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Postoperative proximal junctional kyphosis @

correlated with thoracic inlet angle in Lenke
5c adolescent idiopathic scoliosis patients
following posterior surgery

Bowen Hu, Linnan Wang, Yueming Song, Xi Yang’, Limin Liu and Chunguang Zhou

Abstract

Background: Proximal junctional kyphosis is a common complication after posterior fusion in patients with adoles-
cent idiopathic scoliosis and is correlated with postoperative changes of thoracic kyphosis. In lenke 5c patients, higher
postoperative LL and spontaneous change of TK may produce an effect on final PJK. However, no studies has been
performed to evaluate the correlation of PJK with thoracocervical parameters in patients with AlS.

Methods: Data from 98 patients who underwent posterior fusion for Lenke 5C AIS with 2 years of follow-up were
retrospectively reviewed. Patients in the extended fusion group underwent fusion at levels higher than upper-end
vertebra+ 2 (n=38), and those in the thoracolumbar/lumbar (TL/L) fusion group underwent fusion at UEV 42 or
lower (n=60).

Results: During an average follow-up of 38.1 months, 23 of 98 patients developed PJK. The extended fusion group
had a higher incidence of PJK than the TL/L fusion group (14/38 vs. 9/60, respectively; P=0.01) and a significantly
greater decrease in thoracic kyphosis than the TL/L group (P<0.01). Patients with PJK had a significantly larger preop-
erative thoracic inlet angle (TIA) than those without PJK (P<0.01). Multivariate analysis showed that a greater preop-
erative TIA and extended fusion were associated with PJK. The Scoliosis Research Society 22-item questionnaire score
did not significantly differ between the PJK and non-PJK groups.

Conclusions: The preoperative TIA could be a predictor of PJK. Among patients with Lenke 5C AlS, those with a TIA
of >71° are more likely to develop PJK. Additionally, extended fusion in patients with Lenke 5C may increase the risk of
PK.

Keywords: Proximal junctional kyphosis, Thoracic inlet angle, Adolescent idiopathic scoliosis, Sagittal alignment,
Thoracolumbar/lumbar curve

Introduction

Proximal junctional kyphosis (PJK) is a common com-
plication after posterior fusion in patients with Lenke
5C adolescent idiopathic scoliosis (AIS) [1-4]. Multi-
ple studies have shown that the risk factors for PJK are
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factors strongly associated with PJK in patients with AIS
are large preoperative thoracic kyphosis (TK) and large
immediately postoperative TK [2, 4, 5]. Previous stud-
ies have indicated that the thoracic inlet angle (TIA)
is strongly associated with TK and global TK (GTK) in
patients with AIS [6-8] and that the TIA is a constant
morphological parameter that is not changed by the
patient’s position or any other conditions. Additionally,
these correlations are maintained at 2 years after correc-
tive surgery in patients with Lenke 1 AIS [8]. Hence, the
TIA is an ideal parameter that can be used to evaluate the
sagittal balance of the proximal thoracic area and may be
a predictor of PJK.

The choice of the uppermost instrumented verte-
bra (UIV) may also be associated with the incidence of
PJK in patients with Lenke 5C AIS [4]. Anterior selec-
tive thoracolumbar correction and fusion were widely
used in the Lenke 5c patients, which might hardly cor-
rect the unfused thoracic curve [9]. Meanwhile, poste-
rior thoracolumbar/lumbar (TL/L) fusion is commonly
performed to treat Lenke 5C AIS nowadays [10, 11]. To
avoid progression of the unfused thoracic curve after
TL/L fusion, experienced surgeons may choose to per-
form extended fusion in patients with Lenke 5C AIS
with a bending thoracic Cobb angle of>20° [12-15].
Furthermore, Kwan et al. [16] suggested the perfor-
mance of extended fusion in patients with a bending
thoracic curve of>15°. However, extended fusion may
strongly reduce the TK in the sagittal profile [15, 16];
reduction of TK is a proven risk factor for PJK and may
also result in great changes in thoracocervical param-
eters in patients with AIS [2, 4, 5, 17-21].

The present study focused on analysis of the radio-
logical features of patients with Lenke 5C AIS to identify
the correlations among the TIA, PJK, and other sagittal
parameters. We also evaluated the relationship between
the choice of the UIV and PJK in patients with Lenke 5C
AlS.

Materials and methods

The present retrospective study included 98 patients with
Lenke 5 AIS from January 2010 to January 2019 who
underwent posterior-only surgery in the department
of Orthopedic Surgery, West China hospital, Sichuan
university. All included patients underwent follow-up
for more than 2 years with complete radiographic data.
The exclusion criteria were incomplete follow-up data;
poor radiographic images; age>20 vyears; follow-up
period <2 years; and a history of spine surgery. The pre-
sent study was approved by the local ethics committee.
Patients in the extended fusion group underwent fusion
higher than two levels above the upper-end vertebra,
whereas patients in the TL/L fusion group underwent
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fusion below or at the upper-end vertebra+ 2. Patients
with a Cobb angle of the thoracic curve of >40° or a bend-
ing thoracic curve of >20° generally underwent extended
fusion; however, a few patients with a rigid thoracic curve
chose to undergo TL/L fusion to preserve the flexibility of
the thoracic spine after acknowledging complete under-
standing of the benefits and risks of these two proce-
dures. The bending thoracic curve of >20° and rib hump
were prognostic factors of higher final thoracic curves
angle [22]. However, no ribs were resected because of the
mild rib hump in the lenke 5c patients.

All surgeries were performed by the same surgical team
with two senior surgeons. Supraspinous and interspinous
ligaments were removed. Smith-Petersen osteotomy was
performed before fusion. The Legacy or CD Horizon
M8 screw-rod system (Medtronic Sofamor Danek, Inc.,
Memphis, TN, USA) was used for fixation (5.5 mm tita-
nium rod). Polyaxial screws were inserted in the UIV and
LIV. The monoaxial screws were mostly used in the other
vertebrae. Rod rotation, apical vertebral derotation (by
vertebral column manipulation or direct vertebral rota-
tion), convex compression, and concave distraction were
used intraoperatively to correct scoliosis and rotation of
the lumbar spine.

Standing full-length posteroanterior and lateral radio-
graphs were routinely taken using a multipurpose digital
radiographic fluoroscopy system (SONIALVISION safire
17; Shimadzu Corporation, Kyoto, Japan) preoperatively,
at 3 months postoperatively, and at the final follow-up.
Radiologic parameters were independently measured and
documented on an electronic system by two surgeons
who were not involved in the surgeries, and the average
values were calculated to increase the accuracy of the
measurement of the upper thoracic region [20].

The coronal parameters measured were the main TL/L
Cobb angle, thoracic Cobb angle, reduced bending angle,
and correction rate of the two curves. The sagittal param-
eters measured were the PI, sacral slope (SS), pelvic tilt
(PT), LL, PI-LL, TK, GTK, T1 tilt, TIA, proximal junc-
tional angle (PJA), and SVA. TK, GTK, TK, LL, PI, SS,
and PT were measured using previously described stand-
ard methods (Fig. 1).

The TIA was defined as the angle between the verti-
cal line of the T1 superior endplate and the line pass-
ing through the midpoint of T1. The PJA was defined
as the Cobb angle between the lower endplates of the
ULV and the upper endplates of the two supra-adjacent
vertebrae. PJK was defined by the following two crite-
ria with a > 2-year follow-up time: (1) final PJA of >10°
and (2) final PJA at least 10° greater than the preopera-
tive measurement [1, 2, 4, 5]. The presence of both cri-
teria was necessary for considering PJK. An increase
in the PJK angle was defined as an increase from the
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Fig. 1 A Spinal parameters in standing lateral radiographs. T means Thoracic vertebra. TIA means Thoracic inlet angle. LL means Lumbar lordosis.
TK means thoracic kyphosis. GTK means global thoracic kyphosis. Pl means Pelvic incidence. PT means Pelvic tilt. SS means Sacral slope. SVA means

Sagittal vertical axis. B Figure about measurement of TIA

preoperative time to the last follow-up time. Clinical
assessments were made using the Scoliosis Research
Society 22-item questionnaire (SRS-22).

Statistical analysis

Student’s ¢-test was performed to analyze the postop-
erative changes in the Cobb angle of the thoracic and
TL/L curves, PI, PT, SS, SVA, TK, GTK, PI-LL, TIA,
and T1 tilt. Bivariate correlation tests, Student’s ¢-test,
the chi-squared test, and receiver operating charac-
teristic (ROC) curve estimations were performed to
determine the changes in sagittal balance from the pre-
operative period to the final follow-up. Data were ana-
lyzed using SPSS 21.0 statistical software (IBM Corp.,
Armonk, NY, USA). To investigate the influence of pre-
operative measurements on postoperative outcomes,
certain preoperative variables (PI, PT, SS, SVA, PJA,
PI-LL, GTK, TIA, and T1 tilt) and type of fusion (selec-
tive or extended) were selected for inclusion in the mul-
tivariate analysis based on the results of the correlation
analysis and clinical knowledge. Statistical significance
was defined as p <0.05.

Results

The mean age of the 98 patients with Lenke 5 AIS in
this study was 15.6+2.6 years. The patients comprised
77 females and 21 males, and the mean Risser sign was
3.4+ 1.5. The mean follow-up duration was 38.1 months
(range, 24—72 months). The mean Cobb angle of the main
TL/L curve was 53.2°+9.1° before surgery and 9.4°+7.5°
at the final follow-up.

Sixty patients underwent selective TL/L fusion, and 38
patients underwent extended fusion. Both groups had an
excellent correction rate for the main TL/L curve at the
final follow-up (82.6% in the extended fusion group and
82.2% in the TL/L fusion group). The correction rate of
the thoracic curve in the extended fusion group (71.9%)
was greater than that in the TL/L fusion group (52.6%).

The PI and TIA remained stable after surgery and
throughout follow-up in both the extended fusion and
TL/L fusion groups. No significant difference in the PI,
SS, PT, LL, or SVA were found between the TL/L fusion
and extended fusion group preoperatively or at the final
follow-up(Table 1). A significant difference was found in
the immediate change of TK (—1.4+£11.1 vs. 2.9+6.0,
p=0.01) and in the PJK angle (8.2°+7.7° vs. 4.4°+£4.9°,
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Table 1 The comparison between extended fusion and TL/L  Table 2 The comparison between PJK and Non-PJK patients

fusion group

Variables PJK Non-PJK P value

Variables Extended TL/L fusion Pvalue (n=23) (n=75)

{: S:i°3"8? roup ?’:":”é’o) Age (years) 153426 157426 049
Risser sign 29417 35+15 0.08

Age (years) 154425 15.74+27 0.66 Extended fusion 14/23 24/75 0.01

Risser sign 32414 34416 0.54 TKE)

Pre TK form (T5-T12) Pre 2744137 187483 <001*
Hyperkyphosis 4 , Post 266474 206475 <001%
Normal 30 0 Follow 3184102 215481 <001%

GTK ()

Hypokyphosis 4 8 Pre 3584122 2644118 <001%
Mean fusion level 11.2£12 71+£11 <0.01* Post 377482 2914101 <001*
Cobb angle of main TL/L curve(") Follow 422492 3034104 <001

Pre-OP 549489 52.14+9.1 0.14 TIA ()

Bending 263+£10.2 2534102 0.65 Pre 746+48 64.54+62 <001*

Post-OP 85471 80470 072 Post 7354511 65565 <001%

Follow-Up 96+77 93475 085 Follow 743£50 649463 <001
Cobb angle of T curve(®) 1)

Pre-OP 364473 2654638 <001* Pre 190:£83 140292 0027

Post 21475 150£94 <001%

Bending 21.8+£33 13866 <0.01*

Follow 242472 160+85 <001*

Post-OP 96+t64 11.0+74 035 PIA ()

Follow-Up 102463 126+8.1 013 bre 0444 87443 050
TKO) Post 167445 95447 <001

Pre-OP 2261125 19.6+8.8 0.16 Follow 245466 118449 <001*

Post-OP 212483 225476 040 Increasing PJK 151449 30+34 <001*

Follow-Up 2234113 249485 021 LLO)

Immediate Post-OP 144110 29460 001* Pre 5524118 5064107 009
change Post 544491 5004838 0.04*
GTK () Follow 571486 50949.0 001*

Pre-OP 2914136 283+118 078 PIO)

Post-OP 300492 3184110 040 pre AOT£TT0 456£97 084

Follow-Up 3184101 3394108 036 Post 4594109 4584100 096

) Follow 456+107 456100 099
LL() PTC)

Pre-OP 5284107  51.0£113 042 ore 65478 0474 050

Post-OP 521483 503494 033 Post 81486 97464 050

Follow-Up 52.7+£938 52.1£90 0.78 Follow 79478 88+74 062
TIA(®) SS()

Pre-OP 670+75 667472 0.77 Pre 396483 386477 061

Post-OP 673472 674470 0.94 Post 37774 366475 052

Follow-Up 677£75 66.7+7.1 0.54 Follow 37777 369480 065
PIAC) PILLE)

Pre 9.1£121 51£112 0.14

Pre-OP 89140 89+44 0.97

Post 85+11.0 42490 006

Post-OP 128459 10,152 0.02* Follow 115408 59495 001*

Follow-Up 171485 133465 0.01* A (mm)

Increasing PJK 82+£77 44449 0.01* Pre 21044360 774253 0.69
Hyperkyphosis:TK>40° Hypokyphosis:TK < 10° Normal: 10° <TK <40° Post 42£227 83£254 050
TL/L means Thoracolumbar/lumbar curve, T means Thoracic, TK means Thoracic Follow 93£195 82£253 085

kyphosis. GTK means Global thoraicic kyphosis. LL means Lumbar lordosis, TIA
means Thoracic inlet angle, PJA Proximal junctional angle, P/K means Proximal
junctional kyphosis

TL/L means Thoracolumbar/lumbar curve, T means Thoracic, TK means Thoracic
kyphosis, GTK means Global thoraicic kyphosis, TIA means Thoracic inlet angle,
PJA Proximal junctional angle, PJK means Proximal junctional kyphosis, CL means
" means P<0.05 Cervical lordosis, LL means Lumbar lordosis, Pl means Pelvic incidence, PT means
Pelvic tilt, SS means Sacral slope, SVA means Sagittal vertical axis

" means P<0.05
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Fig. 2 a Correlation of the preoperative TIA and the final GTK (p <0.01). b, ¢ Increasing PJK angle is highly correlated with the final GTK (p<0.01) and
preoperative TIA (p<0.01)

Table 3 Multivariate analysis for preoperative factors associated with PJK In Lenke5c patients

B Standard Error P OR 95% Cl for OR
Lower Upper
Pre TIA 0.331 0.091 <0.001* 1.393 1.165 1.664
Pre T1Stilt -0.051 0.080 0414 0.950 0.813 1.110
Pre GTK 0.116 0.086 0.174 1.123 0.950 1.328
Pre TK 0.077 0.090 0.395 1.080 0.905 1.288
Pre PJA -0.174 0.115 0.131 0.841 0.671 1.053
Pre PI -0.044 0.062 0482 0957 0.847 1.081
Pre SS 0.204 0.144 0.158 1.226 0.924 1.626
Pre LL -0.169 0.126 0.179 0.845 0.660 1.081
Pre SVA -0.271 0.246 0.271 0.763 0471 1.235
Extended fusion 2642 1.036 0.011* 14.037 1.843 106.938

PJK means Proximal junctional kyphosis, TIA means Thoracic inlet angle, GTK means Global thoraicic kyphosis, TK means Thoraicic kyphosis, PJA Proximal junctional
angle, LL means Lumbar lordosis, Pl means Pelvic incidence, SS means Sacral slope, SVA means Sagittal vertical axis

" means P<0.05

Table 4 Comparison of Scoliosis Research Society 22 Questionnaire between PJK and Non-PJK patients

Pre-op P value follow-up P value

PJK Non-PJK PJK Non-PJK
Function/activity 41+07 41408 0.84 40408 42+06 0.15
Pain 41£06 40+04 038 44405 46+04 0.12
Self-image 33407 35405 0.13 41406 41405 0.58
Mental health 3.6+0.7 37406 047 44406 43+£06 0.36
Satisfication 38405 40+06 0.10 42407 42+06 0.70
Total score (w/o satisfaction 38+05 38+04 0.52 42405 43404 0.39

questions)

No significant difference was found
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Fig. 3 Standing PA and lateral radiographs of a 13-year-old female Lenke 5C patient with a structural thoracolumbar curve of 50°in TL/L fusion
group. a Preoperative Cobb angle of thoracic curve was 24°, reduced to 13° at bending film. Preoperative LEV tilt was 31°. b The postoperative
thoracic curve was corrected to 9° and thoracolumbar curve was corrected to 11° at first follow-up. ¢ At 4-year follow-up, the main thoracolumbar
curve was 13° and the thoracic curve was 13°. d The preoperative radiograph showed large TIA (81°) and GTK (48°). The PJA was 7° and TK was 27°.
e At first follow-up: lateral radiograph illustrating stable TIA(78°) and GTK (49°) in the sagittal plane, with PJA increased to 13° and TK increased to
35° f At 4-year follow-up, GTK increased to 55°, TK increased to 43° and PJA increased to 21°% 14 degrees of increasing PJK angle was measured. TIA
remained stable
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p=0.01) between the extended fusion and TL/L fusion
groups.

According to our PJK criteria, 23 (23.5%) of 98 patients
were considered to have PJK at the final follow-up. We
found no significant difference in the PI, PT, SS, LL,
PI-LL, or even SVA preoperatively, at 3 months, and at the
final follow-up. In addition, the PJA did not differ between
the two groups preoperatively. However, the mean pre-
operative and final TIA,T1 tilt, TK and GTK values in
patients with PJK were significantly larger than those in
patients without PJK (Table 2). At the final follow-up,
a greater proportion of patients in the extended fusion
group had PJK than in the TL/L fusion group (14/38 vs.
9/60, p<0.01). The preoperative TIA of patients with PJK
at the last follow-up was larger than that of patients with-
out PJK (73.8°+£5.0° vs. 64.8°+£ 6.8°, p<0.01), and the ROC
curve showed that the cutoff value was 71°.

A correlation analysis between each sagittal param-
eter and an increasing PJK angle was performed (Fig. 2).
Bivariate correlation tests of several radiographic
parameters showed that the preoperative TIA (r=0.61,
p<0.001), preoperative TK (r=0.44, p<0.001), final TK
(r=0.52, p<0.001), final T1 tilt (r=0.43, p=0.001), and
final GTK (r=0.46, p<0.001) had a strong correlation
with an increasing PJK angle. Preoperative GTK (r=0.28,
p=0.006), preoperative T1 tilt (r=0.27, p=0.006),
final LL (r=0.30, p=0.002), and final PI-LL (r=-0.25,
p=0.013) showed a weak correlation with an increasing
PJK angle. No marked correlation was found in PI, PT,
SS, SVA, or preoperative PI-LL.

The data suggested that the preoperative TIA could be
a predictive parameter for the final sagittal balance. We
also found that it had a correlation with the final T1 tilt
(r=0.59, p<0.001), final TK (r=0.45, p<0.001), final
GTK (r=0.62, p<0.001), increasing PJK angle (r=0.61,
»<0.001), final PI-LL (r=-0.23, p=0.02), and final LL
(r=0.32, p=0.002). The final PI, PT, and SS had no sig-
nificant correlation with the preoperative TIA.

The results of multivariate analysis for preoperative
predictors of PJK are presented in Table 3. A greater pre-
operative TIA (p<0.001) and extended fusion (p=0.011)
were found to be positive predictors of PJK.

Additionally, patients with PJK showed significantly
greater LL and smaller PI-LL at the final follow-up time.
No significant difference was found in the preoperative
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or final SRS-22 scores between postoperative patients
with and without PJK (Table 4).

Discussion

Kim [1] and Wang [2] defined PJK in patients with AIS
as both a>10° increase in kyphosis between the UIV
and the UIV+2 and a final PJA of>10°. These criteria
are widely used in patients with AIS [1, 2, 4, 5] and were
chosen in our study. Sun et al. [3] reported that a>10°
increase in PJK occurred after selective fusion in 17.1%
of patients with Lenke 5C AIS at 2 years postoperatively,
which is comparable with the incidence of PJK found in
the present study (23.5%).

Preoperative GTK and TK are alternate parameters
that could potentially be used to predict the postopera-
tive change in the sagittal balance of the thoracic spine.
However, these parameters are easily influenced by pos-
ture because it is difficult to ensure that every patient has
a horizontal vision line and is standing perfectly straight
during radiography. Therefore, they are not ideal predic-
tors of an increasing PJK angle. In contrast, the TIA is a
constant morphological parameter that is not influenced
by posture under any conditions, similar to the PI of the
spinopelvic unit [6—8]. Recent studies have shown sig-
nificant correlations between the preoperative TIA and
GTK angle [6-8]. In our study, the TIA could be used to
predict the GTK at the final follow-up, which was also
strongly correlated with the final increasing PJK angle.
Meanwhile, the occurrence of PJK is mainly determined
by the variation in the TIA. This may explain the role of
the TIA in predicting PJK.

The TIA did not change after surgery or during the
2-year follow-up, it may serve as an appropriate predic-
tor of PJK. According to the ROC curve, a TIA of>71°
was the cutoff point for the occurrence of PJK. A larger
preoperative TIA, which predicts larger final GTK,
facilitates greater kyphosis of the proximal junction dur-
ing follow-up (Fig. 3). In the patients who underwent
extended fusion of the main thoracic curve, this increase
in sagittal kyphosis could only be obtained at the proxi-
mal junctional area; thus, the PJA increased (Fig. 4).
However, patients with a lower TIA, which indicated
lower final GTK and T1 tilt, were much more likely to
have final cervical kyphosis [8].

(See figure on next page.)

Fig. 4 A.Standing PA of a 18-year-old adolescent female. The structural lumbar curve was 71° before surgery. a Preoperative T curve was 36°,
reduced to 24° at bending film. b The postoperative thoracic curve was corrected to 14° and thoracolumbar curve was corrected to 15° at 3 months
after surgery. ¢ At 2-year follow-up, the main thoracolumbar curve was 13°and the thoracic curve was 13°. d The preoperative sagittal alignment
showed a large TIA (75°) and GTK (48°). PJA was 13° and TK was 35°. e The GTK increased to 51°, with PJA increased to 26° and TK decreased to 31°

at first follow-up. f At 2-year follow-up, GTK increased to 56°, TK increased to 37° and PJA increased to 32° 19 degrees of increasing PJK angle was

measured. TIA remained stable
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C2-C7CL

pre-op
Fig. 5 Spontaneous change mechanism of the extending fusion in the patients with a large TIA

post-op

GTK

final follow-up

However, a few patients with a large TIA had relatively
small preoperative TK and GTK because of the rotation
of the thoracic curve. These patients may have developed
an immediate increase in TK after surgery, but the large
TIA also meant that they needed a much larger GTK at
the final follow-up. In Ogura’s study, the increased TK at
final follow-up time was also risk factor of PJK [23]. The
increasing TK and GTK immediately after surgery were
not enough for these patients; the TK and GTK contin-
ued to increase during follow-up, leading to PJK at the
final follow-up.

A previous study showed that placement of the UIV
cephalad to the upper-end vertebra was associated with
an increased risk of PJK Lenke 5C patients [4]. Extended
fusion provided more correction in the coronal plane with
less restoration of TK [15, 16]. In our study, the extended
fusion group had a significantly larger immediate reduc-
tion in TK, which is reportedly a risk factor for PJK [2, 4,
5]. In this group, the TK decreased immediately after sur-
gery. However, the GTK needed to stay stable with respect
to the preoperative GTK, which facilitated the develop-
ment of PJK in the proximal thoracic region (Fig. 5). Mean-
while, Clément et al. [24] showed that long constructs with
insufficient TK is more likely to result in PJK. The extended
fusion group also had higher risk of PJK in this study. This

may partially explain the higher incidence rate of PJK in the
present study rather than the one in previous studies after
selective TL/L fusion of Lenke 5C patients [3, 4, 23]. Hence,
extended fusion should be carefully evaluated in patients
with Lenke 5C AIS who have a TIA of >71°.

Meanwhile, in patients with an immediate increase
in TK, the cause of PJK may also be overcorrection of
LL [3]. Hence, larger postoperative LL could lead to an
immediate increase in TK [25]. Additionally, the spon-
taneous change to attain sagittal balance may lead to
greater PJK to obtain much larger TK to match the over-
corrected LL. The importance of maintaining appropri-
ate postoperative SVA was also found in patients with
Lenke 5C AIS [3]. AIS patients with preoperative nega-
tive SVA may have higher risk of PJK [23]. However, the
present study did not find a correlation between PJK and
SVA or LL.

No significant difference was found in the clinical
outcome between the PJK and non-PJK groups during
the > 2-year follow-up. Furthermore, the domain values for
pain, self-image, function, mental health, and satisfaction
in SRS-22 scores were good or excellent in both groups.
This result is similar to that in a recent study [5]. We also
believe that a longer follow-up time is needed to evaluate
PJK-induced degeneration and back pain.
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The present study had several limitations. First, the num-
ber of patients was relatively small for a > 2-year follow-up,
and there might not have been enough patients with an
abnormal preoperative sagittal profile to detect whether
this made a difference in the development of postopera-
tive PJK. Second, TL/L fusion may less accurately reflect
the TK than might extended fusion because of the unfused
thoracic curve. However, the final Cobb angle of the tho-
racic curve was not significantly different between the two
groups. Third, the accuracy of parameter measurements in
patients with PJK remains problematic [20]. Although two
surgeons measured and documented the patients’ condi-
tions using an electronic system and calculated the average
values, it was still difficult to attain high accuracy.

Conclusion

Patients with Lenke 5C AIS who underwent posterior
fusion with additional thoracic fusion had a higher inci-
dence of PJK than those who underwent TL/L fusion
alone. A TIA of>71° is associated with a higher risk of
PJK. Extended fusion should be performed with greater
caution in patients with a TIA of >71°.
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