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curves that can’t be treated without forcing the os-
seous structures.

This may happen in cases of severe arthrosis, pre-
vious surgical fusions, fusion of the discal space, an-
kylosing spondylitis, and other situations that repre-
sent a surgical challenge.

The importance of the correction of fixed curves 
is the possibility to restore the correct amount of lor-
dosis in the lumbar spine, to reduce hyperkyphosis 
in the thoracic spine, to decompress nervous struc-
tures and to avoid hyperkyphotic angle above long 
arthrodesis that may lead to junctional fractures.

A partial correction of a lumbar hypolordosis 
without the correction of a fixed hyperkyphosis, will 
leave the C7 plumbline far from falling in the right 
point of the S1 endplate (Figures 1-3).

If the fixed curve is due to a fused disc it may 
be possible to force the reopening of the discal 
space. This is of major importance in L5-S1 where 
the maximal amount of lordosis should be obtained 
and where the most important discopathies usually 
occur. Fusion of the discal space usually starts from 
the posterior edge, from lateral to medial. For this 
reason, when approaching the spine by a posterior 
way care should be taken in removing osteophytes 
and fusions of the lateral part of the disc before 
forcing the opening of the space. The most effective 
approach to achieve a correct opening of the discal 
space is an anterior approach. Usually the anterior 
part of the anulus is not fused and it’s possible to 
gently force the reopening of the discal space with 
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Surgical challenges of fixed spine:  
how to restore a fixed imbalance?

During the last years the importance of sagit-
tal balance in spine surgery has become even 

more important. Restoring the correct balance 
of the spine is crucial to warrant the success of 
every surgical procedure preventing the failure 
of the devices, junctional fractures, pullout of the 
screws, thus having an enormous importance in 
terms of postoperative quality of life and relief 
of back pain.1, 2 Every surgical procedure should 
therefore be planned preoperatively on the basis 
of the patient’s pelvic incidence, eventual pelvic 
tilt increase, loss in lumbar lordosis and thoracic 
kyphosis (Figure 1).3, 4

The goal of surgery is to have the C7 plumbline 
above the posterior edge of S1 endplate, and to have 
an harmonic succession of cervical lordosis, thoracic 
kyphosis, lumbar lordosis and a non everted pelvis. 
The rule that grossly regulates the succession of the 
thoraco-lumbo-pelvic curves is TK=PI=LL-10°.5-9

Surgical considerations

In sagittal imbalance it is important to restore the 
correct alignment and this can be achieved working 
on the segmental lordosis of the disc when perform-
ing an intersomatic fusion and on the osseous struc-
tures in cases of important hypolordosis (>20°), in 
witch osteotomies have to be performed to gain a 
more lordotic shape of the vertebral bodies.

In some cases the imbalance is related to the pres-
ence of a misalignment due to the presence of fixed 
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Figure 1.—Loss in lumbar lordosis and thoracic kyphosis.

Figure 3.—Partial correction of a lumbar hypolordosis.

Figure 2.—Partial correction of a lumbar hypolordosis.

Figure 4.—Before surgery: flat L4-L5 disc.
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In case of a straight fixed spine these techniques 
may even not work, and it’s necessary to perform 
three columns osteotomies.

Actually three possible procedures are usually 
performed: pedicular subtraction osteotomy (PSO), 
corner osteotomy and total vertebral resection.

The PSO consists of the removal of all the poste-
rior structures and of an osteotomy performed via a 
transpedicular way to remove a lordotic wedge and 
after it to close the osteotomy with a fracture of the 
anterior wall, and to better fuse the osteotomized 
vertebra adjacent cages can be placed.10-12

In the corner osteotomy, after the removal of the 
posterior column, the osteotomy is performed in the 
direction of the cranial disc space that is also re-
moved and replaced with a cage. Both procedures 
are really effective and permit to obtain up to 30-40° 
of lordosis for each level. Because of the invasive-
ness a great blood loss (=/>1500 cc) should be ex-
pected. The great amount of correction that can be 
obtained by this way should be considered because 
not every part of the column can tolerate such an 
important lordotic angle in particular in the thoracic 
segment, so it’s necessary to plan the amount of lor-
dosis and therefore the importance of the osteotomy 
that can be performed for each level. It should also 
be remembered that the maximum amount of lor-
dosis should be in the L4-S1 part so the osteotomy 
should be performed as caudal as possible.

Conclusions

The treatment of the either monosegmental or 
multilevel long fixed spine due to degenerative pa-
thology, ankylosing spondylitis or previous inter-
vention is a challenging surgery that should always 
take in care four rules:

1. always calculate spinopelvic parameters (also 
in monosegmental pathology);

2. plan the surgical strategy;
3. never treat spine without correcting the sagittal 

balance;
4. never leave rigid kyphotic angles above the in-

strumented spine.
Following these rules as far as we know the best 

results may be achieved in terms of clinical out-
come, sagittal balance alignment pelvic tilt restoring 
and prevention of further complications due to in-
strumentation failure or adjacent segment disease.

a Cobb elevator and distractors and to directly put a 
cage to maintain the achieved correction.

The posterolateral interbody fusion is a very use-
ful procedure to correct segmental hypolordosis by 
using short lordotic cages put as anterior as possible 
and fixing the segment with pedicular or transarticu-
lar screws. These procedures are very effective and 
permit to obtain an average amount of 10-13° of 
segmental lordosis also in almost fused discs (Fig-
ures 4, 5).

In cases of long fixed deformieties an osteotomy 
is usually needed.

The Smith-Petersen and the Ponte osteotomy 
(SPO) are two similar techniques that are used to 
treat hyperkyphotic segments. They consist of a pos-
terior column removal that permits to use the mid-
dle column as the fulcrum for a posterior compres-
sion. when performed at multilevel segments these 
techniques warrant a gain of almost 10° of lordosis 
for each level. These procedures are very useful in 
the correction of fixed hyperkyphotic thoracic seg-
ments, in particular in ankylosing spondylitis.

Figure 5.—After PLIF 12° of segmental lordosis.
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