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Abstract: This study evaluates the surgical outcomes of hemivertebra excision using the eggshell osteotomy technique in patients with
congenital scoliosis. A retrospective case series of seven patients was analyzed, measuring segmental and compensatory curves
preoperatively, postoperatively, and at final follow - up. The results demonstrated significant initial corrections in segmental coronal
curvature and kyphosis; however, long - term outcomes varied, with some patients showing progression. Continuous monitoring is crucial
for managing deformity progression and optimizing treatment plans. The eggshell osteotomy technique is effective for immediate
correction, but variability in outcomes highlights the need for personalized management.
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1. Introduction

The incidence of congenital spine deformity is estimated to
be between 0.1 to 1.0 per 1, 000 births, with a higher
prevalence in females (Ghandi et al.,, 2022). These
deformities are often associated with a spectrum of
abnormalities seen in VACTERL association (Pariza et al.,
2021). Hemivertebra (HV) occurs when only one side of a
vertebra develops, leading to spinal deformity (Liu et al.,
2021).

Congenital spinal deformities present unique and challenging
management issues, especially in the context of a growing
spine (Haapala et al., 2023). Hemivertebrae, a common cause
of congenital scoliosis, requires appropriate surgical
intervention to prevent the progression of the spinal curve and
to preserve spinal growth and lung function (Yang et al.,
2020). Multiple surgical techniques have been described, with
hemivertebra excision using the “eggshell” technique being
one of them. The average age for hemivertebra excision

ranges from 1.5 to 17 years (Zhang et al., 2011).

Hemivertebra excision is a safe and effective procedure that
provides correction and stability to the spine. It can be
performed via a posterior - only approach, often in
combination with short - segment fusion. The “eggshell”
procedure involves decancellation of the hemivertebra body,
allowing for intraoperative correction through osteotomy of
the hemivertebra.

This retrospective case series includes seven patients who
underwent hemivertebra excision with eggshell osteotomy at
our centre. Segmental and compensatory curves were
measured preoperatively, immediately postoperatively, and at
the final follow - up. The compensatory curve was assessed
as proximal and distal secondary curves, measured only in the
coronal plane. The patients presented with varying degrees of
segmental coronal and kyphotic deformities. The study
evaluates preoperative segmental measurements, as well as
proximal and distal deformities, to assess the efficacy of the
eggshell technique.

2. Results

Table 1: Case series of patients with hemivertebra underwent hemivertebra excision

Segmental Curve, Segmental Curve, Segmental Curve, Kyphosis,
Patient ID Age (Date) at Fused | Kyphosis, Proximal and |Kyphosis, Proximal and| Proximal and Distal Secondary
Surgery Segments | Distal Secondary Curve |Distal Secondary Curve| Curve. Last Follow Review Age
(Pre - OP) (Intra - OP) (Date)
Patient 1 0 120 210 20 0 20 00 =0 259, 40,130, 20
L1 hemivertebrae 9'Y (24.9.2020) 2 40°, 15°, 20°, 20 11,578 5 13Y (10.11.2023)
Patient 2
T10 hemivertebrae 0 190 250 10 0 N0 220 ad 120, 49,540, 17°
CVM at other 2.5Y (2.2.2016) 2 27°,13°% 35° 17 59,09 23° 8 8Y (20.6.2021)
thoracic vertebrae
Patient 3 340,60, 170, 10° 149, 30, 80, 40° lumbar | 169, 39, 29, 399 lumbar lordosis
L2 hemivertebrae 13Y (22.6.2020) 4 lumbar lordosis 10rdOsis 17Y (12.5.2023)
Patient 4 0 190 M0 AE0 0 720 190 190 399, 239, 130, 250
L1 hemivertebra 19Y (11.11.2020) 7 579,43 20°, 45 359,259, 129 17 23Y (14.7.2023)
Patient 5 0 180 270,100, 129, 170
L2 hemivertebrae 11Y (29.12.2023) 2 380, 90, 100, 320 200, 90, 5%, 16 12Y (29.3.2024)
Patient 6 260, 30 40 340
T10 hemivertebra 3Y (26.2.2021) 2 390, 160, 110, 240 190, 100, 40, 320 5.5Y (25.8.2023)
Patient 7 270,509,120, 430
T11 hemivertebrae 2.5Y (22.12.2017) 2 440, 280, 20, 220 40, 90, 30, 310 75Y (10.6.2022)
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Patient 1 initial assessment revealed a segmental coronal
curvature of 40° and kyphosis of 15°. Postoperative
measurements indicated a reduction to a coronal curvature of
11° and kyphosis to 5°, achieving a 72.5% correction. At the

Patient 2 presented with a segmental coronal curvature of 27°
and kyphosis of 13°. Following the surgical procedure, the
coronal deformity was reduced to 5° and kyphosis was
completely corrected, resulting in an 81.5% correction.
However, at the 6 - year follow - up, the segmental coronal
curvature had increased to 12°, a 140% progression, and
kyphosis to 4°. The proximal curve showed significant
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Patient 3 was noted for a preoperative segmental coronal
curvature of 34° and segmental kyphosis of 6°. The surgical
intervention corrected the coronal curvature to 14° and
improved lumbar lordosis to 40°, a 58.8% correction. Ata 3 -

Figure 3: Pre - operative, post - operatie and latest x - ray of Patient 3

Figure 1: Pre - operative, post - operative and latest x - ray of Patient 1
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Figure 2: Pre - operative, post - operative and latest x - ray of Patient 2

3 - year follow - up, the segmental coronal curvature had
increased to 25° a 127.3% progression, while kyphosis
remained unchanged. The compensatory curves, both
proximal and distal, were effectively corrected to below 10°.

progression to 54°, and the distal curve increased to 17°. The
proximal curve progression mainly due complex vertebral
malformation at the multiple level at thoracic vertebra
proximal to excised hemivertebra. Patient 2 underwent a
second surgery involving the implantation of a magnetic
growing rod.

o~ =1

year follow - up, the segmental coronal curvature had slightly
increased to 16°, a 14.3% progression, with lumbar lordosis
remaining nearly unchanged at 39°. The proximal
compensatory curvature returned to normal.
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Patient 4 late presentation at 18 years showed a segmental
coronal curvature of 57° and kyphosis of 43°. There is a
significant truncal shift, requiring additional fusion segments
to bring the plump line back to the center. Postoperative
results demonstrated a correction to a coronal curvature of 35°

L4

Patient 5 underwent surgery at 11 years with a segmental
coronal curvature of 38° and kyphosis of 9°. The operation
achieved a corrected coronal curvature of 20° and maintained
kyphosis at 9°, a 47.4% correction. In the 2024 follow - up,
the segmental coronal curvature had risen to 27°, a 35%
progression, and segmental kyphosis reduced to 3°. The

Figu re 4: Pre - operative, post - operatve and latest x - ray of Patient 4

and kyphosis to 25°, a 38.5% correction. Three years later, the
segmental coronal curvature had progressed to 39°, a 12.7%
progression, with kyphosis maintaining postoperative values.
The proximal and distal curvatures were slightly increase to
13° and 25°, respectively.

proximal and distal curvatures were observed at 12° and 17°,
respectively. Unfortunately, Patient 5 experienced implant
breakage and awaiting the results of a CT scan to assess fusion
at the hemivertebra segment excision. Implant removal
remains a main consideration.

Patient 6 at 1.5 years, displayed a segmental coronal
deformity of 39° and kyphosis of 16°. The surgical outcome
showed a reduction in the coronal curvature to 19° and
kyphosis to 10°, a 51.3% correction. At a 2.5 - year follow -
up, the segmental coronal curvature was 26°, a 36.8%

progression, and kyphosis had maintained below 10°. The
proximal deformity remained unchanged, while the distal
deformity exhibited a slight increase to 34°. Patient 6 still
under follow - up and was put on brace.
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Patient 7 presented at 1.5 years with a segmental coronal
curvature of 44° and kyphosis of 28°. Postoperative results
indicated a correction to 4° in the coronal plane and 9° in
kyphosis, a 90.9% correction. The proximal deformity

Picture 1 Picture 2
Figure 8: Intra operative eggshell osteotomy

“Picture 1 show laminectomy and decancellation of the
hemivertebra. Picture 2 show medial wall osteotomy and
collapsing the “eggshell to get surgical correction.

3. Discussion

This case series evaluates the surgical outcomes of
hemivertebra excision using the eggshell osteotomy
technique. Initial postoperative assessments revealed
substantial reductions in segmental coronal and kyphotic
deformities, with correction rates ranging from 39.3% to

ent 6

remained at 3°, and the distal deformity increased to 31°, At
the end of 5 years follow up, the coronal segmental deformity
progress to 27 0 a 675% progression. Patient 7 was plan for
second surgery which was growing rod.

90.9%. These outcomes align with the objectives of spinal
deformity surgery, including halting deformity progression.
However, the study also identified considerable variability in
long - term outcomes, particularly in the coronal plane, with
progression ranging from 12.7% to 675%. This variability
highlighted the significant challenges in managing pediatric
spinal deformities, where ongoing spinal growth can
significantly influence surgical results.

The surgical intervention generally succeeded in maintaining
the segmental curve below 50° and control secondary curve
progression. However, Patient 2 experienced an increase in
the proximal curve from 230 to 54°, indicating notable
progression and requiring discussion about potential
additional surgical correction. Preoperative counseling is
critical to inform the possibility of proximal curve
progression, particularly in patients with complex vertebral
malformations

The timing of surgical intervention is a key consideration.
Early surgery may reduce the risk of deformity progression,
whereas delaying surgery can allow for more spinal growth
but might result in a more complex and severe deformity.
Progression of secondary curves into structural curves is
challenging to address with hemivertebra excision alone and
may require additional procedures, such as sliding rods or
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growing rods, as seen in Patient 7. Decisions regarding
surgery should consider the patient’s age, deformity
characteristics, the number of hemivertebra, the presence of
other vertebral abnormalities, and the severity of
compensatory curves. Early surgical intervention can help
prevent rapid deformity progression (He et al., 2022). Wang
et al. (2023) emphasized the importance of surgical timing in
achieving successful outcomes with fewer long - term
complications. Proper selection of fusion levels, complete
resection of the hemivertebra, and effective reduction of
scoliosis and kyphosis are critical for preventing the
progression of both main and compensatory curves post -
surgery (Chang et al., 2017).

Postoperative immobilization is crucial for maintaining
surgical correction. A singlet - body cast was used for
durations of four to six months post - surgery. Physical
therapy, bracing, and regular follow - up are the key to
multidisciplinary management and essential for optimizing
long - term outcomes.

The eggshell osteotomy technique has proven to be a valuable
addition to the surgical management of congenital spinal
deformities. This technique is reliable and can be effectively
combined with other osteotomy procedures (Wang et al.,
2020). Integrating various osteotomies with appropriate
instrumentation provides a comprehensive approach to
address deformities, enhancing outcomes, and improving the
quality of life for pediatric patients (Guo et al., 2016; Yang et
al., 2020).

Nevertheless, potential complications requiring close
postoperative monitoring to manage issues such as deformity
progression (Zhang et al.,, 2011). The progression of
secondary curves following hemivertebra excision remains a
significant concern, potentially due to incomplete resection of
the hemivertebra (Yang et al., 2020). Despite a low risk of
neurological complications post - surgery (Zhang et al.,
2011), monitoring for other potential issues, such as implant
- related complications or internal fixation failure, remains
essential (Shi et al., 2015), (Guo et al., 2016). Revision
surgery may be necessary in cases of deformity progression
after hemivertebra excision (Crostelli et al., 2022).
Complications, such as severe postoperative curve
progression, implant failure, and trunk imbalance, may
require comprehensive revision strategies (Shi et al., 2021).

Managing the late presentation of hemivertebra and
congenital scoliosis presents unique challenges. The use of
pedicle screws offers an alternative approach to addressing
spinal deformities (Sarwahi et al., 2013). It has effectively
maintained deformity correction in long - term follow - up
when combined with vertebral column resection (VCR)
(Chang et al., 2016). A thorough evaluation of every case is
essential to tailor individualized treatment plans (Mohanty &
Kumar, 2000). In our series, we have successfully managed
late presentation hemivertebra in patient 4 with long fusion
with the combination of the eggshell osteotomy.

This case series has limitations, including a small sample size,
absence of a control group, and a retrospective design. Future
research should aim to provide more conclusive data on the
long - term outcomes of the eggshell osteotomy procedure.

Studies with longer follow - up periods and larger patient
cohorts across multiple centers are needed. Incorporating
patient - reported outcomes will be valuable for assessing post
- surgery functional status and quality of life.

4. Conclusion

The eggshell osteotomy technique demonstrated significant
corrections in segmental coronal curvature and kyphosis.
However, variability in long - term outcomes was observed,
with some patients experiencing notable progression in
segmental and compensatory curves. The follow - up periods
varied among patients, which may influence observed
outcomes. Continuous postoperative monitoring is crucial,
and the potential need for further surgical intervention should
be clearly explained to patients and their families.

To optimize the benefits of this surgical approach, future
research should focus on refining surgical techniques,
enhancing postoperative care protocols, and establishing
guidelines for intervention timing. Sharing insights from this
case series can deepen the understanding of managing
congenital scoliosis and provide valuable guidance for
surgeons handling these complex conditions.
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