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Summary
Background:

The presented case illustrates the critical role of a detailed preoperative radiological evaluation in
complex spine surgery.

Case Report:

A 49-year-old patient was admitted for a revision surgery after L3–L5 fusion. Preoperative
assessment showed preserved sagittal balance, coronal imbalance and valgus knee deformity. The
patient reported pain of 8–10 in VAS (Visual Analogue Scale) and had an ODI (Oswestry Disability
Index) of 60%. The first step of the surgery was L2–S1 fusion with decompression and spine
deformity correction. The second step involved anti-valgus osteotomy of the right tibial bone.

Conclusions:

The assessment of global spinal balance together with lower extremity alignment should be
strongly recommended.
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Background
Global spinal balance depends on both lumbar lordosis and
thoracic kyphosis, when taking into account the anatomy of the pelvis, its shape and position defined by pelvic
parameters. As regards pelvic parameters, the analysis of
lower limb alignment is also very important for the final
result of spinal deformity surgery. In the case of a pathological spinal shape, different mechanical compensations
may be activated. When the spine remains flexible, it can
compensate for the pathology on its own (i.e. hyperextension above or below). When the spine is rigid, the only
way of compensation is pelvic rotation. Hip extension is a
limiting factor. Flexion of the knees may occur when hip
extension is overpassed [3]. Currently, a detailed preoperative radiological analysis of pelvic parameters, as defined

by pelvic incidence (PI), pelvic tilt (PT) and sacral slope
(SS), has become a standard practice in spine surgery. In
our opinion, the alignment of lower limbs should also be
included in this analysis.
The presented case shows that spine surgery in some
patients should be coupled with a surgical correction of
lower limb alignment, for which preoperative radiological
evaluation is critical.

Case Report
Patient
49 years of age, operated in another centre due to L4/L5,
L5/S1 disc herniation with spinal stenosis and deformation
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in the form of rotation and scoliosis. Figure 1 shows a spine
radiograph before the first surgical treatment. The first
surgery included transpedicular L3–L5 stabilization with
a decompression at L4/L5 and L5/S1 levels, without interbody fusion. After 2 months, the patient reported to our
centre with severe lumbar pain radiating to the right lower
limb (Figure 2). The imaging studies (CT, MR) showed loosening around all screws that was causing damage of the L4
and L5 vertebral bodies and progression of the deformity.
To evaluate pain and the level of disability, two commonly used scales were applied. Visual Analogue Scale (VAS) is
the most common scale used to evaluate the level of pain.
VAS is presented as a 100-cm long, straight horizontal line,
where higher scores indicate a greater pain intensity (no
pain – 0, worst possible pain – 10). Oswestry Disability
Index (ODI) is the gold standard for measuring the level of
disability in patients with low back pain. This self-completed questionnaire contains 10 topics concerning different aspects of life. Each question is scored, all answers are
summed and then multiplied by two to obtain the index
(0–100). Zero means no disability and 100 is the maximal
possible disability. On admission, the clinical evaluation
revealed a VAS score of 8–10 (the highest scores of pain),
ODI was 60% (severe disability), and there was a motor deficit in the right lower extremity (4/5 in Lovett scale) along
with sensory impairment mainly in the L5 dermatome.

Radiological evaluation
Radiographs in the free-standing position encompassing the area from the C1 vertebra to the femoral heads
in the AP (anteroposterior) and lateral views were taken.
Moreover, a full radiograph of the lower extremities was
taken. The sagittal balance assessment revealed PT (Pelvic

Figure 1. Lumbar spine – lateral and AP radiographs before treatment.
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Tilt) of 11, PI (Pelvic Incidence) of 40, LL (Lumbar Lordosis)
of 50 (before surgery app. 47), Cobb angle of 13 with incorrect pelvis positioning (Figure 2). An additional radiological
assessment showed a valgus knee deformity (Figure 3A).

Surgery
Initially, the patient was qualified for a revision spine surgery. Instrumented L2–S1 fusion, restorative surgery with
interbody fusion (TLIF – Transforaminal Lumbar Interbody
Fusion) and a partial correction of the spine in the coronal
plane had been performed. Osteotomy of the right lower
extremity was performed 7 months after the spine surgery
(Figure 3B).

Results
Six months after the surgery, the patient improved partially with a VAS score of 5–6 and an ODI of 40% (moderate
disability). There were episodes of severe back pain with
a VAS score up to 10. The coronal imbalance of the spine
was maintained with an incorrect pelvis position. At that
moment, the patient underwent osteotomy of the right
lower extremity to correct the valgus deformity. Twelve
months after the revision surgery, the patient fully recovered with a VAS score of 0–1 (almost no pain) and an ODI of
10% (minimal disability). A follow-up radiograph showed a
preserved optimal sagittal balance (PT 11, PI 41, LL 48) and
improved coronal balance (Figure 4)

Discussion
Recently, there has been a growing interest regarding the
importance of sagittal balance in clinical practice [3,6–8]
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Figure 2. Lumbar spine – lateral and whole spine AP radiographs after the first surgery, before revision.
A

B

Figure 3. (A) Lower limb radiograph before osteotomy. (B) Lower limb radiograph after osteotomy.
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Figure 4. Whole spine AP and lateral radiographs 14 months after surgery.
The evaluation of sagittal balance is based mainly on the
measurements of the spinopelvic parameters. The pelvis
is the most important link between the lower extremities and the spine and regulates the overall body balance.
Being a „pedestal of the spine” [5,6], the measurements
of the morphological parameters of the pelvis are crucial [1,3,5,8]. There are 3 parameters used for the evaluation of the pelvis: Pelvic Incidence (PI), Pelvic Tilt (PT)
and Sacral Slope (SS) that are interrelated by the following
formula: PI=PT+SS. PI is a fixed parameter that defines
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the orientation of the sacrum to the ilium. In asymptomatic
cases, patients with a small PI have a vertical sacrum with
a short and small lumbar lordosis (LL). In contrast, patients
with a large PI have a horizontal sacrum with a large and
long LL. This concept has been widely described in the
literature [1,3–5]. The pelvis rotates around the femoral
heads and its orientation in the sagittal plane is defined
by both PT and SS. Among the very important parameters
that have to be measured on spine radiographs are lumbar lordosis (LL) and thoracic kyphosis (TK). To assess the
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global sagittal alignment, the measurement of sagittal vertical axis (SVA) is important. This parameter is defined by
a horizontal offset from a plumb line dropped from the C7
vertebra to the posterosuperior corner of the sacral plate.
SVA is very sensitive to any deviation of spinal curvature
but is affected by patient position [9]. Recently, parameters
that are not affected by patient position have been introduced. They include the spinosacral angle (SSA), defined as
the angle between the C7/S1 vertebrae and the sacral inclination, and the T1 pelvic angle (TPA), which is the angle
between a line drawn from the femoral heads to the centre
of the T1 vertebra and a line drawn from the femoral heads
to the centre of the sacral endplate [10–12].
Lower limbs are of crucial importance to the global body
balance and sagittal alignment. There is a chain of actions
and counteractions between the elements above and below
the pelvis. The femoral heads carry the load from the
spine and pelvis. That gives the knees an important role
in compensating for spinopelvic malalignments [2,13,14].
The musculoskeletal system uses spinopelvic compensatory abilities in response to a change in segmental or global
alignment. Those compensatory mechanisms, including the
lower limbs, maintain the gravity line. A common compensation mechanism is knee flexion. Some studies reported of
the „knee-spine syndrome” that explains the loss of lumbar
lordosis compensating for osteoarthritic knee joints with a
loss of extension. The close link between knees and sagittal alignment requires a detailed analysis of knee pathology in order to confirm whether it is primary or secondary [15,16]. In the presented case, when planning the initial
surgical treatment, the global spine alignment and the knee
joint pathology were not evaluated. It is highly likely that
if those pathologies had been addressed at the beginning,
the patient would have avoided serious complications and
unnecessary surgery.
The analysis of sagittal balance should not be limited to a
simple analysis of the free-standing lateral spine images.
The position of the hips and knees is essential to the interpretation of global balance and one should integrate the
measurements [2,4,7,13–16]. In every patient, a comprehensive assessment of the complex comprising the spine,
pelvis and lower limbs is essential for understanding adaptation mechanisms induced by the imbalance secondary to
disorders of the spine or lower limbs. Measurements of the
radiographic spinopelvic parameters of sagittal balance are
used in order to prevent functional disability and are now
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part of routine practice in planning surgical strategies for
degenerative spinal diseases [1–8] As radiographs are fundamental to the analysis of global balance, the position of
the patient is essential. In the literature, the free-standing
position is recommended with elbows flexed and fingertips
cantered in the supraclavicular fossa. The patient should
be without external support and with knees relaxed (there
are no suggestions to extend the knees). Those rules pertain not only to the assessment of global alignment but also
to the evaluation of all compensatory mechanisms used to
maintain gravity balance [17]. Currently, the importance of
flexion-extension radiographs for quantifying instability is
questionable [18] and full body imaging will become more
significant. A recently introduced imaging technology, i.e.
EOS, provides head-to-toe imaging with a reduced dose of
radiation and an improved visibility of all deformities and
compensatory mechanisms. It is a new radiological method
used for a better and safer evaluation of patients with spinal diseases. The increased use of full body radiographs will
significantly improve surgical planning and strategies for
the treatment of spinal pathologies.

Conclusions
The presented case study showed the clinical importance
of an extended analysis of global body balance in planning
spinal interventions.
The assessment of coronal and sagittal balance combined with the evaluation of lower limb alignment helps
to achieve better results in the surgical treatment of spine
deformities, with a possible avoidance of serious iatrogenic
complications. It is strongly recommended to complement
the diagnosis and assessment of spinal sagittal and coronal
balance with the analysis of the lower limbs, which also
have a significant impact on the whole body posture and
the global balance of the spine.
Proposed preoperative patient assessment guideline:
•	Radiographic sagittal balance analysis – lumbar lordosis,
pelvic parameters etc.;
• Coronal balance analysis – Cobb angle, pelvis;
• Lower extremity measurements;
•	Functional radiograph – biomechanical assessment – still
questionable. In future, an improved accessibility of better imaging methods, e.g., EOS, will help with the assessment of global body balance.
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