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Abstract

Purpose: To analyze how pedicle subtraction osteotomy (PSO) treatment of severe Scheuermann thoracolumbar
kyphosis (STLK) using pedicle screw instrumentation affects sagittal spinopelvic parameters.

Background: The medical literature on the post-surgical effects of treatments such as Ponte osteotomy is limited,
but suggests few effects on spinopelvic profiles. Currently, there is no research regarding changes in sagittal
spinopelvic alignment upon PSO treatment in STLK patients.

Methods: We performed a retrospective study on 11 patients with severe STLK. These patients underwent
posterior-only correction surgeries with PSO and pedicle screw instrumentation between 2012 to 2017 in a single
institute. Patients were measured for the following spinopelvic parameters: global kyphosis (GK), thoracic kyphosis
(TK), thoracolumbar kyphosis (TL), lumbar lordosis (LL), sagittal vertical axis (SVA), pelvic incidence (Pl), pelvic tile (PT),
sacral slope (SS), and administered a Scoliosis Research Society-22 questionnaire (SRS-22) pre-operation, post-
operation and at final follow-up.

Results: GK improved from a median of 74.1° to 40.0° after surgery, achieving a correction rate of 48.8% with a
median correction loss of 0.8°. TK, TL and LL all showed significant difference (P < 0.05) and SVA improved 22.7
(11.6, 30.9) mm post operation. No significant difference was found in pelvic parameters (PI, PT, SS, all P < 0.05). The
absolute value of LL- PI significantly improved from a median of 26.5° pre-operation to 6.1° at the final follow-up.
72.7% in this series showed an evident trend of thoracic and lumbar apices migrating closer to ideal physiological
segments after surgery. Self-reported scores of pain, self-image, and mental health from SRS-22 revealed significant
improvement at final follow-up (all P < 0.05).
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Conclusions: PSO treatment of severe STLK with pedicle screw instrumentation can improve spine alignment and

help obtain a proper alignment of the spine and the pelvis.

Keywords: Scheuermann kyphosis, Severe thoracolumbar kyphosis, Pedicle subtraction osteotomy, Sagittal balance,

Spinopelvic parameters

Scheuermann kyphosis (SK) is a structural hyperkypho-
tic deformity that accounts for the most common cause
of sagittal spinal deformities in adolescents. The pres-
ence of at least three consecutive vertebral bodies with
anterior wedging more than 5° is conventionally used to
confirm a diagnosis of SK [1]. SK can be classified into
two types: typical and atypical [2]. The thoracic type (or
typical) accounts for the majority of cases and its apex
usually located in the mid-thoracic spine. In contrast,
the apex of the thoracolumbar type (or atypical, abbrevi-
ated as STLK) falls in the thoracolumbar spine. Most
current studies do not distinguish between the two
forms of kyphosis in their investigations.

In recent years, the importance of sagittal spinopelvic
alignment has acquired extensive interest among spine
surgeons, as it is widely accepted that the maintainence
and restoration of sagittal spinopelvic balance is critical
to quality of life after spinal surgeries [3-6]. SK often
presents with thoracic or thoracolumbar hyperkyphosis,
compensatory cervical and lumbar hyperlordosis, and al-
tered sagittal plane alignment [7]. STLK is more likely to
progress and become symptomatic during adulthood [8].
The lower location of kyphosis in STLK tends to have a
greater influence on the pelvic morphology compared to
typical SK. In the two different types of SK, patients
adopt distinct compensatory mechanisms to keep the sa-
gittal balance, and different treatment strategies should
be taken in consideration depending on type classifica-
tion [9]. Analysis of spinopelvic parameters and SK has
mainly been performed in nonsurgical patients, with
much more limited research taking surgeries and sagittal
spinopelvic alignment into consideration. Surgical treat-
ment for SK by Ponte osteotomy appear to have little or
no influence on changing spinopelvic profiles [10].

To our knowledge, there is so far no literature con-
cerning changes in sagittal spinopelvic alignment when
pedicle subtraction osteotomy (PSO) is performed in se-
vere STLK. Furthermore, few studies have focused on
the alignment of spine and pelvis. This study aims to
evaluate how PSO treatment of severe STLK influences
sagittal balance and the alignment of spine and pelvis.

Materials and methods

With the approval of the institutional review board of
the hospital, we identified patients with SK at a single in-
stitution from January 2012 to December 2017. Patients

participating in our study met the following criteria: (1)
Present with radiographic findings such as Schmorl
nodes, a result of flattening of the vertebral end plates
and narrowing of the intervertebral disc spaces, with or
without consecutive wedging vertebra; (2) apex of ky-
phosis located in thoracolumbar area; (3) undergone
posterior-only procedure with PSO and pedicle-screw
instrumentation; (4) follow-up >2years. Exclusion cri-
teria included: (1) any other spinal abnormality in
addition to SK, (2) any previous spinal trauma or sur-
gery, (3) incomplete follow-up materials and poor radio-
graphic images.

Indications for surgery included progressive kyphosis
or pain, failure of conservative treatment, and inability
to accept physical appearance with psychological
distress.

Radiographic measurements

Radiographic measurements were conducted independ-
ently by two separate researchers and the mean values
were combined for analyses. Radiographic parameters
were measured on the preoperative, immediate postop-
erative, and final follow-up radiographs. For each pa-
tient, the following parameters were measured and
recorded:

® Global kyphosis (GK), the maximum sagittal
kyphosis Cobb angle

® Thoracic kyphosis (TK), the Cobb angle between
T2 and T12

® Thoracolumbar kyphosis (TL), the Cobb angle
between T10 and L2

® Lumbar lordosis (LL), the Cobb angle between L1
and S1

(® Sagittal vertical axis (SVA), the horizontal distance

from the C7 plumb line to the posterior superior

corner of S1

Pelvic incidence (PI), the angle between the line

perpendicular to the upper sacral plate at its

midpoint and the line connecting this point to the

middle femoral head axis

@ Pelvic tilt (PT), the angle between the vertical and
the line connecting the midpoint of the sacral plate
to the middle femoral head axis

Sacral slope (SS), the angle between the horizontal
plane and the sacral endplate

®
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Surgical technique

The patient was placed prone on a radiolucent spinal
frame and the thoracolumbar area was approached pos-
terior after intubation and general anesthesia. After sur-
gical exposure, pedicle screws were placed with the free
hand technique at all the levels. Size of the screws was
chosen depend on development of vertebras (generally
6.0*35 mm for T5-6, 6.0*40 mm for T7-10, 6.0*45 mm
for T11-L4). The trajectories of all the screws were con-
firmed by a C-arm image intensifier. PSO as previously
described [11, 12] was performed at the apex vertebra.
Multilevel facetectomies were employed distal to the
PSO level if necessary. Prebent and physiologically
curve-shaped dual rods were implanted. Correction and
restoration were achieved by closure, compression and
leverage. Decortication of the posterior elements was
performed, followed by bone grafting. Sensory- and
motor-evoked potentials were used intraoperatively.

Patient-reported outcomes

The Scoliosis Research Society-22 questionnaire (SRS-
22) was used to assess patient outcomes. All question-
naires were completed by patients with the oversight of
surgeons preoperatively, postoperatively and at final
follow-up.

Statistical analysis

All analyses were carried out using SPSS version 23.0
(SPSS, Chicago, IL). General statistics were analyzed in
terms of medians and interquartile ranges. After the de-
scriptive analysis, Student’s t test was performed in the
case of a normal distribution. For data with skewed dis-
tributions, the Mann—Whitney-U-test was used. Statis-
tical significance was set at P < 0.05.

Results

In total, there were 51 SK patients receiving surgeries at
our institution from January 2012 to December 2017.
Thirty-three of them had thoracic type SK, while 18 of
them had thoracolumbar type SK. In these 18 STLK pa-
tients, 2 received Smith-Peterson osteotomy surgery, 5
received Ponte surgery, while 11 of these severe cases re-
ceived posterior corrections with PSO and pedicle screw
instrumentation. The median age was 16 (14, 24) years
old. The follow-up duration was median 35 (26, 57)
months. The median operative duration was 250 (245,
270) minutes. The median estimated blood loss was
1200 (950, 1250) mL, and 6 of them had need for peri-
operative blood transfusions.

Full data of all patients was listed in Table 1. Signifi-
cant corrections were found at final follow-up (P < 0.05)
without great correction loss of GK (Table 2). The cor-
rection rate of GK immediately post-operation was
49.8% (43.2%, 53.8%). During the follow-up, only a slight

Page 3 of 8

correction loss was observed, with a mean correction
loss of 0.8° (- 1.7, 4.8).

All sagittal spinal parameters (TK, TL, LL) except SVA
showed significant differences at the final follow-up,
compared to pre-operation measurements (all P < 0.05)
(Table 2). SVA showed no statistical significance be-
tween pre-operation and follow-up, but improved 22.7
(11.6, 30.9) mm after surgery.

No significant difference was found in pelvic parame-
ters (PL, PT, SS, all P<0.05, Table 2). There was a large
change in the absolute value of LL-PI after surgery, with
a final mean of 6.1° (1.8, 13.7) at the follow-up.

We observed an evident trend (Figs. 1, 2) of thoracic
and lumbar apex migration closer to ideal physiological
positions after surgery. While the apex location of sagit-
tal kyphosis was around T10-12 pre-operation, this
localization was normalized to T7-8 in 72.7% of pa-
tients, and the same percentage of patients with a pre-
operative LL apex at L5 shifted proximally to L4 at the
final follow-up.

No temporary and permanent neurological injuries oc-
curred. Two patients (18.2%) experienced complications.
One patient experienced slight PJK, and the rod broke
second to pseudarthrosis 7 years after surgery. Another
patient suffered from PJK at the 30 months follow up.
Both patients underwent revision surgery.

The scores from the SRS-22 survey are summarized in
Table 3. No difference of function/activity was found be-
tween pre-operation and the final follow-up (P =0.18).
However, scores of pain, self-image, and mental health
all significantly improved at final follow-up (all P < 0.05).
Management satisfaction scores were also maintained at
follow-up (P =0.887).

Discussion

SK comprises the majority of sagittal spinal deformity in
adolescents. There is a great need for further research
on sagittal spinopelvic parameters in SK patients, espe-
cially in severe STLK. The medical literature on the
post-surgical effects of treatments such as Ponte osteot-
omy is limited, but suggests few effects on spinopelvic
profiles. Currently, there is no research regarding
changes in sagittal spinopelvic alignment upon PSO
treatment in STLK patients.

It has been suggested that proper sagittal alignment is
correlated to health related quality of life in patients with
spinal deformities [4, 13, 14]. The analysis of the sagittal
spinal alignment is crucial to the proper management of
spinal diseases. Our goals during surgical treatment of
SK should lay not only on correcting deformity, but also
include acquiring a stable and harmonious spinopelvic
balance. Scientists claim that different curve patterns
have distinct compensatory mechanisms that contribute
to the achievement of sagittal balance. Jiang et al [9]
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Table 1 Full patient data preoperatively, postoperatively and at the final follow-up

No Parameters GK (°) TK (°) TL () LL (°) SVA (mm) PI (°) PT () SS (°)
1 Pre 66.2 409 59.7 459 10.7 412 17.7 266
Post 320 239 35 315 =103 40.8 15.2 253
Follow-up 52.1 42.1 8.1 375 20.0 449 14.5 29.1
2 Pre 91.5 19.2 91.5 505 =159 33.1 6.6 285
Post 375 23.7 375 40.1 30.5 34.2 -23 405
Follow-up 383 228 383 375 17.0 35.7 —6.3 376
3 Pre 703 570 422 56.9 10.0 40.1 20.7 226
Post 334 334 29 375 -304 412 8.1 337
Follow-up 325 34.7 1.2 413 -209 429 8.2 304
4 Pre 69.5 575 37.2 60.9 50 40.5 139 286
Post 321 311 18 349 -105 40.0 114 24.8
Follow-up 322 342 29 451 -27.6 423 14.2 29.5
5 Pre 741 614 40.1 78.7 -40.5 48.1 13.7 354
Post 444 383 153 56.3 -252 50.1 13.0 418
Follow-up 47.1 411 16.1 58.2 -289 528 1.1 37.7
6 Pre 70.8 408 62.9 62.8 33 36.3 =10 37.8
Post 402 315 21.1 44.3 -336 375 55 339
Follow-up 450 36.0 223 395 -220 405 52 327
7 Pre 85.5 385 68.5 56.4 326 50.3 20.8 315
Post 369 250 22.5 40.8 1.3 516 15.1 38.1
Follow-up 352 247 18.5 555 2238 474 12.2 40.2
8 Pre 88.5 76.2 50.0 78.7 7.7 435 19 422
Post 48.1 415 76 523 -193 40.1 5.1 389
Follow-up 455 43.1 8.5 552 -10.5 415 6.7 39.7
9 Pre 79.8 70.5 376 87.5 =315 36.0 -82 44.1
Post 400 394 19 48.1 139 38.1 13 308
Follow-up 64.5 614 35 66.3 —45.0 34.9 -39 396
10 Pre 66.8 520 495 57.1 428 27.7 -4.3 30.3
Post 40.1 345 158 34.0 150 295 5.7 184
Follow-up 432 384 18.1 445 14.1 254 23 287
" Pre 84.1 774 45.1 72.7 -3.8 39.2 283 11.7
Post 47.1 385 8.7 475 =279 433 14.5 282
Follow-up 447 433 79 495 —-26.5 434 136 231

speculated that compensation of the lumbar spine
was incomplete due to the relatively lower apex in
STLK, and therefore the pelvic compensation may
play a critical role in the maintenance of sagittal bal-
ance. Thus, our study reviewed a cohort of severe
STLK patients undergoing posterior-only correction
and PSO procedure, and determined how PSO for the
correction of severe STLK influences sagittal spinopel-
vic alignment.

As Lowe et al [15] suggests, kyphosis greater than 65
degrees in the thoracolumbar spine should be treated
more aggressively with surgery in SK patients, as they

are more likely to progress to aggravating curve, refrac-
tory pain, loss of sagittal balance, and neurologic deficit.
In agreement with this view, we defined STLK patients
with thoracolumbar kyphosis greater than 65° to have
severe STLK. Until recently, there have been few studies
examining a homogeneous series of patients with severe
STLK. Previously published studies document an average
47-54.6° GK in STLK [9, 16]. In the current study, GK
was significantly greater than previously found, at 74.1
(69.5, 85.5) pre-operation. This greater magnitude of
thoracolumbar area deformity may a have greater influ-
ence on sagittal profiles.
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Parameter Pre-op Post-op Follow-up P

GK () 74.1 (69.5, 85.5) 400 (334, 44.4) 44.7 (35.2,47.1) <0.001*
TK () 57.0 (40.8, 70.5) 304 (25.0, 385) 384 (34.2, 43.1) 0.002%
TL () 49.5 (40.1, 62.9) 8729, 21.1) 85 (35,185) <0.001*
LL () 60.9 (564, 78.7) 40.8 (34.9, 48.1) 45.1 (39.5, 55.5) <0.001*
SVA (mm) 5.0 (=159, 10.7) —-10.5 (=279, 13.9) —209 (=276,17.0) 0.097

Pl 40.1 (36.0, 43.5) 40.1 (37.5,433) 423 (357, 44.9) 0.136
PT 13.7 (1.0, 20.7) 8.1 (5.1, 14.5) 8.2 (23,136) 0.258
SS 30.3 (266, 37.8) 33.7 (253, 389) 32.7 (29.1, 39.6) 0.165
Absolute value of LL- PI 26.5 (16.8, 33.5) 6.2 (4.5, 10.0) 6.1 (1.8,13.7) <0.001*

All parameters were described by Median (P25, P75). GK Global kyphosis, TK Thoracic kyphosis, TL Thoracolumbar curve, LL Lumbar lordosis, SVA Sagittal vertical
axis, PI Pelvic incidence, PT Pelvic tile, SS Sacral slope, * means significant difference of the parameters between pre-op and final follow-up

In a retrospective study, Ashraf et al [17] reviewed 18
patients with SK and explored changes in sagittal plane
alignment following surgery. The authors recorded not-
able reductions of GK, TK and LL after surgery and no
changes in PI, PT and SS. While their study was com-
posed of both typical and atypical SK patients, our study
was composed fully of STLK individuals. Similarly, we
found significant improvements in terms of GK, TK, TL
and LL, and no statistical differences in PI, PT and SS at
the final follow-up (Table 2).

As a transition from the thoracic spine to the lumbar
spine, the thoracolumbar spine plays an important role

in sagittal spinal alignment [18]. We believe it is import-
ant to achieve a relatively straight thoracolumbar junc-
tion area in severe STLK individuals. In the present
study, we found improvement of TL from a median of
49.5° pre-operatively to 8.5° at the final follow-up, which
was due to a gentle shifting within thoracolumbar area.
Reconstruction of a smooth transition at the thoracol-
umbar junction was one of the major treatment goals for
severe STLK.

Lonner et al [19] reviewed ninety-six surgical SK pa-
tients and found the apex localized between T5-T8 in
68.5% of patients with a preoperative apex caudal to T8,
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Fig. 1 Comparison of the distribution of the thoracic apex preoperatively, postoperatively and at the final follow-up
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Fig. 2 Comparison of the distribution of the lumbar apex preoperatively, postoperatively and at the final follow-up
A

whereas 90% of patients with a preoperative apex be-
tween T5 and T8 remained unchanged; Changes in thor-
acic apex location were associated with improvements in
the SRS function domain. We noticed a similar changing
and restoration of thoracic kyphosis apex and curve
shape in our study as well. As shown in Fig. 1, we ob-
served a significant trend wherein the apex of deformity
migrates toward the physiological apex, achieved reach-
ing T7 to T8 in most of the cases at the final follow-up.
Additionally, TK and LL median 38.4° and 45.1°respect-
ively at the final follow-up, achieving a harmonious cor-
rection to optimal physiologic ranges.

A similar phenomenon could be observed in the lum-
bar curve. Roussouly et al [20] advocated to divide LL
into four types. In type 1, the apex of LL is very low,
close to L5; LL is short, therefore the kyphosis is long,
with an extension on the thoraco-lumbar area; In sum-
mary, this causes misalignment with thoracolumbar ky-
phosis and short hyperlordosis. Type 2 presents with
both long and flat LL with a higher position of apex.
Type 3 is classified by 35° < SS <45°, apex of LL located
at L4, a welly balanced LL, and curve shift between TK
and LL located on the thoraco-lumbar area, comprising

a normal back. Type 4 has SS >45°, increasing LL with
an upper apex and a progressively forward tilt. The ma-
jority of the severe STLK patients displayed a low-grade
PI, small SS and L5 apex location pre-operation, and
could generally be classified as type 1. As Fig. 2 shows,
72.7% of these severe STLK individuals succeeded in
achieving movement of the apex of lumbar curve prox-
imally from L5 to L4. SS median 32.7° while TL median
8.5° at the final follow-up, which suggests a smooth
thoracolumbar shift from TK to LL, as well as an SS
value in accordance with type 3. Overall morphology of
the whole spine and pelvis improved to normal
parameters.

PI is widely accepted to play an important role in the
regulation of pelvic orientation. PI is thought to be ana-
tomical parameter, specific to each individual and inde-
pendent of any other parameters, while PT and SS are
positional parameters and are affected by pelvis rotation
direction [21, 22]. In normal individuals, PI is generally
reported to be 50° [23, 24]. Li et al [25] reports a signifi-
cant lower PI value of 35.1° in congenital and chronic
tuberculosis populations with angular kyphosis. The au-
thors proposed that angular kyphosis occurring during

Table 3 Comparison of SRS-22 questionnaire outcomes preoperatively, postoperatively and at the final follow-up

Parameter Pre-op Post-op Follow-up P

Pain 215067 3.88 £ 045 458 + 047 <0.001*
Self-image 2.13+065 445 £ 034 449 £ 0.58 <0.001*
Function/Activity 375058 367 +£038 4.16 £ 0.64 0.18
Mental health 340£049 4.55 + 040 444 + 0.77 0.005*
Management satisfaction - 445 + 047 441 +0.77 -

*means significant difference of the parameters between pre-op and final follow-up
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screw instrumentation

Fig. 3 Typical severe Scheuermann Thoracolumbar kyphosis (STLK) case receiving posterior-only correction, PSO and facetectomies with pedicle
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the growth period could lead to an abnormal pelvic
morphology. Although our study consists of etiologic-
ally different populations compared to previous stud-
ies, we also observed an apparently lower value of PI
(median 40.1°) in these severe STLK cases with sharp
kyphosis.

SK patients who developed junctional kyphosis ap-
peared to have a significant post-operative lumbopelvic
mismatch; LL should be planned according to preopera-
tive PI values to avoid excessive reduction [26]. Lonner
et al [27] demonstrated a strong correlation between PI
and LL. The authors argued that PI could serve as a reli-
able factor in predicting expected LL in patients with
spine deformities. PI was used to predict the LL needed
to obtain sagittal balance for each individual according
to the following formula: LL =PI +9 [24]. Notably, the
absolute value of LL- PI significantly improved from a
median of 26.5° pre-operatively to 6.1° at the final
follow-up in this series, successfully obtaining ideal LL
values by adapting to the abnormally lower PI after
surgery.

Figure 3 showed a typical case of above sagittal changes.
After surgery, Magnitude of TK, TL and LL fell in physio-
logical ranges and apex of thoracic and lumbar migrated
to proper physiological locations. Besides, lumbopelvic
match could be obviously observed at final follow-up.

As SRS-22 questionnaire scores revealed, great im-
provement was observed in STLK patients receiving
PSO surgery (Table 3). The scores for pain, self-image
and mental health dimension improved greatly after

surgery and at the time of follow-up, which was consist-
ent with the satisfactory sagittal balance outcomes.

There are two potential limitations in our study. Firstly,
this was a retrospective study, which may endanger the
strength of the conclusions. Secondly, due to the low
prevalence of severe STLK, the sample size is relatively
small. Further studies with large-scale sample sizes are still
necessary in the future to provide stronger evidence.

Despite these shortcomings, our study has two major
strengths. First, it contains a homogeneous group of pa-
tients. All patients had severe STLK (greater than 65°) and
were operated upon by surgeons from the same institu-
tion, with similar operative protocols and surgical tech-
nique. Secondly, there are few studies that have similarly
focused on studying sagittal spinopelvic alignment after
PSO is employed in the treatment of severe STLK.

Conclusion

In our study of patients with severe STLK receiving
posterior-only correction and a PSO procedure with
fully pedicle screw construct, we found that although
pelvic parameters show no significant changes, there is a
reshaped spine alignment toward physiological state
(apex of thoracic and lumbar migrated to proper physio-
logical morphology and a delicately thoracolumbar tran-
sition from thoracic spine to lumbar spine). Additionally,
we found that a harmonious balance was achieved be-
tween the spine and pelvis (reaching a relatively low-
energy-consumption Roussouly type 3 lumbar curve
and proper LL adapted to the abnormally lower PI).
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However, three column osteotomy is a high risk pro-
cedure that should only be done by surgeons sub-
specializing in complex spinal deformity correction
surgery.
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