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Abstract

Purpose: To assess the health-related quality of life and radiographic outcomes of surgically treated adolescent
Scheuermann’s kyphosis patients after minimum of 2-year follow-up and to compare the health-related quality of life
with age- and sex-matched healthy controls.

Methods: Twenty-two consecutive adolescents (mean age=16.7years) undergoing posterior spinal fusion for
Scheuermann’s kyphosis were included and matched by age and sex with two healthy controls. The health-related quality
of life was evaluated using the Scoliosis Research Society-24 questionnaire. Radiographic parameters were measured for
comparison preoperatively and at 6 months and 2-year follow-ups. The health-related quality of life parameters were
compared with healthy controls at 2 years of follow-up.

Results: The mean maximal thoracic kyphosis improved from 79° (range=75°-90°) to 55° (range=45°-75°)
(p<0.001), and the mean lumbar lordosis was reduced from 71° (range=51°-107°) to 52° (range=34°-68°)
(p <0.001) after 2 years postoperatively. Incidence of proximal junctional kyphosis (PJK) was 18%. The scores of the
Scoliosis Research Society-24 improved, with statistical significance observed in pain and self-image domains from
preoperative to 2-year follow-up (p=0.002 in both domains). The self-image and function were significantly lower
in the operated patients at their 2-year follow-up visit compared to controls (p =0.023 for self-image and p <0.001
for function).

Conclusion: Instrumented posterior spinal fusion improves the health-related quality of life of Scheuermann’s kyphosis
patients during the 2-year follow-up. The greatest improvement is observed in pain and self-image domains. The health-
related quality of life in pain and activity domains reaches the level of healthy individuals, while function and self-image
remain at a statistically lower level.
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Introduction

Scheuermann’s kyphosis (SK) is the most common cause
of severe thoracic kyphosis, with an estimated prevalence
of 1%-8% in the general population.'? It is defined as tho-
racic kyphosis greater than 45° with greater than 5° of
anterior wedging in three consecutive vertebrae. Clinically,
the SK patients present with a rigid hyperkyphosis in the
mid-thoracic or lower-thoracic spine with a compensatory
hyperlordosis of the cervical and/or lumbar spine. SK is
typically present during the late juvenile and adolescent
period. Neurological findings are rare, but the condition is
sometimes painful.3

Patients with thoracic kyphosis greater than 75° and pro-
gressive curve despite non-operative methods (i.e. exer-
cise, bracing), refractory pain, respiratory problems, and/or
neurologic deficit may indicate surgical correction of the
deformity.*® Surgery for the correction of SK aims to
lengthen the anterior vertebral column while shortening the
posterior column. This is achieved by multi-segmental pos-
terior closing-wedge osteotomies across the apical levels to
prevent stretching of the cord. It typically gives good and
stable functional and radiological results. The correction of
kyphosis with instrumentation can be performed using pos-
terior-only or combined anterior—posterior procedures.®
The posterior-only fusion using hybrid instrumentation,
closing-wedge osteotomies, and autologous bone grafting
gives excellent results and has low complication rates.”®

Health-related quality of life (HRQOL) of patients in
adolescent idiopathic scoliosis (AIS) has been studied
extensively.” "' Conversely, the studies assessing HRQOL
of SK patients is relatively limited. Like AIS, SK can
affect the quality of life. Increasing sagittal plane defor-
mity has a significant impact on HRQOL with increased
pain, lower self-image, and decreased function and activ-
ity.'>!3 Previous studies which have assessed the HRQOL
of surgically treated SK patients have compared the results
with AIS patients or with non-operated SK patients.'*!*> To
our knowledge, there are no studies which compare the
effect of operative treatment to HRQOL on SK patients
with age- and sex-matched healthy controls.

In this study, we aimed to investigate whether the
HRQOL improves in adolescent who underwent operative
treatment for SK using posterior spinal fusion with pedicle
screw instrumentation during a postoperative follow-up of
2 years. Furthermore, we compared the HRQOL scores of
these patients with age- and sex-matched healthy individu-
als. We hypothesized that surgical treatment would result
in improved health-related quality of life and that it would
reach the level of healthy control group.

Materials and methods

Patients

Twenty-two consecutive patients aged between 13 and
19years with operatively treated SK were prospectively

enrolled from May 2009 to March 2020 in this study. The
patients were selected based on diagnosis of operatively
treated SK and were without congenital spinal anomaly or
previous spinal surgery. All patients underwent posterior
spinal fusion using segmental pedicle screw instrumenta-
tion. The indication for surgery was a thoracic kyphosis
with a curve greater than 75°. All patients were operated
by a single consultant orthopedic spine surgeon and had a
minimum of 2-year follow-up.

Healthy control group

Two controls were matched with each SK patient for age
(*£2years) and sex in the last follow-up (2:1). The controls
were derived from our previously published population-
based study, carried out between January 2012 and
December 2015.'° In this study, 272 healthy controls were
selected from a population register to complete the
Scoliosis Research Society-22r (SRS-22r) questionnaire, '’
which is a modified version of the Scoliosis Research
Society-24 (SRS-24) questionnaire. '8

Surgical technique

All patients underwent posterior-only approach. Segmental
pedicle screw instrumentation was inserted from sagittal
stable vertebra using the posterior sacral vertical line (typi-
cally L2) to upper thoracic spine (typically T2 or T3) using
free hand technique.'® Apical posterior column osteoto-
mies were performed in all patients to facilitate deformity
correction.?’ The number of posterior column osteotomies
was based on the flexibility of kyphosis intraoperatively.
The correction of kyphosis was performed using double
rod cantilever maneuver (proximal to distal) and with
additional apical compression closing the apical posterior
column osteotomies. Local bone from facetectomies with
bone graft extenders was used for posterolateral spinal
fusion. Intraoperative spinal cord monitoring (motor
evoked potentials, somatosensory potentials, lumbar nerve
root electroneuromyography) was used in all patients.
Screw placement was verified using postoperative com-
puted tomography (CT) scans.

Outcome parameters

Perioperative data were recorded, as well as radiographic
outcomes and SRS-24 scores preoperatively, and at
6months, and 2-year follow-ups. Perioperative data
included fusion levels, number of osteotomy levels, blood
loss, operative time, perioperative complications, and used
bone substitutes. For radiographic measurements, standing
anterior—posterior and lateral radiographs were collected.
Of the lateral radiographs, thoracic kyphosis (T2-T12),
maximal thoracic kyphosis, lumbar lordosis (T12-S1),
sagittal vertical axis (SVA), pelvic incidence (PI), pelvic
tilt (PT), and sacral slope (SS) angles were measured. Of
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the anterior radiographs, scoliosis angle and central sacral
vertical line (CSVL) were measured at all time points. The
proximal junctional kyphosis (PJK) was defined by two
criteria: a proximal junctional sagittal Cobb angle =10°
and at least 10° greater than the preoperative measure-
ment.?! PJK was measured postoperatively at 6 months and
at 2 year follow-ups. The status of the instrumentation was
evaluated for signs of loosening or screw/rod damage.
Radiographic measurements were made by an independent
observer.

Health-related quality of life

The health-related quality of life of the SK patients was
assessed preoperatively and postoperatively using dis-
ease-specific Scoliosis Research Society-24 (SRS-24)
questionnaire.'® SRS-24 is a 24-item questionnaire, in
which each item is scored on a 5-point Likert-type scale
from one to five and the maximum score is 120. The
higher score indicates better patient outcome. The ques-
tionnaire has seven domains: pain, general self-image,
general function, general activity level, postoperative
self-image, postoperative function, and patient satisfac-
tion. The questions number 16-24 concern the treatment
and are filled out only postoperatively.

In this study, the healthy control group filled out the
SRS-22r questionnaire, which is an improved version of
the original SRS-24.!"18 The first 15 questions of the
SRS-24 are exactly the same as or close to questions in
the SRS-22r. The questions number 1-15 of SRS-24 cor-
respond with the questions 1, 2,4, 5,6, 8,9, 11, 12, 14,
15, and 17-20 of the SRS-22r. These questions were
used as a basis for four domains. They were forms as
follows: pain (SRS-24: 1, 2, 3, 6, 8, and 11; SRS-22r: 1,
2,4,8, 11, and 14), general self-image (SRS-24: 5, 14,
and 15; SRS-22r: 6, 19, and 20), general function (SRS-
24: 7,12, and 13; SRS-22r: 9, 15, and 18), and general
activity (SRS-24: 4,9, and 10; SRS-22r: 5, 12, and 17).2
In addition, the scores of the eight questions that are the
same in both SRS-24 and SRS-22r questionnaires were
compared between patients and controls (questions one
through eight in the SRS-24 and 1, 2,4, 5,6, 8,9, and 11
in the SRS-22r).

Statistical analyses

The normal distribution assumption of the data was veri-
fied visually with QQ-plot and with the Shapiro—Wilk test.
Descriptive statistics were presented in absolute numbers
and percentages or in mean value with standard deviations
(SDs). Statistical comparison of radiographic outcome
data was performed with paired #-test. The comparison of
preoperative or 6 months follow-up domain scores with
2 year follow-up scores were carried out with paired #-test.
We applied the two-sample ¢-test assuming equal variances

on the HRQOL domain scores to compare patients with
healthy controls. For all analyses were conducted in JMP®
for Macintosh, Version 16.1 (SAS Institute Inc., Cary, NC,
USA, 1989-2021). p-values < 0.05 were considered statis-
tically significant.

Ethical committee approval

The study received approval from the local ethical boards.
Written informed consent was acquired from the patients and
normative population and if needed from their guardians.

Results

Twenty-two consecutive adolescents (mean age (SD) at
the time of the surgery 16.7 years (1.3)), who were treated
operatively for SK were included in this study. The mean
body mass index was 25.9 (range=16-40) preoperatively.
The majority (82%) of fusion levels included T2-L2
(Table 1). The average length of surgery was 3.6h
(range=2.75-7h) and the average blood loss during the
operation was 631 mL (range=300-1450mL). Median
number of posterior column osteotomies was 4 (range =2—
7). In one patient, one pedicle screw was removed intra-
operatively for a motor-evoked potetial (MEP) change in
the spinal cord monitoring without neurologic deficit
postoperatively. One patient underwent revision surgery
for an acute deep surgical site infection.

Radiographic outcome

The mean maximal thoracic kyphosis improved from 79°
(range=75°-90°) to 55° (range=45°-75°) (p<<0.001).
The mean lumbar lordosis was reduced from 71°
(range=51°-107°) to 52° (range=34°-68°) (p<0.001)
after 2years of follow-up (Table 2). Kyphosis measured
between T2 and TI2 levels improved from 76°
(range=63°-88°) to 52° (range=42°-68°) (p<<0.001).
The mean PT changed from 7° to 9°, SS from 38° to 30°,
and SVA from 13to 10mm, during the 2 years of follow-
up. These changes were not statistically significant. PI
averaged 49° preoperatively and 44° at 2-year follow-up.
There were no patients with significant PI—lumbar lordo-
sis mismatch (>10°) at the end of the follow-up (Table 2).

The mean coronal Cobb angle as measured from antero-
posterior radiographs was 12° preoperatively and 8° at
2years of follow-up. The CSVL was 13mm preopera-
tively, and 10 mm postoperatively. These changes were not
statistically significant. PJK incidence was 18% (4/22)
after 2 years of follow-up and these patients were treated
with observation only. The mean PJK change from
6 months to 2 years of follow-up was not statistically sig-
nificant. PJK has remained asymptomatic in all patients
and has been therefore addressed with continued radio-
graphic follow-up only.
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Table I. Clinical characteristics of Scheuermann’s kyphosis patients and healthy controls.
Variable Scheuermann’s kyphosis patients (n=22) Healthy controls (n=44) p-value
Age at 2-year follow-up, years 188 1.1 220=*7.6 0.09
Sex (male) 86% (19/22) 86% (38/44) 1.00
BMI (kg/m?) 259*+77
Follow-up time, year 2.1 0.2
Levels fused

T2-L2 82% (18/22)

T3-L3 9% (2/122)

T3-L2 4.5% (1/22)

T4-L2 4.5% (1/22)
Complications

Deep surgical site infection 4.5% (1/22)

Proximal junctional kyphosis (PJK) 18.2% (4/22)
Blood loss, mL 631 =271
Operative time, h 3.609
Table 2. Radiographic parameters of the Scheuermann’s kyphosis patients.
Radiographic parameters Preoperative 6 month follow-up 2-year follow-up p-value
Kyphosis T2-T12 76°*7° 47°x7° 52°+9° <0.001
Kyphosis T5-T12 79°*5° 42°+8° 42°+9° <0.001
Maximal kyphosis 79°*£8° 52°+9° 55°=*10° <0.001
Lordosis T12-SI 71°*=12° 52°+8° 52°=x10° <0.001
Sagittal vertical axis 28 mm *20mm 23mm £ [5mm 29mm *20mm 0.925
Pelvic incidence 49° = 16° 45°+12° 44° + 14° 0.423
Pelvic tilt 7°x7° 9°x7° 9°+5° 0.353
Sacral slope 38° £ 14° 33°£9° 30°£9° 0.073
Central sacral vertical line I3mm= I mm 10mm =7mm [0mm = 10mm 0.368
Coronal Cobb angle 12°+£8° 8°+8° 8°+6° 0.122
Proximal junctional angle N/A 6°*+5° 7°=*7° 0.692

Health-related quality of life and comparison
with healthy controls

Twenty-one (95%) patients completed the SRS-24 ques-
tionnaire preoperatively and twenty (91%) patients filled
the same questionnaire at 2years postoperatively. The
scores of all domains of the SRS-24 questionnaire were
higher after the 2-year follow-up (Table 3). The improve-
ment was statistically significant in SRS-24 pain and self-
image domains from preoperative to 2year follow-up
(p=0.002 in both domains). The postoperative self-image,
function and satisfaction domains improved from 6 months
follow-up to 2year follow-up. However, these changes
were not statistically significant. The HRQOL of patients
who had PJK did not differ significantly from other
patients in any of the SRS domains at 2 years postopera-
tively. The radiographic correction of the deformity did
not show any statistical correlations between the SRS
questionnaire domains.

Scores are mean values and SD.There was no statisti-
cally significant difference in the age between SK patients
and controls (p=0.09). The SK patients reached the

controls in all SRS domains, except in self-image and
function during the 2-year follow-up time (Table 4). The
SRS scores for self-image and function remained signifi-
cantly lower in the operated patients at their 2-year follow-
up as compared with the age- and sex-matched controls
(»p=0.023 for self-image and p <0.001 for function).

Discussion

To our knowledge, this is the first prospective study com-
paring the HRQOL of the operatively treated SK patients
with age- and sex-matched healthy controls. This study
shows that surgical treatment of SK significantly improves
the HRQOL in pain and self-image domains in the 2-year
follow-up, as measured with SRS-24 questionnaire. Pain
and activity scores in patients with SK treated with poste-
rior spinal fusion were comparable to those in healthy
controls.

A significant improvement of thoracic kyphosis and
lumbar lordosis was achieved in the surgical operation in
this study. Variation in the operative time from 7 to 3h
represents the development of surgical practice and
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Table 3. The changes in SRS-24 outcome questionnaire during the follow-up.

SRS domain Preoperative (n=21) 6-month follow-up (n=19) 2-year follow-up (n=20) p-value
Total 4.08 =0.54 3.93+0.45 421 =042 0.202*
Pain 3.99 £0.66 441 =0.50 451 *+0.45 0.002*
Self-image 3.52+£092 3.83£0.75 4.06 =0.70 0.002*
Function 3.79£0.98 4.04+0.73 422*0.34 0.076*
Activity 4.33*=1.07 3.74x1.12 4.63*0.77 04212
Postop self-image N/A 3.52*+0.51 3.83+0.70 0.167°
Postop function N/A 228+ 1.02 2.78 = 1.00 0.150°
Satisfaction N/A 4.39 +0.50 4.44+0.64 0.894°
SRS-24: Scoliosis Research Society-24; N/A: not applicable.

*Two-year follow-up scores compared with preoperative scores.

bTwo-year follow-up scores compared with 6-month follow-up scores.

Table 4. Comparison of SRS outcomes between surgically treated patients and age- and sex-matched controls.

SRS domain 2-year follow-up (n=20) Healthy controls (n=44) p-value
Total® 4.45*0.44 4.56+0.43 0.355
Pain® 4.60 =0.47 4.65+0.50 0.730
Self-image 4.06 =0.70 446 =0.57 0.023
Function 422+0.34 4.82+0.40 <0.001
Activity 4.63*=0.77 4.67 =042 0.809
Total of eight same questions 455047 4.55*+0.49 0.992

SRS: Scoliosis Research Society.

2Two-year follow-up SRS scores excluding the questions regarding postoperative state.
Y P g q 3 g P P

The postoperative pain question excluded.
Scores are mean values and SD.

learning curve. Posterior-based instrumentation without
vertebral column resection may not always provide satis-
factory radiographic correction as shown by one patient
with residual curve of 75degrees. Despite the generally
more limited radiographic correction of SK as compared
with AIS, the patient reported satisfaction was on a rela-
tively high level.

Our surgical technique has remained similar during this
study period. Based on our earlier experience using either
combined approach and/or vertebral column resection
with even higher risk of PJK, longer operative time and
neurologic risks of surgery, we believe that posterior pedi-
cle screw instrumentation with apical osteotomies is good
enough. This often results into satisfactory outcomes
according to patient reported measures even if larger than
normal radiographic kyphosis remains.

HRQOL data were missing from two patients at 2 years
postoperatively. In these patients, the maximal kyphosis
correction was from 77° to 55° and from 87° to 58°. The
correction of lumbar lordosis was from 60° to 45° and
from 61° to 39°, respectively. No complications occurred.
Based on these results, we assume that the missing HRQOL
data did not skew our results.

Previous results of operative SK treatment show simi-
lar improvement of radiographic parameters.®!>!4 PJK is
the major instrumentation-related complication after the

surgical correction of kyphotic deformities and its preva-
lence in operated SK patients is up to 30%.2*** The prev-
alence of PJK was 18% in this study. All these four
patients were treated conservatively and remained
asymptomatic.

Patients with SK appear to have significantly lower pre-
operative scores in domains of the SRS-22 than patients
with AIS or normal population.'> Furthermore, Murray
et al.?’ reached a conclusion that dissatisfaction with one’s
appearance is greater in SK patients than in a control group
of healthy subjects. Based on the previous research, surgi-
cal treatment of SK in the adolescent population results in
significant improvements in HRQOL when measured
using the SRS-22 outcome score.'>!413

In 2018, Toombs et al.'* studied the HRQOL in 82 sur-
gically treated SK patients. The SRS-22 scores improved
after surgery in all domains with the greatest change
observed (2.8-4.4) in the self-image domain. In their
study, a comparison of HRQOL data was made with surgi-
cally treated AIS patients. SK patients had significantly
worse preoperative SRS-22 scores compared to the AIS
group. At 2years postoperatively, the HRQOL of SK
patients improved to reach equivalent values to the AIS
scores. Green et al.'> compared 2-year radiographic and
the SRS-22 results of 45 patients who self-selected either
conservative or surgical treatment. At 2-year follow-up,
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surgical patients experienced a significant change on all
parameters. exhibiting smaller Cobb angles, less pain, and
greater satisfaction with their outcomes.

The minimal clinically important difference (MCID)
for SRS-22r pain domain scores in adolescents has been
reported at 0.20 and for activity domain scores at 0.08.%°
Data regarding the minimal clinically important values for
the SRS-24 are lacking. In this study, the SRS-24 pain
domain scores improved by 0.54 (95% confidence interval
(CI) from 0.24 to 0.85) and activity scores by 0.16 (95%
CI from —0.25 to 0.56) in the SK patients.

Limitations and strengths

Some limitations in this study need to be recognized. The
SK is a relatively rare disease, and thus, the number of
operated patients was relatively small. We did not com-
pare our results with randomized controls for conserva-
tive treatment or natural history. One limitation of this
study was the somewhat different questionnaires used
(the SRS-24 and SRS-22r). We chose to keep the SRS-24
questionnaire in the surgical treatment group to provide
data from preoperative to 2years postoperatively. We
used the 15 most similar preoperative questions from the
SRS-24 and SRS-22r to provide comparable question-
naires, including eight questions that were the same. The
results of SRS-24 and SRS-22r similar method have been
compared previously in the similar manner.?>?’ This
study has several strengths. It is a prospective, single-
center cohort study with consecutively enrolled patients.
We used age- and sex-matched healthy controls. Same
senior surgeon operated all the patients with an identical
surgical technique (posterior spinal fusion with pedicle
screws). The minimum follow-up time was 2 years. We
assessed the HRQOL with widely used, validated, and
standardized questionnaires.

Conclusion

In conclusion, the health-related quality of life and radio-
logical measurements of SK patients improved after the
surgery during 2-year follow-up time. The greatest
improvement was observed in pain and self-image as
measured with SRS-24 questionnaire. The scores in pain
and activity reached the level of healthy control group,
whereas the self-image and function remained signifi-
cantly lower.
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