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Thoracic Reciprocal Change Can Be
Predicted Before Surgery in Adult
Spinal Deformity
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Abstract

Study Design: Retrospective cohort study.

Objective: Analysis of postoperative sagittal alignment of the unfused spine is lacking in patients with adult spinal deformity
(ASD). The present study aims to evaluate the efficacy of the whole spine full-flexion lateral radiograph to predict the reciprocal
change of the unfused spine after correction surgery. We hypothesized that the novel parameter (T1-UIV angle: angle between
the upper vertebral endplate of the T1 and the upper vertebral endplate of the upper instrumented vertebra) of the preoperative
whole spine full-flexion lateral radiograph is similar to that of the postoperative lateral radiograph if the patient has the ideal
sagittal alignment.

Methods: Twenty-six ASD patients who underwent correction surgery with a minimum 2-year follow-up were enrolled and
separated into the Ideal and Non-Ideal groups according to the Scoliosis Research Society (SRS)-Schwab classification of the final
follow-up radiograph. Radiographic parameters, including T1-UIV of the preoperative whole spine full-flexion lateral radiograph,
were obtained.

Results: Thirteen patients were included in the Ideal group and 13 were in Non-Ideal group. Preoperative T1-UIV of the whole
spine full-flexion lateral radiograph exhibited significant correlations with the T1-UIV angles of the postoperative and final
follow-up radiographs (r¼ 0.64, P < .01, y¼ 0.800xþ 8.012, and r¼ 0.69, P < .01, y¼ 0.857xþ 2.960, respectively). Interestingly,
this correlation was stronger for the Ideal group (r ¼ 0.77, P < .01, y ¼ 1.207x � 1.517, and r ¼ 0.89, P < .01, y ¼ 0.986x þ 0.694,
respectively).

Conclusion: A novel radiographic strategy (T1-UIV of preoperative the whole spine full-flexion lateral radiograph) could
estimate the postoperative alignment of the unfused spine correctly.
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adult spinal deformity, compensatory mechanism, sagittal alignment, unfused spinal alignment, spinal surgery, correction surgery,
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Introduction

Adult spinal deformity (ASD) is a prevalent disorder associated

with pain and disability.1-3 Surgical restoration of physiologic

sagittal spinopelvic alignment has been demonstrated to

improve health-related quality of life (QOL) outcomes.3-5 The

ideal sagittal spinopelvic alignment is commonly estimated

using the Scoliosis Research Society (SRS)-Schwab classifica-

tion for ASD.6-8 Moreover, several formulae have been devel-

oped to predict the optimal alignment for correction.9-11

Although these approaches are efficient to estimate standing

sagittal alignment for selected patients, they do not address the

impact of the unfused thoracic spine that changes after

correction surgery. Indeed, one of the factors of inadequate
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postoperative sagittal alignment is a change of the unfused

thoracic spine after ASD surgery. Lafage et al reported that

nearly half of the patients (18/34, 52.9%) had undergone neg-

ative reciprocal change leading to sagittal imbalance.12 There-

fore, the reliable prediction of postoperative alignment,

including unfused thoracic reciprocal change, is necessary for

optimal surgical planning of spinal deformity. However, a

method for predicting the behavior of the unfused spinal seg-

ments after correction surgery currently remains unknown.

From 2014, to predict the reciprocal change of the unfused

thoracic spine, we have used a novel radiographic strategy

based on the fact that the alignment of the unfused thoracic

spine was improved to kyphosis postsurgery.12-16 We hypothe-

size that T1-UIV (the angle between the upper vertebral

endplate of the T1 and the upper vertebral endplate of the UIV)

of the preoperative whole spine full-flexion lateral radiograph

is similar to that of postoperative sagittal alignment if the

patient has the ideal sagittal alignment. Thus, we aimed to

evaluate the efficacy of T1-UIV of the whole spine full-

flexion lateral radiograph to predict the reciprocal change of

the unfused spine after correction surgery.

Materials and Methods

Between January 2014 and June 2016, 97 ASD patients under-

went surgery performed by 2 senior surgeons at a single insti-

tute. After obtaining institutional review board approval, the

data of all patients with a minimum follow-up of 2 years was

collected from the database. Patients aged >55 years at surgery

and with ASD treated with osteotomy and long instrumented

spinal fusion (�5 levels) from the thoracolumbar spine (T8-L2)

to the pelvis (iliac fixation), leaving sufficient unfused verteb-

rae for the adaptive decompensation mechanism of the thoracic

spine, were included in the study. Patients were excluded from

the study if they had the following factors after the primary

surgery: (1) revision surgery to change spinal alignment (fusion

extension) and (2) type-2 (bone failure) proximal junctional

kyphosis (PJK) according to the previous report.17

Of the initial 97-patient cohort, 41 who were instrumented

from the thoracolumbar spine (T8-L2) to the pelvis (iliac

fixation) were included. Four patients were excluded because

they were either lost to follow-up or had incomplete radio-

graphs (retrieval rate: 90.2%). One and 10 patients who had

fusion extension surgery and type-2 PJK, respectively, were

excluded. Therefore, 26 patients were eligible for the current

study. After obtaining final follow-up radiographs, we

divided the patients into 2 groups according to the

SRS-Schwab classification,6 because if the patients had insuf-

ficient sagittal alignment postoperatively, a compensation

mechanism was predicted that included kyphosis reduction

of the unfused thoracic spine. Patients were categorized to

the Non-Ideal group (n ¼ 13) if they had one of the follow-

ing sagittal deformity factors at the final follow-up: (1) pelvic

incidence (PI)-lumbar lordosis (LL) �10�, (2) sagittal vertical
axis (SVA) �40mm, or (3) pelvic tilt (PT) �20.6 The

remaining patients (n ¼ 13) who achieved the ideal sagittal

balance were categorized into the Ideal group. Figure 1

shows the flow diagram of patient selection. Informed con-

sent was provided by the patients before participation.

Surgical Decision Making and Operative Procedure

Surgery was performed in patients who complained of intract-

able pain in the lower back with deformity. All included

patients presented with at least one of the following spinopelvic

alignments: (1) SVA >50mm and (2) PT >25. ASD patients

with flexible sagittal imbalance were treated with multilevel

posterior column osteotomy (PCO), whereas the patients with

fixed sagittal imbalance were managed with pedicle subtrac-

tion osteotomy (PSO) and vertebral column resection (VCR).

Postoperatively, the patients were required to wear a

thoraco-lumbar-sacral orthosis brace for a minimum of

6 months and allowed to perform activities of daily living.

Data Collection and Radiographic Assessment

Patients’ data, including demographic and radiographic para-

meters, was collected. At baseline, immediate postoperative,

and final follow-up, anteroposterior and lateral whole spine

radiographs were obtained. Additionally, the patients’ spinal

flexibility was examined preoperatively using the whole spine

full-flexion lateral radiograph on lateral position. (Supplemen-

tal Material). Radiographic parameters of interest included PI,

PT, LL, PI� LL, T4-T12 thoracic kyphosis (TK), SVA, and T1

spinopelvic inclination (T1SPI). T1-UIV, defined as the angle

between the upper vertebral endplate of the T1 and the upper

vertebral endplate of the UIV, was also measured to assess

the unfused spinal alignment. Moreover, to clarify the magni-

tude of adjacent segment alignment change of the unfused

spine, we measured the proximal junctional angle of the

unfused spine (unfused-PJA) defined as the angle between the

upper vertebral endplate of the UIV and the upper vertebral

endplate of 2 proximal vertebrae. Radiographic parameters,

including T1-UIV and the unfused-PJA, are shown in Figure 2.

Data and Statistical Analysis

Chi-square test and Mann-Whitney U test were used to com-

pare differences between the 2 groups. Friedman’s test was

used for statistical comparison of differences among the

3 groups. The mean difference of continuous measures across

the groups was compared using a one-way analysis of variance

followed by Dunnett’s test. The correlations between each

parameter of spinal alignment were determined using Spear-

man’s rank coefficients. Statistical analyses were performed

using Stat Flex Ver. 6 (Artech, Tokyo).

Results

Demographic Data Comparison Between Groups

Demographics parameters are shown in Table 1. Twenty-six

patients (23 women; 3 men) with a minimum follow-up of 2
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years (34.9 + 6.1 [24-44] months; mean + SD [range]) were

recruited. The average age at surgery was 72.5 + 6.4 (57-83)

years. Staged surgery was performed in 14 patients (53.8%).

The average number of fused segments was 8.7 + 1.6 (5-11)

segments. Eight, 14, and 4 patients underwent multilevel PCO,

PSO, and VCR, respectively. The most common upper instru-

mented vertebra and site of vertebral osteotomy was T10 and

L3, respectively. There were no significant differences

between the Ideal and Non-Ideal groups, except for the age and

diagnosis ratio of degenerative kyphosis.

Radiographic Parameters at Baseline by Group

Radiographic parameters at baseline are described in Table 2.

When comparing both groups, the Non-Ideal group had greater

preoperative sagittal imbalance in terms of SVA (85.9 vs

175.0mm, P < .01 [Ideal group vs Non-Ideal group]) and

T1SPI (1.7� vs 12.7�, P < .01). When comparing the thoracic

parameters, the Non-Ideal group had greater TK (17.2� vs

29.6�, P < .05) and T1-UIV (12.6� vs 22.0�, P < .05), indicating

that the Ideal group had greater thoracic compensation than the

Non-Ideal group.

Radiographic Outcome by Group

The time courses of the radiographic parameters of spinal

alignment after correction surgery are summarized in Table 3.

In all the patients, all radiographic parameters, except for PI,

showed significant differences from baseline to final follow-

up. Concerning the unfused spine specifically, the average pre-

operative T1-UIV was 17.3�, which increased immediately to

29.5� after the operation and then to 33.5� at the final follow-
up. The ratio of angles of the proximal junctional section

(unfused-PJA) at the unfused thoracic spine gradually

increased from postoperative to the final follow-up.

Relationship of Reciprocal Change (T1-UIV Angle)
Between Preoperative Whole Spine Full-Flexion
Radiograph and Postoperative and Final Follow-up
Radiographs by Group

Correlations of T1-UIV of the preoperative whole spine

full-flexion radiograph and postoperative T1-UIV of the stand-

ing radiograph are presented in Table 4. In all patients, the

T1-UIV of the whole spine full-flexion radiograph obtained

Figure 1. Flow diagram of study patient selection. Abbreviations: UIV, upper instrumented vertebra; LIV, lower instrumented vertebra; PJK,
proximal junctional kyphosis; SRS-Schwab classification, Scoliosis Research Society-Schwab classification.
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preoperatively exhibited significant correlation with the

T1-UIVs of the postoperative and final follow-up radiographs

(r ¼ 0.64, P < .01, y ¼ 0.800x þ 8.012, and r ¼ 0.69, P < .01,

y ¼ 0.857x þ 2.960). Interestingly, this correlation was stron-

ger for the Ideal group (r ¼ 0.77, P < .01, y ¼ 1.207x - 1.517,

and r ¼ 0.89, P < .01, y ¼ 0.986x þ 0.694). However, there

were no significant correlations found in the Non-Ideal group

when the same analysis was performed.

Case Presentation

Figure 3 shows that the Ideal group had hypokyphosis in the

thoracic spine due to a compensatory mechanism preopera-

tively. The T1-UIV of the preoperative whole spine

full-flexion lateral radiograph was similar to those postopera-

tively and at the final follow-up. ([a] T1-UIV preoperatively:

12�, [b] whole spine full-flexion radiograph: 28�, [c] postopera-
tive: 29�, and [d] final follow-up: 30�).

Discussion

ASD is a health care issue of increasing concern owing to the

super-aging society. Surgical restoration of spinopelvic

harmony following correction strategies is essential.6-11

Increasing attention has been given to the reciprocal change

of the unfused spine, which may negatively affect global sagit-

tal alignment after correction surgery.12-16 Formulae that do not

consider this reciprocal change may underestimate the amount

of correction required.12,16,18 A recent article evaluated the

postoperative outcomes based on the thoracic compensatory

mechanism and concluded that patients with less compensatory

changes in the thoracic spine have poorer outcomes.19 Further-

more, another study that assessed the surgeon’s ability to accu-

rately predict postoperative alignment demonstrated that

predicting postoperative parameters represents a significant

challenge, especially in TK, although all survey participants

had experience with high levels of spine deformity.20 There-

fore, to obtain the ideal sagittal alignment, we must focus more

on the reciprocal mechanism of the unfused spine.

T1-UIV is a novel parameter defined to represent the align-

ment of the unfused spine, and there were no reports on a

similar concept. In the present study, using a novel radio-

graphic strategy (T1-UIV of preoperative whole spine

full-flexion lateral radiograph), we could estimate the post-

operative alignment of the unfused thoracic spine correctly. It

was more useful if the surgery achieved adequate correction.

The results of our study are relatively intuitive based on previ-

ous reports describing that the alignment of the unfused thor-

acic spine changes from hypokyphosis to “resume” kyphosis

alignment.12-16 However, this has not been previously

investigated.

Lafage et al showed that the majority of compensatory

changes of the unfused thoracic spine after correction surgery

led to a poorer overall sagittal alignment.12 Although the exten-

sion of fusion to the proximal thoracic levels would decrease

the sagittal imbalance caused by reciprocal thoracic

change,11,19 Miyakoshi et al showed that a decrease in the

spinal range of motion (ROM) had adverse effects on QOL.21

Furthermore, Imagama et al identified that thoracic ROM is an

important factor for good QOL.22 Therefore, the number of

fused levels would be minimal. Notably, in these patients, pre-

operative assessments of the unfused spine using our strategy

will help plan the surgery.

To clarify the reciprocal change of the unfused spine, we

divided the patients into the Ideal and Non-Ideal groups

according to the final follow-up radiograph because persistent

imbalance postoperatively can affect the thoracic compensa-

tory mechanism. To validate the classification of the Ideal

group, we assessed the optimal PT of our subjects using another

formula that was constructed using Japanese healthy elderly

volunteers, and we concluded that the optimal PT of our Ideal

group was almost equivalent.10

The patients in the Non-Ideal group were 6 years older, and

the group had fewer cases of degenerative kyphosis than the

Ideal group. In the present study, relatively older patients

were investigated in both groups, which is consistent with lit-

erature indicating that patients with failed realignment surgery

were older.23 Patients with degenerative kyphosis were more

likely to achieve better correction when undergoing correction

Figure 2. T1-UIV angle and unfused-PJA. T1-UIV is measured from
the superior endplate of the upper instrumented vertebra to the
superior endplate of T1 vertebra. Unfused-PJA is measured from the
superior endplate of the upper instrumented vertebra to the superior
endplate of the second vertebrae above. Abbreviations: C, cervical;
T, thoracic; L, lumbar; T1SPI, T1 spino-pelvic inclination; TK, thoracic
kyphosis; LL, lumbar lordosis; PT, pelvic tilt; PI, pelvic incidence; SVA,
sagittal vertical axis; UIV, upper instrumented vertebra; T1-UIV, angle
between T1 and UIV; Unfused-PJA, proximal junctional angle of
unfused spine.
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surgery than when undergoing revision surgery, which was also

consistent with the findings of a previous study.24 We also

evaluated the preoperative radiographic parameters between

groups and observed that the Non-Ideal group has significantly

greater sagittal imbalance. Interestingly, despite having greater

preoperative imbalance, TK of the Non-Ideal group was

greater, indicating that the Non-Ideal group had lesser thoracic

compensation than the Ideal group, which might be the effect

of the back muscle. Even though we could not evaluate the

back muscle, a previous study showed that sagittal balance was

maintained well in patients with strong back muscle strength.22

In the present study, the average TK was improved from

23.4� to 36.6� postoperatively and further increased at the final
follow-up to 42.4�. These TK changes were consistent with the

findings of previous studies.13,14,16 Notably, we found that the

unfused-PJA/T1-UIV ratio gradually increased from 23.4% to

32.0% at the final follow-up, which might reflect degenerative

disc changes that generally occur at the adjacent discs after

spinal instrumentation, as there were no changes in vertebral

body shape because we excluded patients with type-2 PJK

(bone failure).17

Some previous articles demonstrated that the postoperative

alignment of the thoracic spine was improved to kyphosis.12-16

These findings were interesting, but these results may be

difficult to use in a clinical setting. Given that they measured

TK from T4 or T5 to T12, some of those segments were fixed.

Therefore, there was a possibility that the increase in kyphosis

in these articles was affected by the fused segment. Yasuda et al

have developed the equation for predicting postoperative TK.13

Although this formula represents important steps in improving

postoperative alignment prediction, they measured TK, includ-

ing the fused segment. Furthermore, the lack of information on

the flexibility may be crucial because spine flexibility differs in

each patient, as shown in the present study. Thus, the present

study is more feasible, as we evaluated the true postoperative

change of unfused spine.

To calculate the minimum goal of LL, Rose et al developed

the formula “LL �45 � TK � PI” (LL is expressed as a

negative number).11 However, after predicting the LL goal,

they only performed modest adjustment without a theoretical

approach because TK increases after correction surgery. Other

formulae did not also address the reciprocal change of the

unfused spine.6,10 Thus, after calculating LL, surgeons should

perform radiographic tracing/cutout procedures, including for

the unfused thoracic spine, following our strategy. Through this

procedure, the surgeon can predict the precise postoperative

sagittal alignment, including unfused thoracic compensation.

Table 1. Baseline Demographic Parameters for All Patients and the Ideal and Non-Ideal Groups.

All patients Ideal group Non-ideal group P

Follow-up (months) 34.9 + 6.1 34.7 + 5.9 35.0 + 6.6 .79
Sex (male: female) 3:23 1:12 2:11 .54
Age at operation (years) 72.5 + 6.4 69.4 + 7.4 75.6 + 3.2 <.05*
BMI (kg/m2) 21.9 + 3.4 21.6 + 2.8 22.2 + 4.0 .82
History of past operation, n (%) 7 (26.9) 2 (15.4) 5 (38.5) .18
Diagnosis
Degenerative kyphosis, n (%) 15 (57.7) 10 (76.9) 5 (38.5) <.05*
Posttraumatic kyphosis, n, (%) 4 (15.4) 1 (7.7) 3 (23.1) .28
Iatrogenic flatback, n, (%) 7 (26.9) 2 (15.4) 5 (38.5) .18

Type of operation
Staged surgery, n, (%) 14 (53.8) 6 (46.2) 8 (61.5) .43
UIVa 10.4 + 1.6 10.2 + 1.8 10.5 + 1.3 .69
Number of fused segments 8.7 + 1.6 8.8 + 1.8 8.5 + 1.3 .49
Method of osteotomy, n (PCO: PSO: VCR) 8: 14: 4 5: 7: 1 3: 7: 3 .47
Site of osteotomya,b 15.0 + 1.5 15.1 + 1.4 14.9 + 1.7 .82

Abbreviations: BMI, body mass index; UIV, upper instrumented vertebra; PCO, posterior column osteotomy; PSO, pedicle subtraction osteotomy; VCR, vertebral
column resection.
aA numerical value has been attributed to each vertebral level, with 1 ¼ T1, 2 ¼ T2, 3 ¼ T3,…, 12 ¼ T12, 13 ¼ L1,…, 17 ¼ L5, 18 ¼ Pelvis.
bSite of osteotomy was calculated only in patients with PSO or VCR.
*Statistically significant difference between the Ideal and Non-Ideal groups. P < .05 (statistical significance).

Table 2. Baseline Preoperative Radiographic Parameters for All
Patients and the Ideal and Non-Ideal Groups.

All patients Ideal group Non-Ideal group P

PI 47.9 + 9.1 46.1 + 8.2 49.8 + 10.0 .26
PT 33.0 + 11.8 32.5 + 10.3 33.5 + 13.6 .72
LL 2.0 + 17.4 4.1 + 13.7 �0.2 + 20.9 .70
TK 23.4 + 14.5 17.2 + 16.2 29.6 + 9.6 <.05*
PI � LL 46.0 + 19.4 42.0 + 16.9 49.9 + 21.5 .32
SVA 130.5 + 74.7 85.9 + 43.6 175.0 + 73.6 <.01*
T1SPI 7.2 + 8.9 1.7 + 4.7 12.7 + 8.8 <.01*
T1-UIV 17.3 + 15.1 12.6 + 17.0 22.0 + 11.7 <.05*
Unfused-PJA 1.2 + 7.8 �0.5 + 9.5 2.9 + 5.5 .55

Abbreviations: PI, pelvic incidence; PT, pelvic tilt; LL, lumbar lordosis; TK,
thoracic kyphosis; PI� LL, pelvic incidence minus lumbar lordosis; SVA, sagittal
vertical axis; T1SPI, T1 spino-pelvic inclination; T1-UIV, angle between T1 and
UIV; Unfused-PJA, proximal junctional angle of unfused spine.
*Statistically significant difference between the Ideal and Non-Ideal groups.
P < .05 (statistical significance).
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Consequently, we can prevent both overcorrection and

undercorrection, which may be a risk factor of PJK develop-

ment. Furthermore, in some cases where significant reciprocal

change was expected, fixation should be extended to the upper

thoracic levels, as a previous study found that preoperative and

postoperative TK did not change in patients with fusion in the

upper thoracic levels after correction surgery.11

This study has several limitations. First, the number of sub-

jects was inadequate for drawing conclusions from, because the

study was retrospective in nature. Hence, the participants may

Table 3. Radiographic Parameters of Preoperative, Postoperative, and Final Follow-up Radiographs for All Patients and the Ideal Group and
Non-Ideal Groups.

Preop Postop Final-follow P (Friedman)

P (Dunnett’s)

Pa Pb

All patients
PI 47.9 + 9.1 46.2 + 9.0 47.2 + 10.2 ns ns ns
PT 33.0 + 11.8 15.1 + 8.2 19.5 + 9.2 <.001* <.01* <.01*
LL 2.0 + 17.4 42.0 + 10.1 40.4 + 10.3 <.001* <.01* <.01*
TK 23.4 + 14.5 36.6 + 11.9 42.4 + 11.9 <.001* <.01* <.01*
PI � LL 46.0 + 19.4 4.2 + 11.3 6.8 + 12.1 <.001* <.01* <.01*
SVA 130.5 + 74.7 33.7 + 49.7 41.7 + 49.9 <.001* <.01* <.01*
T1SPI 7.2 + 8.9 �2.3 + 6.5 �1.8 + 5.9 <.001* <.01* <.01*
T1-UIV 17.3 + 15.1 29.5 + 8.8 33.5 + 9.5 <.001* <.01* <.01*
Unfused-PJA 1.2 + 7.8 6.9 + 6.4 10.8 + 7.7 <.001* <.05* <.01*

Ideal group
PI 46.1 + 8.2 45.1 + 7.9 44.5 + 7.1 ns ns ns
PT 32.5 + 10.3 12.0 + 4.1 15.9 + 5.1 <.001* <.01* <.01*
LL 4.1 + 13.7 45.8 + 7.4 43.9 + 8.5 <.001* <.01* <.01*
TK 17.2 + 16.2 36.4 + 10.5 41.5 + 12.0 <.001* <.01* <.01*
PI � LL 42.0 + 16.9 �0.7 + 7.3 0.7 + 6.4 <.001* <.01* <.01*
SVA 85.9 + 43.6 3.9 + 24.4 5.3 + 26.4 <.001* <.01* <.01*
T1SPI 1.7 + 4.7 �4.9 + 4.8 �5.2 + 3.6 <.001* <.01* <.01*
T1-UIV 12.6 + 17.0 29.6 + 9.3 34.0 + 12.1 <.001* <.01* <.01*
Unfused-PJA �0.5 + 9.5 8.0 + 6.4 12.2 + 9.0 <.001* <.05* <.01*

Non-Ideal group
PI 49.8 + 10.0 47.3 + 10.2 49.8 + 12.3 ns ns ns
PT 33.5 + 13.6 18.2 + 10.2 23.1 + 11.1 <.001* <.01* ns
LL �0.2 + 20.9 38.2 + 11.8 36.9 + 11.0 <.001* <.01* <.01*
TK 29.6 + 9.6 36.8 + 13.5 43.3 + 12.2 <.001* ns <.01*
PI � LL 49.9 + 21.5 9.1 + 12.8 12.9 + 13.6 <.001* <.01* <.01*
SVA 175.0 + 73.6 63.5 + 51.2 78.1 + 40.4 <.001* <.01* <.05*
T1SPI 12.7 + 8.8 0.4 + 7.1 1.5 + 5.9 <.001* <.01* <.01*
T1-UIV 22.0 + 11.7 29.5 + 8.7 33.0 + 6.5 <.001* ns <.01*
Unfused-PJA 2.9 + 5.5 5.7 + 6.5 9.3 + 6.2 <.01* ns <.01*

Abbreviations: Preop, preoperative radiograph; postop, postoperative radiograph; final-follow, final follow-up radiograph; PI, pelvic incidence; PT, pelvic tilt; LL,
lumbar lordosis; TK, thoracic kyphosis; PI � LL, indicates pelvic incidence minus lumbar lordosis; SVA, sagittal vertical axis; T1SPI, T1 spino-pelvic inclination;
T1-UIV, angle between T1 and UIV; Unfused-PJA, proximal junctional angle of unfused spine.
aComparison of radiographic parameters between preoperative and postoperative X-rays.
bComparison of radiographic parameters between preoperative and final follow-up X-rays.
*P < .05 (statistical significance).

Table 4. Groupwise Correlations of T1-UIV Angle Measured Using Preoperative Whole Spine Full Flexion Lateral Radiograph, Postoperative
Radiograph, and Final Follow-up Radiograph.

Preop Full flexion Postop Final-follow

Full flexion and postop Full flexion and final-follow

r P r P

All patients 17.3 + 15.1 31.7 + 10.9 29.5 + 8.8 33.5 + 9.5 0.64 P < .01* 0.69 P < .01*
Ideal group 12.6 + 17.0 34.2 + 13.2 29.6 + 9.3 34.0 + 12.1 0.77 P < .01* 0.89 P < .01*
Non-Ideal group 22.0 + 11.7 29.1 + 7.6 29.5 + 8.7 33.0 + 6.5 0.44 ns 0.35 ns

Abbreviations: preop, preoperative radiograph; full flexion, whole spine full flexion lateral radiograph; postop, postoperative radiograph; final-follow, final
follow-up radiograph; T1-UIV, angle between T1 and UIV.
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not be representative of the general population. Second, our

minimum follow-up period of 2 years can also be interpreted

as being relatively short, especially because unfused spinal

alignment could develop at >2 years postoperatively in some

patients. Third, we could not evaluate the clinical outcomes,

and the impact of our strategy is still unknown. Further studies

focusing on clinical outcomes are needed. Finally, we excluded

patients with type-2 PJK (bone failure). A previous article

interpreted that PJK was a compensatory mechanism rather

than just an alignment failure.15 However, other articles

revealed that postoperative alignment changes of the thoracic

spine after correction surgery, including PJK, were not simply

due to junctional failure.12 Therefore, to clarify the pure

mechanism of unfused reciprocal change, we excluded these

patients. Nevertheless, our study also has strengths. Our novel

strategy is simple enough to be used in a clinical setting, since

we only performed the whole spine full-flexion lateral

radiograph preoperatively. Furthermore, this is the first study

to analyze unfused spinal alignment using a new parameter

known as T1-UIV.

Conclusion

The present investigation can offer insights into unfused thor-

acic reciprocal change after correction surgery and confirmed

that the novel radiographic parameter (T1-UIV of whole spine

full-flexion lateral radiograph) facilitates the prediction of

postoperative unfused thoracic alignment. Accounting for these

changes may prevent postoperative imbalance in some cases

and permit greater confidence in selecting fused segments and

the amount of correction.
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