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Relook into the Risk Factors of Proximal Junctional
Kyphosis in Early Onset Scoliosis Patients: Does
the Location of Upper Instrumented Vertebra
in Relation to the Sagittal Apex Matter?

Bo Yang, MD, Liang Xu, MD, Qingshuang Zhou, MD, Zhuang Qian, MD, Bin Wang, MD, Zezhang Zhu, MD, Yong Qiu, MD,
Xu Sun, MD

'Division of Spine Surgery, Department of Orthopedic Surgery, Nanjing Drum Tower Hospital, The Affiliated Hospital of Nanjing University
Medical School, Nanjing, China

Objective: Growing rods surgery is the mainstay of treatment for early-onset scoliosis (EOS) while proximal junctional
kyphosis (PJK) is one of the most commonly reported postoperative complications. We sought to investigate the
impact of the location of upper instrumented vertebra (UIV) in relation to the sagittal apex on proximal junctional
kyphosis in EOS after traditional growing rods (GRs) treatment.

Methods: A total of 102 EOS patients who received traditional growing rods treatment with a follow-up of at least
2 years between 2009 and 2020 were retrospectively reviewed. Radiographic measurements were performed before
and after the index surgery and at the latest follow-up. We investigated the coronal Cobb angle and spinopelvic param-
eters of the whole spine. The location of the UIV, apex, lower instrumented vertebra (LIV), inflection vertebra (IV), the
number and distance of UlV-apex, LIV-apex and IV-apex were also recorded. Risk factors for PJK were analyzed by logis-
tic regression analysis.

Results: PJK was observed in 21 patients (20.6%) during the follow-up period. The PJK group showed a younger age
at the index surgery (5.9 vs. 7.1 years, P = 0.042), more lengthening procedure times (5.0 vs. 4.0, P = 0.032), larger
preoperative coronal Cobb angle (82.0 vs. 75.6°, P = 0.038), higher correction rate (51.2% vs. 44.4%, P = 0.047)
and larger postoperative proximal junctional angle (PJA) (13.9 vs. 5.5°, P < 0.001) than the non-PJK group. The ratio
of the number and distance from UIV-apex to IV-apex also differed significantly between the two groups. The logistic
regression revealed that age at the index surgery < 7 years, the ratio of the number from UIV- apex to IV- apex < 0.6
and the ratio of the distance from UIV- apex to IV- apex < 0.6 were independent risk factors for postoperative PJK.

Conclusion: Besides younger age, a closer location of UIV relative to the sagittal apex is identified to be an indepen-
dent risk factor of postoperative PJK. Selection of UIV at a relatively farther location away from the sagittal apex might
help prevent occurrence of PJK.

Key words: Complications; Early-onset scoliosis; Growing rods treatment; Proximal junctional kyphosis; Upper
instrumented vertebra

Introduction of 10 years."”> In past decades, traditional growing rods
arly-onset scoliosis (EOS), a rapidly progressive spinal | (GRs) treatment has been widely applied in EOS patients
deformity, refers to scoliosis that occurred before the age | because of its effectiveness in controlling the progression of

Address for correspondence: Xu Sun, Division of Spine Surgery, Department of Orthopedic Surgery, Nanjing Drum Tower Hospital, The Affiliated
Hospital of Nanjing University Medical School, Zhongshan Road 321, Nanjing 210008, China. Email: dr.sunxu@nju.edu.cn
Received 5 January 2022; accepted 29 May 2022

Orthopaedic Surgery

Orthopaedic Surgery 2022;14:1695-1702 - DOI: 10.1111/0s.13380
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and
reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.


https://orcid.org/0000-0002-7181-877X
mailto:dr.sunxu@nju.edu.cn
http://creativecommons.org/licenses/by-nc/4.0/

1696

ORTHOPAEDIC SURGERY
VoLuME 14 « NUMBER 8 « AUGUST, 2022

spinal deformity while allowing the growth of the spine.””
However, the complication rate of GRs treatment is reported
as high as 50%, including implant-related complications,
alignment-related complications, and general complication.®™

Proximal junctional kyphosis (PJK) is the most com-
mon alignment-related complication in EOS patients after
GRs treatment. Although the current definition of PJK is
mainly the imaging manifestations, severe PJK may cause ver-
tebra collapse, acute subluxation or implant failure around
the upper instrumented vertebra (UIV), also known as proxi-
mal junctional failure.'® The incidence of PJK varied from
12% to 56% due to the differences in study samples, patient
etiologies, surgical strategies, and follow-up times. Different
risk factors have been reported to be associated with PJK,
including preoperative hyperkyphosis, low pelvic incidence
(PI) and the location of UIV or lower instrumented vertebra
(LIV).*11713 Pan et al. found that patients with UIV at T2
and above were more likely to avoid postoperative PJK.'?
Watanabe et al. reported that an LIV at or cranial to L3
increased the occurrence of PJK. However, previous studies
only focused on the independent selection of UIV and LIV
while the influence of the relative position of UIV and LIV
on PJK received little attention. Each patient with EOS has a
different pattern on the coronal or sagittal plane. If we follow
the rule that in any case that UIV is selected at T2 or above
and LIV at L3 or below, GRs surgery may interfere with the
growth and activity function of non-deformity area. There-
fore, a more specific protocol for the selection of UIV and
LIV is needed.

Although previous studies have reported the effect of
the location of UIV or LIV on postoperative PJK in EOS
patients, to our knowledge, no studies have evaluated the dis-
tance between UIV and the sagittal apex vertebra in EOS
patients who had undergone GRs treatment. Thus, the aim
of this study was: (i) to determine the risk factors of postop-
erative PJK during growing rods treatment; and (ii) to inves-
tigate the influence of the location of UIV in relation to the
sagittal apex on the occurrence of PJK.

Materials and Methods

Study Sample

Following institutional ethical approval (IRB No.2017-119-
08), a retrospective review was performed on our spinal
deformity database. Between January 2009 and December
2020, a total of 102 EOS patients underwent GRs treatment
at a single center. The inclusion criteria were: (i) lengthening
procedures>2 times; (ii) follow-up more than 2 years; and
(iii) availability of complete radiographs. The exclusion
criteria were: (i) previous history of spinal surgery or spinal
tumors; and (ii) vertical expandable prosthetic titanium rib
technique (VEPTR). Based on the medical records, the basic
information data, such as age, gender and etiology were col-
lected. Subsequently, surgical information, including the
locations of UIV, LIV and inflection vertebra (IV), were also
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gathered. According to whether PJK occurred, patients were
divided into PJK group and non-PJK group.

For patients with a Risser grade > 2 or those with lim-
ited growth remaining, some received definitive fusion sur-
gery while the others retained their previous implants with
no additional surgery and followed up for 2 years or more.
These patients were called “graduates.”'*'°

Radiographic Evaluation

Relying on the Picture Archiving and Communications
Systems workstation, the radiographic measurement of the
whole spine anterior and lateral radiographs was accom-
plished. Radiographic measurements include following
parameters: coronal Cobb angle, thoracic kyphosis (TK),
lumbar lordosis (LL), PI and proximal junctional angle
(PJA). The T1-S1 height was measured from the superior
endplate of T1 to the superior endplate of S1. And the
T1-T12 height was the vertical distance between the mid-
points of the superior endplate of T1 and the inferior
endplate of T12. Apex was considered as the apex of the
thoracic kyphosis. IV was defined as the vertebra where the
lumbar lordosis transitioned into the thoracic kyphosis. As
an important parameter to classify the normal sagittal
shapes of spinopelvic organization, IV represents the actual
location where the kyphotic curve turns in the lordotic
curve. The number and relative distance of vertebra from
UIV to apex and IV to apex were recorded while the span
number ratio (span NR) and the span relative distance ratio
(span DR) of vertebra were calculated by UIV-apex/IV-
apex. In order to evaluate the effectiveness, the implant-
related complications (rod breakage and dislodged), align-
ment related complications (PJK), and surgical site infection
were all recorded.

PJA was defined as the Cobb angle between the lower
endplate of the UIV and the upper endplate of the second
supradjacent vertebra above the UIV. PJK was defined as a
PJA > 10° and an increase of more than 10° from the preop-
erative value. Yagi’s classification'” was employed for PJK
types: (i) Type 1, ligamentous failure; (ii) Type 2, bone fail-
ure, such as fracture at or above the UIV; and (iii) Type 3,
implant/bone interface failure (Fig. 1).

Statistical Analyses

All analyses were performed by SPSS version 22.0 software
(SPSS Inc., Chicago, IL, USA). The data were represented as
mean =+ standard deviation. The independent-sample ¢ test
was used to assess the differences between the PJK and non-
PJK groups. The chi-squared tests was used to assess the
impact of categorical variables on the development of PJK.
Subsequently, logistic regression analysis was performed on
predictors with a univariate P value of <0.10 to analyze the
covariate effects of the possible indicators for the develop-
ment of PJK. Receiver operating characteristic (ROC) curve
analysis was used to determine the cutoff value for an inde-
pendent variable. P < 0.05 was considered statistically
significant.
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Fig. 1 The measurement of apex, infection vertebra, UlV-apex, and
IV-apex

ResultsBaseline Data

Of these 102 EOS patients (50 boys and 52 girls; mean age at
surgery, 6.8 &+ 2.4 years), they can be divided into: congeni-
tal in 65 patients, neuromuscular in 11, idiopathic in 13, and
syndromic in 13 according to the etiology. The average
follow-up time was 52.8 &+ 22.8 months (range, 24-
111 months), and the mean lengthening procedures were
4.4 £ 1.7 times, respectively. (Table 1) Dual rods were per-
formed in 84 cases and single rod in 18 cases. The proximal
instrumentation type included pedicle screws in 83 patients,
hooks in eight and hybrid constructs in 11 while the distal
instrumentation was exclusively with pedicle screws. The
locations of UIV, IV and LIV are shown in Table 2. Till the
last follow-up, 25 patients graduated from GRs treatment,
including 16 who had undergone definitive spinal fusion sur-
gery and 9 who had retained their previous implants with no
additional surgery.

General Results after GR Treatment

As shown in Table 3, the major Cobb angle (76.6 & 18.1 vs.
41.0 £ 12.9°, P < 0.001) and the TK (43.5 £+ 13.8 ws.
30.1 & 8.8°, P < 0.001) were significantly improved after the

TABLE 1 Demographic and baseline information of EOS

patients

Sample size 102
Sex (M/F) 50/52
Age at index surgery (y) 6.8 + 2.4 (2-10)
Follow up (y) 4.4+ 19
Lengthening procedures 4.4 + 1.7
Diagnosis
Congenital 65
Neuromuscular 11
Idiopathic 13
Syndromic 13
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index surgery. Both the major curve and the TK remained
steady during follow up. The postoperative T1-T12 height
increased from 150 +2.6cm to 17.1 £27 cm and
increased to 19.9 & 3.4 cm at the last follow up. The mean
T1-S1 height preoperatively was 24.9 £ 4.6 cm. After the
index surgery, the mean TI1-S1 height increased to
27.5 + 3.8cm. As of last follow-up, the mean TI-S1 height
was 33.7 £ 3.7 cm.

In total, there were 61 complications in 32 patients,
including four wound infections (in 4 patients), 21 rod
breakages (in 13), one screw breakage (in one), eight screw
pullout (in eight), six coronal imbalance (in six) and 21 PJK
(in 21), respectively. It was worth noting that five of
21 (23.8%) PJK patients developed rod breakage, whereas
only nine of 81 (11.1%) non-PJK patients developed rod
breakage or screw breakage. Among them, wound infection
was cured by dressing changes daily and antibiotic treatment
while implant-related complications were treated in the next
lengthening procedure. During the series of surgeries, no
neurological deficits occurred.

Incidence, Classification, and Timing of PJK

Generally, PJK occurred in 21 patients (20.6%) during the
follow up, including 18 patients of type 1, three patients of
type 3 and no patients had PJK of type 2. Among them, six
cases developed PJK immediately after the index surgery,
10 cases developed PJK after the first lengthening procedure
while the remaining five cases developed PJK after the subse-
quent lengthening procedures. In addition, 15 cases of PJK
remained stable while the other six continued to progress.
Brace treatment would be recommended for those progres-
sive PJK patients while those with stable PJK required close
observation.

Comparisons between the PJK and the Non-PJK

Groups

Patients who developed PJK were significantly younger than
the non-PJK group (5.9 &+ 2.3 vs. 7.1 & 2.4 years, P = 0.042).
The mean number of lengthening procedures was 5.0 + 2.2
and 42 + 1.6 (P = 0.033) in the PJK and non-PJK groups,
and the mean follow-up was 4.8 & 2.6 and 4.3 £ 1.7 years
(P = 0.051), respectively. There was no difference in gender
(9/12 vs. 41/40, p = 0.526), BMI (15.5 &+ 3.2 vs. 162 &+ 4.5
kg/m®>, P = 0.641) and implant type (4/17 vs. 14/67,
P = 0.849) between these two groups.

As shown in Table 3, the PJK group differed from the
non-PJK group with larger preoperative major Cobb angle
(82.0 £ 21.2 v5. 75.6 & 17.2°, P = 0.038) and greater correc-
tion rate (51.2 £ 12.8% vs. 44.4 + 12.7%, P = 0.047). The
average preoperative TK was 47.2 £ 15.2° in the PJK group
and 42.6 £ 13.5° in the non-PJK group (P = 0.179), but
there was no difference observed postoperatively and at the
final follow-up visit. The LL and PI did not impact the
occurrence of PJK.
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TABLE 2 Comparison in demographic and surgical data

Total PJK group non-PJK group P

Sex (Male/female) 50/52 9/12 41/40 0.526
BMI (kg/m?) 16.0 + 4.2 15.5 + 3.2 16.2 + 4.5 0.641
Age at index surgery (y) 6.8+ 24 59+ 23 71+24 0.042
Follow up (y) 4.4+ 1.9 4.8 + 2.6 43 +1.7 0.051
Single/Dual rod (s) 18/84 4/17 14/67 0.849
Proximal anchors (screws/hooks/hybrid) 83/8/11 18/1/2 65/7/9 0.810
Lengthening procedures 4.4 + 1.7 5.0+ 2.2 42+ 1.6 0.032
Location of UIV

T1 9 0 9

T2 28 2 26

T3 30 5 25

T4 24 8 16

15 11 6 5
Location of LIV

L1 8 1 7

L2 13 1 12

L3 42 5 37

L4 36 13 23

L5 3 1 2
Location of IV

T11 1 0 1

T12 21 2 19

L1 33 13 20

L2 14 4 10

L3 4 2 2

TABLE 3 Comparison in radiographic measurements

Total PJK group non-PJK group P
Major Cobb
Preoperative 76.6 £ 18.1 82.0 +21.2 75.6 £ 17.2 0.038
Postoperative 41.0 + 12.9 39.4 + 12.9 41.7 + 13.0 0.842
Correction rate (%) 459 + 12.9 51.2 + 12.8 44.4 + 12.7 0.047
Latest follow-up 46.1 + 13.1 46.7 + 12.8 45.7 + 12.8 0.739
PJA
Preoperative 5.6 £ 3.0 6.7 +£ 4.0 53+26 0.056
Postoperative 72 +57 13.9 £ 9.0 55+25 0.000
Latest follow-up 9.1+6.8 20.2 + 6.3 6.4 + 3.2 0.000
TK
Preoperative 435 + 13.8 47.2 + 15.2 42.6 + 13.5 0.179
Postoperative 30.1 + 8.8 301+ 7.6 30.2+9.1 0.994
Latest follow-up 34.1 + 10.2 35.9 + 10.7 33.7 + 10.6 0.391
Pl
Preoperative 376 £ 9.4 34.8 + 9.3 38.8 +£9.1 0.407
Postoperative 39.8 + 8.2 385+ 7.7 40.5 + 8.3 0.653
Latest follow-up 40.3 + 9.6 40.4 + 12.1 40.2 £ 9.0 0.883
Number
UIV-APEX 43 + 1.7 32+1.3 46 +1.6 0.001
IV-APEX 56+ 1.7 6.1+1.1 54+ 1.6 0.111
LIV-APEX 75+ 1.8 7.8+ 1.4 75+ 1.6 0.595
Span NR (UIV-IV) 0.8 + 0.6 0.6 £ 0.3 0.9+ 0.7 0.028
Span NR (UIV-LIV) 0.6 + 0.5 0.5 +0.3 0.6 £0.2 0.435
Distance
UIV-APEX 53.0 + 18.5 46.0 + 17.2 57.5 +21.2 0.036
IV-APEX 87.0 + 29.3 106.2 + 30.5 85.9 + 32.4 0.020
LIV-APEX 119.1 + 38.1 121.0 £ 39.9 115.4 £ 29.1 0.472
Span NR (UIV-IV) 0.7+ 0.4 0.5+0.2 0.7+04 0.047
Span NR (UIV-LIV) 0.6 £0.5 0.5+ 0.5 0.6 £ 0.6 0.511
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Fig. 2 A 6-year-old girl with congenital scoliosis. (A) The preoperative PJA between T2 and T4 was 6°. (B) The apex located at T6 and IV at L1,
respectively. The PJA increased to 11° while the span NR of UlV-apex to IV-apex was 0.3 and the span DR was 0.3. (C) The PJA increased to 20°

after the 4th distraction, leading to PJK

Fig. 3 A 10-year-old boy with syndromic scoliosis (neurofiboromatosis Type 1). (A) The preoperative PJA was 1°. (B) The apex located at T8 and IV at
L1, respectively. PJA was 3° while the span NR of UlV-apex to IV-apex was 0.8 and the span DR was 0.8. (C) the PJA was stabilized at 4° after the
6th lengthening procedures, no PJK

The preoperative PJA was slightly higher in the PJK
group than in the non-PJK group although the differences
were not statistically significant (6.7 £ 4.0 vs. 5.3 & 2.6°,
P = 0.056). However, the postoperative PJA (13.9 & 9.0 vs.
5.5 4 2.5°, P < 0.001) and the final PJA (20.2 £ 6.3 ws.
6.4 £ 3.2° P < 0.001) were significantly higher in the PJK
group. Patients with PJK also had a smaller number of UIV-
apex (3.2 & 1.3 vs. 4.6 = 1.6, P = 0.001) and smaller mean
span NR from UIV-apex to IV-apex (0.6 £ 0.3 vs. 0.9 £ 0.7,
P = 0.028) when compared with the non-PJK group. Besides,
the relative distance of UIV-apex (PJK group, 46.0 & 17.2 vs.
non-PJK group, 57.5 £ 21.2 mm, P = 0.036), the relative
distance of IV-apex (106.2 £+ 30.5 wvs. 85.9 %+ 32.4 mm,
P = 0.020) and span DR from UlIV-apex to IV-apex

0.5+ 0.2 vs. 0.7 £ 0.4, P = 0.047) were all significant dif-
ferent. No statistical difference in either the number of LIV-
apex or the distance of LIV-apex was observed between the
PJK group and the non-PJK group. The mean span NR from
UlV-apex to LIV-apex and the mean span DR from UIV-
apex to LIV-apex were also similar in the two groups, respec-
tively (Figs. 2-3).

Risk Factors for PJK

The possible candidates related to PJK were recruited from
the univariate analysis, including age at the index
surgery < 7 years, the Cobb angle>80°, the correction rate of
Cobb Angle>50%, postoperative PJA > 10°, span NR from
UIV-apex to [V-apex < 0.6 and span DR from UIV-apex to
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TABLE 4 Multivariate analysis of PJK risk factors

Parameters B SE Wald

95% Cl

df P Exp (B) Lower Upper

0.037
0.016
0.003
3.952
1.557

0.016
0.026
0.034
1.801
0.760

5.486
0.373
0.008
4.816
4.200

Age at index surgery < 7 years
Cobb > 80°

TK > 40°

The span NR < 0.6

The span DR < 0.6

0.019
0.403
0.930
0.028
0.040

1.038
0.497
1.003
52.05
4.211

1.019
0.641
0.519
1.668
1.239

1.47

4.031

2.956
16.625
18.309
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Fig. 4 ROC curve analysis of the ratio of number of UlV-apex to apex-IV

IV-apex < 0.6 (Table 4). After logistic regression analysis,
age at the index surgery < 7years, span NR from UIV-apex
to IV-apex < 0.6 and span DR from UlIV-apex to IV-
apex < 0.6 were identified as independent risk factors in
predicting the occurrence of PJK. (Table 4) Upon ROC curve
analysis, a threshold for span NR from UIV-apex to IV-apex
was identified between the groups with and without PJK.
The results showed that span NR from UIV-apex to IV-apex
was 0.6, the area under the curve was 0.668, the sensitivity
was 0.36, and 1-specificity was 0.09. Therefore, span NR
from UIV-apex to IV-apex < 0.6 can be regarded as a rela-
tively good predictor (Fig. 4).

Discussion
he current study retrospectively reviewed 102 patients
with EOS who had undergone GRs treatment with a
minimum 2-year follow-up. Our results showed that the
incidence of PJK was 20.6%. In addition, patients undergoing

GRs surgery with younger age and a closer location of UIV
relative to the sagittal apex have a higher risk of PJK.

Incidence of PJK after GR Treatment

PJK is a common alignment-related complication which
should not be neglected. The incidence of PJK in EOS
patients treated with GRs treatment ranges from 12% to
56%. Our study revealed the incidence of PJK was 20.6%
with average 4.5 & 2.6 years of follow-up. The discrepancy
in the incidence of PJK may be due to the different inclu-
sion criteria, surgical strategies, and follow-up time. Malick
et al. reported that the incidence of PJK was only 4% in
idiopathic scoliosis patients who were treated with a tradi-
tional growing rod after a mean follow-up of 5 years."® Sun
et al. showed that the incidence of PJK was 30.7% in con-
genital scoliosis patients.'” Whereas, Jain et al. found the
incidence of PJK to be as high as 37.5% in EOS patients
with NF1 who were treated with GRs surgery.”’ In addition,
this study demonstrated that PJK following GRs treatment
in EOS patients mainly occurred during the first year after
surgery (between the index surgery and the first distraction)
and progressed in the subsequent lengthening procedures.
A trend of gradual increase in PJA after repeated lengthen-
ing procedures was also reported by Shah’s study on grow-
ing rod treatment.”' Similarly, Li et al. analyzed 68 EOS
patients treated with VEPTR and found four patients devel-
oped PJK, all of which occurred within the first year after
VEPTR insertion and gradually progressed.”” This is possi-
bly due to the excessive forces in proximal junctional spine
during the surgical correction to reduce localized kyphosis.
As a type of local distraction surgery, the subsequent
lengthening surgery tends to aggravate the kyphosis of the
proximal junctional area, ultimately leading to the occur-
rence of PJK.

Severe PJK may cause vertebra collapse, acute subluxa-
tion or implant failure around the upper instrumented verte-
bra, leading to post-operative deformity, pain, and
dissatisfaction. Yagi et al. reported 32 AIS patients undergo-
ing long instrumented spinal fusion developed PJK, of which
six patients were symptomatic and four patients underwent
revision surgery due to local pain.'” Results of our study rev-
ealed that the proportion of rod or screw breakage in the
PJK group was higher than that in the non-PJK group, indi-
cating that PJK potentially increased the incidence of
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implant-related complications. Thus, it is important to pay
attention to the risk factors and preventative strategies for
postoperative PJK.

Risk Factors of PJK after GR Treatment

In previous studies, some authors investigated the location of
UIV or LIV to assess the effect on postoperative PJK.'>** But
none of these studies focused on the relative position of the
anchor point and the apex in the sagittal plane. Therefore, we
tried to investigated the sagittal spinal profile by the ratio
between UlV-apex and LIV-apex. However, no significant dif-
ferences were detected in the ratio of distance from UIV-apex
to LIV-apex between the PJK group and the non-PJK group.
According to our clinical experience, the LIV is often deter-
mined at the coronal stable vertebra while PJK manifests as a
sagittal plane complication. At the same time, IV acts as an
important parameter to classify the normal sagittal shapes of
spinopelvic organization, since it represents the actual location
where the kyphotic curve turns in the lordotic curve.** In pre-
vious studies, some authors investigated the apices of the sagit-
tal curvature to assess the sagittal morphological shape of the
spine.””>*® Jakinapally et al*> reported that the IV is signifi-
cantly cranial and posterior in the PJK group in adult spinal
deformity. Investigation of the location of UIV, apex and IV is
a simple method of evaluating the spinal curvature. Consider-
ing the sagittal geometrical shape of the spine to decrease junc-
tional stress and PJK is important. Thus, we use IV instead of
LIV to analyze the sagittal plane. Our results demonstrated
that the ratio of number and distance from UIV-apex to IV-
apex in PJK group were significantly lower when compared to
the non-PJK group. This find can be easily explained by bio-
mechanics. When the location of the UIV is very close to the
apex, the proximal junctional stress is significantly greater than
that at the distal junctional, leading to the occurrence of PJK
subsequently. There are also some studies on the relationship
between the PJK and the location of UIV and LIV.

Through ROC curve analysis and univariate regression
analysis, we further found that the span NR from UIV-apex
to IV-apex < 0.6 and the span DR from UIV-apex to IV-
apex < 0.6 are significant independent risk factors for PJK.
In clinical application, it is more convenient and intuitive to
choose span NR from UIV-apex to IV-apex as the evaluation
parameter. This finding suggests that the selection of UIV
should be made with reference to the position of apex and
IV. Besides, surgeons are suggested to pay attention to the
protection of paraspinal musculature and facet joints,
avoiding destroying the integrity and stability of the poste-
rior structures of the spine.

The present study also identified that age at the index
surgery < 7 years is an independent risk factor of PJK. In lit-
erature, much controversy remains regarding the relationship
between age and PJK. A multicenter study conducted by
Upasani et al. revealed that earlier age at implantation
increased the probability of PJK.** Bess et al. identified youn-
ger age as a risk factor for PJK.*® In contrast, Akbarnia et al.
and El-Hawary et al found no such association.””** Several
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theories may explain our finding. Generally, very younger
children have poorer soft tissue and lower bone quality than
older children. It is also possible that children receiving an
index surgery at a younger age will likely accept more length-
ening procedures than those older patients.

Clinical Relevance
The clinical significance of this study is to emphasize the
importance of the location of UIV relative to the sagittal
apex in preventing the occurrence of postoperative PJK.
When choosing the location of UIV, we need to consider not
only the need of correction of coronal deformity, but also
the location relationship between UIV and apex. Sagittal
plane also has important reference significance for the selec-
tion of UIV.*>**> Admittedly, it is not possible for every EOS
patient to have an UIV as high as T2 or above because mini-
mizing the interference of GR surgery to the non-deformity
area is essential. Therefore, this study provides a relatively
individualized UIV selection scheme.

LimitationsThe selection of the appropriate location of
UIV based on apex and IV will help to reduce the risk for
the development of PJK in EOS patients treated with
GR. However, there were some limitations in this study.
First, it is a retrospective cohort analysis, and the etiology of
the case is complex. Second, a much larger study population
is required while most of the cases had not yet “graduated”
for GRs treatment at the last follow up. Third, most of the
patients were too young to fill out questionnaires indepen-
dently; therefore, we cannot accurately assess the clinical
outcomes.

Conclusions
In conclusion, among EOS patients who received growing
rod treatment, the prevalence of PJK was 20.6%. Besides
younger age, a closer location of UIV relative to the sagittal
apex is identified to be an independent risk factor of postop-
erative PJK. Selection of UIV at a relatively farther location
away from the sagittal apex might help prevent occurrence
of PJK. Future prospective research is needed to verify find-
ings of the current study.
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