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Clinical issues of the sagittal balance in adults
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Literature data were used to present the parameters of integral sagittal balance assessment. It is shown that the assessment of the
sagittal balance should be performed taking into account the spatial position of the body and the use of the “cone of economy”
concept and gravity line. Cervical spine and the pelvis are the key compensatory mechanisms in correction of the sagittal balance
changes. The ratio of PI (pelvic incidence) and LL (lumbar lordosis) is the most significant as far as it correlates with the changes in
the quality of life. Clinical interpretation of the changes in the sagittal balance should be conducted on the basis of their integration
with a mandatory consideration of clinical manifestations and changes in the quality of life.
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RELEVANCE

Over the past decades, the contemporary adult ver-
tebrology uses the term adult spinal deformity (ASD).
The incidence of this condition among the elderly peo-
ple in the United States, according to the literature, has
reached 70 %. However, the presence of a deformity of
the spine does not necessarily mean the need for surgi-
cal treatment. The fundamental factor that predeter-
mines the deterioration in the quality of life and, as a
consequence, the need for surgical correction, is a dis-

order in the sagittal balance. In the opinion of most
vertebrologists, it is the state of the sagittal balance that
strongly correlates with the quality of life [1-3]. The
sagittal balance is an independent predictor of the out-
come of surgical treatment in ASD. In surgical correc-
tion of the deformity, it is the effect on the sagittal bal-
ance and lumbar-pelvic parameters that significantly
improves the quality of life according to HRQoL scores
[4-11].

SAGITTAL BALANCE

The pioneer in studying the sagittal balance is Jean
Dubousset who in his numerous works showed the
need to understand the balance by its assessment. Ac-
cording to J. Dubousset, the sagittal balance is the rela-
tionship of all the curves of the spine (kyphosis and
lordosis) in which the minimum amount of muscle en-
ergy is used in space under the action of the gravita-
tional load to maintain the position of the body in space
(posture). At the same time, the position of the eye lev-
el remains horizontal. Compliance with these two con-
ditions is possible only if the body is in the so-called
"cone of economy" (Fig. 1) [2, 12-14].

From the point of view of an objective evaluation of
the sagittal balance, a large number of X-ray parame-
ters are considered (Fig. 2), on the basis of which an
integral assessment of the balance state is made. Taking

into account all radiographic parameters, it is possible
to determine the so-called global alignment [15, 16].
However, measuring these parameters allows us to es-
timate only the static component of the balance and
does not provide an objective picture. This fact should
be remembered when interpreting the radiographic data
[17, 18].

To assess the global alignment as the most objective
method for sagittal balance assessment, the following
key parameters were proposed: cervical lordosis (CL),
T1 vertebra slope (T1S), thoracic kyphosis (TK), lum-
bar lordosis (LL), position of the pelvis, lower extremi-
ties. The cervical spine alignment and the global
alignment are commonly distinguished separately [8,
17,19-21].
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Fig. 1 Optimal human body posture accord-
ing to “cone of economy’ concept [13]
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Fig. 2 Radiographic parameters of sagittal balance [22]

SAGITTAL BALANCE PARAMETERS AND THEIR SIGNIFICANCE

Cervical balance Assessment and interpretation of
the cervical alingment is most difficult due to a rela-
tively recent introduction of its radiographic indicators
for clinical use, technical difficulties in assessing the
results of radiography, and unambiguous interpretation
of the results. To understand these changes, one should
know the main role of the cervical spine (CS) in main-
taining the posture.

CS plays a key role in head position over the body and
in providing a horizontal gaze. The center of the head
mass is located 1 cm higher and anterior to the external
auditory canal [23]. Its displacement leads to a redistribu-
tion of the load and an increase in the expenditure of mus-
cle energy. The weight of the head is transmitted through
the occipital bone condyles to the C1 lateral masses, then
to the joints of C1-C2. C2 transfers the load to the anterior
column (C2-C3 disc) and the posterior columns (C2-C3
joints), with 36 % of the load on the anterior column and
64 % on the posterior columns [22, 24].

The cervical spine has a decisive impact on the chang-
es in the global alignment aimed at maintaining a horizon-
tal gaze. This mechanism is largely provided by cervical
lordosis which is usually divided into craniocervical CO-
C2 (provides 77 %) and subaxial C3—C7 (provides 23 %).
The key parameter that influences all the others is the
slope of the T1 (T1 slope) (Fig. 3) [6, 25-31].

From the point of view of radiographic evaluation, the
following parameters were developed (Fig. 3): C0-C2
angle, C2-C7 angle, T1 slope (T1S), thoracic inlet angle,
neck tilting, and C2—C7 sagittal vertical axis (SVA). As-
sessment of the horizontal eye gaze is made on the basis
of the patient's photo in full height and laterally. For this
purpose, the so-called chin-to-brow vertical angle was
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proposed known in the literature as CBVA [32-37]. The
average values of the cervical balance parameters are pre-
sented in Table 1 [22, 31, 38-43].

Table 1
Mean values of the cervical balance parameters [43]
Parameter Value
C0-C2 angle -30°
C2-C7angle -9.6°
T1S 40°
C2-C7 SVA 4 cm
TIA 44°
CBVA (-10°)—(+10°)

Global alingment The estimation of the sagittal bal-
ance should be made taking into account the gravity
line which reflects the load distribution from head to
foot (Fig. 4). In this regard, the correct interpretation of
the parameters is possible only if images are taken in a
standing position [2, 15, 18, 19].

Sagittal vertical axis (SVA) is an objective reflec-
tion of the global alignment. It is measured from the
middle of C7 body as a drop line down. The distance
from this line to the S1 joint processes should not ex-
ceed 4 cm. When it is shifted forwards it means a posi-
tive balance. If it is shifted backwards the balance is
negative (Fig. 5) [11, 19-21, 44].

Thoracic kyphosis (TK) The definition of this parame-
ter is based on the measurement of the angle using the
Cobb method (Fig. 5). It is most commonly accepted to
measure the angle between the upper end plate of the
T5body and the lower end plate of the T12 body. Howev-
er, the level of T5, as a rule, is the apex of physiological
kyphosis and, accordingly, can not reflect its true value.
Another (more reliable) method is the measurement from
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the upper end plate of the body of the uppermost thoracic
vertebra that is clearly visualized in the lateral radiograph

down to T12. The mean value of TK is 49.3 ° + 9.2° and
varies between 33 and 71° [45, 46].

C2-C7SVA

Cranial Tilt |

Fig. 3 Cervical balance parameters and their relationship [31, 40]

Fig. 4 Diagram of the
gravity line relative to the
vertebral column [19]
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Fig. 5 Parameters of the sagittal vertical axis (SVA) relative to the C7PL line [10, 47]
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Lumbar lordosis (LL) The measurement is also car-
ried out using the Cobb method from the upper edge of
the end plate of the L1body to the upper end plate of
the S1 body (Fig. 5). The mean value of LL is 63.5° +
10.9° and is between 45 and 87° [11, 19, 29, 45-48].

Position of the pelvis Assessment of the pelvis position
is a key in determining the sagittal balance of the spine. It
should be remembered that most of the compensatory
capabilities in the formation of imbalance is possible at the
expense of changing the position of the pelvis. The fol-
lowing parameters are used to evaluate the position of the
pelvis: Pl (pelvic incidence) — a morphological (static)
parameter — 55° + 10.6°, PT (pelvic tilt) — a dynamic
(compensatory) parameter (LL gravity center) — 13° £ 6°
(not more than 20°), and SS (sacral slope) — a dynamic
parameter — 41° + 8° (Fig. 5) [7, 18, 19, 44, 46, 48, 49].

Interpretation of the above-listed parameters of the
global alignment is made only based on the results of their
integration, taking into account the types of sagittal balance
(Fig. 6). The most common are the formulas proposed by a
number of authors: TK + PI + LL <45° (Rose P.S., 2009);
TK + LL < 20° (Kim Y.J, 2006); LL = PI + 9°
(Schwab F., 2009); PI = PT + SS (Klineberg E., Schwab
F., 2013) [5, 50, 51]. Recently, the assessment of sagittal
modifiers which form the base of the SRS-Schwab classi-
fication (Fig. 7) has been widely accepted [29, 52-54].

Interpretation of global alignment parameters The
spread of sagittal modifiers in clinical practice was due
to their close correlation with the quality of life based
on the clinical questionnaires used (ODI, SF-36, SRS,
HRQOL). However, recent studies have shown that the
correlation of these sagittal modifiers and changes in
the quality of life do not have deterministic correlation.
The most significant is the evaluation of the ratio
PI-LL <9° whereas PT (to assess the position of the
pelvis) does not show significant correlation with the
change in the quality of life [44, 52, 55, 56].

Coronal Curve Types Sagittal Modifiers

Pl minus LL

| 0 : within 10°
+ : moderate 10-20°
++: marked >20° J

T: Thoracic only
with lumbar curve < 30°

L: TL / Lumbar only

with thoracic curve <30° Global Alignment

0:SVA<4cm
+:5VA 4 to 9.5cm
++:SVA > 9.5cm

D: Double Curve

with T and TL/L curves > 30° /
N:No Major Coronal Deformity Relvic Tile
all coronal curves <30 * 0: PT<20°
/ +: PT 20-30°
_ ++: PT>30° )

Guide to the classification system, including curve type and
3 sagittal modifiers. Pl indicates pelvic incidence; LL, lumbar lordosis;
PT, pelvic tilt; SVA, sagittal vertical axis.

Fig. 7 Diagram of ASD SRS — Schwab classification [29]
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Lower extremities Radiographs of the cervical, tho-
racic and lumbar spine are not enough to fully assess
the sagittal balance. For this, a radiographic examina-
tion of the whole body is required, including lower
limbs. Currently, the EOS system allows us to evaluate
the compensatory mechanisms to correct the balance
(pelvis and/or lower extremities). To quantify the posi-
tion of the pelvis on the basis of EOS measurements of
the balance parameters, the pelvic shift parameter was
proposed (Fig. 8). Based on the results of the correla-
tion analysis between the parameters of the sagittal
balance and the bending of the knee joints, it was found
that the change in the PI-LL ratio has a clearly tracea-
ble relationship. It was established that the pelvic shift
correlates with changes in ODI results. Pelvic shift and
flexion of the lower extremities are important parame-
ters that show compensation for imbalance, and should
be taken into account in assessing the balance disorder
[2, 49, 57-60].

Harmonious spine,
but excessively lordotic

Harmonious
spine

Harmomdus spine,
but straight back

Non-harmonious
spine

Fig. 6 Sagittal balance types [19]
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Fig. 8 Diagram for lower limbs radio-
graphic parameters assessment [58]
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CONCLUSION
e Estimation of the sagittal balance should be e PI-LL ratio is one of the most significant since
made taking into account the spatial position of the it correlates with changes in the quality of life.
body using the concept of the "cone of economy" and e Clinical interpretation of the changes in the sag-
the gravity line. ittal balance should be made on the basis of their inte-
e Cervical spine and pelvis are key compensation gration with mandatory consideration of clinical mani-
mechanisms for correcting sagittal balance changes. festations and changes in quality of life.
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