-
cantly larger FCs (22.28° vs. 14.84°, p< 0.001) relative to those 
with truncal shift contralateral to the FC concavity. Additional-
ly, they had greater pelvic obliquity angled towards the side of 
the truncal shift. This led the authors to suggest that while FCs 
may be compensatory in cases where truncal shift is contralat-
eral to the side of the FC concavity, where the truncal shift is 
ipsilateral, the concavity likely plays a role as the primary driver 
of coronal malalignment. According to this paradigm, restora-
tion of coronal balance depends upon treatment of the FC, as 
has been reported.

With this paradigm in mind, Obeid et al.29 released an ex-
pert’s consensus, treatment-oriented guideline for correcting 
coronal imbalance in ASD. Their guideline defines concave and 
convex coronal malalignment as types 1 and 2, respectively. For 
convex (type 2) coronal malalignment, Obeid et al.29 suggests 

avoiding correction of the main curve as doing so would risk 
worsening coronal malalignment. Instead, the lumbosacral 
curve—which may be the FC in type 2A patients—should be 
corrected. When the main curve is located within the lumbosa-
cral spine and associated with a compensatory lumbar curve 
(type 2B), 3-column osteotomies at the apex (usually between 
L4–S1, most commonly at L5) of the lumbosacral curve will 
generally suffice for correction of the short, main curve. How-
ever, most patients will have their major curve in the lumbar or 
thoracolumbar spine (type 2A) and the FC will lie at the lum-
bosacral junction. When this is the case, FC correction should 
be dictated by the degree of flexibility present at the lumbosa-
cral junction. For example, a previously fused interbody space 
at the lumbosacral junction merits performance of a 3-column 
osteotomy with L5 pedicle subtraction osteotomy to achieve FC 
correction. Furthermore, it is important to keep in mind that 
ending a construct at L4 or L5 in an ASD patient with a preex-
isting FC predisposes them to subsequent distal segment de-
generation. The indications for excluding the sacrum from a 
construct include: (1) the presence of normal L5–S1 disc and 
facets; (2) the UIV lies at or below T10; (3) the patient has nor-
mal bone mineral density; or (4) the patient is young or rela-
tively less active.30 Indications for extending the construct to the 
sacrum are prior surgical decompression at L5–S1, signs and 
symptoms consistent with L5–S1 radiculopathy, and/or the 
presence of L5–S1 spondylolisthesis.

When concave coronal malalignment (type 1) is present, on 
the other hand, correction of the main curve only will result in 
indirect correction of the FC, which is compensatory, not struc-
tural.29 If the main curve is flexible, a posterior column osteoto-
my at its apex is likely sufficient for correction, whereas a rigid 
or fused curve will require a 3-column osteotomy at the apex to 
achieve correction (type 1 coronal malalignment).29

1. Coronal Realignment and Kickstand Rod Technique
For patients in whom the FC appears to contribute signifi-

cantly to coronal imbalance, there remains debate regarding the 
magnitude of major curve correction that is required. Prior 
work by Deviren et al.,31 among others, has suggested that the 
coronal curve magnitude inversely correlates with curve flexi-
bility. The flexibility of the major curve is best assessed using 
preoperative lateral bending radiographs. In patients with trun-
cal shift ipsilateral to the FC concavity (Qiu type C curves), ma-
jor curve correction in the absence of FC correction will exac-
erbate the truncal shift and result in poorer postoperative coro-
nal alignment. To this end, Bao et al.32 noted that patients with 
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type C curves are most likely to have coronal malalignment 
postoperatively. Consequently, for these patients, adequate FC 
correction is paramount; it may also be beneficial to use less ag-
gressive correction of the major curve, especially for those with 
flexible major curves preoperatively.

One increasingly popular technique for coronal realignment 
is the kickstand rod technique, which employs a rod with distal 
fixation in the ilium and proximal fixation to the thoracolum-
bar spine.33 The kickstand rod can provide significant coronal 
correction due to the distracting force and torque it provides 
(Fig. 3). These forces are greater than those achieved using rod 
bending maneuvers (distraction/compression) alone. It is there-
fore a powerful tool for FC correction. Buell et al.33 described 
the successful use of this technique in 17 adult patients with 
thoracolumbar/lumbar degenerative scoliosis. Highlighting the 
strength of correction provided by the kickstand rod, they re-
ported coronal overcorrection in one patient, though the au-
thors indicated this is a rare complication when the technique 
is properly executed. Puvanesarajah et al.34 and Mundis et al.35 
similarly found the kickstand rod technique to facilitate good 
coronal correction in their series of 20 and 21 patients treated 
for adult scoliosis, respectively. Interestingly, Mundis et al.35 
from the ISSG compared coronal correction with the kickstand 
rod technique to correction achieved when using conventional 
accessory rods alone. They found that the kickstand technique 
can produce better overall postoperative coronal balance. How-
ever, this did not translate to improved patient-reported out-
comes on the Scoliosis Research Society-22 Questionnaire or 
ODI assessments, suggesting that there may be a point beyond 
which additional coronal plane correction is no longer mean-
ingful.

2. Radicular Pain and the FC
In approximately 90% of cases, back and/or leg pain is the 

primary reason for the initial hospital/clinic visit in patients 
with ADS.36 The FC appears to play a significant role in this 
symptomatology for thoracic and thoracolumbar major curves, 
as it has been demonstrated that radiculopathy at presentation 
localizes most commonly to the L4, L5, and S1 spinal roots on 
the side of the FC concavity.23 Ultimately, many patients will 
have endured chronic back pain over many years prior to pre-
sentation.23 As long as relative sagittal and coronal balance are 
maintained; however, the scoliotic deformity may not necessar-
ily be disabling. On the other hand, the radicular pain cause by 
foraminal stenosis within the FC concavity often leads patients 
to seek surgical intervention.22 Furthermore, progression of the 

scoliotic deformity with multilevel lateral listhesis that can fur-
ther augment the radicular pain. To this end, the work of Chou 
et al.22 found that correction of the FC alone (without an ac-
companying direct decompression procedure) was sufficient to 

Fig. 3. Anteroposterior (A) and lateral films (B). Case exam-
ple of patient who underwent T3-pelvis instrumented fusion 
for likely adult idiopathic scoliosis with a T12-pelvis kickstand 
rod on her right side (the side of the fractional curve [FC] con-
cavity). The patient was a 63-year-old female with past medi-
cal history of depression, prior bariatric surgery, tobacco use 
(10+ pack years), sensorineural hearing loss (bilateral hearing 
aid), and obesity (body mass index 36.60 kg/m2) who under-
went elective, staged anterior-posterior thoracolumbar instru-
mented fusion for adult spinal deformity. The patient had 
presented to clinic with multiple years of chronic back and leg 
pain. Upright scoliosis films showed a positive sagittal balance 
(10 cm), degenerative thoracolumbar levoscoliosis of 65° with 
a second upper thoracic curve (45°) and fractional lumbosa-
cral curve, along with 14° pelvic incidence (PI)-lumbar lordo-
sis mismatch with a PI of 70°. The patient underwent circum-
ferential anterior/posterior surgery for correction of scoliosis, 
with postoperative radiographs shown here.

A B
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alleviate lumbar radicular pain. Of note, Chou et al.22 reported 
that laminectomy alone is insufficient to address this pain, which 
results from compression of the dorsal root ganglia within the 
neural of the FC concavity.

In the case of lumbar structural curves, the relative contribu-
tion of the FC to patient symptomatology is less clear, though 
the distribution of the radicular pain can help to localize the 
pain to either foraminal stenosis within the structural curve or 
FC concavity. As suggested by the results from Pugely et al.,18 
pain in the sciatic distribution (predominately L5, S1, and S2 
dermatomes) is most likely attributable to foraminal stenosis at 
the concavity of the FC, whereas radicular pain in the femoral 
distribution (predominately L2–4 dermatomes) is more easily 
attributed to foraminal stenosis within the structural curve 
concavity. Accurate assessments of: (1) the concordance of the 
FC convexity and the directionality of the global coronal ma-
lalignment, and (2) the degree to which the patient’s symptom-
atology is attributable to the FC are key to designing the opti-
mal surgical plan.18 Finally, these findings mark a paradigm 
shift from previous beliefs that the FC was always the source of 
radicular pain in ADS patients.24

3. Coronal and Sagittal Balance
Achieving coronal and sagittal balance are primary goals of 

ADS surgery. A recent investigation by Zhang et al.16 suggests 
the concordance of FC concavity and global coronal malalign-
ment predicts the odds of residual malalignment following sur-
gical correction. The authors examined the relation of FC ori-
entation and preoperative coronal imbalance to predict restora-
tion of coronal balance in 101 patients (74 instrumented to pel-
vis).16 Those 27 patients who achieved postoperative coronal 
balance were more likely to have a FC concavity opposite to the 
preoperative net coronal imbalance (66% vs. 19.4%, p< 0.001). 
They found on logistic regression that the best predictors of 
postoperative coronal imbalance were consistency pattern (pre-
operative coronal imbalance and FC concavity on the same 
side) and preoperative coronal C7 plumbline > 30 mm towards 
the convex side of the major curve.16 This led the authors to ar-
gue that greater attention must be paid to the directionality and 
treatment of the FC.

These results echoed earlier findings by Bao et al.,37 who ex-
amined the prevalence and impact of preoperative coronal im-
balance on outcomes in 284 patients who underwent surgery 
for degenerative lumbar scoliosis. They found 34.8% of patients 
presented with coronal imbalance; those with preoperative cor-
onal imbalance > 30 mm shifted towards the convexity of the 

major curve were significantly more likely to have persistent 
coronal imbalance postoperatively. However, preoperative cor-
onal imbalance did not impact patient-reported outcomes such 
as ODI or VAS for back pain. They, like Zhang et al.,16 conse-
quently argued that asymmetric osteotomies intended to re-
duce the major curve had also exacerbated truncal shift and 
coronal instability. Consequently, the authors argued in favor of 
a TLIF within the FC concavity to restore neutral alignment to 
the L4 and L5 vertebrae, thereby restoring overall coronal align-
ment.16 Similarly, Bao et al.37 concur as they argued for per-
forming a TLIF within the FC to restore neutral alignment to 
the L4 and L5 vertebrae and thus the overall coronal alignment.

Additional surgical measures may be warranted in these pa-
tients to ensure postoperative sagittal balance, which data sug-
gests to have the greatest influence on long-term patient out-
comes.5,38 However, significant alignment correction often in-
volves the use of long-segment posterior constructs, which are 
high risk for mechanical failure in elderly osteoporotic/osteope-
nic patients.36

4. Surgical Approaches
At present, data does not support a single optimal approach 

for correction of coronal plane deformities.38 In general, ap-
proaches can be divided into purely posterior approaches ver-
sus combined anterior-posterior approaches, and into open 
versus MIS approaches. None of the included studies directly 
compared MIS and open approaches for ADS alone. However, 
a recent article by Chou et al.39 using the ISSG database report-
ed a propensity-matched cohort study of 154 patients (77 pairs) 
who underwent cMIS with anterior interbody fusion and pos-
terior percutaneous instrumentation or open posterior fusion 
for ASD. Patients were matched on multiple metrics, including 
construct length, age, body mass index, and baseline spinopel-
vic parameters. Those treated with cMIS surgery had grossly 
similar QoL outcomes, radiographic outcomes, and surgical 
revision rates but lower intraoperative blood loss. These same 
authors also described results within a subset of patients from 
the ISSG cohort with adult scoliosis, characterized as those 
> 18 years old with a FC > 10°.22 As described in the results sec-
tion, they found cMIS and open posterior fusion achieved simi-
lar changes in coronal Cobb angle, PI-LL mismatch, ODI, and 
VAS back pain. However, this was achieved with fewer decom-
pressive procedures.

Further expounding on the advantages of ACR, Yagi et al.21 
showed in their small experience that multilevel anterior inter-
body placement afforded superior coronal plane correction in 
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patients with thoracolumbar (61°± 21° vs. 45°± 25°, p< 0.01) or 
lumbosacral curves (67°± 21° vs. 41°± 19°, p< 0.001) while re-
ducing intraoperative blood loss (mean reduction 1.5 L, p<0.001) 
and the average number of fused segments (6.7± 1.2 vs. 14.6±  
1.3, p< 0.001).

The final extant question concerns the necessity of including 
the FC within the fusion construct.40,41 In the adolescent idio-
pathic scoliosis population, construct termination at L3 or L4 is 
considered acceptable for most curve types as there appears to 
be limited potential for distal segment degeneration and it spares 
additional motion segments.10-12,14,42 These motion segments 
may allow for pelvic mobility to compensate for reduced mo-
tion within the stiff long-segment construct immediately ceph-
alad to the lumbosacral junction.42 However, the biomechanics 
of deformity in the adolescent idiopathic scoliosis population is 
quite different than the biomechanics of adult deformity. In the 
ADS population, the lumbar FC is a common source of radicu-
lar pain and thus requires treatment at the time of surgery. When 
it comes to correcting the lumbar FC, multiple studies have 
shown that ending the construct at S1 as opposed to terminat-
ing at L4 or L5 decreases the rate of adjacent segment degenera-

tion.9,10,41 Based upon the small series of Brown and colleagues17 
distal junctional kyphosis (DJK) may occur in over one-third of 
patients treated with constructs terminating at L5.17 Using the 
ISSG multicenter database, Yao et al.42 showed that terminating 
ASD constructs distally at L4–5 versus the sacrum was associ-
ated with poorer sagittal alignment restoration at 6-week fol-
low-up, though pelvic fixation was associated with higher rates 
of PJK. Coronal balance restoration was similar in both groups 
both at 6-week and 2-year follow-up. QoL outcomes were also 
similar between groups, and DJK requiring surgical revision 
was only noted in one of 28 included patients in the matched 
groups analysis. However, as illustrated by Brown et al.,17 failure 
to correct the FC can lead to L5–S1 segment breakdown, ulti-
mately requiring surgical revision. Therefore, optimum FC cor-
rection is critical to a good overall outcome irrespective of the 
distal instrumented segment; patients with inadequate FC cor-
rection are at increased risk of adjacent segment disease and 
coronal decompensation at the L5–S1 level.20,23 However, treat-
ment of the FC alone appears insufficient to produce an opti-
mal outcome. As shown by Amara et al.,20 who compared out-
comes between patients receiving long-construct fusion to the 

Fig. 4. Mindmap demonstrating algorithmic approach to adult degenerative scoliosis diagnosis, characterization, and correction. 
cMIS, circumferential minimally invasive surgery; FC, fractional curve; MC, major curve; BMD, bone mineral density; EMG, 
electromyography.
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upper or lower thoracic spine to those undergoing treatment of 
the FC alone, long-segment constructs invite higher risk pro-
files, but lower the risk of surgical revision.

In summation, we used the findings of the present study to 
synthesize a summary “mindmap” diagram that illustrates an 
algorithmic approach to surgical management of the FC in pa-
tients with ADS (Fig. 4).

5. Limitations
There are several limitations to acknowledge regarding the 

present study. In general, there is currently a paucity of studies 
comparing cMIS and open approaches for FC management, in 
part due to the recent advent of cMIS techniques. Consequent-
ly, it is unclear whether cMIS techniques offer similar levels of 
coronal plane realignment, pain relief, or functional improve-
ment relative to traditional open techniques. Additionally, the 
present review is retrospective by design and utilizes data re-
ported by previously published studies. As we did not directly 
collect or report the data within each study it is difficult to de-
termine the extent to which particular studies may be biased. 
The present review is therefore limited by the quality of the in-
cluded studies and is subject to reporting and sampling biases 
at baseline. Furthermore, the degree of heterogeneity presents 
across studies included in this review made quantitative synthe-
sis challenging; nonetheless, we were deliberate and meticulous 
in our screening and enforced strict application of inclusion 
and exclusion criteria to ensure that, despite differences in study 
designs and potential differences in participating patient popu-
lations, the focus of each study was the corrective ability and 
role of the FC in the operative management of ADS.

CONCLUSION

Current literature suggests that the FC—defined as the com-
pensatory lumbosacral distal to the major curve in ADS—may 
be a key structural contributor to malalignment and symptoms 
in patients with ADS. When coronal plane malalignment is ip-
silateral to the FC concavity, the FC likely contributes to defor-
mity progression and therefore must be corrected in the final 
construct. By contrast, when truncal shift is contralateral to the 
FC concavity, the FC is likely compensatory and ending con-
structs proximal to the sacrum may be reasonable, allowing for 
preservation of an additional motion segment, albeit at the cost 
of increased risk of adjacent segment disease. For curves re-
quiring significant coronal plane realignment, kickstand rods 
appear to be the most effective technique when combined with 

conventional rod bending maneuvers and osteotomy work. 
Preliminary data suggests that cMIS techniques targeting ACR 
for deformity correction may help to preserve motion segments 
by enabling similar degrees of coronal plane correction as open 
posterior-only constructs. Nevertheless, the utility of cMIS 
techniques can be limited, especially for severe, flexible curves. 
Additional investigation into the strengths and weaknesses of 
cMIS techniques relative to open approaches is necessary, as is 
an improved understanding of the extent to which the FC is a 
precipitant of pathology in ADS as opposed to a compensatory 
mechanism for the underlying degenerative major curve.
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