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Abstract
Purpose

To investigate whether preoperative dynamic spinal alignment that worsened during gait as detected by
three-dimensional (3D) gait analysis can be a predictive factor for proximal junctional kyphosis (PJK)
after corrective surgery for adult spinal deformity (ASD) with a minimum 1-year follow-up.

Method

We included 27 patients with ASD who underwent 3D gait analysis before corrective surgery and had >1-
year follow-up. Dynamic spinal alignment parameters were obtained using a Nexus motion capture
system (Vicon, Oxford, UK) with re�ective markers. Spinal alignment was assessed in each region and
pelvic alignment was assessed with surface markers. Patients were asked to walk for as long as possible
around an oval walkway. We obtained the averaged dynamic parameters in the �nal lap and compared
them between patients with PJK(+) and those with PJK(–).

Results

PJK occurred in 7 patients (26%). Preoperative angle between the thoracic spine and the pelvis was larger
in patients with PJK(+) than in those with PJK(–) (32.3 ± 8.1 vs 18.7 ± 13.5, P = 0.020) with su�cient
sample size. Multiple logistic regression analysis identi�ed the angle between the thoracic spine and
pelvis as an independent risk for PJK.

Conclusion

Preoperative thoracic kyphosis exacerbated by gait as determined in 3D gait analysis is a preoperative
independent risk factor of PJK in patients undergoing ASD corrective surgery.

Introduction
Corrective surgery for adult spinal deformity (ASD) is a principal means to improve the quality of life by
restoring whole spinal alignment 1. Proximal junctional kyphosis (PJK) is generally de�ned as a proximal
junctional sagittal Cobb angle >10° between the lower endplate of the uppermost instrumented vertebra
and the upper endplate of two supra-adjacent vertebral bodies ≥10° greater than the preoperative
measurement 2, and is a representative complication of corrective surgery for ASD. It occasionally
requires extended instrumentation surgery for instrument failure, sagittal malalignment, and neurological
compromise. The incidence of PJK was previously reported as 20–40% 2–7, representing a substantial
burden for patients. As risk factors for PJK, patient- and surgically-related factors such as older patients,
low bone mineral density (BMD), severe spinal malalignment, and longer correction surgery were
previously reported 7. A meta-analysis investigated other risk factors, and >20 was indicated, but they are
di�cult to apply to clinical practice 8 because the severe deformity itself is a characteristic of ASD. Thus,
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prevention of PJK remains to be established despite numerous efforts to overcome this complication 9–

12.

Although worsening spinal alignment during gait was reported in patients with ASD 13, it can barely be
detected using conventional standing X-ray images. Three-dimensional (3D) gait analysis can provide
quantitative assessment of spinopelvic alignment change and failure of compensatory mechanisms
during gait 13–16. Among patients with spinal malalignment that gait exacerbates, static standing X-ray
image assessment can result in underestimating severe spinal deformity. Even if these patients are at a
high risk of PJK, they cannot be assessed adequately by conventional assessment before surgery. Thus,
we hypothesized that PJK would be affected by preoperative dynamic spinopelvic alignment change
during gait. In this study, we sought to investigate whether preoperative dynamic spinal alignment
aggravated by gait as determined by 3D gait analysis can be a risk factor for PJK.

Results

Patient inclusion and demographic data
We �rst included 36 patients with ASD who underwent gait analysis and corrective surgery. Nine patients
met the exclusion criteria, and therefore 27 patients were ultimately included in this analysis (Fig. 1).

The cohort included 7 male and 20 female patients. PJK occurred in 7 (26%, 1 male, and 6 female). There
was no signi�cant difference in age, height, body weight, or BMD. Both sagittal and radiographic
parameters, including C7SVA, TK, LL, PI–LL, were not signi�cantly different preoperatively (Table 1).
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Table 1
Patient demographic

  Parameter PJK(+) PJK(–) P

n 7 20  

Sex (male, female) 1 6 4 16  

Age (years) 67.5 ±6.24 68.6 ±10.2 0.969

Height (cm) 146.7 ±7.8 151.1 ±35.3 0.340

Body weight (kg) 52.9 ±12.3 49.6 ±14.1 0.668

BMD (g/cm2) 0.63 ±0.1 0.60 ±0.2 0.669

YAM (%) 77.3 ±8.6 73.6 ±25.9 0.635

PreOp C7SVA (mm) 115.9 ±51.9 112.7 ±58.1 0.900

TK (°) 20.5 ±11.8 16.3 ±15.6 0.524

LL (°) 6.3 ±16.8 11.7 ±20.3 0.703

PT (°) 36.7 ±9.4 31.6 ±14.8 0.436

PI (°) 52.3 ±12.8 49.6 ±15.4 0.501

TPA (°) 39.7 ±11.4 35.5 ±16.7 0.625

PILL (°) 46.0 ±19.5 37.8 ±23.2 0.463

C7CSVL (mm) 3.6 ±31.3 4.6 ±28.9 0.742

Cobb (°) 37.4 ±21.7 24.1 ±15.5 0.102

Mean ± standard deviation; n, number of patients; BMD, bone mineral density; YAM, young adult
mean; C7SVA, C7 plumb line to sagittal vertical axis distance; TK, thoracic kyphosis; LL, lumbar
lordosis; PT, pelvic tilt; PI, pelvic incidence; TPA, T1 pelvic angle; PI–LL, PI minus LL; C7CSVL, C7
plumb line to central sacral vertical line distance; PreOp, preoperative parameter

Vertebral body corpectomy was performed for 2 patients with PJK(+) and 2 with PJK(–). In the
postoperative assessment, in standing X-ray images, C7SVA, TK and LL were signi�cantly greater, and
PI–LL was signi�cantly smaller in PJK(+) (TK, 49.31 ± 12.23 vs 26.29 ± 15.3, P = 0.002; LL, 54.03 ±
10.79 vs 34.50 ± 17.68, P = 0.012; PI–LL, –8.97 ± 12.25 vs 9.42 ± 20.12, P = 0.033) (Table 2).



Page 6/22

Table 2
Postoperative spinal parameters

Parameter PJK(+) PJK(–) P

Fused levels 10.4 ±2.0 7.7 ±3.7 0.069

C7CSVL (mm) 15.3 ±22.9 6.5 ±15.2 0.258

Cobb (°) 10.8 ±15.5 10.4 ±13.3 0.638

C7SVA (mm) -8.3 ±35.8 40.2 ±48.2 0.023*

TK (°) 49.3 ±12.2 26.4 ±15.3 0.002*

LL (°) 54.0 ±10.8 34.9 ±18.3 0.015*

PT (°) 19.8 ±10.8 19.9 ±12.9 0.978

PI (°) 45.1 ±6.6 43.7 ±11.2 0.769

TPA (°) 12.5 ±10.8 17.6 ±12.6 0.357

PI–LL (°) -9.0 ±12.2 9.4 ±20.1 0.033*

Mean ± Standard deviation; *P < 0.05; C7SVA, C7 plumb line to sagittal vertical axis distance; TK,
thoracic kyphosis; LL, lumbar lordosis; PT, pelvic tilt; PI, pelvic incidence; TPA, T1 pelvic angle; PI–LL,
PI minus LL; CSVL, central sacral vertical line distance.

Three-dimensional gait analysis (dynamic spinal
parameters)
In the preoperative 3D gait analysis, thoracic-pelvic spinal angle (T-PSA) in patients with PJK(+) was
signi�cantly larger than that in those with PJK(–) (32.21 ± 8.06 vs 18.72 ± 13.54, P = 0.020). There was
no signi�cant difference in any parameter except T-PSA (Table 3).
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Table 3
Dynamic sagittal parameters between each group

Parameter PJK(+) PJK(–) P

T-SVA (mm) 158.4 ±36.8 118.2 ±46.6 0.050

L-SVA (mm) 15.0 ±21.3 27.4 ±31.8 0.351

S-SVA (mm) 194.8 ±56.2 165.1 ±74.5 0.347

T-SA (°) 33.5 ±9.2 25.1 ±12.1 0.107

L-SA (°) 4.9 ±8.1 10.0 ±11.8 0.300

S-SA (°) 25.0 ±7.2 20.4 ±9.9 0.278

P-SA (°) 92.4 ±4.4 90.2 ±22.3 0.802

T-P SA (°) 32.3 ±8.1 18.7 ±13.5 0.020*

L-P SA (°) -1.9 ±14.1 5.1 ±11.2 0.193

S-P SA (°) 22.5 ±7.2 14.5 ±12.1 0.116

Mean ± Standard deviation; *P < 0.05

SVA, sagittal vertical axis; SA, sagittal angle; P SA, pelvic sagittal angle

Other sagittal parameters (T-SVA, L-SVA. S-SVA, T-SA, L-SA, S-SA, L-PSA, S-PSA) were not signi�cantly
different. There was no difference in coronal alignment (Table 4).



Page 8/22

Table 4
Dynamic coronal parameters between each group

Parameter PJK(+) PJK(–) P

T-CVA (mm) 10.8 ±31.7 8.2 ±19.9 0.802

L-CVA (mm) 1.4 ±13.8 -3.0 ±19.5 0.589

S-CVA (mm) 11.2 ±31.4 7.7 ±34.6 0.819

T-CA (°) 3.4 ±8.4 2.2 ±5.1 0.655

L-CA (°) 0.6 ±5.5 0.4 ±9.5 0.960

S-CA (°) 1.7 ±4.6 1.4 ±5 0.909

P-CA (°) 88.5 ±7.5 86.1 ±20.3 0.764

T-P CA (°) 5.1 ±12.2 -0.2 ±11.1 0.305

L-P CA (°) -4.2 ±11.8 -0.4 ±10.7 0.435

S-P CA (°) 3.1 ±9.2 -0.7 ±8.2 0.326

Mean ± standard deviation

CVA, coronal vertical axis; CA, coronal angle; P CA, pelvic coronal angle

The potential variables (T-PSA and L-PSA) were included in a multiple logistic regression model. This
model found that T-PSA was an independent preoperative factor having a signi�cant association with
PJK (OR, 1.23; 95% CI, 1.031–1.477; P = 0.0005). A Hosmer–Lemeshow test result found the model to
be a good �t (P = 0.858).

Post hoc power analysis of Student’s t-test

We performed a post hoc power analysis for unpaired two-group comparisons with signi�cant
difference. The effect size was calculated from the mean and standard deviation of T-PSA of each
group and determined as 1.48. This effect size and sample size of this analysis indicated that the
power (1–β error probability) was 0.90, indicating adequate sample size.

Representative case
A 64-year-old woman with adult spinal deformity and 3D gait analysis before surgery underwent
corrective surgery for her main complaint of low back pain. The sagittal parameters on preoperative
standing X-ray imaging were as follows: C7SVA, 54.2 mm; TK, 33.1°; LL, 41.7°; PT, 20.7°; PI, 50.2°; TPA,
19.8° (Fig. 2a). PJK was detected in postoperative X-ray imaging at 6 months. At the postoperative year 1
follow-up, PJA was 31.2° and progression of PJA was 11.2° (Fig. 2b and 2c).

Figure 3 indicates the posture during gait analysis. Before starting to walk, the patient seemed relatively
balanced in a standing upright position before gait analysis (Fig. 3a). Starting the walk, the thoracic part
began to lean forward in the �rst lap (Fig. 3b). In the �nal lap soon before quitting the trial, the tilt of the
thoracic spine leaned further forward (Fig. 3c). The superimposed image of posture during gait showed a



Page 9/22

change of the thoracic spine tilt between the �rst (T-P SA 17.91°) and the �nal lap (T–P SA 26.94°)
(Fig. 3d). This patient complained of implant eminence and pain in the proximal junctional area but
refused reoperation.

Discussion
The present study investigated the association of preoperative dynamic spinal malalignment exacerbated
by gait with postoperative PJK incidence. Preoperative T-PSA was larger in patients with PJK(+) than it
was in those with PJK(–) (32.84 ± 7.76 vs 18.53 ± 13.40, P = 0.014) with su�cient sample size. The
multiple logistic regression analysis revealed preoperative T-PSA was an independent factor signi�cantly
associated with PJK (odds ratio, 1.23; 95%CI, 1.031–1.477; P = 0.0005). Preoperative demographic data
of both groups indicated no signi�cant difference in age, osteoporosis, or sagittal alignment in standing
X-ray images. Fused level and TK showed a difference in the postoperative assessment.

T-PSA is the thoracic sagittal angle between the C7–T12 connecting line and ASIS–PSIS connecting line.
The larger T-PSA in the �nal lap suggested the thoracic spine leaned forward from the standing position
to the �nal lap. The forward lean of the thoracic spine could be interpreted as a thoracic or thoracolumbar
junctional kyphosis. T-SA is the angle between the gravity line and the thoracic spine and P-SA is the
angle between the pelvis and the horizontal line, both of which could be compensated by pelvic
retroversion and knee-�exion respectively. SVA is one of the most widely known parameters indicating the
severity of deformity and is exacerbated while walking 17, but could also be directly in�uenced by
compensation from pelvic retroversion and knee �exion. By contrast, T-PSA, which is de�ned as the angle
between the thoracic spine and the pelvis, could subtract the effect of pelvic retroversion and was
independent of knee �exion. Therefore, T-SA, P-SA, and spinal SVA were not different between the two
groups, whereas T-PSA was signi�cantly different between PJK(+) and PJK(–) groups. The compensation
mechanism of the pelvis and lower leg worked equally to maintain spinal balance in both groups even
soon before walking ended, while the patients in the PJK(+) group could not compensate for thoracic
kyphosis while walking. A possible mechanism for decompensated spinal alignment during gait is
considered to be the weakness of the paraspinal muscles of the relevant area. A relationship between PJK
and lower muscularity at thoracolumbar area has been reported 18,19. Together with the results of the
present study, it is possible that the lower muscularity of certain spinal muscles can lead to disruption of
compensatory mechanisms that maintain alignment in the thoracic spine while walking, and that this
disruption was elicited by walking. Therefore, we may have underestimated the risk of PJK in patients
with mild deformity as seen in standing X-ray images. Further investigation of the relationship between
the muscularity and occurrence of PJK is warranted because of the lack of present evidence.

In the postoperative X-ray image assessment, TK and LL were signi�cantly larger and PI-LL was
signi�cantly lower in patients with PJK(+). PI–LL<0 has been reported as a risk factor for PJK 20.
Excessive postoperative LL for PI results in a PI–LL mismatch as well as inadequate correction. Patients
with an excessively �exible thoracic spine preoperatively are more likely to have reciprocal change in
unfused thoracic spine leading to development of PJK. Age adjusted appropriate alignment is suggested
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as a goal for ideal alignment to prevent PJK in the elderly 21, while another study emphasized the
importance of strict correction to achieve better ODI outcomes especially in elderly Japanese 22. These
studies indicated that we need to consider the optimal alignment on a patient-by-patient basis. Patients
with a tendency for the thoracic spine to tilt forward during walking may have an over-reciprocal change
after corrective surgery for ASD, but to our knowledge, no previous study has investigated the relationship
between spinal alignment during gait and spinal change after surgery. Therefore, adequate alignment in
patients with a large TPSA after walking should be investigated in future study.

A strong point of the present study is the unique analysis method and novelty. To our knowledge, there is
only one previous report about the relationship between gait analysis and operative results. Ham et al.
reported that anterior pelvic tilt angle is an independent risk factor for PJK by preoperative motion
analysis 23. The calculation of anterior pelvic tilt used was the same as P-SA in the present study, which
was not signi�cantly different here. Anterior pelvic tilt was calculated using average variables over the
entire gait cycle. A possible cause of this discrepancy might be the measurement method. Our analysis
required that patients walk for as long as possible to establish their fatigue status, and we averaged the
parameters from only the �nal lap. The advantages of each study are unclear, but spinal alignment was
different when the �rst lap and the �nal lap were compared 17. The patient fatigue status and spinal
alignment at that time should be interpreted carefully.

Some limitations should be addressed. First, we did not investigate the patient-reported outcome of QOL.
PJK was reported as having no effect on a patient’s QOL, but subsequent studies have gradually clari�ed
its relationship with QOL. It is still unclear whether all patients with a large T-PSA should undergo
additional surgery to prevent PJK. Second are differences in the number of fused levels. The results of the
patient demographic analysis indicated patients included in this study were relatively uniform especially
before the surgery. However, fused level and postoperative TK was signi�cantly different in each group.
Surgeons choose a higher UIV leading to a long fused level in patients with severe deformity or higher TK
in standing radiographs. The deformity of each patient should be assessed independently. Thus, it was
di�cult to make an identical comparison of fused level. Third is the possibility of selection bias. This
study included the patients with corrective surgery and preoperative gait analysis. It is ideal that all
patients underwent gait analysis before corrective surgery, but the indication of gait analysis was
determined by the patient and examination room schedule before surgery. Therefore, an ideal analysis
could not always be accomplished. Finally, the accuracy of the re�ective marker on the skin should be
considered. Soft tissue thickness is di�cult to overcome, especially on the lumbar spine 24. However, the
3D gait analysis system in the present study has included the in�uence of soft tissue on the accuracy of
the marker placement. Moreover, the in�uence of the lumbar lordosis was minimized in the analyzed
population of the present study because most patients had reduced lumbar lordosis due to ASD.

In conclusion, the present study indicated that thoracic kyphosis exacerbated by gait as determined by 3D
gait analysis is a preoperative independent risk factor for PJK in patients with ASD undergoing corrective
surgery. By contrast, lumbar spinal change was not signi�cantly different between patients with PJK(+) or
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PJK(–). To assess risk, dynamic thoracic kyphosis change should be assessed carefully, rather than
lumbar spine alignment alone.

Methods

Study design and participants data
We conducted an observational case–control study within a cohort of patients who underwent spine
surgery. We included patients with ASD who underwent corrective surgery over 3 spinal levels and gait
analysis at our university hospital between December 2015 and March 2020. Radiographic inclusion
criteria were as follows: able to stand without any support during X-ray imaging; pelvic incidence minus
lumbar lordosis (PI—LL) > 10°; sagittal vertical axis (SVA) > 4 cm; and pelvic tilt (PT) > 20°, as spinal
parameters related to sagittal malalignment according to the SRS-Schwab ASD classi�cation. 25

Exclusion criteria were as follows: (1) proximal junctional failure after another spinal surgery; (2) unable
to stand alone during X-ray imaging because of pain or weakness in lower extremities; and (3) <1-year
follow-up after surgery.

Demographic data included sex, height, body weight, bone mineral density (BMD) by dual-energy X-ray
absorptiometry (DEXA) and fused spinal level. ASD is often complicated by vertebral fractures, and the
lumbar DEXA is likely to be higher than the actual bone density, which is reported to deviate signi�cantly
from the hip DEXA 26. In addition, lumbar DEXA does not correlate well with vertebral body failure load 27.
Based on these reports, we used BMD of the femur because discrepancies due to osteosclerosis after
vertebral body fracture were expected. Radiographical assessments are listed in the Radiographic
assessment section.

The present study was conducted within an appropriate ethical framework, and in accordance with the
Declaration of Helsinki and its contemporary amendments. Approval from the ethics committee of our
local ethics committee (Tsukuba Clinical Research and Development Organization) (approval number:
H26-144) was obtained for this study design. Written informed consent was obtained from all patients
included in this study.

Radiographic assessment
We assessed the whole spine parameters digitally before surgery as a static evaluation. Spinal
parameters included sagittal vertical axis (SVA); thoracic kyphosis (TK); lumbar lordosis (LL); pelvic tilt
(PT); pelvic incidence (PI); T1 pelvic angle (TPA); coronal Cobb angle of the thoracolumbar and lumbar
scoliosis (Cobb); and coronal balance (C7-CSVL, the distance between a C7 plumb line and the center
sacral vertical line). PI–LL was calculated from values obtained. All patients were asked to stand usually
and look straight ahead in the radiographic exam. PJK was de�ned as a proximal junctional angle (PJA)
>10° soon after operation and >10° progression of PJA 2. PJA and postoperative spinal parameters were
assessed at 1 year after surgery. Using this de�nition of PJK, patients were classi�ed into PJK(+) and
PJK(–) groups. There were no patients who required additional surgery before 1 year postoperatively.
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Surgical procedure
All surgeries in this analysis were performed or supervised by the senior authors who are experienced
board-certi�ed spinal surgeons. For the anterior segment of the lumbar spine, extreme lateral interbody
fusion (XLIF®, Nuvasive, SanDiego, CA, USA) with a mini-open technique was conducted to achieve
correction. Total facetectomy as grade 2 osteotomy were performed in the lumbar spine when needed to
achieve su�cient correction 28. Higher grade osteotomy than grade 2 were not performed in the present
series. Anterior vertebral body corpectomy with an expandable cage was performed in patients with
deformity caused by vertebral collapse. Subsequently, posterior decompression and correction with an
open approach and pedicle screw system were performed. Total facetectomy was performed when
needed to achieve su�cient correction. Posterior column osteotomy or pedicle subtraction osteotomy
were not performed in the present series. We did not add hooks, sublaminar taping, cement
augmentation, or other preventive surgical techniques to avoid PJK. The chief surgeon decided the upper
instrumented vertebra (UIV) and the lower instrumented vertebra (LIV) depending on each case, and the
decision was approved as our consensus.

Gait analysis and dynamic spinal parameter
3D gait analysis was conducted using a Nexus motion capture system (Vicon, Oxford, UK) comprising 16
cameras and 38 re�ective makers variously attached on the head, spinal spinous processes, pelvis, and
upper and lower limbs of the patients (Fig. 4).

Trials consisted of walking for as long as the patients could around an oval walkway in a laboratory
room. Patients could stop whenever they felt too fatigued to walk more. The walkway was comprised of
two parallel 10 m straight paths and two semicircular paths of approximately 1 m radius. Table 5 lists the
spinal markers and dynamic spinal parameters obtained from gait analysis.
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Table 5
Dynamic spinal alignment parameters (mean ± SD)

Parameter De�nition Marker Unit

T-SVA Thoracic sagittal distance between the re�ective markers C7 T12 mm

T-CVA Thoracic coronal distance between the re�ective markers C7 T12 mm

L-SVA Lumbar sagittal distance between the re�ective markers T12 S1 mm

L-CVA Lumbar coronal distance between the re�ective markers T12 S1 mm

S-SVA Whole spinal sagittal distance between the re�ective markers C7 S1 mm

S-CVA Whole spinal coronal distance between the re�ective markers C7 S1 mm

T-SA Thoracic sagittal angle between the vertical axis and the line
connecting the spinal markers

C7 T12 angle
(°)

T-CA Thoracic coronal angle between the vertical axis and the line
connecting the spinal markers

C7 T12 angle
(°)

L-SA Lumbar sagittal angle between the vertical axis and the line
connecting the spinal markers

T12 S1 angle
(°)

L-CA Lumbar coronal angle between the vertical axis and the line
connecting the spinal markers

T12 S1 angle
(°)

S-SA Whole spinal sagittal angle between the vertical axis and the
line connecting the spinal markers

C7 S1 angle
(°)

S-CA Whole spinal coronal angle between the vertical axis and the
line connecting the spinal markers

C7 S1 angle
(°)

P-SA Sagittal angle between the horizontal axis and the line
connecting the re�ective markers on the ASIS and PSIS

ASIS PSIS angle
(°)

P-CA Coronal angle between the horizontal axis and the line
connecting the re�ective markers on the ASIS and PSIS

ASIS PSIS angle
(°)

T-P SA Thoracic sagittal angle between the line connecting the spinal
markers and the line connecting the re�ective markers on the
ASIS and PSIS

C7 T12 angle
(°)

T-P CA Thoracic coronal angle between the line connecting the spinal
markers and the line connecting the re�ective markers on the
ASIS and PSIS

C7 T12 angle
(°)

L-P SA Lumbar sagittal angle between the line connecting the spinal
markers and the line connecting the re�ective markers on the
ASIS and PSIS

T12 S1 angle
(°)

SVA, sagittal vertical axis; CVA, coronal vertical axis; SA, sagittal angle; CA, coronal angle; P SA, pelvic
sagittal angle; P CA, pelvic coronal angle; ASIS, anterior superior iliac spine; PSIS, posterior superior
iliac spine
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Parameter De�nition Marker Unit

L-P CA Lumbar coronal angle between the line connecting the spinal
markers and the line connecting the re�ective markers on the
ASIS and PSIS

T12 S1 angle
(°)

S-P SA Whole spinal sagittal angle between the line connecting the
spinal markers and the line connecting the re�ective markers
on the ASIS and PSIS

C7 S1 angle
(°)

S-P CA Whole spinal coronal angle between the line connecting the
spinal markers and the line connecting the re�ective markers
on the ASIS and PSIS

C7 S1 angle
(°)

SVA, sagittal vertical axis; CVA, coronal vertical axis; SA, sagittal angle; CA, coronal angle; P SA, pelvic
sagittal angle; P CA, pelvic coronal angle; ASIS, anterior superior iliac spine; PSIS, posterior superior
iliac spine

Figure 5 shows the relationship between each spinal marker and each dynamic spinal parameter.

These spinal parameters were recorded continuously during all trials. The mean values of the parameters
for each lap were calculated as the parameters for the lap. Thoracic kyphosis and pelvic anteversion are
considered to progress with walking. Therefore, we sampled the parameters of the �nal lap, which is
considered to exhibit the most exacerbated alignment.

Statistical analysis
All continuous values are described as mean ± standard deviation (SD). We compared all parameters
between the group with PJK(+) and the group with PJK(–) using an unpaired Student t test. A Shapiro–
Wilk test was used for each dynamic parameter to evaluate the normal distribution. The post hoc
analysis for the Student t test was performed using G-power software (version 3.1.9.6, Dusseldorf,
Germany). Preoperative variables associated with PJK (P < 0.10) on univariate analysis were included in a
multivariate logistic regression model with forward stepwise algorithms. Variables that did not �t the
model signi�cantly were rejected. Odds ratios (ORs) and 95% con�dence intervals (CIs) were calculated. A
Hosmer–Lemeshow test was used as a statistical test for goodness of �t of the logistic regression
model. All statistical analyses except for the post hoc power analyses were conducted using JMP
statistical software for Windows (version 16; SAS, Cary, NC, USA). P < 0.05 was considered signi�cant for
tests of statistical difference.
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Figure 1

Patient inclusion �ow chart PJK(+) is the patient group with proximal junctional angle (PJA) >10° soon
after surgery and >10° progression of PJA. PJK(–) is the patient group with proximal junctional angle
(PJA) <10° soon after surgery or <10° progression of PJA

Figure 2
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Representative case of PJK Preoperative standing X-ray images indicated the following spinal
parameters: C7SVA, 86 mm; TK, 20°; LL, 20°; PT, 30°; PI, 53°; TPA, 32°; and PI–LL, 23°. Intraoperative
image showing that PJA was 20.2. PJA developed in postoperative month 6. Finally, PJA was 31.2° at the
�rst year postoperatively and the change was 11.2°. This patient complained of implant eminence and
pain in the proximal junctional area, but refused reoperation.

Figure 3

Gait analysis of representative case This �gure indicates the posture during gait analysis. Before starting
to walk, the patient seemed relatively balanced in an upright standing position before gait analysis (Fig
3a). When starting the walk, the thoracic part began to lean forward in the �rst lap (Fig 3b). In the �nal lap
soon before quitting the trial, the tilt of the thoracic spine leaned further forward (Fig. 3c). A
superimposed image of the posture during gait shows the change of the thoracic spine tilt between the
�rst (T-P SA 17.91°) and the �nal lap (T-P SA 26.94°) (Fig. 3d).
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Figure 4

Re�ective markers were placed on the spinal spinous and pelvic processes.
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Figure 5

a. Dynamic sagittal spinal parameters The dotted white line indicates a perpendicular line to the �oor.
The dotted brown line indicates the perpendicular line to the surface created from the 2 ASIS and 2 PSIS
points (pelvic surface). SVA was de�ned by the sagittal distance between C7–T12 (T–SVA), T12–S1 (L–
SVA) and C7–S1(S–SVA). SA was de�ned by the sagittal angle of C7–T12 line (T-SA), T12–S1 line (L-
SA), and C7–S1 line (S-SA) from the perpendicular line. PSA was de�ned by the sagittal angle between
the �oor and the pelvic surface. T-PSA, L-PSA and S-PSA were de�ned by the sagittal angle of C7–T12
line (T-P SA), T12–S1 line (L-P SA), and C7–S1 line (S-P SA) from the perpendicular line to the pelvic
surface. T, thoracic; L, lumbar; S, whole spinal; SVA, sagittal vertical axis; SA, sagittal angle; P SA, pelvic
sagittal angle; ASIS, anterior superior iliac spine; PSIS, posterior superior iliac spine b. Dynamic coronal
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spinal parameters The dotted white line indicates a perpendicular line to the �oor. The dotted brown line
indicates the perpendicular line to the surface created from the 2 ASIS and 2 PSIS points (pelvic surface).
CVA was de�ned by the coronal distance between C7–T12 (T-CVA), T12–S1 (L-CVA), and C7–S1 (S-CVA).
CA was de�ned by the coronal angle of C7–T12 line (T-CA), T12–S1 line (L-CA), and C7–S1 line (S-CA)
from the perpendicular line. PCA was de�ned by the coronal angle between the �oor and the pelvic
surface. T-PCA, L-PCA, and S-PCA were de�ned by the sagittal angle of C7–T12 line (T-P SA), T12–S1 line
(L-P SA), and C7–S1 line (S-P SA) from the perpendicular line to the pelvic surface. T, thoracic; L, lumbar;
S, whole spinal; CVA, coronal vertical axis; CA, coronal angle; P CA, pelvic coronal angle; ASIS, anterior
superior iliac spine; PSIS, posterior superior iliac spine.


