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ABSTRACT

Study design: Multicentric retrospective study of prospectively collected data.

Objective: Based on normative data from a cohort of asymptomatic volunteers, this study
sought to determine the rate of abnormal values of proximal junctional angles (PJA) in adult

spinal deformity (ASD) surgery patients, and compare it with PJK rate.

Summary of Background Data: Proximal junctional kyphosis (PJK) definition does not take

the vertebral level into account.

Methods: This study included 721 healthy volunteers and 8§24 ASD surgery patients with 2-
year postoperative follow-up. Normative values for each disc and vertebral body between T1
and T12 were analyzed, then normative values for PJA at each thoracic level were defined in
the volunteer cohort as the mean+2 standard deviations. PJA abnormal values at the upper
instrumented vertebra (UI'V) were compared with Glattes’ and Lovecchio’s definitions for

PJK in the ASD population at two years.
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Results: Mean age was 37.7+16.3 in the volunteer cohort, with 50.5% of females. Mean
thoracic kyphosis (TK) was -50.9+£10.8°. Corridors of normality included PJA greater than
20° between T3 and T12. Mean age was 60.5+14.0 years in the ASD cohort, with 77.2% of
females. Mean baseline TK was -37.4+19.9°, with a significant increase after surgery (-
15.6+15.3°, p<0.001). There was 46.2% of PJK according to Glattes’ versus 8.7% according
to Lovecchio’s and 22.9% of kyphotic PJA compared to normative values (p<0.001).

Conclusion: This study provides normative values for segmental and regional alignment of
thoracic spine, used to describe abnormal values of PJA for each level. Using level-adjusted
PJA values allows a more precise assessment of abnormal proximal angles and question the

definition for PJK.

Level of evidence: 11

Keywords: adult spinal deformity; ASD; proximal junctional kyphosis; PJK; proximal
junctional failure; PJF; proximal junctional angle; sagittal alignment

KEYPOINTS

e Proximal junctional angles (PJA) were determined for each level from T1 to T12 in
the normative cohort.

e Corridors of normality included PJAs greater than 20° between T3 and T12.

e There was 46.2% of PJK according to Glattes’ versus 8.7% according to Lovecchio’s
and 22.9% of kyphotic PJA compared to normative values.

e Using level-adjusted PJA values allows a more precise assessment of abnormal

proximal angles and question the definition for PJK.
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INTRODUCTION

Adult spinal deformity (ASD) can have a tremendous impact on quality of life and may
be more debilitating than many chronic diseases !. ASD surgeries are more and more
frequently performed, due to several reasons: a high prevalence of the disease after 65 years 2,
the aging of the population 3, a higher functional demand from patients, and the proven
superior efficiency compared to non-operative treatment at 5 years . However, ASD surgery
is associated with a high rate of complications °. Hence, surgeons must now manage an
increasing number of complications, the most common being surgical site infection, proximal
junctional failure (PJF), and nonunion with rod breakage. The rates of these complications for
ASD surgeries vary in the literature, estimated at 6.8% for infection , between 6 and 61.7%

for proximal junctional kyphosis (PJK) 7 and 20% for nonunion and rod breakage ®.

One of the main recent topics in ASD literature has been around junctional issues (PJK
and PJF), which can be explained by its frequency and possibly dramatic complications,
including neurological impairment. PJF encompasses several types of failures at the cranial
junction of the construct, notably the PJK. Glattes et al. provided a definition of PJK using a
10° threshold and a variation of 10° °. More recently, Lovecchio et al. proposed an updated
definition considering a kyphosis greater than 28° with a postoperative change of 22° '°. They
delineated upper thoracic and lower thoracic values, after dividing the thoracic spine into two
segments. However, these various definitions can be debated as they do not take into account
the variations between individuals’ anatomy and the vertebral level of occurrence. The latter

point underlines the need to adjust PJK definition based on normative values for each level.
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Various studies attempted to describe thoracic alignment 12, However, due to the
variation in spinal curvature along the spinal axis, one could ask if information from
normative cohort could help determine correction goals in the thoracic spine in the setting of
ASD, as well as threshold values to define PJK. Based on normative data from a cohort of
asymptomatic volunteers, this study sought to determine the rate of abnormal values of
proximal junctional angles in ASD surgery patients, and to compare it with PJK rates
according to previous definitions.

METHODS

Population

This retrospective study of prospectively collected data included healthy volunteers from
a multicentric normative database and ASD patients. Healthy subjects were aged over 18
years, presented no major pain in spine, hip or knee, no history of spinal surgery or condition:
spondylolisthesis, deformity (Cobb angle <15°), infection, tumor, or fracture (acute or
history), and no hip or knee replacement. This study was approved by regional ethics
committees (approval N° 6001 and 6061 C.P.P. lle-de France VI and FM 312 ethical
committee at the Saint-Joseph University, Beirut). All participants provided their informed
written consent.

ASD patients were included from a multicentric prospective database across 20 US
centers (NCT00738439). The inclusion criteria for the database were: age over 18 years and at
least one of the following criteria: Cobb angle > 20°, sagittal vertical axis (SVA) > Scm,
pelvic tilt (PT) > 20° or thoracic kyphosis (TK) > 60°. ASD patients’ inclusion criteria for this
study were primary cases or revision cases with cranial extension of the upper instrumented
vertebra (UI'V) and eligible for 2-year follow-up. Patients were not included if the UV was

located in the lumbar or cervical spine.
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Subjects were enrolled through an IRB-approved protocol in each participating site, and

each subject provided written consent.

Parameters

Demographic parameters collected for the two study populations included age, sex and
body mass index (BMI). For ASD patients, history of previous spine surgery and location of
previous fusion were also analyzed.

Radiographic parameters were assessed on full-spine images in free-standing position and
collected on asymptomatic volunteers as well as baseline, and at 2-year follow-up for ASD
patients. Radiographic parameters included ASD grading according to SRS-Schwab
classification '* and various sagittal parameters as follows (Figure 1):

o Sagittal Cobb angle for each disc and vertebral body from T1 to T12

e Pelvic parameters: pelvic incidence (PI), sacral slope (SS) and PT

o Alignment parameters: PI-LL mismatch, T1 pelvic angle (TPA) and SVA

o TK was measured globally (from T1 upper endplate to L1 upper endplate) and
divided into three regions: upperTK (T1 to T5), middleTK (T5-T9) and lowerTK
(T9-L1).

e Proximal junctional angle (PJA) was defined as the sagittal angle between the
lower endplate of a vertebra and the upper endplate of the vertebra two levels
above. This angle was calculated for each thoracic vertebra in normative

volunteers and at UIV for ASD patients.

The following surgical parameters (for ASD cohort only) were collected: UI'V and lower

instrumented vertebra (LIV), procedure performed (interbody fusion, direct decompression,

osteotomy, and 3-column osteotomy), estimated blood loss (EBL), operative room (OR) time
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and length of stay (LOS). The PJK rate was assessed according to two definitions: Glattes et
al.’s definition (a PJA>10° and at least 10° greater than the preoperative measurement °), and

Lovecchio et al.’s (a PJA>28° and at least 22° greater than the preoperative measurement ).

Statistical analysis

By convention, kyphosis is expressed as negative value and lordosis as positive. As per
the literature on asymptomatic subjects, the global TK was classified as hypo- (>-30°), hyper-
(<-70°), or normal. In healthy volunteers: normative alignments of global and regional TK
were described, defined as mean+2SD, and used as reference in ASD patients. The
contribution of each TK region to global TK was assessed. Segmental alignment for each
level between T1 and T12 was described through vertebral body and disc Cobb angle as well

as PJA.

In ASD patients, the rate of patients presenting hypo-TK was reported pre- and post-
operatively, and the rate of normally aligned segments was compared between hypo- and
normal-TK patients. The change in postoperative TK was analyzed both in terms of
magnitude and distribution. The rate of patients presenting with abnormal PJA (defined as 2
standard deviations away from normative values mean) according to UIV location was
compared to previous radiographic definitions of PJK using McNemar tests. In order to match
the age of the ASD cohort, an analysis in the subset of healthy volunteers aged over 50 was
performed to determine the rate of abnormal PJA.

RESULTS

Asymptomatic volunteers
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This study included 721 healthy volunteers, with 50.5% of females. Mean age was
37.7£16.3 years, mean BMI was 24.6+4.4 kg.m™. Sagittal global, regional, and segmental
alignments are reported in Table 1.

Mean TK was -50.9+£10.8°. Twenty-nine subjects (4.0%) presented a hyper-TK (mean:
76.5+5.2°) and 21 (2.9%) presented a hypo-TK (mean: 26.2+3.9°). This distribution matches
literature threshold as 93.1% of our normative subjects were within normative range. Mean
middle TK was -23.6+7.0° and represented the largest portion of the global TK (46.8%+12.1),
while upper and lower TK accounted for 38.9% (-19.7+7.9°) and 14.3% (-7.7+7.6°)

respectively.

PJA normative values for each thoracic vertebra have been calculated and reported in
Figure 2. A vast majority of PJA were kyphotic in asymptomatic volunteers. Mean values of
PJAs across the T3 to T10 segments were greater than 10° of kyphosis. However, only PJA
values from TS5 to T9 were strictly kyphotic in every subject. PJA at T1 presented almost no
angulation (transitional segment). Corridor of normal alignment was provided for each PJA
from T1 to T12 (Figure 2). Corridors of normality included PJA greater than 20° of kyphosis
between T3 and T12.

ASD patients
Preoperatively

Out of the 1506 patients enrolled in this study and eligible for 2-year follow-up, 1055
completed the minimum follow-up (follow-up rate: 70.1%). Two hundred and thirty-one
patients were not included in the present analysis: 80 patients (7.6%) had previous
instrumentation and no proximal extension during this surgery, and 151 patients (14.3%) had
a ULV in the cervical or lumbar spine. This analysis was carried out on 824 patients, 77.2% of

whom were females. Mean age was 60.5£14.0 years, and mean BMI was 27.8+5.9 kg.m™.
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Two hundred and sixty-three patients (31.9%) had prior spine fusion: 158 (19.4%) with a
lumbar ULV, 40 (4.9%) with a lower thoracic UIV and 65 (7.9%) with a UIV above T8.

In the ASD cohort, 289 patients (35.1%) were graded SRS-Schwab type N, 38 (4.6%) as
T, 288 (35.0%) as L, and 209 patients (25.4%) as D. Regarding PI-LL modifier, 299 patients
(36.3%) were type °0°, 175 (21.2%) were type ‘+° and 350 patients (42.5%) were type *++’.

Mean baseline TK was -37.44+19.9°. Pre-operatively, 32.8% of patients presented with
hypo-TK (n=270, mean TK: -20.0+7.6°) and 6.6% with hyper-TK (n=53, mean TK: -
79.9+11.1°). Regionally, hypo-TK mainly occurred in upperTK and middleTK with 35.2%
and 32.4% of patients presenting abnormal regional kyphosis respectively, versus 16.7% in

lowerTK.

Surgery

Median fusion length was 12 levels (IQR: 10 - 16) ranging from 2 to 19 levels, with 8
fusions (1.0%) from 1 to 4 levels, 518 (62.9%) between 5 and 12 levels, and 294 (35.7%)
fusions of 13 levels or more. UIV was located in the upper thoracic spine (T1-T4) in 354
patients (43.0%), and lower thoracic (T9-T12) in 410 patients (49.8%). The fusion extended
down the sacrum/pelvis for 700 patients (85.0%).

Interbody fusion was used in 498 patients (60.4%), while 485 patients (58.9%) had direct
decompression and 632 patients (76.7%) had an osteotomy, of which 141 had a 3-column
osteotomy (17.1%). Median EBL was 1400mL (IQR: 800-2200), median OR time was

417min (IQR: 328-539), and median LOS was 7 days (IQR: 5-9).

Postoperatively

Patients undergoing ASD correction had a significant increase in TK (-15.6£15.3°,

p<0.001), with 8.7% remaining hypo-kyphotic. All TK regions were involved in this kyphotic
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change: upperTK (-7.4+12.5°), middleTK (-4.3+9.5°) and lowerTK (-3.9£15.9°) (all
p<0.001). Postoperative TK distribution also varied from pre-operative, with an average
increase in lowerTK contribution at 2 years (28.4% versus 9.1%, p=0.04), and a decrease in
middleTK (64.0% to 44.9% at two years, p<0.001). Global TK increased postoperatively for
all the UIV groups. UpperTK did not vary significantly if UIV was located in the lower
thoracic spine, as well as lowerTK if UI'V was in the middle thoracic spine (Table 2).
Proximal junctional abnormal alignment

Overall, 46.2% of patients exhibited PJK according to Glattes’ definition (n=381), while
8.7% (n=72) were identified using Lovecchio et al.’s criteria. Additionally, 22.9% (n=219)
demonstrated abnormally kyphotic PJA (-23.3% compared to Glattes”) based on normative
values (p<0.001). There were significant differences in each UIV category between the rates
of the three methods analyzed. For each UIV category, Glattes’ criteria yielded the highest
rates of proximal anomaly whereas using Lovecchio’s criteria the rates were the lowest. A
detailed analysis of abnormal PJA rates according to UIV level is provided in Table 3.

The subset of volunteers aged >50 years old included 185 subjects, with a mean age of
61.6+8.4 years. The rates of abnormal PJA values based on this subset of volunteers did not
show major differences compared to the whole cohort results (Table 4). The difference
between both sets of abnormal PJA rates was of 15.2% in the middle thoracic UIV group,
while the difference in rates remained under 5% for upper thoracic and lower thoracic UTV
groups and globally.

DISCUSSION

Although there is an abundant literature regarding normative alignment, correction goals

in the setting of ASD surgery remain uncertain, particularly in the thoracic spine '*. This study

provides normative segmental and regional values for thoracic alignment and determined
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abnormal values of theoretical PJA for each thoracic vertebra, based on a significant cohort of
asymptomatic volunteers. The goal here was to provide data regarding alignment for 95% of
the population for each level, and question the relevance of having global definitions for PJK.
Expectedly, the majority of PJA were kyphotic from T1 to T12. However, only PJA values
from T5 to T9 were strictly kyphotic in every subject. Mean values for normative PJAs across
the T3 to T10 segments were greater than 10° of kyphosis, which is the threshold used by
Glattes et al. to define PJK °. Furthermore, corridors of normality included PJA greater than
20° of kyphosis between T3 and T12, which challenges the 10° threshold to determine PJK

occurrence.

Despite an increasing concern regarding PJK and plenty of literature, its incidence
remains high '>. However, the rate depends on how PJK occurrence is assessed. Several
authors have proposed different definitions for PJK %116, This study aimed to analyze the
proportion of abnormal PJA values and to compare them with two different PJK definitions.
In this study, the rate of abnormal PJAs was significantly lower than the rate of PJK according
to Glattes’ definition (22.9% versus 46.2%), while Lovecchio’s criteria would have identified
only 8.7%. This lower rate according to Lovecchio’s stems from the higher threshold used for
PJA and kyphotic change than Glattes’. Interestingly, there were no major changes in the rate
of abnormal PJA whether using normative values from the whole cohort or the subset of
subjects aged above 50, except for patients with UIV in the middle thoracic spine. However,

most of the constructs for ASD surgery span to lower thoracic or upper thoracic spine.

The major discrepancies between the three methods analyzed in this study challenge the

definition for PJK. In the ASD cohort, 23.3% of the patients would be deemed with PJK while

the observed alignment was within the corridor of normality. This kyphotic change likely
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permitted the patients to stay within the corridor of normality. Indeed, in some cases PJK can
be a means to restore a normative alignment in case of overcorrection '7. Hence, a kyphotic
change over UIV postoperatively shouldn’t systematically be considered as pathological and

must be assessed with respect to normative values, global alignment and clinical outcomes.

How to define abnormal when the normal is unclear? While the variation of lumbar
lordosis magnitude and distribution with respect to pelvic parameters have been extensively
reported '8, the thoracic alignment remains less apprehended. There is a great variability in
TK between individuals '°. Several authors attempted to determine TK using formulas taken
LL or pelvic parameters into account 2°, but subsequent studies demonstrated their poor
accuracy '4. Lafage et al. highlighted that distribution of TK changed with its magnitude,
being more even between upper and lower TK in patients with greater TK '!. Relationship
between thoracic alignment and the rib cage were also described 2!.

This study described normative segmental and regional alignment for the thoracic spine.
To our knowledge, there is no such description of segmental alignment in literature. Mean TK
in this study was 5° greater than in Amabile et al. and Lafage et al.” studies ''-*2. Potential
difference could stem in diverging protocol in x-ray acquisition (instruction regarding head

position, gaze, and lower limb positioning) 3.

PJK rate varies among studies, and has been estimated between 13.6% and 38.4% 524,
Unfortunately, this rate has not significantly decreased over the last decade %°. In this study,
the PJK rate in the thoracic spine was 46.2% as per Glattes’ criteria, 8.7% according to
Lovecchio’s definition while PJA normative values identified 22.9% of abnormal angles.
Glattes’ definition includes a PJA>10°. However, in our cohort, a PJA of 10° was within the

normative corridor for all vertebrae from T1 to T12. Conversely, Lovecchio’s definition could
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lead to an underestimation of PJK rate as a PJA of 28° is far below normative values for T1,

T2 and lower thoracic vertebrae.

Limitations

One of this study’s limitations is the comparison of static abnormal PJA values to
dynamic definitions of PJK. Second, this study did not assess non-kyphotic failures such as
disc collapse or spondylolisthesis. More, there were no data regarding flexibility of the spine
and there could have been a divergence in X-ray protocols between normative subjects and
ASD patients.
CONCLUSION

This study provides normative values for segmental and regional alignment of the
thoracic spine, used to describe abnormal values of PJA for each level from T1 to T12. When
using this level-adjusted PJA criteria, 23% of ASD patients with thoracic UIV were identified
with abnormal PJA, while 46% would have been labelled as PJK according to Glattes. Using
level-adjusted PJA values allows a more precise assessment of abnormal proximal angles and

challenges the definition for PJK that yet needs to be refined by defining a variation threshold.
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Figure 1: Schematic representation of the radiographic parameters collected for this analysis.
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Figure 2: Left: Boxplot for PJAs between T1 and T12. Solid center lines represent median,
box limits represent Q1 and Q3 and whiskers minimum-maximum values. Right: Mean value
and standard deviation (SD) for each PJA as well as the corridor of normal alignment defined

as mean = 2SD.

Mean Mean-ZSDW Mean+2SD

i TIPA () -15+71 -15.8 | 127
T2 | T2PIA () -47+62  -172 77
T3 - T3PIA (9 -124 £65  -254 0.6
T4 T4PA (9 134161 -257 -1.1
TS - TSPIA () -149 £54  -258 -4.0
T6 T6PIA () -168 £51  -270 -6.7
™ TIPA () -174+£53  -28.1 -6.7

o . . . .
TBPIA (9 -171£52  -275 -6.8

5. . . . .
TOPIA () -144 £51  -246 -4.1

T10 - ' ' ' ’
TIOPJA (9| -106 + 54  -214 0.1

T ' [ ' '
TIMPA () -90+55  -20.1 20

T12 ' [ | :
Lordotic Kyphotic T12 PJA ()| -89 £ 58 -20.5 2.8
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Segmental (°) Regional (°) Global (°)
T1 body -6.5+3.8

T1-T2 disc 1.7+34

T2 body -3.9+3.1 -19.7+7.9

T2-T3 disc -0.6 £3.0 | Upper TK

T3 body -:3.2+£2.8 | (T1-TS) (38.9+14.9%

T3-T4 disc -14+23 of Global TK)

T4 body -43+22

T4-TS disc -1.5+2.5

TS body -45+2.6

T5-T6 disc -1.9+1.9

T6 body -46+2.2 -23.6+7.0 T1-L1 TK
T6-T7 disc -1.4+1.8 | Middle TK

T7 body -5.0+£2.1 | (T5-T9) (46.8 +12.1% -50.9 £ 10.8
T7-T8 disc -1.5+£1.6 of Global TK)

T8 body -47+2.0

T8-T9 disc -0.1+1.7

T9 body -3.2+2.1

T9-T10 disc 0.6+1.8

T10 body -3.3+24 -7.7£7.6

T10-T11 disc 1.1+2.1 Lower TK

T11 body -42+23 |(T9-L1) (14.3 + 14.4%

T11-T12 disc 1.8+2.4 of Global TK)

T12 body -4.1+23

T12-L1 disc 3.7£2.5

Table 1: Segmental (vertebral body and disc), regional and global sagittal alignments of

asymptomatic volunteers. Percentages of the different regional TKs were expressed versus

T1-L1. Lordotic angles were reported with positive values and kyphotic angle with negative

values.
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n

Global TK
Upper TK

Middle TK
Lower TK

Upper thoracic UIV

354
143+172+
16.6+122 %
4241167
6.3+14.0

Middle thoracic UI'V

59
182+ 15.4 %
52490+

86117+
0+11.8

Lower thoracic ULV

411
163+132 ¢
02463
37+72%
133+118+

Table 2: Changes between preoperative and 2-year thoracic kyphosis (global and regional)

according to UIV location. Significant variations of kyphosis are denoted with an asterisk if p-

value is lower than 0.05 and with a T if <0.001.
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Level n Abnormal PJK rate ol PJK rate. 02

PJA (Glattes) (Lovecchio)
Segmental rates
T1 8 3 (37.5%) 3 (37.5%) NA 1 (12.5%) 0.48
T2 67  9(13.4%) 14 (20.9%) 0.18 2 (3.0%) 0.02*
T3 118 20(16.9%) 57 (48.3%) <0.001* 12(10.2%) 0.01*
T4 161 29(18.0%) 72 (44.7%) <0.001* 19 (11.8%) 0.004*
T5 40 15(37.5%) 19 (47.5%) 0.42 1 (2.5%) <0.001*
T6 1 (11.1%) 2 (22.2%) NA 0 NA
T7 0 (0%) 1 (50.0%) NA 0 NA
T8 1 (12.5%) 5(62.5%) 0.13 0 NA
T9 47 19 (40.4%) 23 (48.9%) 0.29 8 (17.0%) 0.003*
T10 249  75(30.1%)  129(51.8%) <0.001* 21 (8.4%) <0.001*
T11 98 31(31.6%)  48(49.0%) 0.002* 6 (6.1%) <0.001*
T12 17 3(17.6%) 8 (47.1%) 0.07 2 (11.8%) 1
Regional and global rates
Upper TK 354 61 (17.2%) 146 (41.2%) <0.001* 34 (9.6%) <0.001*
Middle TK 59  17(28.8%) 27 (45.8%) 0.04* 1 (1.7%) <0.001*
Lower TK 411 128 (31.1%) 208 (50.6%) <0.001* 37 (9.0%) <0.001*
Total 824 219(22.9%) 381 (46.2%) <0.001* 72 (8.7%) <0.001*

Table 3: Rates of PJK according to Lovecchio’s definition, Glattes’ definition and
abnormally kyphotic PJA based on normative values for each level of UIV. P-values were
calculated between Glattes’ and abnormal PJA values (p1), and between Lovecchio’s and

abnormal PJA values (p2). Significant p-values are reported with an asterisk.

© 2024 Wolters Kluwer Health, Inc. All rights reserved. Unauthorized reproduction of the article is prohibited.



Level n
Segmental rates

T1 8
T2 67
T3 118
T4 161
T5 40
T6

T7

T8

T9 47
T10 249
T11 98
T12 17
Regional and global rates
Upper TK 354
Middle TK 59
Lower TK 411
Total 824

Table 4: Rates of PJK according to Lovecchio’s definition, Glattes’ definition and

Abnormal

PJA (=50 yo)

3 (37.5%)
9 (13.4%)
15 (12.7%)
22 (13.7%)
7 (17.5%)
0 (0%)

0 (0%)

1 (12.5%)
18 (38.3%)
64 (25.7%)
24 (24.5%)
3 (17.6%)

49 (13.8%)
8 (13.6%)
109 (26.5%)
166 (20.1%)

PJK rate
(Glattes)

3 (37.5%)
14 (20.9%)
57 (48.3%)
72 (44.7%)
19 (47.5%)
2 (22.2%)
1 (50.0%)
5 (62.5%)
23 (48.9%)
129 (51.8%)
48 (49.0%)
8 (47.1%)

146 (41.2%)
27 (45.8%)

208 (50.6%)
381 (46.2%)

©
_

NA

0.18
<0.001*
<0.001*
0.003*
NA

NA

0.13
0.13
<0.001*
<0.001*
0.07

<0.001*
<0.001*
<0.001*
<0.001*

PJK rate

(Lovecchio)

1 (12.5%)
2 (3.0%)
12 (10.2%)
19 (11.8%)
1 (2.5%)

0

0

0

8 (17.0%)
21 (8.4%)
6 (6.1%)

2 (11.8%)

34 (9.6%)
1 (1.7%)

37 (9.0%)
72 (8.7%)

0.48
0.02*
0.25
0.37
0.04*
NA

NA

NA
0.004*
<0.001*
<0.001*
1

<0.001*
0.02*

<0.001*
<0.001*

abnormally kyphotic PJA based on normative values in the 50+ subset of volunteers for each

level of UIV. P-values were calculated between Glattes’ and abnormal PJA values (p1), and

between Lovecchio’s and abnormal PJA values (p2). Significant p-values are reported with an

asterisk.
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