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COMPENSATORY MECHANISMS OF LOWER LIMB IN ADULT SPINAL DEFORMITY -IS THE ANKLE
DORSIFLEXED OR PLANTER-FLEXED?-

Mitsuru Takemoto, Takayoshi Shimizu
Dept of Orthopaedic and Spine Surgery, Kyoto City Hospital, Kyoto, Japan

Introduction
Patients with adult spinal deformity (ASD) compensate their spinal using their lower-limb
compensatory mechanisms (LCMs). When a patient has a decreased lumbar lordosis (LL), the
center of gravity (COG) shifts anteriorly. Anteriorly shifted COG is corrected backward and its
vertical position is kept on the feet by LCMs (such as hip extension and knee flexion). As for LCMs
by ankle, planter flexion also induces posterior translation of COG (Barrey, et al, 2011). However,
recent studies based on the full-body (head to toe) radiographic evaluation indicate that ASD
patients dorsiflex their ankle. The aim of this study is to clarify the detail of LCMs to explain this
contradiction using a simple mathematical model.
Methods
This full-body mathematical model consists of 15 segments (i.e., head, upper trunk, lower trunk,
upper arms, anterior arms, hands, thighs, lower legs, and feet), which were connected by 14 joints.
We defined the base of the feet (12 cm anterior from heels) as the coordinates of the origin of
sagittal plane [(y, z)=(0cm, 0cm)]. The coordinates of the COG were calculated based on the weight
and the relative location of each segment, which were determined based on the previous literatures
and our original data. First, we developed a healthy model (model-H, PI=52, LL=-60), second a
lumbar kyphosis model (model-LK, PI=52, LL=0), and finally compensated lumbar kyphosis
models. In compensated models, at first, the degrees of hip extension (He=0, 10, 20) and ankle
dorsiflexion (Ad= -5, 0, 5, 15) were determined. Then, in each model, the vertical position of COG is
corrected backwards and restored on the feet (y = 0cm) by knee flexion, and the degree were
recorded. We also calculated each of sagittal parameters and the moments of forces (MOFs) at the
posterior corner of sacrum, hip, and knee joint.
Results
Representative results are shown in figure. Five-degree ankle dorsiflexion causes 8-degree
increase in knee flexion, resulting in 3-degree PT increase, 2 cm SVA decrease and 50-70 cm*Kg
decrease in MOF at sacrum and hip joints. Ten degree hip extension causes 3-degree decrease in
knee flexion, resulting in 7-degree PT increase, 4 cm SVA decrease, and 80-150 cm*Kg decrease
in MOF at sacrum and hip joints. More than 5-degree ankle dorsiflexion shifts knee joints anteriorly
to COG, resulting in increased MOF at knee joints.
Conclusion
Ankle dorsiflexion causes additional knee flexion, resulting in increased PT and decreased SVA
and MOF at sacrum and hip joints.

Figure: Representative results. Model-LK: lumbar kyphosis model. In compensated models, "He"
indicates degree of hip extension, and "Ad" indicates degree of ankle dorsiflexion. Moment (sum):
sum of moments of forces at sacrum, hip and knee joints.
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GAIT ASSESSMENT IS IMPORTANT FOR POSTOPERATIVE EVALUATION OF CORRECTIVE FUSION
FOR ADULT SPINAL DEFORMITY: A 2-YEAR FOLLOW-UP

Hideyuki Arima, Yu Yamato, Tomohiko Hasegawa, Daisuke Togawa, Go Yoshida, Tomohiro
Banno, Shin Oe, Yuki Mihara, Hiroki Ushirozako, Yukihiro Matsuyama
Dept of Orthopedic Surgery, Hamamatsu, Japan

Introduction:
Standing radiographic parameters and health related QOL are typically used to evaluate ASD
patients. It is also important to investigate how patients' gait actually improves. In this study, we
investigated walking posture and speed before surgery and one and two years postoperatively, and
determined the relationship between walking parameters and health-related QOL in ASD patients.
Method:
Of 151 ASD cases, 31 patients (5 men, 26 women; mean age, 71 years [range, 58-82 years]) who
underwent extensive corrective fusion between 2011 and 2013 were included, and underwent gait
analysis before surgery, and one and two years postoperatively. All patients underwent fusion from
the thoracic spine to the pelvis. A 4-meter walk was recorded at pre-op, and one and two years
post-op. Gait-trunk tilt angle, the maximum knee extension angle during 1 gait cycle, step length
(cm), and walking speed (m/s) were measured. Radiographic parameters [lumbar lordosis (LL),
pelvic tilt (PT), pelvic incidence (PI), and sagittal vertical axis (SVA)], and health-related quality-oflife score [(scoliosis research society (SRS)-22r questionnaire, Oswestry disability index (ODI)
score) were analyzed.
Results:
There was statistically significant improvement in both radiographic and health related QOL scores
at 2-year follow-up compared to baseline (Table 1). In gait analysis, the mean preoperative gaittrunk tilt angle was 13.0°, which significantly improved to 5.6° and 6.1° at one year and two yrs postop. The mean preoperative walking speed was 37.8 m/s, which improved to 42.5 m/s and 41.6 m/s
at one and two yrs post-op.
Although ODI did not correlate with SVA, PI minus LL, and PT two yrs post-op, ODI did correlate
with walking speed 2 yrs post-op (r = - 0.419, P = 0.021) In addition, the ODI change did not
correlate with SVA change and PI minus LL change, but correlated with walking speed change (r =
- 0.551, P = 0.001).
Conclusions:
Corrective fusion surgery for ASD improved walking posture and knee extension restriction 2 years
postoperatively. The post-op health-related QOL is related to walking speed rather than
radiographic parameters. Therefore, it is important to properly assess not only radiograph results
but also the patient 's walking state.
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APPROPRIATE RESTORATION OF THE INDIVIDUALIZED SAGITTAL PLANE (GAP SCORE) AND
PRESENCE OF SACROILIAC FIXATION INDEPENDENTLY DETERMINE MECHANICAL
COMPLICATIONS AFTER 3-COLUMN OSTEOTOMIES

Caglar Yilgor, Suna Lahut, Yasemin Yavuz, kadir abul, Can Berk Asaroglu, Ibrahim Obeid, Frank
S. Kleinstueck, Francisco Javier sanchez Perez-Grueso, Emre Acaroglu, Ferran Pellise, Ahmet
Alanay, European Spine Study Group
Department of Orthopedics and Traumatology, Acibadem Mehmet Ali Aydinlar University, Istanbul, Turkey;
Comprehensive Spine Center, Acibadem Maslak Hospital, Istanbul, Turkey; Department of Biostatistics,
Ankara University, Ankara, Turkey

Summary
In 81 patients that had undergone 3-Column osteotomy (3CO) procedure, reconstruction of the
sagittal plane according to the individualized shape and alignment, and sacroiliac (SI) fixation was
found to be independent predictors of mechanical complications.
Hypothesis
There are certain independent risk factors that cause mechanical complications after 3CO.
Design
Retrospective analysis of a prospectively collected data of adult spinal deformity pts.
Introduction
3CO performed for sagittal plane deformities have been associated with a higher rate of mechanical
complications. Several preventing techniques (double rod, interbody fusion etc.) have been
suggested to decrease mechanical complication rates. The aim of this study was to analyze the
independent risk factors that influence mechanical complications after 3COs.
Methods
Inclusion criteria: having a 3CO, and ≥2y f/up. Mechanical complications: PJK/PJF, DJK/DJF, rod
breakage and implant-related complications. >25 factors that have been reported to influence
mechanical complications were evaluated. Univariate (Chi-square test and Mann Whitney U) and
multivariate analyses (Multiple Logistic Regression following stepwise backward elimination) were
conducted to determine independent factors that influence mechanical complications.
Results
81 pts (60F, 21M) were included. Mean age: 59.1±15.1(22-80) years. Mean f/up: 31.2±10.6(24-61)
months. 67 patients had a PSO, and 14 had a VCR. 33 osteotomies were performed in the lower,
while 30 were in the upper lumbar arc and 18 were in the thoracic. Univariate analysis revealed
age, BMI, ASA, Prior Spine Surgery, Rod Diameter, SI fixation, osteotomy type and level, and GAP
Score (individualized sagittal plane shape and alignment) to be significant (p <0.05) and nearsignificant (p> 0.25) as factors to be included in multivariate analysis. Multivariate regression
revealed GAP score and SI fixation to be independent factors that influence mechanical
complications. The association between the GAP score, SI fixation and mechanical complications
are given in Fig 1.
Conclusion
The GAP Score and presence of SI fixation are two independent risk factor for mechanical
complications after 3COs. Planning surgeries according to individualized sagittal plane shape and
alignment may decrease mechanical complication rates especially in patients fused to sacrum or
pelvis.
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IMPACT OF ADULT SCOLIOSIS ON THE TYPE OF SAGITTAL PROFILE

Javier Pizones, Montserrat Baldan-Martín, Francisco Javier Pérez-Grueso, Caglar Yilgor, Alba VilaCasademunt, Ibrahim Obeid, Ahmet Alanay, Frank Kleinstück, Emre Acaroglu, Ferran Pellisé
Dept Orthopaedic Surgery, Spine Unit. Hospital Universitario La Paz, Madrid, Spain

Introduction. Roussouly described a 4-type sagittal profile classification in healthy individuals, which
has been also applied to patients with degenerative spinal disease. However, it remains uncertain if
its principles can be applied to adult scoliosis (AS) patients. The aim of this study was to determine
the impact of AS on the type of Roussouly’s sagittal profile in terms of classification applicability,
scoliosis modification of a patient theoretical sagittal profile, and coronal-sagittal deformity
associations.
Methods. Retrospective analysis of data collected prospectively in an adult spine deformity
multicenter database. Only AS patients were included. Preoperative sagittal radiographs were
analyzed using the KEOPS software to measure pelvic parameters, global sagittal alignment, and
the various criteria used for the Roussouly classification. The different sagittal profile types were
compared using the chi-square test, ANOVA (Bonferroni posthoc correction), and Pearson’s
correlation coefficient.
Results: The classification was applicable to all of the 190 analyzed AS patients. In addition to
Roussouly’s criteria, 2 parameters helped differentiate the different profiles: T10-L2 angle (24º±19
type-1; 14º±15 type-2; 3º±15 type-3; 0.4º±14 type-4; P<0.001), and L4-S1 percentage contribution
to total lordosis (90%±17 type-1; 83%±16 type-2; 73%±21 type-3; 63%±16 type-4; P<0.001). AS
changed the theoretical profile in 34% of the patients (P<0.001, kappa=0.55). Curve etiology and
curve pattern were not associated with any particular type of sagittal profile (P>0.05). Type-1 was
associated with older patients (P=0.02), degenerative curves (P=0.02), and greater PI-LL mismatch
(P=0.012). Types 3-4 were associated with younger age and idiopathic etiology (P<0.001).
Conclusions: Roussouly’s 4-type sagittal profile classification could be applied to AS patients. AS
modified the theoretical profile in 1 of every 3 patients. No particular association was found between
the sagittal types and specific coronal deformities. However, degenerative curves were associated
with older age and type 1 profile, while idiopathic (thoracic and double curves) were associated with
younger age and type 3-4 profiles. This information can be useful when planning the surgical
restoration of patients’ proper sagittal profile.
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THE STRATEGY OF TREATMENT SEVER ADULT SPINAL DEFORMITY (SASD) WITH RESPIRATORY
FAILURE

Zhiyue Shi , Jingming Xie , Yingsong Wang , Ying Zhang , Ni Bi , Tao Li , Zhi Zhao
Department of Orthopedics, The 2nd Affiliated Hospital of Kunming Medical University, Yunnan Province, P.R.
China

Background:The cobb angle of ASD is positively correlative with the extent of pulmonary function
impairing and it seriously threaten patient with quality of life and safety of surgery. However, it has
been rarely reported that strategy of treating sASD with respiratory failure.
Objective: To summarize effective surgical strategy for sASD with respiratory failure.
Methods: Accepting criteria:arterial blood gas analysis (ABGA) of PO2<60mmhg ,
The ASD coronal and/or sagittal Cobb angle more than 100°. We prospectively evaluated 12 cases
of sASD with respiratory failure (mean age: 28.2years ,9 cases of respiratory failure type I and 3
cases of typeII) who were mean ABGA of PO2 55.3mmhg and PCO2 46mmhg from 2013-2015.
41.7%(5/12)patient suffered from pneumonia.All patients were treated by traction (Halo gravity
traction (HGT) for 8.2 weeks and then skull-femoral traction(SFT) for 2weeks) combine respiratory
and nutrition therapy before operation.
Results: The mean coronal Cobb improved from 115.4°to 95.7°after traction and to 55.1 post-op.
The mean sagittal Cobb improved from 91.8°to 71.9°after traction and to 41.3°post-op.There were
only 7 patients (58%) required a vertebral column resection.5 patients with pneumonia were
controlled by antibiotic.Mean HGT and SFT weight was 25 and 56% of total body weight. After
traction and respiratory and nutritional treatment prior to surgery,AGSA demonstrated that 44.4%
(4/9) respiratory failure of type I were corrected respiratory failure, 66.7%(2/3) of respiratory failure
of type II were improved to type I, AGSA was improved to 59.4 mmhg, PCO2 43.5mmhg,all
patients consciously felt symptom of dyspnea improved. And mean body weight increased
8.1%.The post-op mean ICU retention time was 109h and tracheal tube retention time was 44h. At
2yrs follow-up, AGSA was improved to PO2 76.5 mmhg, PCO2 41.5mmhg and their activity
obviously increased.
Conclusions:Preoperative traction combined with respiratory and nutritional treatment effectively
improved curve magnitude, respiratory failure and nutritional status of sASD and increased safety of
surgery, but it needed a long time to treatment and adjust.The sASD with respiratory failure were
often accompanied by pneumonia and anti-infection therapy was necessary pre-op.The respiratory
failure was achieved to spontaneous correction at post-op.
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SURGICAL VERSUS NON-OPERATIVE TREATMENT OF ADULT SPINAL DEFORMITY: A
SYSTEMATIC REVIEW AND META-ANALYSIS

Dominique A Rothenfluh, Marco Germann, David Kieser
University of Oxford, Oxford, UK

Introduction
Adult spinal deformity encompasses a spectrum of disorders including adult degenerative and adult
idiopathic deformities affecting the coronal and sagittal planes. They present a significant burden of
disease with pain and disability. While the number of publications in the field has constantly been
rising in the past years, there is a paucity of good quality articles specifically comparing surgical to
non-operative treatment. We therefore aimed to review the literature and assess the evidence for
either treatment using techniques of meta-analysis.
Methods
A systematic literature search of clinical studies published until 31 December 2017 reporting
outcomes after surgery for adult spinal deformity was performed in PubMed and SCOPUS
according to the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines. Clinical studies of adults over 18 years of age with surgery for adult spinal deformity
(degenerative or adult idiopathic) were included for full text review if they reported clinical outcomes
at least ODI, SRS-22/-24 or VAS with mean or mean difference and standard deviation. Metaanalysis with calculation of effect sizes based on the mean difference and standard deviation of
each treatment arm and meta-regression analysis were carried out using Stata 13 for Mac.
Results
The literature search using the search term as outlined above yielded a total of 1582 records, of
which 731 duplicates were removed and 786 were out of scope. After full text review of 65 studies,
12 studies had a non-operative control group and 5 reported outcomes adequately and could be
included in the meta-analysis. Only the ODI was reported in all 5 studies and was therefore used for
further analysis. All studies together included 1066 patients with 604 patients having had surgical
and 462 non-operative treatment. Four of the 5 studies reported outcomes from the International
Spine Study Group (ISSG). Publication bias likely related to selection and reporting bias was
identified. In the surgical groups, the ODI improved -15.8% (WMD, CI: -18.6, -13.0; p<0.0001),
whereas no significant change was noted in the non-operative groups (0.44% WMD, CI: -1.70,
2.58; p=0.686). The studies yield a pooled treatment effect of 0.9 (SMD, CI: 0.74,1.06) favouring
surgery which is significantly higher than the MCID (p<0.0001). Meta-regression showed that
neither age nor length of follow up had a significant effect as a covariate on outcome.
Conclusion
No high-quality prospective observational or randomised study was found and a publication bias in
the literature was identified, including a lack of structured non-operative treatment. Whereas the
surgical patients had a significant improvement, non-operatively treated patients had no

improvement compared to baseline.
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DEVELOPMENT OF DEPLOYABLE PREDICTIVE MODELS FOR MCID OF 2 YEAR OUTCOMES
ACROSS ALL COMMONLY USED HRQOL INSTRUMENTS IN ADULT SPINAL DEFORMITY SURGERY:
RESULTS IN 570 PATIENTS FROM 17 HOSPITALS

Miquel Serra-Burriel, Michael P Kelly, Justin S Smith, Jeffrey L Gum, Ferran Pellisé, Ahmet Alanay,
Emre R Acaroglu, Francisco J Sánchez Pérez-Grueso
, Frank S. Kleinstueck, Ibrahim Obeid,
Virginie Lafage, Frank Schwab, Christopher I, Shaffrey, Douglas C. Burton, Shay Bess, Christopher
P. Ames, ESSG European Spine Study Group, ISSG International Sine Study Group
Vall d'Hebron Institute of Research (VHIR), Barcelona, Spain

Introduction
ASD surgery is costly with variable outcomes; in some series only 50% of patients achieve MCID
improvements. Predictive analytics may accurately model HRQOL improvements after ASD
surgery. Predictive modeling may be useful in shared-decision making and surgical planning. The
objective of this study was to model health-related quality of life (HRQOL) overall improvement,
including the likelihood of achieving clinically important improvement, at 2 years postoperatively.
Methods
Two prospective observational cohorts were queried for ASD patients with SRS-22 / ODI / SF-36v2
data at baseline, 1 year and 2 years after surgery. 75 variables were used in the training of the
models including demographic data, enrollment HRQOL, and modifiable surgical data. 8 different
prediction algorithms were trained with 3-time horizons: baseline to 1-yr, baseline to 2-yr and 1-yr to
2-yr. External validation was accomplished via an 80/20 data split for training and testing each
model, respectively. 5-Fold cross validation within the training sample was performed. Accuracy
was measured as the mean average error (MAE; smaller is better) and R values.
Results
570 patients were included in the analysis. Models with the lowest MAE for each of the 5-time
points were selected; ultimately the model had 82.4% predictive power. Patients with lower
enrollment HRQOL were likely to appreciate the greatest improvements in HRQOL at 2-yr followup.
Addition of surgeon and site to preoperative data increased the predictive power 1.8%. Site and
surgeon fixed-effects played a crucial role in explaining outcome variance.
Conclusion
We present an accurate and consistent way of predicting outcome scores for ASD surgery in the
largest-to-date prospective operative multicenter cohort with 2-year follow-up. This study has
significant clinical implications for shared-decision making, surgical planning and postoperative
counseling. Surgeon and site were important components of the model, explaining variance in
predicted 2-yr HRQOL.
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SUCCESSFUL CREATION OF DEPLOYABLE PREOPERATIVE PREDICTIVE RISK CALCULATORS
FOR INDIVIDUAL PATIENT EVENT-FREE SURVIVORSHIP FOR MAJOR COMPLICATIONS, HOSPITAL
READMISSIONS AND UNPLANNED SURGERY FOLLOWING ADULT SPINAL DEFORMITY (ASD)
SURGERY
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Introduction
Accurate preoperative risk stratification in Adult Spinal Deformity (ASD) surgery is indispensable to
improve patients’ selection, accordingly adjust surgical invasiveness and optimize outcomes. Few
predictive models allow for proper patient selection, adjustment of invasiveness and patient frailty
optimization to predict and reduce postoperative Major Complications (MC), hospital readmissions
(READMIT) and unplanned surgery (UNPLAN). We aim to create accurate predictive models for
the occurrence and timing of these MC, READMIT and UNPLAN following ASD surgery.
Methods
Surgically treated ASD patients with >2 year follow up were identified. Patient demographic,
radiographic, operative, baseline PROMs, and complications data were analyzed to build event free
survival curves for MC, READMIT and UNPLAN, and to create predictive models by means of a
random survival forest with 80/20 train/test sets. A total of 101 variables were used to train the
models. Goodness of fit was assessed in the test set. Missing value imputation was performed with
the miss-Forest package. R software was used for analysis (Vienna 2016).
Results
1,018 ASD patients operated before September-2014 (77.7% women, 55.5 mean age, 10.7 levels
fused segments, 55.5% pelvic fixation, 21.2% 3CO) by 57 surgeons at 24 sites in 5 countries (2
continents), with 2,047.9 observation-years, were included in the analysis used to build MC,
READM and UNPLAN risk calculating models with proved successful model fit. Missing value
imputation was 14.59%. C-statistic value (70.6%) proved successful model fit. Models demonstrate
that 87.9% of patients are MC-free at 10 days postop, 78.5% at 90 days and 63% at 2 years.
Surgical invasiveness (LIV-pelvic fixation, length of fusion, prior surgery), age, magnitude of sagittal
deformity, patient frailty (walking and lifting capacity) and blood loss most strongly predict MC.
Surgeon and site most strongly predict READMIT and UNPLAN. Curves show a continued
survivorship decrease for event free MC, READMIT and UNPLAN beyond >2yFU.
Conclusion
Risk calculating models for event free MC, READMIT and UNPLAN following ASD surgery
demonstrate that patient-related factors, >1/3 of which are modifiable, account for 55% of the MC
predictive model weight. Surgeon and site represent 4% for MC, but are most relevant for
READMIT and UNPLAN.
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WOULD SCREW-BASED LONG INSTRUMENTATION WITH S2AI LIMIT THE IMPROVEMENT OF
HRQOL?

ChangChun Tseng, Zhen Liu, ZhiHui Zhao, Jie Li, Bin Wang, Yang Yu, Yong Qiu, ZeZhang Zhu
Spine surgery Drum Tower Hospital of Nangjing University Medical School, Nangjing 210008, China

Objective: This study was designed to evaluate health-related quality of life of patient after pelvic
fixation utilizing S2AI and investigate whether long instrumentation with S2AI will limit the
improvement of HRQoL.
Methods: We retrospectively review all patients who underwent placement of S2AI screws at our
institution between Jan 2015 and Jan 2016. 26 patients underwent spinal fusion with S2AI pelvic
fixation who had complete radiographic data including Computed Tomography scan of sacroiliac
joint were enrolled in this study. All patients have received CT scans preoperatively and at last
follow-up. CT scans were reviewed to determine whether there was sacroiliac joint fusion, screw
lucency or screw fracture. According to the previous study, we chose and applied five tests with
high sensitivity and specificity to diagnose sacroiliac joint dysfunction. These tests were
administered to all patient at the last follow-up. Three tests resulting positive was regarded as
dysfunction. The tests applied were as follows: The Gillet Test, Standing Flexion Test, Distraction
Test, Gaenslen's Test and Sacral Thrust Test. Short form-36 (SF-36), Oswestry disability index
(ODI), visual analog scale (VAS) and Lumbar Stiffness Disability Index (LSDI) were collected from
patients at baseline and again at last follow-up.
Results: twenty-six patients were enrolled (mean age, 50.25±17.05 years), seventeen of them are
female. The mean Cobb angle was 36.35° (SD 8.97°) preoperatively and 16.75° (SD 9.24°)
postoperatively. The follow-up period ranges from 36 to 42 months. There were no instances of
osseous fusion across the sacroiliac joint on the last follow-up CT. All patients resulted negative in
the physical exam. There were significant difference between baseline and last follow-up in SF-36
PCS score (35.72 ± 15.71 vs 65.22 ± 18.11; P < 0.05), SF-36 MCS score (44.26±16.83 vs 71.23 ±
15.34; P < 0.05), VAS (5.61 ± 1.63 vs 1.43 ± 1.10; P < 0.05), ODI score (56.16 ± 13.85 vs
17.81±13.46; P < 0.05), LSDI score (52.43 ± 14.80 vs 34.36 ± 8.83; P < 0.05).
Conclusion: S2AI seems to be a superior spinopelvic fixation technique with minor adverse effect
on daily life based on our retrospective study. SF-36, ODI, VAS improved significantly after surgery.
Meanwhile LSDI score decreased after surgery which indicate the long instrumentation may not
stiffen the patients' spine. Sacroiliac joint remains normal function and no observation of osseous
fusion across this joint.
Disclosures:
author 1: none; ; author 2: none; ; author 3: none; ; author 4: none; ; author 5: none; ; author 6: not indicated; author 7: none; author 8: none

QF10
RADIOGRAPHIC OUTCOME AND COMPLICATIONS AFTER SINGLE-LEVEL LUMBAR EXTENDED
PEDICLE SUBTRACTION OSTEOTOMY FOR FIXED GLOBAL SAGITTAL MALALIGNMENT: A
RETROSPECTIVE ANALYSIS OF 55 ADULT SPINAL DEFORMITY PATIENTS WITH MINIMUM 2-YEAR
FOLLOW-UP

Thomas Buell, James Nguyen , Marcus Mazur, Jeffrey Mullin, Juanita Garces , Davis Taylor ,
Chun-Po Yen, Mark Shaffrey, Christopher Shaffrey , Justin Smith
Department of Neurosurgery, University of Virginia Health System, Charlottesville, Virginia, USA

Introduction: Various three-column osteotomy techniques, including the extended pedicle
subtraction osteotomy (ePSO), may correct global and regional malalignment in adult spinal
deformity (ASD) patients. In contrast to the traditional PSO (Schwab grade 3 osteotomy), there is
limited literature reporting outcomes for ePSO (Schwab grade 4 osteotomy) in ASD surgery. The
objective of this study was to provide focused investigation of radiographic outcomes and
complications for patients undergoing single-level lumbar ePSO for ASD.
Methods: Fifty-five consecutive ASD patients in whom sagittal malalignment was treated with
single-level lumbar ePSO at our institution between 2010 and 2015 were analyzed. Radiographic
analyses included assessment of segmental lordosis through the ePSO site (sagittal Cobb’s angle
measured from the superior endplate of the vertebra above and inferior endplate of the vertebra
below the ePSO), lumbar lordosis (LL), pelvic tilt (PT), pelvic incidence and LL mismatch, thoracic
kyphosis (TK), and sagittal vertical axis (SVA) on standing long-cassette radiographs. Patients with
minimum 2-year follow-up were included and complications were analyzed for the entire group.
Results: Overall, the average postoperative increase in ePSO segmental lordosis and overall LL
was 41 ± 14° (range: 7-69°, p<0.001) and 38 ± 11° (range: 9-58°, p<0.001), respectively. The
average SVA improvement was 13 ± 7 cm (range of correction: -33.6-+3.4 cm, p<0.001). These
measurements were maintained when comparing early postoperative measurement to last followup, respectively (mean follow-up 52 months, range: 26-97 months): ePSO segmental lordosis (34°
vs 33°, p=0.270), LL (47.3° vs 46.7°, p=0.339), and SVA (4 cm vs 5 cm, p=0.330). Rod fracture
(RF) at the ePSO site occurred in 18.2% (10/55), and pseudarthrosis (PA) was confirmed by CT
imaging or during rod revision surgery in 14.5% (8/55) of patients overall. Accessory supplemental
rods across the ePSO site, a more recently employed technique, significantly reduced occurrence
of RF/PA on univariate (p=0.004) and multivariate analyses (OR=0.012, 95% CI 0.0-0.735,
p=0.035); this effect approached statistical significance on Kaplan-Meier analysis (log rank test,
p=0.053). Interbody cage placement at the ePSO site resulted in greater ePSO segmental lordosis
correction (45° vs 35°, p=0.007) without significant change in RF/PA (p=0.304). Transient and
persistent motor deficits occurred in 14.5% (8/55) and 1.8% (1/55) of patients, respectively.
Conclusions: ePSO is an effective technique to correct sagittal malalignment in ASD. In comparison
to traditional PSO techniques, ePSO may allow greater focal correction with comparable
complication rates, especially with interbody cage placement at the ePSO site and use of accessory
supplemental rods.
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EFFECT OF SATELLITE RODS CONSTRUCTION TO PREVENT ROD FRACTURES FOLLOWING 3COLUMN OSTEOTOMY IN PATIENTS WITH ADULT SPINAL DEFORMITY

Yu Yamato, Tomohiko Hasegawa, Daisuke Togawa, Go Yoshida, Tomohiro Banno, Hideyuki
Arima, Shin Oe, Yuki Mihara, Hiroki Ushirozako, Yukihiro Matsuyama
Dept of Orthopaedic Surgery, Hamamatsu University School of Medicine, Hamamatsu, Japan

Objective
Rod fracture (RF) is a frequent implant-related complication following 3-column osteotomy (3-CO)
surgery in patients with adult spinal deformity (ASD). Especially, incidence of rod fracture in patients
who underwent corrective fusion surgery with pelvic fixation was significantly higher. We started to
put satellite rod constructs from 2013, because of high incidence of rod fracture in patients with
conventional 2-rod constructs. Two types of satellite rod constructs were utilized to prevent RF. The
objective was to verify the effect of satellite rods and to determine the optimal type of satellite rod to
prevent RF in patients with 3-CO and pelvic fixation.
Methods
This study was a retrospective case series of patients with 3-CO using a prospectively collected
single center database. We retrospectively evaluated consecutive patients who underwent 3-CO
from 2013 to 2015 in patients with ASD. The inclusion criteria were patients with a fused pelvis and
a minimum of 2-year follow-up. Patients were classified into two groups depending on rods
constructs: conventional 2-rod (2R) and 2-rods with satellite rods (SRs). SRs were constructed on
the inside from one or both side regular rods using 3 or 4 connectors. The satellite rod constructs
were also stratified into two groups according to the location, they covered, only osteotomy site
(Short SR) or osteotomy site and lumbosacral junction (Long SR). We analyzed the effect of the SR
constructs and determined which model was the best to prevent RF via investigation of the
incidence of RF.
Results
A total of 48 patients (average age 67.6 years; follow up rate: 90.6%) were included in this study.
Patients with 2R and SR constructs included 25 and 23 cases, respectively. No significant
difference was observed in age (2R: 68.9, SR: 66.4), fusion levels (9.3, 9.4), operation time (437
min, 442 min), blood loss (2174 g, 1893 g), and rod composition except radiographic follow-up
periods (45.9 months, 33.5 months; p<0.05). The incidence of RF in SR (9 cases, 36%) was
significantly lower than that in 2R (17 cases, 68%). Comparing the SR constructs, RF occurred in 7
cases (64%) in short SR and 2 cases (17%) in long SR. RF occurred at the level below the SR
construct in 6 of 7 RF cases with short SR.
Conclusions
Satellite rods covering the osteotomy site and lumbosacral junction reduced the incidence of RF
following 3-CO surgery. On the other hand satellite rod covering only the osteotomy site did not
reduce the incidence of RF.
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ISYQOL DISCRIMINATES ADOLESCENTS WITH SPINAL DEFORMITIES SUBGROUPS BETTER THAN
THE SRS-22 QUESTIONNAIRE

Fabio Zaina, Antonio Caronni, Sabrina Donzelli, Luciana Sciumè, Francesca Di Felice, Stefano
Negrini
ISICO (Italian Scientific Spine Institute), Milan, Italy; Università degli Studi di Milano, Residency Program in
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IRCCS Fondazione Don Gnocchi, Milan, Italy

Background: Quality of life (QoL) is evaluated in spinal deformities by several questionnaires.
Rasch analysis is a statistical methodology to develop good QoL questionnaires, and make them
interval instead of ordinal measures. ISYQOL (Italian Spine Youth Quality of Life questionnaire) is
the first questionnaire developed through Rasch analysis.
Purpose of the study: To check the discriminative validity of ISYQOL versus the actual gold
standard questionnaire (SRS-22).
Materials and Methods: Design: Cross sectional study
Setting: Tertiary clinic specialized in conservative treatment of spinal deformities
Consecutive outpatients were asked to complete SRS-22 (22 items, 5 categories per item) and
ISYQOL (20 items, 3 categories per item) questionnaires before consultation. Inclusion criteria: age
10-18; idiopathic scoliosis and hyperkyphosis. Written informed consents were collected, and
ethical committee approval obtained.
Multiple linear regressions were computed to predict ISYQOL measure or SRS-22 score
(independent variables: age, gender, diagnosis, and bracing). A subgroup analysis was performed
through linear regression modelling (variables: age, gender, Cobb degrees, brace dosage and type)
to check if each questionnaire was able to discriminate QoL changes according to specific
influencing factors.
Results: 1677 participants (1251 females), median age 14 years (1-3 quartile: 11-14).
SRS-22 and ISYQOL scores correlate (Spearman -0.68, R2 0.43, p<0.001) but the best fit is a
parabole (R2 0.51). With ISYQOL above 80% SRS-22 does not change (higher ceiling effect).
SRS-22 and ISYQoL detect the effect of age, gender, diagnosis (scoliosis vs hyperkyphosis) and
bracing (brace vs no brace) on QoL: F=92.42 (p<0.001) for ISYQOL and F=85.59 (p<0.001) for
SRS-22. The variables explained 19% and 14% of the variability for ISYQOL and SRS-22
respectively.
The QoL measured by ISYQOL is explained by: age (years), gender, Cobb degrees, brace hours
per day and brace type (soft vs hard) (F=10.69; p<0.001; R2=0.11 ); SRS-22 by age and Cobb
degrees only (F=13.66; p<0.001; R2=0.05).
Conclusion: ISYQOL is correlated to SRS-22 but with less ceiling effect. It is influenced and
described by a greater number of parameters when described by ISYQOL. Thus, despite having
considerably less items and categories, ISYQOL appears to be a better measure of QoL during
growth in spine deformity individuals in a conservative setting.
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OUTCOMES OF SYNDROMIC SCOLIOSIS PATIENTS TREATED WITH MAGNETICALLY
CONTROLLED GROWTH RODS

Shahnawaz Haleem, David Kieser, Dan Mardare, Chrishan Thakar, Colin Nnadi
Spinal Unit, Oxford University Hospitals, Oxford, UK

Introduction Magnetically controlled growth rods (MCGR) are used in the management of children presenting
with Early Onset Scoliosis. Most articles on this subject have published results of a mixed group of
patients. This article intends to examine the outcome of purely syndromic children treated with
MCGR and compares them to a cohort of idiopathic scoliosis group.
Patients and Methods All patients who underwent MCGR in our spinal unit were analysed. Data was collected
prospectively for operative length of surgery, intraoperative blood loss, any changes in
neuromonitoring, change in Cobb coronal and sagittal angles, Proximal Junctional Kyphosis (PJK)
T1-T12 height, T1-S1 height and any complications which occurred.
A cohort of syndromic patients was compared to a cohort of idiopathic scoliosis patients.
Results Nineteen children (M:F = 6:13) of syndromic scoliosis origin were managed surgically with MCGR
from December 2011 to October 2015. Their mean age at time of surgery was 101.4 months (range
43 to 171 months) with a mean follow up of 45.5 months (minimum of 24 - 69 months). Eleven
patients were primary cases with eight being conversions from Traditional Growing Rods (TGR).
The mean length of procedure was 195.2 minutes (range 136 to 305 minutes). The mean blood
loss intraoperatively was 459 ml (range 200 to 1112ml). Neuromonitoring results were normal
throughout procedures. The major Cobb coronal angle significantly improved from 55.9°
preoperatively to 42.4° at latest follow-up (p = 0.001). The T1-T12 height improved significantly from
169.2mm preoperatively to 191.2mm at final follow-up (p=0.0017). T1-S1 height significantly
improved from 289.6mm preoperatively to 333.3mm at final follow-up (p=0.0001). Six children of
our syndromic cohort were determined to have PJK (>10° difference from postoperative to latest
follow up. The average PJK angle was 31.4° (range - 17°-57.3°). In total six patients experienced a
non-medical related complication.
Nine children (M:F = 7:2) of idiopathic origin were managed surgically with MCGR from December
2011 to October 2015. Their mean age at time of surgery was 94.6 months (range 35 to 133
months) with a mean follow up of 34.2 months (minimum of 24 - 52 months). Seven procedures
were primary cases. Data was collected for all parameters as was performed with the syndromic
cohort and analysed in detail.
The syndromic group was noted to have a longer procedure (p value 0.0001) and increased blood
loss (p value 0.0001 and increased complications as compared to the idiopathic group.
DiscussionSyndromic scoliosis presentations are known to present early, progress rapidly and respond poorly
to nonoperative treatment methods. Operative intervention is known to be a higher risk for
complications as compared to idiopathic EOS presentations. Management of this group of children

requires a multidisciplinary approach with thorough planning, anticipating complications to ensure a
good result.
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CLINICAL AND RADIOLOGIC OUTCOMES OF POSTERIOR ONLY HEMIVERTEBRA RESECTION AND
SHORT SEGMENT FUSION WITH PEDICLE SCREW FIXATION IN CHILDREN YOUNGER THAN 5
YEARS: MINIMUM 10 YEARS FOLLOW-UP

Meric Enercan, Yunus Akman, Isik Karalok, Emel Kaya, Cem Sever, Yesim Erol, Tunay Sanli,
Sinan Kahraman, Selhan Karadereler, Azmi Hamzaoglu
Istanbul Spine Center, Turkey

Design: Retrospective study.
Introduction: Previous studies evaluated midterm outcomes of posterior hemivertebra resection and
short-segment fusion technique in patients under age 5 years, however there are few studies with
long term outcomes. This study evaluates long term outcomes of 13 patiets with congenital
scoliosis who underwent this technique under 5 years and had min. 10 years of f/up.
Methods: 13 (8F/5M) patients under age of 5 years during surgery and had min 10 years f/up were
included. All patients underwent post hemivertebrectomy and short-segment fusion with pedicle
screw fixation. Mean age was 3,5 (1-5) years during surgery. Main and compensatory curves and
sagittal parameters were measured on pre,post,f/up x-rays. F/up x-rays were reviewed for
occurrence of new curve development. SRS22 score was evaluated at f/up.
Results: Mean f/up was 11.5 (10-17) years. 8 patients had pure scoliosis and 5 patients had
kyphoscoliosis. The location of hemivertebra was 10 thoracic, 2 thoracolumbar and 5 lumbar. Main
curve of 32.2° was corrected to 3.8° and 9.6° at f/up (70.2%). Compensatory curve of 13.8° was
corrected to 2.1° and 6.2° at f/up. Local kyphosis improved from 31.2° to 5.3°(83.1%). Sagittal
alignment was restored and maintained (mean SVA:+21mm). There were no pseudoarthrosis or
neurovascular complications. A new C-shaped, long, flexible curve with the apex at the level of the
resected hemivertebra developed in 5 patients (38%).Mean age at new curve diagnosis was
11.2(6-14) years. Mean new C- shaped curve was 21°(16-30). No additional surgery was
performed. 1 patient was treated with brace. Mean SRS22 score was 4.5 at final f/up.
Conclusion: Posterior hemivertebra resection and short-segment fusion technique under 5 years
provided satisfactory correction on both planes. However, a new C-shaped, long, flexible curve with
its apex at the level of the resected hemivertebra was observed at long term f/up in 38% patients.
This study suggests that patients with congenital scoliosis who undergo post hemivertebra
resection and short-segment fusion under 5 years should be followed up closely till the end of
adolescence growth spurt.
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SPINAL GROWTH TETHERING AROUND THE APICAL VERTEBRAE LEADS TO ASYMMETRIC
GROWTH AS A MECHANISM OF SPINAL DEFORMITY CORRECTION IN KYPHOSIS AND SCOLIOSIS

Alaaeldin Ahmad, Loai Aker, Ahmad Ghanem
Orthopedic , west bank , Palestine

Introduction A non-fusion method aims to create growth in the apical vertebrae that results in
gradual deformity correction and prevent crankshaft. This method utilizes a posterior approach
around the peaked wedged vertebrae in early onset scoliosis . Methods retrospective review of the
X-rays and 3D CT scans of 17 EOS patients Patients underwent posterior tethering proximal and
distal to the peak of the deformity as an adjunct to distraction-based growth-friendly, or the Shilla
implants. The rate of change was calculated for the wedged apical vertebrae at the concave and
convex heights in scoliosis and kyphosis. Control group had the same parameters measured for the
vertebrae outside the tethering effect. Cobb angle and spinal height were also measured. Results
Mean follow up time: 50.8 months Mean age at surgery: 61 months For wedged vertebrae within
the tether Average preop concave/convex height ratio: 0.55 while average last follow up ratio was
0.76 p < 0.005 For the control vertebrae outside the tether Average pre-op concave/convex height
ratio: 0.80 while average last follow up ratio was 0.82. p =0.064 Average pre-op scoliosis cobb
angle was 51, became 43.8 in last follow up p = 0.057 Average pre-op kyphosis cobb angle was
56.1 became 21.5 in last follow up. p < 0.005 Pre-op Spine length was 250.1mm, in last follow up
became 292.27mm. p < 0.005 Conclusion: Posterior tethering in EOS will asymmetrically modulate
the apical vertebrae, correcting the deformity with non-fusion technique
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