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Abstract
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Background: Scheuermann’s kyphosis (SK), also known as juvenile kyphosis, is one of the most common causes of spinal deformity
in adolescents. The objective of this study was to review the outcomes of posterior-only surgical correction for SK over 25 years.
Methods: We retrospectively reviewed patients diagnosed with SK who underwent posterior spinal surgery. Health-related quality
of life (HRQoL) was assessed using the Oswestry Disability Index (ODI) and the Scoliosis Research Society-30 questionnaire (SRS-30).
Additionally, radiographic parameters were evaluated preoperatively and at follow-up.

Results: A total of 210 patients with SK underwent posterior-only surgical correction. The mean age at surgery was 17.5 years (range:
12-38 years), with a mean follow-up of 17.5 years. Significant improvements were observed in sagittal Cobb angle (85.9° to 43.2°,
P < 0.001), coronal Cobb angle (32.5° to 11.5°, P < 0.001), L1-S1 lordosis (P = 0.001), and sagittal balance (P = 0.043). Clinical outcomes
assessed at the 6-month postoperative follow-up also improved significantly, with the ODI decreasing from 23.2 to 5.8 (P=0.003) and
the SRS-30 score increasing from 64.0 to 133.5 (P < 0.001). The mean pelvic incidence (PI) was 46°, with no significant correlation
between PI and either the preoperative sagittal Cobb angle (P = 0.46) or kyphosis correction (P = 0.70). However, based on our
clinical observations, postoperative kyphosis correction approximating the patient's PI appeared to be associated with more
favorable outcomes. This observation should be considered exploratory and requires prospective validation. The overall
complication rate was 4%, and the mean loss of correction at the final follow-up was 1.6°.

Conclusion: A posterior-only approach is an effective and safe treatment for SK; however, whether correction approximating PI can
optimize individualized outcomes remains a hypothesis requiring prospective evaluation.
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Background

Scheuermann’s kyphosis (SK), also known as juvenile
kyphosis, is one of the most common causes of structural
thoracic hyperkyphosis and back pain in adolescents and
young adults. First described by Scheuermann in 1920, the
disorder is characterized by a rigid kyphotic deformity of
the growing spine (1). The classic radiographic criteria
proposed by Serensen define SK as anterior wedging of
more than 5° in at least three consecutive vertebral bodies
(2). SK is classified into typical and atypical forms. The
typical form primarily affects the thoracic spine and
fulfills Sgrensen criteria, whereas the atypical form usually
involves the thoracolumbar or lumbar spine and may not
always satisfy these radiographic criteria despite being
clinically significant (3).

The indications for surgical treatment remain
controversial. In general, surgery is considered for patients
with a kyphotic deformity greater than 75° accompanied by
persistent pain (4). Other accepted indications include
progressive deformity, neurological complications (5, 6),
and failure of appropriate conservative treatment. Surgical
correction may be achieved using posterior-only, anterior-
only, or combined anterior-posterior approaches. Bradford
et al. recommended preoperative traction followed by
anterior release and fusion combined with posterior
Harrington rod instrumentation for curves exceeding 70°

(7). Subsequently, Ponte introduced a posterior shortening
osteotomy for the correction of hyperkyphosis without
anterior column lengthening (8). Subsequent studies have
demonstrated that posterior-only correction using Ponte
osteotomy provides radiographic and clinical outcomes
comparable to those of combined approaches while
avoiding the morbidity associated with anterior surgery
(9-11). Overall, the reported correction of kyphosis ranges
from 40° to 50°, and correction should generally not exceed
50% of the preoperative deformity to minimize
postoperative junctional complications (12). More recently,
spinopelvic parameters, particularly pelvic incidence (PI),
have become increasingly important in surgical planning
and restoration of sagittal alignment in patients with SK (13).

Despite advances in surgical techniques and spinal
instrumentation, the optimal surgical strategy for
maximizing deformity correction while minimizing
complications remains a matter of debate. Therefore,
evidence regarding surgical outcomes continues to play
an important role in guiding clinical decision-making. The
present study aimed to evaluate the radiographic and
clinical outcomes of posterior-only surgical treatment in
patients with SK.

Methods

Study Design: A retrospective review was conducted on
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260 patients with SK. Patients who underwent combined
anterior-posterior surgery were excluded. Consequently,
210 patients treated with a posterior-only approach were
included in the study. All procedures were performed by
the senior author, who had more than 25 years of
experience in spinal deformity surgery, between 1992 and
2017. A wake-up test was performed in all patients. During
the final decade of the study, intraoperative
neuromonitoring (IONM) was routinely used in addition
to the wake-up test.

Radiographic ~ Fvaluation:  All radiographic
measurements were independently reviewed by another
spine surgeon. Standing fulllength radiographs
extending from the cervical spine to the sacrum were
obtained for all patients. In earlier cases, radiographs were
acquired using separate but fixed radiographic cassettes
to obtain fulllength images. Preoperative, immediate
postoperative, and final follow-up radiographs were
analyzed. Radiographic parameters included sagittal Cobb
angle, coronal Cobb angle, and lumbar lordosis (L1-S1) (14).
Kyphosis correction was defined as the difference between
the preoperative and postoperative sagittal Cobb angles.
Curve flexibility was assessed using supine hyperextension
radiographs obtained with a bolster placed beneath the
apex of the deformity. The flexibility index was calculated
as the difference between the standing preoperative
sagittal Cobb angle and the hyperextension Cobb angle,
divided by the preoperative sagittal Cobb angle and
expressed as a percentage. Sagittal balance was evaluated
by measuring the horizontal distance between the C7
plumb line and the St sacral promontory (15).

Clinical Evaluation: Clinical outcomes were assessed
using the Scoliosis Research Society-30 questionnaire (SRS-
30) and the Oswestry Disability Index (ODI). All patients
completed both questionnaires preoperatively and again
at the 6-month postoperative follow-up (16,17).

Surgical Technique: All patients underwent posterior-
only surgical correction. The decision to perform a Ponte
osteotomy was based on curve flexibility. In patients
whose kyphotic deformity was corrected by more than 50%
on supine hyperextension radiographs, posterior spinal
fusion without osteotomy was performed. In patients with
less flexible deformities, posterior spinal fusion combined
with Ponte osteotomy was undertaken. Ponte osteotomies
were performed across the apex of the deformity, typically
extending two to three levels above and two to three levels
below the apex, depending on curve rigidity and the
degree of correction required. Pedicle screws were used as
the primary fixation method, while laminar or transverse
process hooks were selectively placed at the proximal end
of the construct. The upper instrumented vertebra (UIV)
was selected as the proximal end vertebra of the kyphotic
curve, whereas the lower instrumented vertebra (LIV) was
selected according to the distal sagittal alignment. Before

2009, the vertebra immediately distal to the first lordotic
disc was selected as the LIV. Since 2009, the sagittal stable
vertebra has been selected as the LIV to reduce the risk of
distal junctional kyphosis (DJK). Associated scoliosis was
classified into two patterns: Type I, in which the apices of
the scoliosis and kyphosis coincided, and Type II, in which
the apex of the scoliosis was located either cephalad or
caudal to the apex of the kyphosis (10).

Complication Assessment: Complications were
assessed throughout the follow-up period and were
recorded on a per-patient basis. Proximal junctional
kyphosis (PJK) was defined as a proximal junctional
sagittal Cobb angle 210° and at least 10° greater than the
corresponding preoperative angle. DJK was defined as the
development of a kyphotic deformity at the distal junction
adjacent to the LIV, demonstrated by an increase in the
distal junctional angle of =10° compared with the
immediate postoperative radiograph. Surgical site
infection (SSI) was defined as any superficial or deep
postoperative wound infection that required antibiotic
therapy and/or surgical debridement. Implant failure was
defined as the breakage or loosening of the
instrumentation, including hook or screw failure.
Pseudarthrosis was defined as radiographic or
intraoperative evidence of nonunion that necessitated
revision surgery. Neurological complications were defined
as any new postoperative motor or sensory deficit.
Reoperation was defined as any unplanned secondary
surgical procedure related to the index operation.

Statistical Analysis: Statistical analyses were performed
using Microsoft Excel 2016 and IBM SPSS Statistics (version
22, IBM Corporation, Armonk, NY, USA). The Wilcoxon
signed-rank test was used to compare preoperative and
postoperative sagittal Cobb angle, coronal Cobb angle,
SRS-30, and ODI scores. The Spearman’s rank correlation
test was applied to evaluate the relationships between PI,
preoperative sagittal Cobb angle, and the kyphosis
correction rate.

Results

Of the 260 patients initially identified, 37 underwent
combined anterior-posterior surgery, 8 had incomplete
radiographic or clinical data, and 5 had inadequate follow-
up. Consequently, 210 patients who underwent posterior-
only surgery and met the inclusion criteria were included
in the final analysis. The mean age at surgery was 17.5 years
(range: 12-38 years), and the mean follow-up duration was
17.5 years. The study population comprised 168 male (80%)
and 42 (20%) female patients. The apex of the kyphotic
deformity was located in the thoracic (n = 168, 80%),
thoracolumbar (n = 30, 14%), and lumbar (n = 12, 6%) spine.
Demographic characteristics, radiographic parameters,
and clinical outcomes are summarized in table 1.

Table 1. Radiographic and clinical results

Parameters Preoperative

Postoperative

Sagittal Cobb angle 85.9+9.4(70,110)

40.1+9.9 (35, 60)

6-month postoperative follow-up Final follow-up P-value

43.2+9.8(35,65) <0.001

Coronal Cobb angle 32.5+10.0 (15, 44) 10.0+6.5(0,27) 115+ 6.1(5,25) <0.001
Flexibility index (%) 50.0+13.0 (10,74) - - -

L1-51 lordosis angle -60.3+20.0(-80,-35)  -49.6 £16.0 (-54,-35) -50.8 +14.0 (-52,-30) 0.001
Sagittal balance (mm) 22.1+16.0 (-48,0) - - -3.4+27.0(-55,34) 0.043
OoDI 23.2+20.0(0,64) 5.8+8.9(0,28) - 0.003
SRS-30 64.0 £10.0 (52, 88) 133.5 +11.0 (114, 150) - <0.001

Values are presented as mean + standard deviation (range).

ODI: Oswestry Disability Index; SRS-30: Scoliosis Research Society-30 questionnaire

Radiographic parameters were assessed preoperatively, immediately postoperatively, and at the final follow-up, whereas ODI and SRS-30 were
assessed preoperatively and at the 6-month follow-up. P-values represent comparisons between preoperative and final follow-up measurements for
radiographic parameters, and between preoperative and 6-month follow-up measurements for ODI and SRS-30.
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Posterior-only surgery resulted in significant
improvements in sagittal and coronal alignment. Both
sagittal and coronal Cobb angles were significantly
corrected after surgery and remained stable at the final
follow-up. Lumbar lordosis also improved significantly,
while sagittal balance showed a significant restoration
toward normal alignment. Clinical outcomes assessed at
the 6-month postoperative follow-up improved
significantly following surgery. Both the ODI and SRS-30
scores demonstrated significant improvement compared
with the preoperative values (Table 1).

The mean PI was 46° (range: 22°~70°). No significant
correlation was found between PI and kyphosis correction
(P=0.70), or between PI and the preoperative sagittal Cobb
angle (P = 0.46). However, based on our long-term clinical
observations, patients whose postoperative kyphosis
correction approximated their PI appeared to have more
favorable radiographic and clinical outcomes.

This observation was not formally tested in the present
study and should be regarded as exploratory until
validated in prospective studies. Ponte osteotomies were
performed in 21 patients, with the number of fused
vertebrae ranging from 10 to 16. The UIV was Tl in 74
patients (35.2%), T2 in 92 (43.8%), and T3 or lower in the
remaining 44 patients (21.0%). The LIV was T12 in 8 patients
(3.8%), L1 in 36 (17.1%), L2 in 63 (30.0%), L3 in 79 (37.6%), and
below L3 in the remaining 24 patients (11.4%). Pedicle
screws were used as the primary fixation method in all
patients, whereas laminar or transverse process hooks
were used at the proximal end of the construct in 201
patients (95.7%). In patients undergoing Ponte osteotomy,
the osteotomies were performed over 4-7 motion
segments, most commonly centered at the apex of the
kyphotic deformity. Associated scoliosis was identified in 52
patients (25%), including 20 with Type I and 32 with Type II.

Complications were recorded per patient. The overall
complication rate was 4% (8/210 patients). Three patients
developed postoperative SSI, one patient experienced
proximal hook failure, two patients developed PJK, and
two patients developed DJK. No cases of permanent
neurological deficit, implant failure other than proximal
hook failure, pseudarthrosis, or revision surgery were
observed during the follow-up period. The mean loss of
correction at the final follow-up was 1.6°.

Discussion

To the best of our knowledge, this study represents the
largest single-surgeon series reported to date evaluating
posterior-only surgical correction for SK. All 210 patients
were treated by the same senior surgeon over 25 years. The
findings demonstrate that posterior-only correction, with
or without Ponte osteotomy, depending on curve
flexibility, is a safe, effective, and reliable treatment option
for patients with SK in whom conservative management
has failed. It should be noted that, based on our
observations over 25 years of clinical experience, patients
whose kyphosis correction approximated their PI
appeared to achieve more favorable postoperative
outcomes than those treated according to the
traditionally recommended 50% correction. Although this
observation was not formally evaluated in the present
study, it raises the possibility that PI may serve as a
practical guide for individualizing the degree of
correction in SK. Further prospective studies are
warranted to validate this hypothesis.

The surgical management of SK has evolved
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considerably since the condition was first described.
Bradford et al. initially reported the results of posterior
surgery with a relatively high complication rate and
recommended surgical intervention only for patients with
disabling pain or spinal cord compression (7). They
subsequently demonstrated satisfactory outcomes using
combined anterior and posterior spinal fusion with
minimal loss of correction (10). Likewise, Taylor et al.
reported favorable results using Harrington compression
instrumentation through a posterior approach (18).
Advances in segmental pedicle screw instrumentation
have further improved the surgical management of SK,
and several studies have shown comparable outcomes
between posterior-only and combined anterior—posterior
procedures (12, 19-22). Similarly, Sardar et al. concluded
that most patients could be successfully treated using a
posterior-only approach (23). Our findings are consistent
with these previous reports and further support the
effectiveness of posterior-only correction.

DJK remains one of the major concerns following
surgical correction of SK. Traditionally, the distal fusion
level was selected as the vertebra immediately caudal to
the first lordotic disc. However, Cho et al. recommended
extending the instrumentation to the sagittal stable
vertebra to reduce the risk of DJK (19). In the present study,
DJK occurred in only two patients, supporting the use of
the sagittal stable vertebra as a safe and appropriate distal
fusion level. A retrospective review of 693 surgically
treated patients with SK from the Scoliosis Research
Society (SRS) Morbidity and Mortality Database reported
an overall complication rate of approximately 14% (24).
Other published series have reported similar complication
rates (23, 24). In contrast, the overall complication rate in
the present study was 4%, suggesting that posterior-only
correction can be performed with a low incidence of
complications in appropriately selected patients.

Restoration of sagittal alignment is one of the primary
objectives of surgical correction, because sagittal balance
has been shown to be an important predictor of
functional outcome in patients with spinal deformity
(25-27). The SRS defines normal thoracic kyphosis as 20°—
40°, whereas Bernhardt and Bridwell suggested that
thoracic kyphosis of up to 50° might still be considered
within the normal range (14). Nevertheless, the
relationship between PI and the optimal degree of
kyphosis correction remains controversial. Tyrakowski et
al. proposed that PI was not a reliable predictor of lumbar
lordosis in patients with SK (28). They hypothesized that
increased thoracic kyphosis, together with compensatory
lumbar lordosis and decreased sacral slope during
growth, might result in a lower PI Jiang et al. reported
lower PI in patients with thoracic SK (29), whereas Cahill et
al. found no significant difference in PI compared with
controls (30). The findings of the present study are
consistent with those reported by Cahill et al, as no
significant correlation was observed between PI and either
preoperative thoracic kyphosis or the degree of surgical
correction.

Combined scoliosis and kyphosis were observed in a
considerable proportion of patients and should be
carefully considered when determining the extent of
spinal instrumentation. Careful preoperative planning is
essential to avoid postoperative coronal decompensation
following correction of the kyphotic deformity.

Surgical techniques evolved over the 25-year study
period, including changes in distal fusion-level selection
after 2009 and the routine use of IONM during the final
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decade. Before the adoption of IONM, neurological
monitoring relied on the wake-up test. Despite these
changes, the surgical indications and overall operative
philosophy remained consistent throughout the study.

The present study focused exclusively on patients
treated with a posterior-only approach. Although
combined anterior-posterior procedures were performed
during the early years of our experience, these patients
were excluded to avoid potential selection bias. Based on
our 25-year experience and the favorable outcomes
observed in this series (Table 1), we recommend posterior-
only correction for the surgical management of SK,
without the routine need for an anterior approach.

This study has several limitations. First, IONM was not
available for all patients, because it was introduced during
the latter part of the study period. Second, no direct
comparison was made between the posterior-only
approach and other surgical techniques. Third, the 25-year
study period encompassed substantial advances in
surgical instrumentation and perioperative management,
which may have introduced some degree of heterogeneity
despite consistent surgical indications and treatment
philosophy. Finally, the observation that correction
approximating PI may be associated with better
postoperative outcomes was not prospectively evaluated.
Future prospective matched-cohort studies are needed to
validate this observation.

Conclusion

Our 25-year review demonstrates that posterior-only
surgical correction of SK is both feasible and safe.
Significant correction of kyphosis was achieved and
maintained, with low complication rates and improved
patient outcomes. This approach can be recommended for
patients with SK who require surgical intervention after
failed conservative treatment. Our long-term clinical
observations suggest that P may be a useful consideration
when planning the degree of kyphosis correction;
however, this hypothesis was not formally evaluated in the
present study and requires prospective validation.
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