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ABSTRACT
Fully segmented hemivertebra represents one of the most frequent 
cause of congenital scoliosis. This spinal malformation requires in 
many cases surgery and nowadays the golden standard is represented 
by posterior hemivertebra resection and segmental posterior fusion. 
The technique is a demanding one, but with proper preoperative plan-
ning and careful surgery, it ensures good results. Some tips and tricks 
are useful to avoid poor results and re-interventions.
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INTRODUCTION
Scoliosis due to hemivertebra is one of the most frequent deformity 
encountered in congenital spinal problems. The presence of a fully 
segmented hemivertebra may evolve with a progressive spine curve, 
and usually it requires surgery at an early age in order to avoid the 
presence of a severe and stiff scoliosis, degenerative changes of the 
involved spinal segment and possible consequent neurological issues 
like paresthesia or even paralysis[1]. Very often, these congenital mal-
formations of the spine are associated with malformations of other 
systems, like cardiac, vascular, renal, nervous, genitor-urinary and/
or digestive system. These malformations are important to be diag-
nosed and addressed to avoid complications before, during and after 
surgery. Nowadays the golden standard in the surgical treatment of 
hemivertebra is represented by hemivertebra resection by posterior 
approach and segmental fusion, involving the fusion of a limited 
number of adjacent vertebrae. This technique described by Ruf and 
Harms is represented by piece-by-piece hemivertebra resection (pos-
terior arch, pedicle, hemivertebral body and adjacent disks), followed 
by a short fusion of the upper and lower normal vertebrae fixed with 
4 anchorage points and 2 longitudinal rods[2]. Proper diagnosis of the 
spinal deformity, associated spinal malformations and surgical tech-
nique, when dealing with hemivertebrae, will ensure best treatment 
results and avoid serious surgery related complications. A series of 
tips and tricks may ensure best surgical outcomes in many instances.

PROPER DIAGNOSIS OF THE DEFORMITY
In many spinal congenital malformations due to formation and 
segmentation defects, the findings on the plain X-rays are not actu-
ally corresponding to the real malformation. The correspondence to 
the spatial relationship of each structure of the vertebrae should be 
described properly. That’s why it is mandatory to perform a CT-3D 
whole spinal column scan when dealing with a congenital scoliosis. 
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We may have the surprise that the anterior component of the mal-
formation does not match to the posterior one, also known in the 
literature as “discordant anomaly”. These types of anterior-posterior 
discordances may be due to posterior formation and segmentation 
defects[3]. When dealing with these issues, the preoperative planning 
should be in accordance to these anomalies and the hemivertebra 
resection technique and posterior fixation require adaptation to the 
situation (Figure 1). A careful analysis of the patients imagistic ex-
ams (X-rays, CT-scan and MRI) may highlight other malformations 
like medullar anomalies, spinal dysraphism[4] or the presence of a L5 
mega-apophysis articulating to the sacrum (Figure 2). The presence 
of these conditions require special attention and actions in order to 
avoid disasters and to obtain best correction of the spinal curves. 
Diastematomyelia has to be removed before hemivertebra resection 
to avoid medullar impairment during spinal surgery and the mega-
apophysis, if present, should be resected to avoid further worsening 
of the lumbar scoliotic curve and pelvic imbalance.

PROPER T IMING OF THE SURGICAL 
PROCEDURE
Best results of hemivertebra resection is at an early age, starting with 
1.5 years of age up to 6 years of age[5]. The main goal in the treat-
ment of congenital scoliosis due to hemivertebra is to prevent curve 
progression and to ensure a proper growth of the spine. Delaying of 
hemivertebra resection in children with scoliotic curve progression 
may result in the presence of deformities which develop degenerative 
changes, neurologic risks and require longer fusions with difficult-to-
obtain good results (Figure 3). Some time ago the literature presented 
concerns on the use of pedicle screws in small children with growth 
potential, related to the growth of the spinal canal. Ruf and Harms 
proved that their technique did not show a considerable shortcoming 
on the spinal growth and did not result in any narrowing of the spinal 
canal[6]. Maybe the avoidance to use a cross-link in this technique is 
also a factor permitting a proper development of the spinal canal in 
very young patients.

PROPER SURGICAL TECHNIQUE
Proper planning and respecting the surgical technique described by 
Ruf and Harms ensures best surgical results and allows a normal 
growth of the spine in young patients. The steps of this technique 
supposes pre- and intraoperative hemivertebra identification, a short 
posterior approach centered on the spinous processes of the upper 
and lower adjacent vertebrae. Two pedicular screws are placed in the 
vertebrae above and below the hemivertebra, opposite to it (on the 
concave side). The spine is stabilized by a short rod fixed to these 
two screws. Next the hemivertebra is resected, component by compo-
nent (hemilamina, pedicle, hemivertebral body and both disks, above 
and below the hemivertebra). The intercostal nerve corresponding to 
a thoracic hemivertebra should be protected in order to avoid neuro-
logic sensitive issues. A careful management of the procedure avoids  
hemorrhage, medullar and visceral lesions. The complete hemiverte-
bra resection, with both hemidisks, should be checked intraoperative 
by fluoroscopy. The presence of disk and hemivertebra parts will lead 
to pseudarthrosis with consecutive complications. After complete 
hemivertebra resection, another two pedicular screws are placed in 
the upper and lower vertebrae, on the side of hemivertebra resec-
tion. The second rod is placed and careful compression is performed 
to close the gap left by the resection of the hemivertebra and not to 
“squeeze” the spinal cord. This maneuver ensures curve correction. 
The rod on the opposite side should be loose on the screws during 

Figure 1 Congenital scoliosis due to hemivertebra. Discordant anomaly 
with anterior T11 hemivertebral body and the T11 posterior hemiarch 
being locked in a T10-T12 bony plate.

Figure 2 L5 mega-apophysis articulated to the sacral wing (up). Bony 
diastematomyelia evidenced on CT-scan and MRI.

Figure 3  Degenerative changes and a stiff curve in a 16 years old patient 
with  T12 hemivertebra. In order to obtain a good result, the fixation 
required a longer fusion area after hemivertebra resection.

Figure 4 Pedicle fracture requiring implant extension with one level up.

compression (sometimes it requires a bit of distraction) in order to 
avoid pedicle fracture. The resected hemivertebra should be used as 
autologous bone graft to ensure effective fusion of the short spinal 
segment. The interspinous ligaments of the upper and lower verte-
brae should be left intact to avoid kyphosis above or below the fusion 
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Figure 5 Ruf and Harms technique using a longer implant in a 15 years 
old patient. Convex side fixation with a rod, hemivertebra resection 
with intercostal nerve protection. Autologous bone graft resulted 
from hemivertebra resection. Final fixation after compression on the 
hemivertebra resection side.

Figure 6 The use of a third rod to avoid pedicle fracture during 
compression after hemivertebra resection. 

area. The fracture of the pedicles requires the extension of the implant 
by 1-2 levels (Figure 4) or the use of a laminar hook instead of the 
pedicular screw placed in the fractured pedicle. In older patients the 
fixation of more than 2 levels should be performed per primam due 
to stiffness and degenerative changes (risk of pedicle fracture during 
compression) of the involved spinal segment (Figure 5). Another tip 
to avoid pedicle fracture is the use of a third rod with laminar hooks 
placed on the laminas of the upper and lower vertebrae. The lamina is 
stronger in younger patients and compression on this third bar will al-
leviate the forces on the pedicles during the compression maneuvers 
(Figure 6).

CONCLUSIONS
Each case of congenital scoliosis has to be carefully evaluated related 
to the present malformations, age at surgery and a proper preopera-
tive planning and surgical procedure are mandatory in order to obtain 
best results. Complete hemivertebra resection with both adjacent 
disks and proper fixation are the key of success to avoid further re-
interventions. If complications like pedicle fractures are encountered 
during surgery, the tricks with laminar hook instead of pedicular 

screw, the third rod and/or minimal extension of the spinal implant 
overcome the inconveniences. This technique described by Ruf and 
Harms makes obsolete an anterior approach of the hemivertebra, with 
similar results, but less extensive surgery. The growth of the spine is 
not impaired and favorable long term results are demonstrated.
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