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 The US population is expected to grow by 9.5% between 2013 and 2025 based on 
the US Census Bureau.

 Population aged 65 and older projected to grow nearly 45%.

 The prevalence of adult scoliosis in the general population - up to 32%.
 As high as 68% in the older population. 

 Using current prevalence estimates, there are approximately 27.5 million elderly 
people with some form of spinal deformity, and with the high rate of growth, this 
brings the number of older adults with some spinal deformity to more than 60 
million by 2050.

 Increasing age correlates with decreasing bone mineral density (BMD). 
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Pre-Op Planning

 Standing full-length 36” scoliosis x-rays

 MRI

 CT

 DEXA

 The association between QCT and DXA measurements was stronger when DXA measurements were 
made in the lateral (r = 0.784) or midlateral (r = 0.823) projection than in the AP (r = 0.571) projection.

 Association of BMD with age was stronger when DXA measurements were made in the lateral (r = 
0.536) or midlateral (r = 0.536) projection than in the AP (r = 0.382) projection. 

 Lateral DXA often detected osteopenia in patients whose AP DXA was normal. 

 The 95% confidence limits for changes in BMD attributable to measurement error for AP, lateral, and 
midlateral DXA were 0.027, 0.038, and 0.057 g/cm’, respectively. 

 Lateral DXA measurements identify patients with osteopenia more often than AP DXA
 Lateral DXA more accurately estimates trabecular bone mass. 
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 T-score vs HU in degenerative spine.

 T-score can be overestimated in the degenerative spine.

 Correlate Hounsfield unit (HU) in CT and T-scores in non- and degenerative L1-L4 vertebra.

 Non-degenerative group: HU had a strong positive correlation with T-score (correlation 
coefficients (r) > 0.7).

 +100 HU matched T-score of -2.0,  +150 = -1.0, and +200 = 0.0 (p < 0.001). 

 Degenerative group: weak positive correlation with r ~ 0.4.  

 HU values provide a meaningful assessment of BMD and have a strong correlation with T-score. 

 In the degenerative spine, the T-score tended to be higher than the actual BMD.

 HU might better predict real BMD in degenerative spine patients undergoing spinal 
instrumentation.

 90 subjects (77 abnormal / osteoporosis, 13 normal)

 Spinal computed tomography (QCT)
 Spinal anteroposterior (AP) (DXA) 
 Lateral dual X-ray absorptiometry (DXA)
 Femoral neck and total hip DXA
 Distal third radial DXA 
 Single photon absorptiometry (SPA)

 DXA measurements which had the greatest sensitivity in detecting osteoporosis:
 Supine lateral spine DXA (84%)
 Femoral neck DXA (75%)
 Distal third of the radius (61%)
 AP spine (51%). 

 Spinal QCT > supine lateral spine DXA > femoral neck DXA are the best BMD methods to 
screen for osteoporosis. 

 AP spine DXA is a poor screening method in women over 60 years of age. 

Goals of Surgery

 Decrease pain

 Realign the spine / correct deformity

 Stabilize the spine

 Prevent complications
 Intra-op

 Post-op
 Infection
 Hardware failure
 PJK
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Proximal Junctional Failure

 Acute proximal junctional failure (APJF) was 
recently defined by the International Spine 
Study Group (ISSG) as: 

 Postoperative fracture of the upper 
instrumented vertebrae (UIV) or UIV + 1.

 UIV implant failure.

 Proximal junctional kyphosis (PJK) increase 
> 15 degrees.

 Need for proximal extension of the fusion 
within 6 months of surgery. 

 PJF high incidence at UIV or UIV + 1 fractures. 

 Lower thoracolumbar (TL) > upper thoracic 
(UT).

 A literature search was conducted on PubMed using “proximal junctional”, “proximal junctional kyphosis”, and
“proximal junctional failure” as search keywords.

 The incidence of PJK ranges from 5% to 46% (definition of PJK is a factor).

 Reported that 66% of cases occur 3 months after surgery and approximately 80% occur within 18 months.

 A number of studies have reported that there is no significantly different clinical outcome between PJK patients
and non-PJK patients.

 One study showed that PJK patients expressed more pain than non-PJK patients. However, recent studies
focused on proximal junctional failure (PJF), which is accepted as a severe form of PJK.

 PJF showed significant adverse impact in clinical aspect such as pain, neurologic deficit, ambulatory
difficulties, and social isolation. Higher rates of revision surgery.

 Numerous previous studies have identified various risk factors and reported on the treatment and prevention of
PJK.

 Based on these studies, we determined the clinical significance and impact of PJK. In addition, it is important to
find a strategic approach to the proper treatment of PJK.

 Determine the different risk factors for development of PJK in patients with adult scoliosis.

 314 patients met the inclusion criteria. The main outcome measure was the PJK.

 The incidence of PJK was 25%. 

 Revision for PJK occurred in 2.3% of all patients and accounted for 15% of revisions.

 Proximal fixation extended to the proximal (T7 & higher) thoracic spine (TS) in 39%, to the middle (T8 – T10) TS 
in 39.5% of cases, and to the thoracolumbar junction (T11 – L1) in 20.4%, with a higher incidence of PJK noted 
in the first group. The proximal anchors had no effect on PJK incidence. 

 Increased age & BMI were risk factors for the development of PJK. 

 Preoperative pelvic tilt had a positive correlation with PJK occurrence. 

 The association, fusion to sacrum and fusion to the upper TS (T7 or higher), is associated with the
highest incidence of PJK.

 PI – LL mismatch
 Moderate PJK was observed with under-correction of the sagittal balance.
 Severe PJKs with OVER-correction of the sagittal balance.
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 98 DLS patients with a minimum 2-year follow-up were reviewed prospectively. PJK group and non-PJK group. 

 patient characteristics—preoperative data of age, sex, body mass index (BMI), bone mineral density (BMD) were investigated; 
surgical variables—the most proximal and distal levels of the instrumentation, instrumented levels; pre- and post-op radiographic 
parameters: scoliotic angle, sagittal vertical axis, thoracic kyphosis, T/L junctional angle, LL, PI, PT, and SS.

 PJK was developed in 17 of 98 patients (17.3%).

 No difference in age at operation (P=0.900). The patient’s sex was excluded because of the predominance of female patients. 

 There were significant difference between the 2 groups in BMI ([25.5±1.7]kg/m2 in the PJK group and [23.6±1.9] kg/m2 in the non-
PJK group, P<0.001)

 BMD ([–1.4±0.8] g/cm2 in the PJK group and [0.7±0.3] g/cm2 in the non-PJK group, P<0.001). 

 No specific surgery-related variables: UIV at T/L junction was more common in the PJK group (P=0.007). 

 Multivariate logistic regression:  BMI > 25kg/m2, osteoporosis, and UIV at T/L  junction were independently associated with PJK.

 OSTEOPOROSIS, obesity (↑ BMI), and UIV at T/L  junction are risk factors for the development and progression of PJK in 
DLS patients following long instrumented posterior spinal fusion.

 Anti-osteoporosis treatment extends the fusion level above the thoracolumbar region and controlling body weight before and after
surgery could provide opportunities to reduce the rate of PJK and to improve therapeutic outcomes.

 PJK developed in 27 patients (16.9%) and PJF in 29 patients (18.1%). 

 The median survival time was 17.0 months for PJK and 3.0 months for PJF.

 Multivariate analyses revealed that a high BMI was an independent risk factor for PJK (hazard ratio [HR] =
 1.179)

 Significant risk factors for PJF were older age, the presence of osteoporosis, the UIV at T11-L1, larger pre-op 
SVA (HR = 1.082, 6.465, 5.236, and 1.017, respectively). 

 A large correction of sagittal deformity was shown to be a risk factor for PJF on univariate analyses, but not on 
multivariate analyses.

 A high body mass index (BMI) was an independent risk factor for PJK.

 Older age, OSTEOPOROSIS, UIV at the T/L junction, and greater pre-op SVA were risk factors for PJF.

Osteoporosis Treatment

 Bisphosphonates

 Teriparatide (Forteo)
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 20 patients with minimum 6 month follow-up who had complete imaging data were matched 1:1 to non-fracture 
controls. 

 Groups matched with respect to age, sex, body mass index, and number of levels fused. 

 Fracture group had greater post-op sagittal imbalance than the control group (10.7 cm vs 9.1 cm). 

 HU values at the fracture level was significantly lower value in the fracture group (145.6 vs . 199.4, P = 
0.006). 

 Global assessment of HU across the T/L spines was significantly lower in the fx group (139.9 vs . 170.1, P = 
0.032).

 HU was significantly lower both locally and globally in the fracture cohort. 

 Because computed tomographic scans are frequently part of pre-op imaging, this information should be 
incorporated in preoperative planning. 

 Studies to prospectively validate HU as a predictor of adjacent segment fracture risk and to assess the effect 
of increasing HU pre-op with medications for osteoporosis are needed.

 Teriparatide 20mg every day (QD) with risedronate 35mg once per week (QW) started within 2 weeks after surgery for 
a pertrochanteric hip fracture. 

 Patients with BMD T-score–2.0 and 25OHD 9.2 ng/mL were randomized to receive 26-week double-dummy treatment 
plus calcium and vitamin D, followed by 52-week open-label treatment with

 171 (teriparatide: 86) contributed to the efficacy analyses 

 Mean baseline LS, femoral neck (FN), and total hip (TH) T-scores were –2.16, –2.63, and –2.51, respectively.

 At 78weeks, BMD increased significantly more with teriparatide compared to risedronate at the LS (11.08% versus 
6.45%; p<0.001) and FN (1.96% versus –1.19%; p.0.003), with no significant between-group difference in TH BMD. 

 Timed up and-go (TUG) test was significantly faster with teriparatide (p.0.045).

 Hip pain during TUG test by 100mm VAS was significantly lower with teriparatide at 18 weeks.

 Teriparatide group showed two new hip fractures versus seven with risedronate (p.0.171) and more frequent 
hypercalcemia and hyperuricemia. 

 78-week treatment with teriparatide showed significantly greater increases in LS and FN BMD, less pain, and a 
faster TUG test vs. risedronate.

 After 6 months of Teriparatide (TP) treatment, mean hip-bone mineral density (BMD) 
increased from 0.721 to 0.771 g/cm2.  Decreased from 0.759 to 0.729 g/cm2 in the control 
group (p < 0.05). 

 The volumetric BMD (326 to 366 mg/cm3) and bone mineral content (BMC) (553 to 
622mg) at UIV+1 were also significantly increased in TP group. 

 The bone volume/tissue volume ratio increased from 46 to 54 % in the TP group, and the 
trabecular bone thickness and number increased by 14 and 5 %, respectively. 

 At the 2-year follow-up, the PJK type 2 incidence was significantly lower in the TP group 
(4.6 %) than in the control group (15.2 %; p = .02). 

 Prophylactic TP treatment - improved the volumetric BMD and fine bone structure, 
including at UIV+1.

 Reduced the PJK incidence (4.6 vs. 15.2%).
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 15 / 28 patients had prophylactic vertebroplasty cranial to the fused 
segment. 

 PJK requiring revision surgery occurred in 2 / 13 patients (15.3%) treated 
without prophylactic vertebroplasty. 

 None of the 15 patients undergoing prophylactic cement augmentation 
experienced PJK.

 Revision surgery ($77,432) > prophylactic vertebroplasty ($46,240)

 Fractures occurred in 12 of 18 
specimens

 5 in the control group

 6 in the one-level group

 1 in the two-level PMMA group 

 These differences were 
statistically significant.

PROPHYLACTIC 
VERTEBROPLASTY

 Compared with 2-level cement, non-2-level 
cement had significantly more revisions for 
PJF (0% vs. 19%; P = 0.02). 

 After UIV adjustment, risks of PJF revision surgery 
were 13.1 times higher for “Other” (95% CI: 0.5–
346.5, P = 0.12) and 9.2 times higher (95% CI: 
0.4–239.1, P = 0.18) for no-cement.
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 39 patients, 28.2% developed PJK (11: 7.7% at 2 years, 20.5% between 2 and 5 years), and 
5.1% developed acute PJF. 

 2 / 11 PJK patients required revision for progressive worsening of the PJK.

 There were no proximal junctional fractures.

 There was no significant difference in ODI, SRS-22, or SF-36 scores between those with and 
without PJK or PJF (p>.05).

 Does not appear to decrease the incidence of PJK at 5 years.

 May minimize the risk for junctional failure in the early post-operative period. 

 Incidence of PJK and PJF in patients treated with prophylactic PMMA cement augmentation at the UIV & UIV+1.

 85 adult patients over a 16-year enrollment period were identified with long-segment (>5 levels) posterior thoracolumbar 
instrumented fusions for ASD.

 85 patients (64±11.1 years) with ASD were identified: 47 control patients (58±10.6) and 38 patients (71±6.8) treated with PMMA at 
the UIV and UIV+1. Mean follow-up was 27.9 and 24.2 months in Groups A and B, respectively (p=.10). 

 Preoperative radiographic parameters were not significantly different, except the pelvic tilt which was greater in Group A (26.6° vs. 
31.4°, p=.03). Postoperatively, the lumbopelvic mismatch was greater in Group B (14.6° vs. 7.9°, p=.037), whereas the magnitude 
of PJK was greater in controls (9.36° vs. 5.65°, p= .023). 

 No complications were attributed to PMMA use.

 The UIV+1 angle, a measure of PJK, was significantly greater in controls (10.0° vs. 6.8°, p=.02). 

 The incidence of PJK was 36% (n=17) and 23.7% (n=9) in Groups A and B, respectively (p=.020). 

 Prophylactic vertebral cement at the UIV & UIV + 1 at the time of deformity correction appears to be preventative in the 
development of proximal junctional kyphosis and failure.

 Evaluated a tapered dose of cement in T10 
(4cc), T9 (3cc), and T8 (2cc)
 Reduced junctional endplate stresses in 

an FE model.
 Eliminated the incidence of VCF in a 

cadaveric model.

Our Previous Work
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Hypothesis
 Does location and dosage of cement matter?

 Varying the location and dosage of vertebral cement will further affect
endplate stresses.

 Influence rates of VCF and possibly PJK .

2cc cement at UIV+2
3cc cement at UIV+1

4cc cement at UIV
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Results

 Anterior cement placement 
(4cc, 3cc, 2cc)

 26% decrease in endplate 
stress at T9.

 21% decrease at T8. 

 2% decrease in posterior 
ligamentous strain at T8-T9. 

 No increased endplate 
stresses at T7. 

Conclusions

 Lowest observed endplate stresses in this osteoporotic FE 
model

 Cemented T10, T9, & T8 

 Non-cemented unadulterated T7

 Optimal dose

 T10 (UIV) - 2.5cc anteriorly

 T9 (UIV+1) - 2cc anterior central

 T8 (UIV+2) - 1cc central

 135 consecutive patients with minimum 2-year follow-up, fusions were divided into 3 cohorts based on the UIV location (T9–T10 
vs. T11–T12 vs. L1–L2). 

 The incidence of APJF was 38.5%, with a trend toward higher APJF in the T9–T10 group (p . 0.07) 

 UIV was at T10, the incidence of APJF was 57.1%, significantly higher than T9 and T11 (p=0.03 and p=0.01).

 Overall revision rate for APJF was 17%, 

 Risk factors for APJF

 Pre-op sagittal vertical axis > 5 cm

 Post-op PJA > 5 degrees

 Thoracic kyphosis > 30 degrees

 Instrumentation to the pelvis as risk factors for APJF.

 Greater correction of lumbar lordosis (LL)

 PJK > 15 degrees WITHOUT fracture or hardware failure had the longest revision-free survival (2-5 years, 100%). 

 Post-op PJA > 5 degrees and greater correction of LL are independent risk factors for APJF.

 FRACTURE AT THE UIV LEAD TO THE HIGHEST RATES OF REVISION SURGERY!
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PJK
 Risk factors:

 Posterior ligaments disruption

 High mechanical stresses due to the transition from rigid 
instrumentation to mobile segments (T/L junction).

 ↑ Age

 Sagittal deformity under / over-correction  PI = LL

 ↑ BMI

 Poor bone quality

Conclusion
 Poor bone quality is a concern in most ASD patients due to age.

 CT scan (Hounsfield Units) vs. DEXA

 Teriparatide vs. bisphosponates

 Do not over-correct, particularly in patients > 55 y.o.  PI = LL

 Prophylactic vertebral cement UIV,  UIV + 1 

 Tapered dose UIV, UIV + 1, UIV + 2?

 Further clinical analysis is required.

 To date:
 14 patients with UIV at the T/L junction 

 Mean Dexa T-score -2.6

 Mean follow-up 32 months

 Tapered cement UIV, UIV + 1, UIV +2

 PI + LL +/- 10

 No PJK
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Thank you


