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Hemivertebra Resection for the Treatment of
Congenital Lumbarspinal Scoliosis With
Lateral-Posterior Approach

Xiangdong Li, MD, Zhuojing Luo, MD, Xinkui Li, MD, Huiren Tao, MD, Junjie Du, MD,
and Zhe Wang, MD

Study Design. A retrospective review of patient
records was conducted.

Objective. To evaluate the results of a lumbar hemi-
vertebra resection and short-segment fusion through a
lateral-posterior approach.

Summary of Background Data. Few reports have been
reported describing a procedure consisting of one-stage
lateral-posterior lumbar hemivertebra resection and cor-
rection of the deformity by segmental anterior instrumen-
tation to date.

Methods. From 1998 to 2006, a consecutive series of
twenty-four patients with congenital scoliosis or kypho-
scoliosis due to a lumbar hemivertebra were managed by
resection of the hemivertebra through a lateral-posterior
approach and with the use of a short anterior convex-side
fusion.

Results. The mean age at the time of surgery was 9.4
years (range, 6 years and 8 months–16 years and 9
months). The mean follow-up period was 43 months (5–
94). There was a mean improvement of 61.5% in the
segmental scoliosis curve from a mean angle of 45.2°
before surgery to 17.4° at the time of the latest follow-up
assessment, and a mean improvement of 60.9% in the
total main scoliosis curve from 47.6° to 18.6° at the same
periods. The mean final lordosis was within normal val-
ues. There were no major complications and no neuro-
logic damage.

Conclusion. Excision of a lumbar hemivertebra
through lateral-posterior approach is safe and provides
stable correction when combined with a short-segment
fusion.
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Scoliosis and kyphosis that is secondary to a hemiverte-
bra varies in severity and prognosis.1 The degree of sco-
liosis produced by a hemivertebra depends on the type,
site, and number of hemivertebrae and the patient’s age.
Thoracolumbar and lumbosacral junctions are transi-
tional areas between the mobile lumbar spine and the less
mobile thoracic spine or sacrum. Hemivertebrae located

in these two transitional areas lead to trunk shift. In the
thoracolumbar and lumbar spine, progressive kyphosis
may also occur. A single lumbar hemivertebra (between
L2 and L4) can be expected to cause progression of sco-
liosis at a rate of 1.7°/yr if it is fully segmented and 1°/yr
if it is partially segmented.2 Congenital scoliosis due to
hemivertebra may progress after nonoperative and even
after operative management.3 Many types of treatment
have been proposed, the most radical being total excision
of one or more anomalous structures.1,4–6 The aim of
this study was to evaluate the results of lumbar hemiver-
tebra resection and short-segment fusion through a lat-
eral-posterior approach in a consecutive series of twenty-
four patients who had congenital scoliosis due to single
lumbar hemivertebra.

This report is an unselected, inclusive review of our
early results after a follow-up of 5 to 94 months.

Materials and Methods

From December 1998 to December 2006, twenty-four children
who had congenital scoliosis or kyphoscoliosis due to a lumbar
hemivertebra had hemivertebra resection through a lateral-
posterior approach and with the use of a short anterior convex-
side fusion. There were 10 boys and 14 girls. All patients had a
single, fully or semisegmented lumbar hemivertebra. These
hemivertebrae located at the L2 level in 5 patients, the L3 in 7
patients’ the L4 in 8 patients, and the L5 level in 4 patients.
There were 13 right-sided and 11 left-sided hemivertebrae.
Twenty-one were fully segmented and 3 were semisegmented.
The mean age of the patients at the time of surgery was 9.4
years (range, 6 years and 8 months–16 years and 9 months).
Before surgery, a complete medical history was recorded. Pos-
teroanterior and lateral radiographs were made with the pa-
tient standing and were measured with the Cobb method.7

Operative Technique
The surgical technique involved complete excision of the hemi-
vertebra with short segment fusion through a lateral-posterior
approach. After general anesthesia has been administered, the
patient is placed in a lateral decubitus position, with the convex
side of the curve up. The flank is prepared and draped in the
routine fashion. An L-shape lateral-posterior approach was
chosen to expose the hemivertebra. Make a straight longitudi-
nal incision about 3.5 cm lateral to the spinous process from
one segment cephalad to one segment caudad to the hemiver-
tebra, and then turn to the lateral. Carry dissection down to the
lumbodorsal fascia and retract the skin and subcutaneous tis-
sue on either side. Then make a fascial incision and pull the
sacrospinal muscle medially. Expose the lumbar transverse
processes, facet joints, lamina and spinous process subperios-
teally. After pulling psoas major laterally, proceed with dissec-
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tion directly anteriorly on the pedicle to the vertebral body.
After segmental vessels have been ligated, the hemivertebra and
the appendage, which have been identified radiographically,
are exposed. The lamina of the hemivertebra is removed with
its attached transverse process, facet joints, and the remaining
portion of the pedicle and spinous process. The disc material on
both sides of the hemivertebra is excised completely. Next, the
vertebral epiphyseal plates are removed. After this, the hemi-
vertebra is removed; the dissection starts from the convex as-
pect to the concave aspect of the hemivertebra. If the dura has
been exposed, a Gelfoam (gelatin sponge) is placed over it. The
hemivertebral body removed is cut into morsels and is carefully
laid, as a graft, in the gap that was created by the resection.
Compression and stabilization on the convex side with a short-
segmental instrumentation (Cotrel–Dubousset Horizon,
Medtronic Sofamor Danek Co.) including vertebra cephalad
and caudad to the hemivertebra were carried out anteriorly to
correct the scoliosis deformity. The facets and the laminae
cephalad and caudad to the hemivertebra are decorticated on
convex side of the curve. Any bone that is removed during the
laminectomy, and the remaining portion of the resected hemi-
vertebra, is cut into morsels and is placed as graft material
throughout the area extending from one vertebra cephalad to
one vertebra caudad to the hemivertebra (Figures 1–6). Bleed-
ing is controlled with thrombin-soaked Gelfoam. A thrombin-
soaked Gelfoam are placed over the dural sac. The wound is
closed in a routine manner. No wake-up test or evoked poten-
tial monitoring was used intraoperatively. Although the patient
is still under anesthesia, radiographs are made to confirm the
correction of the curve. After operation, a rigid brace was used
to protect the instrumentation. It was worn full- or part-time
for an average of 4 months (range, 3–6 months), depending on
how soon the fusion appeared solid radiographically.

Postoperative Assessment
The effectiveness of the surgery was evaluated by a review of
the radiographs taken before and after operation and at the
most recent follow-up (Figures 7 and 8). All radiographs were
measured according to Cobb’s method.7 The curves measured

in the coronal plane were the segmental scoliosis curve, the
total main scoliosis curve and trunk shift. The segmental scoli-
osis curve was measured between the two vertebrae immedi-
ately adjacent to the hemivertebra, whereas the total main sco-
liosis curve measured was the maximum scoliosis angle
between the two most tilted vertebrae. The trunk shift is the
distance between the middle of the sacrum and a line drawn
from the middle of the T1 body and perpendicular to the biiliac
line. The pelvic width is the distance between the two points of
the iliac crests tangential to the biiliac line. The trunk shift was
related to the pelvic width and was expressed as a percentage of
the pelvic width to avoid errors due to radiographic enlarge-
ment. The curves measured in the sagittal plane were segmental
kyphosis and lumbar lordosis. The segmental kyphosis was
measured between the two vertebrae adjacent to the hemiver-

Figure 1. Transverse section through the posterior abdominal wall
to show lateral-posterior approach to lumbar spine.

Figure 2. Patient positioning and L-shape incision for lateral-
posterior approach.

Figure 3. Hemivertebra and its appendage was exposed.

Figure 4. Hemivertebra and its appendage was resected.
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tebra, and the global lordosis was measured between the supe-
rior endplate of L1 and the superior endplate of S1. A kyphotic
curve is expressed as a positive angle value, whereas a lordotic
curve corresponds to a negative value.

Statistical Analysis
The results were analyzed statistically with use of the paired
Student t test, with the level of significance set at P � 0.05.

Results

The mean age of the 24 patients at the time of surgery
was 9.4 years (range, 6 years and 8 months–16 years and
9 months). The mean follow-up was 43 months (5–94).
The mean segmental scoliosis curve was 45.2° (35°–70°)
before operation, 15.6° (0°–23°) immediately after sur-
gery, and 17.4° (0°–26°) at the time of the latest fol-
low-up assessment. The total main curve was 47.6° (35°–
73°)’ 16.9° (0°–25°) and 18.6° (0°–28°) at the same
periods, respectively. This represents a mean 61.5% cor-
rection for the segmental curve and a mean 60.9% cor-

rection for the total main curve. These differences be-
tween preoperative and postoperative or between
preoperative and final follow-up were significant (P �
0.01). The trunk shift improved from 23% (5%–40%)
before operation to 21% (4%–38%) after operation,
and to 10% (0%–32%) at the latest follow-up (P �
0.05). In the sagittal view, the mean segmental lordosis
was �2.6° (�22° to �20°) before surgery, �4.9° (�27°
to �22°) after surgery, and �5.8° (�26° to �24°) at
final assessment. The mean global lordosis was �26°
(�49° to �15°), �22° (�40° to �29°) and �35.2°
(�55° to �31°) at the same periods, respectively. There
were no postoperative neurologic complications and no
breakages of implants. All patients achieved solid fusion
at the latest follow-up.

Discussion

Hemivertebrae are the most frequent cause of congenital
scoliosis. They have growth potential similar to normal
vertebra, creating wedge-shaped deformity that
progresses during further spinal growth8. In congenital
scoliosis, progression of the spinal deformity occurs as a
result of unbalanced vertebral growth9. Nonsurgical

Figure 5. Compression and stabilization on the convex side with a
short-segmental instrumentation were carried out anteriorly to
correct the scoliosis deformity.

Figure 6. Fusion was carried out in the area extending from one
vertebra cephalad to one vertebra caudad to the hemivertebra.

Figure 7. The standing preoperative radiographs of a 9-year-old
girl with congenital scoliosis due to L2 hemivertebra.

Figure 8. Her 6-month follow-up radiographs showed the hemi-
vertebra resected and the scoliosis corrected.
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treatments including bracing usually have been unsuc-
cessful in preventing progression of the deformity, and
surgical intervention is necessary for most cases with
curve progression.10,11

The primary goal of surgical intervention of congeni-
tal scoliosis due to hemivertebra is to halt curve progres-
sion and deformity that might require a more extensive
corrective procedure. Progression of the scoliosis is most
rapid during the adolescent growth spurt and stops only
at the point of skeletal maturity.12 It has been recom-
mended2,6,13 that prophylactic treatment be adminis-
tered before the spine begins to decompensate and before
secondary curves become structural.

There are four basic procedures available to the sur-
geon treating congenital scoliosis: posterior fusion, com-
bined anterior and posterior fusion, convex growth ar-
rest (anterior and posterior hemiepiphysiodesis), and
excision of the hemivertebra.11,14–20,21

Posterior spinal fusion alone has considerable limita-
tions. The goal of posterior surgery is stabilization in
order to prevent further progression rather than correc-
tion of the curve. Winter22 reported 290 patients with
congenital scoliosis who had posterior fusion with or
without Harrington instrumentation. Correction was
limited to 28% in those fused without instrumentation
and to 36% in those in whom Harrington implants were
used. Instrumented distraction across the concavity was
associated with the risk of paraplegia. Deformation of
the fusion mass because of continued anterior growth,
was observed in 40 patients (14%). The crankshaft phe-
nomenon occurs in 15% of patients of all ages and in
36% of patients who are younger than 4 years old at the
time of fusion23. Slabaugh et al24 compared hemiverte-
bral excision with posterior fusion in situ for lumbosa-
cral hemivertebrae and found better correction of the
curve in the group who had excision.

Combined anterior and posterior fusion offers several
advantages over posterior fusion. More substantial cor-
rection can be achieved by discectomies, the potential for
a crankshaft effect is eliminated, and the occurrence of
pseudarthrosis is reduced. Because this technique does
not address the wedge deformity directly, the entire mea-
sured curve must be encompassed in the fusion, includ-
ing normal segments. Fusion of multiple vertebral seg-
ments will result in a corresponding loss of spinal
mobility and loss of future growth potential in every
segment fused. Meanwhile, this technique may leave a
residual curve, persistent deformity, and occasionally
unacceptable cosmesis.

Convex epiphysiodesis of the spine was designed to
arrest convex growth while allowing concave growth to
correct the deformity. The surgery must take place when
sufficient spinal growth remains, usually in children less
than 5 years of age.16,18,20,25,26 Concave growth is, how-
ever, unpredictable and kyphosis in the region of the
anomaly may develop as growth of the posterior ele-
ments continues. It is necessary to perform convex he-
miepiphysiodesis across the entire measured curve, often

including a normal segment above and below, in order to
achieve a satisfactory improvement. The results of this
procedure have been variable and unpredictable. Roaf27

described unilateral hemiepiphysiodesis in patients with
spinal deformity, and proposed that further growth
would correct the deformity. He achieved correction of
more than 20° in 23% of patients, but less than 10° in
40%. Andrew and Piggott28 demonstrated mixed early
results in a series of 13 patients treated by convex
epiphysiodesis. Long-term follow-up of 33 patients from
the same center showed correction of the curve in 23
(70%), with better results in patients treated at a young
age.25 Winter and Moe11 reported early results in 10
children treated by convex hemiepiphysiodesis, with
only two demonstrating significant correction at fol-
low-up at 2 years. Long-term follow-up of a similar
group of 13 patients showed arrest of the curve in 7
patients (54%) and improvement of more than 5° in 5
(38%).26

In contrast to the above techniques, hemivertebra exci-
sion has several distinct advantages. Directly removing the
hemivertebra eliminates the potential for future curve pro-
gression and provides immediate correction of the existing
clinical deformity, resulting in improved cosmesis. This
leaves the remaining proximal and distal uninvolved
segments mobile, unfused, and available for continued
normal growth. It is well established in the manage-
ment of lumbosacral curves.14,24,29 –32 Correction can-
not be achieved reliably by other methods.

Excision of a hemivertebra was first reported in 1928
by Royle5 in Australia. Numerous authors have reported
on series in which hemivertebra resection was performed
through successive or simultaneous anterior and poste-
rior approaches or through the posterior approach
alone. The rates of correction of the scoliotic curve in
those studies ranged from 24.3% to 71.1%.33,34

Before the development of modern instrumentation
systems, excision of hemivertebra was not commonly
performed, as it did not provide significant correction,
except for fusion effect on curves and ceasing of progres-
sion; it also had serious neurologic and systemic compli-
cations.13,35–37 Recently, Leatherman and Dickson30

popularized it again. In many subsequent studies, it has
been reported that complete excision of hemivertebra at
the same session at one or two steps leads to pronounced
improvement as well as spontaneous correc-
tion.14,15,34,38 Bradford and Boachie-Adjei14 reported a
70% correction in Cobb angle. Only 1° of correction loss
occurred after anterior-posterior hemivertebra excision
simultaneously performed at a single step. King and
Lowery,33 in their series with 7 patients, reported a 29.7°
of final curve following 2 step excision and 18° curve
with simultaneous single step intervention. Callahan et al
reported the results of 10 patients with 67% correction
in curves at 40°, and Shono et al reported 64% correc-
tion.39,40 Lazar and Hall29 improved preoperative curves
from 47° to 14° in their series of 11 patients, while Hall
et al19 improved it from 54° to 33°. Shono et al39 re-
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ported an improvement in lateral body shift from 23 mm
to 3 mm. in patients with hemivertebra excision. Simi-
larly, Deviren et al41 reported an improvement from 35
to 11 mm.

The most common method is the excision of the hemi-
vertebra body and disc in the form of Y, and subsequent
excision of the posterior components, if present.35,36,14

According to Lubicky,35 excision of the posterior com-
ponents first through posterior approach, and then the
excision of anterior hemivertebra body and compression
with Zielke or Dwyer operation is the other method.
These procedures can be performed at a single session.
Of late, it has been common practice to perform them in
two steps but on the same operation day.14,15,42,43 Sev-
eral recent reports recommend the simultaneous perfor-
mance of two procedures during the same session as this
is more reliable and efficient.14,29,41

The authors of more recent studies have reported on
hemivertebra excision from the posterior approach
only.8,38,39,44 Ruf and Harms8 reported on twenty-eight
hemivertebra resections in which convex compression by a
screw-rod system was used. At a mean of 3.5 years, the
mean correction of the scoliosis was 71.1% (from 45° to
13°). Complications included two pedicle fractures, three
failures of instrumentation, two additional operations for
curve progression, and one infection. Shono et al39 reported
on hemivertebra resection through a single posterior ap-
proach in twelve patients, in whom the mean correction
was 63.3% (from 49°to 18°).

To our knowledge, few reports have been reported
describing a procedure consisting of one-stage lateral-
posterior lumbar hemivertebra resection and correction
of the deformity by segmental anterior instrumentation
to date. In contrast to the above approaches, lateral-
posterior lumbar hemivertebra excision has several dis-
tinct advantages. Directly removing the hemivertebra
and its’ appended structures provides immediate correc-
tion of the existing clinical deformity in an approach.
Stabilization were carried out anteriorly using a short-
segmental instrumentation including only vertebra ceph-
alad and caudad to the hemivertebra. This leaves the
remaining proximal and distal uninvolved segments mo-
bile, unfused, and available for continued normal
growth. The sacrospinal muscle, vertebral canal and
dura on the concave side were not exposed and dis-
turbed.

Our mean rate of correction of the major curve in
these 24 patients was 60.9%, similar to previously re-
ported results for hemivertebral excision. The mean final
lordosis was within normal values. In the present study,
no neurologic deficit occurred.

The encouraging results of this study indicate that
correction of progressive deformity due to a single hemi-
vertebra can be satisfactorily achieved through a lateral-
posterior approach. The operation was well tolerated by
our patients, and it was not associated with any adverse
complications. However, one should take into account
the presence of compensatory thoracic or lumbar curves

that may produce spinal imbalance if the curve is over-
corrected. We recognize that a longer follow-up, prefer-
ably to the completion of growth, is necessary for a full
assessment of the role of the technique in the overall
management of these patients.

Conclusion

Complete single hemivertebra excision carried out
through a lateral-posterior approach is quite safe for
lumbar regions of vertebral column. High correction and
fusion rates can be achieved with short anterior segmen-
tal instrumentation. Minimal correction loss is observed
at follow-up visits. Sagittal contours may be brought
within normal physiologic ranges. Lateral trunk shift is
considerably corrected and no additional imbalance or
decompensation problem was observed.

Key Points

● Congenital scoliosis or kyphoscoliosis due to a
lumbar hemivertebra were managed by resection of
the hemivertebra and fusion through a lateral-
posterior approach.
● Use of a lateral-posterior approach in the surgi-
cal treatment of hemivertebrae has not been de-
scribed previously in the literature.
● Excision of a lumbar hemivertebra through lat-
eral-posterior approach is safe and provides stable
correction when combined with a short-segment
fusion.

References

1. Asuon AM. Conservative management of scoliosis. Clin Orthop 1953;1:99–
108.

2. McMaster MU, David CV. Hemivertebra as a cause of scoliosis. A study of
104 patients. J Bone Joint Surg Br 1986;68:588–95.

3. Nasca RJ, Stelling FH, Steel HH. Progression of congenital scoliosis due to
hemivertebrae and hemivertebrae with bars. J Bone Joint Surg Am 1975;57:
456–66.

4. Bukkubg EL. Congenital scoliosis: an analytical study of its natural history.
In proceedings of the western orthopaedic association. J Bone Joint Surg Am
1955;37:404–5.

5. Royle ND. The operative removal of an accessory vertebra. Med J Aust
1928;1:467–8.

6. Wiles P. Resection of dorsal vertebrae in congenital scoliosis. J Bone Joint
Surg Am 1951;33:151–3.

7. Cobb JR. Outline for the study of scoliosis. Instr Course Lect 1998;5:2–7.
8. Ruf M, Harms J. Posterior hemivertebra resection with transpedicular in-

strumentation: early correction in children aged 1 to 6 years. Spine 2003;28:
2132–8.

9. Winter RB, Lonstein JE, Denis F. Convex growth arrest for progressive
congenital scoliosis due to hemivertebrae. J Pediatr Orthop 1988;8:633–8.

10. Smith AD, Von Lackum WH, Wylie R. An operation for stapling vertebral
bodies in congenital scoliosis. J Bone Joint Surg Am 1954;36:342–7.

11. Winter RB, Moe JH. The results of spinal arthrodesis for congenital spinal
deformity in patients younger than five years old. J Bone Joint Surg Am
1982;64:419–32.

12. McMaster MU, Singh H. Natural history of congenital kyphosis and kypho-
scoliosis. A study of one hundred and twelve patients. J Bone Joint Surg Am
1999;81:1367–83.

13. Compere EL. Excision of hemivertebrae for correction of congenital scolio-
sis. Report of two cases. J Bone Joint Surg Am 1932;14:555–62.

14. Bradford DS, Boachie-Adjei O. One-stage anterior and posterior hemiverte-

2005Hemivertebra Resection for Congenital Lumbarspinal Scoliosis • Li et al



bral resection and arthrodesis for congenital scoliosis. J Bone Joint Surg Am
1990;72:536–40.

15. Holte DC, Winter RB, Lonstein JE, et al. Excision of hemivertebrae and
wedge resection in the treatment of congenital scoliosis. J Bone Joint Surg
Am 1995;77:159–71.

16. Marks DS, Sayampanathan SR, Thompson AG, et al. Long term results of
convex epiphysiodesis for congenital scoliosis. Eur Spine J 1995;4:296–301.

17. Winter RB, Moe JH, Eilers VE. Congenital scoliosis: a study of 234 patients
treated and untreated. Part II. Treatment. J Bone Joint Surg Am 1968;50:
15–47.

18. Bradford DS. Partial epiphyseal arrest and supplementary fixation for pro-
gressive correction of congenital deformity. J Bone Joint Surg Am 1982;64:
610–4.

19. Hall JE, Herndon WA, Levine CR. Surgical treatment of congenital scoliosis
with or without Harrington instrumentation. J Bone Joint Surg Am 1981;
63:608–19.

20. Keller PM, Lindseth RE, DeRosa GP. Progressive congenital scoliosis treat-
ment using a transpedicular anterior and posterior convex hemiepiphysiode-
sis and hemiarthrodesis: a preliminary report. Spine 1994;19:1933–9.

21. Winter RB, Moe JH, Lonstein JE. Posterior spinal arthrodesis for congenital
scoliosis: an analysis of the cases of two hundred and ninety patients: five to
nineteen years old. J Bone Joint Surg Am 1984;66:1188–97.

22. Winter RB. Congenital spinal deformity. In: Lonstein JE, Bradford DS, Win-
ter RB, et al, eds. Moe’s Textbook of Scoliosis and Other Spinal Deformities.
3rd ed. Philadelphia: WB Saunders Co; 1995:257–94.

23. Kesling KL, Lonstein JE, Denis F, et al. The crankshaft phenomenon after
posterior spinal arthrodesis for congenital scoliosis: a review of 54 patients.
Spine 2003;28:267–71.

24. Slabaugh PB, Winter RB, Lonstein JE, et al. Lumbosacral hemivertebrae: a
review of twenty-four patients, with excision in eight. Spine 1980;5:234–44.

25. Thompson AG, Marks DS, Sayampanathan SRE, et al. Long term results of
combined anterior and posterior convex epiphysiodesis for congenital scoli-
osis due to hemivertebrae. Spine 1995;20:1380–5.

26. Winter RB. Convex anterior and posterior hemiarthrodesis and hemiepiphy-
seodesis in young children with progressive congenital scoliosis. J Pediatr
Orthop 1981;1:361–6.

27. Roaf R. The treatment of progressive scoliosis by unilateral growth arrest.
J Bone Joint Surg Br 1963;4:637–51.

28. Andrew T, Piggott H. Growth arrest for progressive scoliosis: combined

anterior and posterior fusion of the convexity. J Bone Joint Surg Br 1985;
67:193–7.

29. Lazar RD, Hall JE. Simultaneous anterior and posterior hemivertebra exci-
sion. Clin Orthop 1999;364:76–84.

30. Leatherman KD, Dickson RA. Two-stage corrective surgery for congenital
deformities of the spine. J Bone Joint Surg Br 1979;61:324–8.

31. Von Lackum HL, Smith AD. Removal of vertebral bodies in the treatment of
scoliosis. Surg Gynecol Obstet 1933;57:250–6.

32. Bradford DS, Serena H. Excision of hemivertebra. In: Thopson RC, ed.
Master Techniques in Orthopaedic Surgery. Philadelphia: Lippincott-Raven;
1997:185–98.

33. King JD, Lowery GL. Results of lumbar hemivertebral excision for congen-
ital scoliosis. Spine 1991;16:778–82.

34. Klemme WR, Polly DW Jr, Orchowski JR. Hemivertebral excision for sco-
liosis in very young children. J Pediatr Orthop 2001;21:761–4.

35. Lubicky JP. Congenital scoliosis. In: Birdwell K, DeWald RL, eds. The Text-
book of Spinal Surgery. 2nd ed. Philadelphia: Lippincott-Raven Publishers;
1997:345–64.

36. Winter RB. Congenital scoliosis. Orthop Clin North Am 1988;19:395–408.
37. Jashwhich D, Ali RM, Patel TC, et al. Congenital scoliosis. Curr Opin Pe-

diatr 2001;12:61–6.
38. Nakamura H, Matsuda H, Konishi S, et al. Single-stage excision of hemiver-

tebrae via the posterior approach alone for congenital spine deformity: fol-
low-up period longer than ten years. Spine 2002;27:110–5.

39. Shono Y, Abumi K, Kaneda K. One-stage posterior hemivertebra resection
and correction using segmental posterior instrumentation. Spine 2001;26:
752–7.

40. Callahan BC, Georgopoulus G, Ellert RE. Hemivertebral excision for con-
genital scoliosis. J Pediatr Orthop 1997;17:96–9.

41. Deviren V, Bevren S, Smith JA, et al. Excision of hemivertebrae in the man-
agement of congenital scoliosis involving the thoracic and thoracolumbar
spine. J Bone Joint Surg Br 2001;83:496–500.

42. Winter R. Congenital scoliosis: the role of anterior and posterior fusion. J
Turk Spine Surg 1994;5:81.

43. Bergoin M, Bollini G, Taibi L. Excision of hemivertebrae in children with
congenital scoliosis (Abstract). Ital J Orthop Traumatol 1986;12:179–84.

44. Ruf M, Harms J. Hemivertebra resection by posterior approach: innovative
operative technique and first results. Spine 2002;27:1116–23.

2006 Spine • Volume 33 • Number 18 • 2008


