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ABSTRACT

Background and Aims: Posterolateral hemivertebrectomy with monosegmental
instrumentation at an early age is an established method to correct congenital scoliosis butis
associated with a relatively high risk of instrumentation failure and health-related quality
of life outcomes are not available. We aimed to investigate the effects hemivertebrectomy
with postoperative hip spica cast on complications and health-related quality of life in
small children with congenital scoliosis.

Materials and Methods: A follow-up study of 30 children (at mean age = 3.4 years,
range = 1.0-8.5 years) undergoing posterolateral hemivertebrectomy and short pedicle
instrumentation. Children were immobilized postoperative with hip spica cast for 6
weeks and immobilization for 4 months using a rigid thoracolumbosacral orthosis. The
Caregivers filled out Scoliosis Research Society 24 outcome questionnaire preoperatively,
at 6 months, and at final follow-up visit on behalf of their child. Standing radiographs
were obtained preoperatively, postoperatively in the cast, and standing at final follow-up.

Results: Mean major curve was 41° (range = 26°-87°) preoperatively and was corrected
to 14° (4.0°-35°) at final follow-up. Eight (27%) children had postoperative complications,
including three (10%) deep surgical site infections. The Scoliosis Research Society 24 back
domain showed an improvement from a mean of 3.8 preoperatively to 4.4 at final follow-
up (p < 0.001). Function from back condition domain showed a significant deterioration
from 4.2 preoperatively to 3.7 at 6 months (p = 0.020) but improved back to baseline at final
follow-up (4.2, p = 0.0022 6 months vs final follow-up).

Conclusion: Hemivertebrectomy with short instrumentation resulted into 64% correction
of scoliosis and improved health-related quality of life in back pain and function domains.
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INTRODUCTION

Congenital scoliosis can be caused by malformations
of the vertebrae like hemivertebra, unilateral bar, or a
combination of these two (1,2). The treatment of con-
genital vertebral anomaly focuses on early diagnosis
and appropriate surgical management before the
development of large curves (3,4,5,6).

Hemivertebra is the most frequent case of congeni-
tal scoliosis. The fully segmented hemivertebra has a
unilateral growth potential creating a wedge-shaped
deformity that typically progresses during growth (7).
Posterolateral (PL) hemivertebrectomy with mon-
osegmental instrumentation at an early age is an
established method to correct congenital scoliosis and
to prevent compensatory curves but is associated with
a relatively high risk of pedicle fracture and instru-
mentation failure (8,9,10,11,12). Supplementation of
pedicle screws with a third rod with laminar hooks in
young children protects against the most common
mode of implant failure in these patients (11). The sen-
ior author has, however, noted that a third rod is often
very prominent in small children, and therefore, an
advanced postoperative immobilization instead using
a hip spica cast has been applied to prevent instru-
mentation failure.

Quality of life (QoL) is commonly conceptualized
as health-related quality of life (HRQoL) in health care
research, which includes the perceived impact of a dis-
ease and its treatment on physical, psychological, and
social well-being (13,14,15,16,17). The effects of PL
hemivertebrectomy at an early age on HRQoL remain
unknown.

The aims of this study were to evaluate the effects
of hemivertebrectomy with postoperative hip spica
casting on the surgical outcomes and complications as
well as HRQoL in small children with congenital sco-
liosis. We hypothesized that early hemivertebrectomy
would improve radiographic parameters and HRQoL,
and second, that postoperative hip spica cast would
effectively prevent spinal instrumentation failure in
these children.

MATERIALS AND METHODS
PATIENTS

Thirty consecutive children, who had undergone a
single-staged PL hemivertebra excision and monoseg-
mental spinal fusion and instrumentation for congeni-
tal scoliosis before the age of 10 years between 2009
and 2018, were prospectively followed up at Helsinki
and Turku University Hospitals in Finland (Table 1).

All children were immobilized postoperatively
with hip spica cast (both legs) for 6 weeks and immo-
bilization was continued for an additional 4 months
with a rigid thoracolumbosacral orthosis. The hip
spica cast was extended to above ankle on the oper-
ated side and above the knee joint on the other side
and to under arm in the upper part to provide ade-
quate immobilization.

STUDY DESIGN

The study design was a retrospective analysis of pro-
spectively collected data, single surgeon case series of

30 children at mean age 3.4 years (range = 1.0-8.5
years) undergoing PL hemivertebrectomy with mon-
osegmental pedicle screw fixation (one pair of pedicle
screws above and below the hemivertebrectomy site;
Vertex Max and CD 4.5, Medtronic) (Fig. 1). All chil-
dren had a minimum 2-year radiographic follow-up.

SRS-24 OUTCOME QUESTIONNAIRE

The parents or other caregivers filled out SRS-24 pre-
operatively, at 6 months, and at final follow-up visit.
The SRS-24 is an original disease-specific HRQoL
questionnaire by the Scoliosis Research Society (SRS)
(18,19,20) used to assess the current state of patients
with adolescent idiopathic scoliosis and the effects of
scoliosis surgery. The questionnaire consists of 24
questions with a minimum score of 1.0 and maximum
score of 5.0, indicating a highly satisfied and asympto-
matic patient. The SRS-24 questionnaire has seven
domains: pain, general self-image, function from back
condition, general level of activity, postoperative self-
image, postoperative function, and satisfaction. Each
domain score ranges from one to five with higher
scores indicating better patient outcomes (18,19,20).
The translation of the SRS-24 was performed accord-
ing to accepted guidelines and this questionnaire has
been widely used in our country for HRQoL, but it has
not been officially validated in the Finnish cultural set-
ting (19,21). EOSQ-24 would have been the optimal
HRQoL questionnaire in this patient group, but it has
been launched recently (18), which prevented us using
it as this study was started on 2009. The SRS-24 ques-
tionnaire has not been used previously in this patient
group, but SRS-22, the modification of this original
questionnaire, has recently shown a good correlation
with the EOSQ-24 questionnaire in this patient popu-
lation (22).

RADIOGRAPHIC MEASUREMENTS

Standard standing or sitting posteroanterior and lat-
eral radiographs were taken of the entire spine preop-
eratively and at follow-up visits. The main thoracic,
and thoracolumbar/lumbar curves were measured
from the posteroanterior radiographs using the Cobb
method (23). Thoracic kyphosis (15-T12) and lumbar
lordosis (T12-S1) were measured from the lateral radi-
ographs by the Cobb technique by an independent
observer experienced in the radiographic measure-
ment techniques (H.M.O. and TJ.).

STATISTICAL METHODS

Mean values and ranges are given. Mean values and
standard deviation (SD) are given for the results of the
SRS-24. Statistical comparisons were made using the
x? test for categorical values and non-paired t-test for
continuous variables. Wilcoxon signed-rank sum test
was used to evaluate whether significant changes
occurred in the SRS-24 domains from preoperative to
final follow-up. In postoperative domains (postopera-
tive self-image, postoperative function, and satisfac-
tion), the comparison was between 6-month and the
final follow-up. p-values 0.05 or below were consid-
ered statistically significant.
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TABLE 1
Clinical characteristics and perioperative data of the study groups.

Whole group (n = 30) Thoracic (n = 12) Lumbar (n = 18) p-valueb

Age at surgery (years) 3.4 (1.0-8.5) 3.5(1.0-8.1) 3.3 (1.2-8.5) 0.82
Males/females 22/8 9/3 13/5 0.87
Follow-up time (years) 3.4 (2.0-8.0) 3.7 (2.0-8) 3.2 (2.0-8) 0.56
Age at final follow-up (years) 6.9 (3.0-16.1) 7.2 (3.0-16.1) 6.7 (3-12.0) 0.67
Associated anomalies

Heart anomaly 5 2 3 0.54

Kidney 1 1

Other urologic 1 1

Gastrointestinal 1 1

Spinal cord syrinx 2 2

Tethered cord 1 1
Syndromic

Down syndrome 1 1

Goldenhar syndrome 1 1
Level of hemivertebra excised

T2 NA

T3

T4

T5 3 3

T6 2

17 1 1

T8

T9 1 1

T10 1 1

T11

T12 3 1

L1 4 4

L2 6 6

L3 3 3

L4 3 3

L5 3 3

L6 or S1 2 2

2 2

Operative time (h) 3.2(1.8-6.5) 3.4 (1.8-6.5) 3.1 (2.0-5.0) 0.58
Blood loss (mL) 264 (10-1200) 259 (10-700) 267 (55-1200) 0.94

NA: not applicable.
aValues are mean values and range.

bStatistical comparisons between the thoracic and lumbar subgroups were made using the chi-square test for categorical values and non-

paired t-test for continuous variables.

ETHICAL CONSIDERATIONS

All procedures performed were in accordance with
the ethical standards of the institutional and/or
national research committee and with the 1964
Helsinki Declaration and its later amendments.
Ethical committee approval (reference no: ETMK
162/13/03/03/2008 and T216/2018) was obtained
from the University Hospital.

RESULTS

Thirty children operated at mean age of 3.4 years
(range = 1.0-8.5 years) were identified, and they had
a mean postoperative follow-up time of 3.4 years
(range = 2.0-8.0 years) (Table 1). Of them, 27 had a
single hemivertebra and 3 patients had two hemiver-
tebrae. Fifteen hemivertebrae were in the thoracic and
twenty in the lumbar region (Table 2). One child had

two hemivertebrectomies at the same level and two
children had two hemivertebrectomies at distant lev-
els during the same surgery.

RADIOGRAPHIC OUTCOMES

Mean major curve was 41° (range = 26°-87°) preop-
eratively and was corrected to 14° (4.0°-35°) at final
follow-up (FFU) (mean correction 64%) (p < 0.001)
(Tables 2 and 3; Fig. 1). In the subgroups, the major
curves averaged preoperatively 42° (range = 32°-64°)
in the thoracic group and 41° (range = 26°-87°) in the
lumbar group (Tables 2 and 3). These were corrected
to 16° (range = 4.0°-35°) in the thoracic group and 12°
(range = 6.0°-21°) in the lumbar group at final follow-
up (p < 0.001 preoperative vs final follow-up). This
represented a 62% correction of the thoracic and 71%
in the lumbar group (not significant (NS)).
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Fig. 1. Standing posteroanterior (A) and lateral spinal radiograph (B) on an 18-month-old girl shows an isolated lumbar fully segmented
hemivertebra with congenital scoliosis. Standing posteroanterior (C) and lateral spinal radiographs (D) 4 years after posterolateral
hemivertebrectomy and one pair of pedicle screws above and below the osteotomy site. Radiographs demonstrate good correction of

scoliosis and spinal imbalance with solid intercorporeal spinal fusion.

In the whole group, the mean thoracic kyphosis
(T5-T12) and lumbar lordosis (T12-S1) remained
unchanged from preoperative to final follow-up
(mean thoracic kyphosis 30° and lordosis 43° preop-
eratively and at final follow-up, NS) (Table 3). In the
subgroup analysis, thoracic kyphosis (T5-T12) aver-
aged preoperatively 41° in the thoracic group and 22°
in the lumbar group (p = 0.010) and were 35° in the
thoracic group and 27° in the lumbar group at final
follow-up FU (p = 0.17). Similarly, lumbar lordosis
(T12-S1) averaged preoperatively 54° in the thoracic
group and 35° in the lumbar group (p = 0.020) and
were 54° in the thoracic group and 36° in the lumbar
group at final FU (p = 0.040).

COMPLICATIONS

Eight (27%) children had complications, including one
intraoperative pedicle fracture, one cerebrospinal fluid
leak, one superficial surgical site infection (SSI), three
deep SSIs, one distal femoral fracture, and one with
pleural effusion requiring chest tube (Supplemental
Material). There was no spinal cord or permanent nerve
root associated complications. Eight children required
additional surgery: three for deep wound infection
(irrigation and debridement) and one for laminar hook
removal. The indication for a hook removal was a
prominent implant not a complication. Two children
underwent additional hemivertebrectomy at another

level. There were two postoperative partial instrumen-
tation failures during follow-up which did not change
the course of treatment (one unilateral iliac screw and
connector disconnection; one partial unilateral pedicle
screw pull out). One child had later surgery for con-
genital bar at distant level and one atlantoaxial arthro-
desis for os odontoideum with cervical instability.

HRQOL

In the whole group, the mean (SD) SRS-24 total
scores were preoperatively 4.52 (0.42), 3.83 (0.37) at 6
months, and 4.10 (0.41) at final follow-up (p < 0.001
preoperative vs 6 months and preoperative vs final
follow-up) (Table 4). The SRS-24 back pain domain
showed an improvement from a mean (SD) of 3.85
(0.50) preoperatively to 4.17 (0.57) at 6 months (p =
0.064) and further to 4.38 (0.72) at final follow-up (p
< 0.001). The function from back condition domain
showed a significant deterioration from 4.23 (0.47)
preoperatively to 3.70 (0.63) at 6 months (p = 0.020)
but improved back to baseline at final follow-up
(4.22 (0.18), p = 0.0022 6 months vs final follow-up).
The satisfaction domain was on high level being 4.52
(0.64) at 6 months and 4.41 (0.48) at final follow-up
(NS). There were no significant differences in the
SRS-24 total score or the domains between the tho-
racic and lumbar hemivertebra subgroups preopera-
tively, at 6 months, or at final follow-up. As the
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TABLE 3
Radiographic outcomes.®

Whole study Thoracic Lumbar p-valueb
group (n = 30) (n=12) (n =18)
Major curve (°)
Preoperative 41 (26-87) 42 (32-64) 41 (26-87) 091
Immediate postoperative 12 (2-35) 15 (3-35) 10 (2-14) 0.27
1 year 14 (2-40) 15 (2-40) 13 (6-21) 0.59
Final follow-up 14 (4-35) 16 (4-35) 12 (6-21) 0.25
Thoracic kyphosis (°, T5-T12)
Preoperative 30 (7-54) 41 (16-54) 22 (7-46) 0.01
Immediate postoperative 28 (17-40) 32 (24-40) 26 (17-40) 0.06
1 year 31 (17-50) 39 (27-50) 26 (17-37) 0.01
Final follow-up 30 (17-45) 35 (2045) 27 (17-37) 0.17
Lumbear lordosis (°, T12-S1)
Preoperative 43 (13-79) 54 (36-79) 35 (1349) 0.02
Immediate postoperative 39 (10-65) 47 (10-65) 33 (14-50) 0.12
1 year 45 (15-72) 56 (45-72) 37 (15-48) 0.01
Final follow-up 43 (15-71) 54 (30-71) 36 (15-48) 0.04

aValues are given as mean value and range.
bStatistical comparisons between the thoracic and lumbar subgroups were made using the non-paired ¢-test.

TABLE 4
Changes in the Scoliosis Research Society (SRS-24) domain scores.®

SRS-24 domain Preoperative 6-month FU Final FU p-value®
Total 4.52 = 0.42 3.83 +0.37 4.10 = 041 <0.001
Back pain 3.85 = 0.50 4.17 £ 0.57 4.38 = 0.72 <0.001
Self-image 4.74 = 047 4.58 = 0.59 4.70 = 0.30 0.71
Function 4.23 = 047 3.70 = 0.63 422 +0.18 0.53
Activity 494 = 0.19 3.95 = 0.41 451 +1.0 0.35
Postoperative self-image NA 3.09 = 0.36 3.11 £ 0.40 0.60
Postoperative function NA 2.28 = 0.80 2.89 = 0.38 0.020
Satisfaction NA 4.52 = 0.64 441+ 048 0.40

FU: follow-up; NA: not applicable.

2Values are given as the mean values and SD.

bStatistical comparison between the preoperative and final follow-up except for postoperative domains, in which comparison was
between 6-month and final follow-up values. TABLE 5

Individual question scores on the SRS-24 outcome questionnaire.

SRS-24 scores? Preoperative 6-month FU p-valueb Final FU p-value®
Pain last 6 months (#1) 4.7 41 0.22 4.6 0.87
Pain last 1 month (#2) 47 47 091 4.6 0.77
Current level of activity (#4) 4.8 4.1 0.082 4.6 0.68
Current level of school activity (#7) 4.8 4.2 0.047 49 0.44
Pain medication (#8) 49 47 0.28 4.7 0.62
Ability to do things around the house (#9) 5 42 0.14 4.6 0.35

aNumber at the end question refers to the numbering of the questions on the SRS-24 outcome questionnaire.
bp-value comparing preoperative versus 6-month follow-up.
¢p-value comparing preoperative versus final follow-up.

questionnaire SRS-24 was not constructed for small DISCUSSION

chlldr‘en, we also present'results of thqse individual STRENGTHS AND LIMITATIONS
questions that are applicable for this age group
(Table 5). These scores show a similar tendency with The study design was a prospective data collection
a postoperative decrease and return to preoperative with a radiographic follow-up rate of 100%. Validated
level as the domain scores. patient outcome tool, SRS-24, was used for the HRQoL
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evaluation. All the surgical procedures were carried
out by the same orthopedic spine surgeon. The surgi-
cal technique was standardized, that is, PL hemiverte-
brectomy with monosegmental pedicle screw fixation
and all were immobilized postoperative with both leg
hip spica cast and rigid thoracolumbar orthosis.
HRQoL evaluation included preoperative, 6 months,
and 2-year follow-up.

It should be noted that because of the young age,
the patients themselves were not able to fill out the
questionnaires and required help from their parents.
The SRS-24 has been designed to be used in the evalu-
ation of treatment outcomes in adolescent idiopathic
scoliosis (19). However, there was no other validated
scoliosis-specific health-related quality of question-
naire available, when this follow-up study was
planned and initiated in 2009. In addition, the SRS-22
questionnaire, which is a modification of the original
SRS-24, has been shown to provide similar results as
the early onset scoliosis questionnaire 24 (EOSQ-24) in
congenital scoliosis with the strongest relationship
between the age group between 0 and 5 years (22). The
domains of the SRS questionnaire used in this ques-
tionnaire such daily activities outside the home may
reflect more the QoL in teenagers and not in smaller
children. The HRQoL assessment did not take into
account the normal development during childhood,
for example, starting to walk around the age of one.
However, 29 out of 30 children had started to walk
before the hemivertebrectomy.

The reliability to let caregivers answer instead of
the patient has been evaluated previously and seems a
reliable method (24,25,26). It is possible that not the
same caregiver answered the questionnaire pre- and
post-operatively. Although many of the children with
congenital scoliosis presented with other associated
anomalies, for example, cardiac or renal, none of these
children had mental developmental problems, which
could have affected the HRQoL assessment. Other
limitations of this study include a relatively small
patient group. Follow-up period was minimum 2
years, but as these children were operated all before
the age of 10 years for a congenital scoliosis, a follow-
up until skeletal maturity should be the goal.

COMPARISON WITH PREVIOUS DATA

Ruf and Harms were the first to describe a PL hemiver-
tebrectomy with monosegmental pedicle screw tech-
nique (10). Pedicle fracture or pedicle screw pull out
has been an issue with this otherwise effective tech-
nique for congenital scoliosis (11,12,13). Therefore,
Hedequist et al. (11) introduced a three-rod instru-
mentation using bilateral pedicle screws and a hook
construct between these two rods. In our practice, the
third rod has been very prominent in younger chil-
dren (less than 5 years). To reduce the forces acting on
the pedicle screws, we have employed a technique of
a temporary third rod using the hooks as an additional
corrective maneuver and this third rod has been
removed at the end of surgery. In addition, all patients
have been casted into a both leg hip spica cast. These
maneuvers seem to be useful, as we did not see any

patient with postoperative pedicle fracture in this case
series (Fig. 1).

A few studies have investigated the effects of
hemivertebrectomy on the HRQoL in young children
(10). The effect of immobilization at an early age on
HRQoL has remained unknown. The difficulties
encountered in this evaluation include their young
age, and therefore, we asked their parents to fulfill
these questionnaires (22). In accordance with our
hypothesis, the long immobilization (cast 6 weeks and
brace 3 months) decreased their QoL at 6 months,
although the function domain of the SRS-24 improved
further to final follow-up. Future research needs to
address ways to decrease the incidence of skin-related
complications.

CONCLUSION

Hemivertebrectomy at a mean age of 3.4 years pro-
vided 64% correction of scoliosis. Postoperative high
hip spica cast prevented postoperative instrumenta-
tion failure in all 30 consecutive children, but three
children (10%) developed deep SSI. The HRQoL as
assessed using SRS-24 questionnaire filled out by car-
egivers suggested improvement in pain domain and
high satisfaction.
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