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 � Adequate sagittal balance (SB) is essential to maintain an 
upright, efficient, and painless posture. It has been shown 
that sagittal profile alterations affect quality of life of patients 
with a similar or even greater impact than chronic disease.

 � Evaluation of the SB has gained much relevance in recent 
years, with recognition of its importance in the evaluation 
of spinal pathology.

 � This review summarizes the basic principles of SB, aiming 
to obtain a practical, simple and understandable evalua-
tion of the sagittal profile of a patient.

 � SB is a dynamic process that involves a varying degree  
of energy expenditure. Distinguishing between a balan-
ced, compensated imbalance or decompensated imbal-
anced patient, is relevant to diagnosis and therapeutic 
decision-making.
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Introduction
One function of the vertebral column (VC), is to main-
tain an upright posture, allowing standing (exclusive to 
humans). This is achieved through the harmonic devel-
opment of curves in the sagittal plane that make up the 
sagittal balance (SB), where the forces exerted are evenly 
distributed. Sagittal alteration or imbalance (SI) of these 
curves conditions the requirement of additional forces to 
counteract this imbalance in order to maintain an upright 
posture. This can be represented through Dubousset’s1 
concept of the ‘cone of economy’, where the body is 
inside an inverted cone of small diameter, the ‘cone of bal-
ance’. Positioning outside of this cone will require greater 
muscle activation to maintain posture (Fig. 1).

Sagittal profile alterations have been shown to affect 
quality of life of patients with a similar or even greater 
impact than pathologies such as chronic lung disease, 
visual disturbances, osteoarthritis, rheumatoid arthritis, 
etc.2 This may explain its growing interest on the part of 
specialists, with an increase in registered publications in 
recent years (Fig. 2).

Method
A non-systematic review was carried out in PubMed of 
articles published between January 2000 and December 
2020, with the terms “sagittal alignment”, “sagittal bal-
ance”, “sagittal imbalance”, “pelvic incidence” and “lum-
bar lordosis”. The inclusion criteria were articles, clinical 
guidelines, systematic reviews and randomized controlled 
trials (RCTs) published in indexed journals, with full-text 
availability. In addition, the references of these articles 
were checked for significant studies that were outside our 
chronological range. From this review, the relevant publi-
cations were selected to determine the main radiographic 
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Fig. 1 Economy cone scheme according to Dubousset.1
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parameters (RP); both regional (cervical lordosis, tho-
racic kyphosis, lumbar lordosis, pelvic incidence, pelvic 
tilt and sacral slope) and global (SVA [sacral vertical axis] 
and T1-pelvis angle), the relationship between them, the 
implication of physiological ageing of the VC on these RP 
and with its clinical repercussions and finally, to propose 
in a practical way what we consider an adequate analysis 
of the sagittal profile, encompassing the aforementioned 
concepts.

Studies in basic sciences, animal or cadaveric studies 
and populations under the age of 18 years were excluded.

Radiographic parameters
Spinal balance can be appropriately measured by conven-
tional radiology. Correct radiological technique is crucial; 
measurements must be made in lateral plane X-ray, includ-
ing the entire VC (from the external auricle to the femoral 
heads),3 with the patient in a relaxed position, without sup-
port from the upper extremities, without extension of the 
knees or hips and with the hands placed on the clavicles 
(‘clavicle position’, Fig. 3).4 This is the position that allows 
visualization of the anatomical points of reference neces-
sary for the measurement of the different RP that guide us 
in the spatial location of the VC in the sagittal plane, with 
minimal impact on the natural posture of the patient.5 The 
radiological parameters that can be measured are multi-
ple, and can be divided into regional and global. The most 
used in daily practice are mentioned below.

Regional

The regional curvatures of the VC are quantified using the 
Cobb method,6 through the angle formed by the upper 
and lower endplates of the most proximal and caudal ver-
tebra, respectively, of the spine region.7

Cervical lordosis (CL) – angle between lower endplate 
of C2 and C7. In the upper cervical region, the angula-
tion between level C0-C2 (C0-2), measured between 
the McRae line and the lower endplate C2, can also be 
considered.

Thoracic kyphosis (TK) – angle between upper endplate of 
T1 and inferior of T12. Many measurements are made at 
the level of the upper endplate of T4 due to the frequent 
poor visualization of T1 (due to the interposition of the 
shoulders). According to Le Huec and Hasegawa’s study, 
the average kyphosis between T1 and T4 is equal to 8° 
and 10°.5 Lumbar lordosis (LL) – angle between the upper 
endplates of L1 and S1 (Fig. 4).

Lumbopelvic

Work of Duval-Beaupere.6,7 The study of SB should include 
the pelvis, which conceptually is the first vertebra of the 
VC, which it is closely related to it.1

Pelvic incidence (PI) – angle between a perpendicular line 
to the midpoint of the upper endplate of S1 and the line 
that runs from this same point to the centre of both femo-
ral heads (if they do not coincide, the midpoint of a line 
joining the centre of these two has to be utilized).

Sacral slope (SS) – angle formed between the tangent to 
the top endplate of S1 and a line parallel to the horizon.

Pelvic tilt (PT) – angle formed between a vertical line to the 
centre of the femoral heads and another line to the centre 
of the upper endplate of S1 (Fig. 5).

Global

C7 plumb line (C7PL) – line from the centre of the C7 body, 
perpendicular to the horizon.

Fig. 2 Publications registered in PubMed. From 1990 to 2010, 
915 publications were registered, while from 2010 onwards the 
number increased to 2262.

Fig. 3 Clavicle position.
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Sacral vertical axis (SVA) – distance between the posterior 
superior margin of S1 and the C7PL. An SVA ahead of, 
within, or behind the acceptable range (5 cm) classifies 
the alignment as positive, neutral, or negative, respec-
tively. In general, an adequate overall balance is consid-
ered when this line falls behind the hips.

T1-pelvic angle (TPA); angle formed by the union of a line 
from the centre of the T1 to the centre of the femoral heads 
and from this, to the centre of the upper endplate S1 (Fig. 6).

In theory, each parameter or curve should ideally 
remain within a respective normal range. It should be 

considered, however, that within a healthy and asymp-
tomatic population there is a wide range of values that 
can be considered as ‘normal’ (Table 1).8–12 Additionally, 
it must be considered that these values change with the 
physiological ageing of the VC, resulting in older, asymp-
tomatic individuals, with values that could be considered 
‘abnormal’ for a younger population. For this reason, 
Schwab et al and Lafage et al established age-adjusted 
values (Table 2), from a linear regression analysis of dif-
ferent RP in relation to age and quality of life, reinforc-
ing that the ideal sagittal alignment should consider age, 
where younger patients require a more rigorous align-
ment than those of older age.13,14

Fig. 4 Cervical lordosis, thoracic kyphosis and lumbar lordosis measurement scheme.

Fig. 5 Measurement of pelvic incidence, pelvic tilt and sacral slope.
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Concepts to consider
Unlike SS and PT, which vary according to the patient’s 
posture, the PI is constant, recognized as a morphologi-
cal parameter (fixed) because the mobility of the sacroiliac 
joints is negligible during adult life. In its essence, the PI is 
a reflection of the anteroposterior diameter of the pelvis, 
distinguishing individuals with a ‘wide’, ‘normal’ or ‘nar-
row’ pelvis.

The SS indicates the inclination of the sacrum (low SS = 
vertical sacrum, high SS = horizontal sacrum), which sets 

the stage for the lumbar curve, while the PT translates the 
degree of pelvic version (anteversion or retroversion).

The PI represents the pelvic version’s potential (low PI = 
narrow pelvis with little retroversion power, high PI = wide 
pelvis with great retroversion capacity). This relationship 
between lumbopelvic parameters is mathematically cor-
roborated through the formula PI = PT + SS (Fig. 7).15

There is a close relationship between PI and LL,4 
allowing estimation of a harmony between the pelvic 
morphology and the lumbar curve, called ‘match’. In a 
pragmatic way, this relationship should be ≤ 10° (PI-LL ≥ 
± 10°), identifying this value as a target for spinopelvic 
alignment. Outside this range, there will be a spinopelvic 
‘mismatch’.12

However, the balance must consider the thoracic shape. 
For this reason, Schwab et al propose an adjusted formula, 
LL = (PI + TK) / 2 +10, that relates different RP, representing 
a more faithful image of the sagittal alignment.16

In clinical practice, because of its simplicity, SVA meas-
urement is frequently used. Thus, those patients who 
present a normal or neutral SVA will be considered as 
balanced and those who exceed the limit, positive SVA, 
unbalanced. However, a more detailed evaluation may 
reveal that in some cases, this normality (SVA < 5 cm) has 
been achieved through postural compensation mecha-
nisms,15 determined by the particular anatomy of each 
individual.

Furthermore, SVA is subject to postural variations, 
where altered values may be the consequence of an anta-
lgic posture and not the result of real misalignment.17 
Because of this, the TPA, like the ‘global tilt’ (GT) angle 
formed by the union of a line drawn from the centre of 
C7 to the centre of the sacral endplate and, from this, 
to the centre of the femoral heads, represent two global 
RP, independent of the patient’s posture, which can aid 
in differentiating between a true SI and one caused by 
posture.18

Table 1. Average normal values of radiographic parameters based on studies carried out on healthy and asymptomatic adult population

Parameter Average normal value Reference

 Schwab
200651

Boulay
200652

Roussouly
200653

Berthonnaud
200554

Vialle
20058

CL 10–40 – – – 23.9 ± 3.9 (9.5 –44.5) –
TK
(T4–T12)

20–50 41 ± 12 53.8 ± 10.1 46.3 ± 9.5 (23–65.9) 47.5 ± 4.8 (22.5 –70.3) 40.6 ± 10 (0–69)

LL
(L5–S1)

30–85 60 ± 12 66.4 ± 9.5 (44.8 –87.2) 50.6 ± 10.2 (39.9–83.7) 42.7 ± 5.4 (16–71.9) 60.2 ± 10.3 (30–89)

PI 33–83 52 ± 10 53.1 ± 9 (33.7 –77.5) 50.6 ± 10.2 (27.9–82.8) 51 ± 5.3 (33.7–83.7) 54.7 ± 10.6 (33–82)
SS 20–65 30 ± 9 41.2 ± 7 (0.6 –19.7) 39.6 ± 7.6 (17.5 –63.4) 39.7 ± 4.1 (21.2–65.9) 41.2 ± 8.4 (17–63)
PT –2–27 15 ± 7 12 ± 6.4 (–2–30) 11 ± 5,9 (–2.8 –23.7) 12.1 ± 3.2 (–5.1–30.5) 13.2 ± 6.1 (–4.5 –27)
SVA < 5 mm –20 ± 30 – 35 ± 19.4 – –
TPA < 14°55 – – – – –
Mismach (PI-LL) < ±10°12 – – – – –

Notes. CL, cervical lordosis; TK, thoracic kyphosis; LL, lumbar lordosis; PI, SS, sacral slope; PT, pelvic tilt; SVA, sacral vertical axis; TPA, T1-pelvic angle.

Fig. 6 Measurement of C7 plumb line, sacral vertical axis and 
T1-pelvic angle.
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For Roussouly19 the concept of LL, based only on ana-
tomical limits, is erroneous; the distribution of LL must also 
be considered, with two thirds of the LL located in the last 
two segments (L4–S1) with more proximal levels some-
times kyphotic, postulating that the true LL originates 
from the sacrum to the point of inflection, where it passes 
from a lordotic to a kyphotic spine (regardless of whether 
this occurs at the lumbar or dorsal level). According to this 
turning point and the relationship established between 
LL and PI, not all patients have the same sagittal profile. 
Thus, he classifies them into four types (Fig. 8),20 which 
are predisposed to different degenerative changes:21,22

 • Type I: low PI (< 45°), low SS (< 35°), short LL (apex 
at L5 level) and thoracolumbar kyphosis; Low lum-
bar hyperlordosis, with greater biomechanical stress 
on the posterior structures and at the thoracolumbar 
transition level, with little capacity for pelvic retrover-
sion, predisposing to isthmic spondylolisthesis at the 
level of L5–S1 ‘nutcracker-type’ and thoracolumbar 
discopathy.

 • Type II: low PI (< 45°), low SS (< 35°), LL plus harmonic 
(apex at disk level L4–L5); Flat back, with horizontal 

discs (slightly lordotic), with higher axial stress from 
L4–L5 and L5–S1 discs.

 • Type III: high PI (45–60°), average SS (35–45°), bet-
ter distribution of lordosis (apex at L4 level); More 
harmonic SB, without predisposition to degenerative 
pathology.

 • Type IV: high PI (> 60°), high SS (> 45°), long LL (apex 
at L3 level) and short kyphosis; similar to type I, they 
present greater stress on the posterior structures of 
the lower lumbar segments, but due to a ‘shear-type’ 
mechanism.

Similarly, Pesenti et al23 demonstrated an association 
between proximal (L1–L4) lordosis with pelvic anatomy, 
with larger PI accompanying larger proximal lordosis. 
With increasing PI values, a greater recruitment of lordotic 
levels is generated, producing a proximal migration of the 
lordosis apex, increasing proximal (L1–L4), but not affect-
ing distal (L4–S1) lordosis. Their findings suggest that lor-
dosis is not homogenously distributed across the different 
lumbar levels, with the L4–S1 segment responsible for 
roughly 2/3 and the proximal, L1–L4, segment account-
ing for about 1/3 of total lordosis. Also, distal L4–S1 lor-
dosis was nearly constant and independent of PI. The 
proximal part of the lumbar spine had the most variabil-
ity across individuals and appeared to accommodate to 

Table 2. Radiographic parameter values according to age in relation to 
quality of life (ODI)

Age Radiographic thresholds in relation to age and Oswestry 
Disability Index (ODI)

 Moderate disability (ODI = 20) Severe disability (ODI = 40)

 PT PI-LL LL-TK SVA TPA PT PI-LL LL-TK SVA TPA

< 35 11.3 –6.8 27.6 –17.4 6.2 13.2 1.8 24.5 5.0 9.8
35–44 15.1 –2.7 20.7 5.2 11.5 17.0 5.9 17.6 27.6 15.0
45–54 17.8 0.2 15.7 21.6 15.3 19.7 8.8 12.6 44.0 18.8
55–64 20.2 2.9 11.3 36.1 18.7 22.2 11.5 8.2 58.5 22.2
65–74 22.6 5.5 6.9 50.4 22.0 24.6 14.1 3.8 72.8 25.5
> 75 25.2 8.3 2.1 65.8 25.6 27.1 16.9 –1.0 88.2 29.1

Note. PI, pelvic incidence; TK, thoracic kyphosis; LL, lumbar lordosis; PT, 
pelvic tilt; SVA, sacral vertical axis; TPA, T1-pelvic angle.

Source: Taken from Lafage R, Schwab F, Challier V, et al. Defining spino-
pelvic alignment thresholds: should operative goals in adult spinal deformity 
surgery account for age? SPINE 2016;41:62–68.

Fig. 7 Relationship of lumbopelvic parameters.

Fig. 8 Morphological types of sagittal profile according to 
Roussouly20.
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pelvic morphology (incidence). They suggested that this 
may serve as a therapeutic guide for the restoration of a 
specific lumbar shape based on pelvic morphology rather 
than a global lordosis that matches the PI. The distribution 
of the segmental LL should be considered when planning 
realignment surgery, rather than just the global lordosis.

Pathophysiology of ageing, impact on 
spinal balance and clinical implications
SB is a dynamic phenomenon that is altered by the degen-
erative phenomena that normally occur with aging, 
mainly at the level of the disc,24 where, together with the 
atrophy of the paraspinal extensor musculature, they gen-
erate a loss of LL (main driver of spinopelvic imbalance). 
This will affect the rest of the VC, producing ‘reciprocal 
changes’25 to prevent the trunk from moving forward; 
that is, by triggering compensatory mechanisms.

In the first instance, the lumbar spine tries to compen-
sate for this loss of lordosis by generating hyperextension 
of one or more segments, segmental lordosis greater than 
15° (Fig. 9), with a consequent increase in stress on the 
posterior structures (articular facets),26 while at the same 
time, an attempt is made to flatten the TK27 at the expense 
of a muscular effort, in order to move the head to the cen-
tre of the body and maintain a horizontal gaze.

The second compensatory mechanism occurs in the 
pelvis, which rotates in a posterior direction around 
the femoral heads (pelvic retroversion), generating an 
increase in PT and a decrease in SS, a product of con-
tracture of the gluteal muscles and secondary extension 
of the hips. This retroversion capacity is conditioned by 
its anteroposterior diameter (PI), being more limited for 
smaller PIs.28,29 Once maximum pelvic retroversion has 
been reached, other more distal mechanisms are acti-
vated, producing flexion of the knees and subsequent 
dorsal flexion of the ankles (Fig. 10).26,30,31

The activation of these mechanisms in response to a SI 
(column ‘unbalanced but compensated’) is individual to 
each person and, in the same way, presents a particular 

physiological limit of each individual. When these limits 
are overcome, we speak of a column ‘unbalanced and 
decompensated’.32

The relationship between a SI and altered quality of life, 
disability and pain has been widely demonstrated in the lit-
erature.12,33,34 In 2005, Glassman35 demonstrated greater 
pain and a decrease in the quality of life in patients who 
presented an increase in SVA. Lazennec et al36 showed 
that patients with elevated PT, compared to their preop-
erative values, presented greater postoperative pain. Simi-
larly, Lafage et al32 associated elevated PT and SVA values 
with pain and worse health-related quality of life (HRQOL) 
outcomes. Subsequently, Schwab et al,37 supporting the 
relationship between PT and SVA and adding the relation-
ship between PI and LL (mistmach), established cut-off 
points in relation to high disability values (Oswestry Dis-
ability Index - ODI > 40);

 • SVA > 45.9 mm
 • PT > 22, 1°
 • PI-LL > ±11, 4°

Based on these values, they created the ‘SRS-Schwab’ 
classification for adult deformities (Table 3).33

The association between pain and SI is explained 
through the understanding of degenerative processes and 
the associated compensatory mechanisms. Recent studies 
have questioned this presumed relationship between SI 

Fig. 9 Segmental hyperextension as a regional compensatory 
mechanism.

Fig. 10 Global vision of compensatory mechanisms.
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and the negative impact on health status.38,39 Only weak 
correlations have been found between SVA and PT with 
the different HRQOL and ODI scores,40 also implying that 
the clinical impact of sagittal malalignment only explains a 
small portion of the variance of ODI,41 while demographic 
variables, such as age, sex, body mass index (BMI), etc., 
seemed to explain up to 40.1% of this.42

The relevance of the RP should not be minimized, but 
it seems that its main importance does not lie in a direct 
negative correlation with the patient’s HRQOL, but rather 
in understanding the SI of a patient, which should be 
assessed and quantified whenever we face spinal patholo-
gies and considered within surgical planning in long 
fixations with associated osteotomies, but also for less 
extensive surgeries such as focal decompressions. Here RP 
will provide a context with respect to the potential risk of 
mechanical failure attributable to increased loads that are 
likely to present after surgery.

From theory to practice
Sagittal profile analysis

A patient presenting global parameters within adequate 
values (a neutral SVA and a TPA < 14°), with lumbopelvic 
harmony (LL appropriate for his PI) is balanced, without 
requiring compensatory mechanisms to maintain this sit-
uation, those that are objectified by a low PT and an SS in 
value according to their PI (Fig. 11).

Similarly, a patient may present a neutral SVA, but 
with a mismatch between his PI and LL due to a flatten-
ing of the latter, where the pelvis will try to compensate 
through pelvic retroversion and verticalization of the 
sacrum (increased PT and decrease in SS) to maintain an 
upright posture, to the physiological point that his/her 
PI allows. In this situation the patient has a compensated 
imbalance (Fig. 12). Faced with the imbalance between 
the PI and LL and reaching the physiological limits of the 
different compensatory mechanisms, the progressive 

Table 3. SRS-Schwab classification for adult deformities36

Type of coronal curve Sagittal modifier

T thoracic curve
With lumbar curve <30°

L thoracolumbar or lumbar curve
With thoracic curve <30°

D Double curve
T and L curves, both > at 30°

N no coronal curve
All the curves < 30°

PI - LL
0: < 10°
+: 10 a 20°
++: >20
Global alignment
0: SVA < 4 cm
+: SVA 4–9.5 cm
++: SVA > 9.5 cm
Pelvic tilt (PT)
0: PT < 20°
+: PT 20–30°
++: PT > 30°

Note. PI, pelvic incidence; LL, lumbar lordosis; SVA, sacral vertical axis.

Fig. 11 Balanced patient: PI of 35° and LL of 44°, with an 
adequate relationship between these (35–44 = –9°) and 
a neutral SVA with a TPA of 2°, without compensatory 
mechanisms, PT = 2° and SS = 33° (35° = 2° + 33°).
Note. PI, pelvic incidence; LL, lumbar lordosis; SVA, sacral vertical axis; TPA, 
T1-pelvic angle; PT, pelvic tilt.

Fig. 12 Compensated imbalance patient: PI of 62° and a LL 
of 50°, showing an alteration between the relationship of 
these (62–50° = 12°) with a slightly altered TPA of 18°, but 
with an SVA within normal limits (43 mm), at the expense of 
compensatory mechanisms such as pelvic retroversion (PT = 21°) 
and verticalization of the sacrum (SS = 41°). Patients with a high 
PI have a great capacity for pelvic compensation (62° = 21° + 41°), 
which will allow you to increase PT even more.
Note. PI, pelvic incidence; LL, lumbar lordosis; TPA, T1-pelvic angle; SVA, 
sacral vertical axis; PT, pelvic tilt; SS, sacral slope.
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anterior translation of the plumb line (C7PL) is generated 
away from the pelvis, exhibited by an increased SVA and 
resulting with the patient in a decompensated imbalance 
situation (Fig. 13).

PI by itself is a measurement that provides little informa-
tion. However, it is considered the key to SB. Faced with the 
scenario of an adult deformity, where the RP are altered, 
this is the only one that does not vary, being the point of 
reference for the categorization of the rest of the RP. As it 
is a unique value for each patient, it allows determination 
of the type of sagittal profile according to Roussouly, mak-
ing it possible, in cases where it is altered by degenera-
tive pathology, to identify the ‘theoretical sagittal shape’ 
of the patient, guiding where and how much lordosis is 
necessary to restore with surgery in order to match this 
theoretical form,43 which could lead to better functional 
results and fewer mechanical complications.11,21,44–47 As 
Roussouly states, ‘in case of pathology, the PI is the only 
signature we have to determine the original shape of the 
spine and restore the balance of the patient’.21

A lack of surgical correction of SI has been associated 
with poor clinical outcomes, as well as an increased risk 
of biomechanical complications.40,47 In this sense, the 
‘SRS-Schwab’ classification establishes objective values 
(PI-LL < 10°, PT < 20° and SVA < 4 cm) to achieve favour-
able clinical outcomes,33 while ‘The global alignment and 
proportion’ (GAP) score, establishes a scoring system for 
predicting postoperative biomechanical complications, 
making the understanding of the SI, through RP, gain 

additional relevance when facing and surgical planning of 
a patient with a spinal deformity.

Understanding these parameters allows us to group 
patients into three categories:

 • Balanced
 • Compensated imbalance
 • Decompensated imbalance

In the case that a balanced patient presents spinal pathol-
ogy, corrections are not required. In compensated imbal-
ance patients, focal treatment of their symptoms is 
prioritized, since this situation is preferable to a patient 
with an adequate SB, at the expense of extensive surgery 
with long instrumentations.48–50 Otherwise, in decompen-
sated imbalance spines, extensive corrective surgeries will 
be required, since their fixation in situ maintains abnor-
mal loads and represents a great risk of future failure of 
instrumentation, with possible serious consequences for 
the patient. All these concepts must be analysed in con-
junction with the coronal plane and in the context of the 
patient, age, comorbidities and, above all, expectations, 
since they are not without complications.

Conclusion
SB is a dynamic process that involves energy expenditure. 
As physiological ageing occurs, this balanced condition 
can be lost, resulting in increased energy expenditure that 
produces pain and disability.

In the evaluation of the radiographs, there are multiple 
RPs that help the analysis of the sagittal balance, the SVA, 
TPA, LL, PT, SS and PI being the most frequently used. The 
latter is of vital importance as it is a morphological param-
eter that influences the others and serves as a reference 
under SI conditions.

The RP described help us to discriminate between 
balanced, imbalance but compensated or imbalanced 
decompensated patients, which guides both diagnosis 
and therapeutic decision-making. It is important to rein-
force that the radiographic analysis should be carried out 
in both planes (coronal and sagittal), complementing the 
clinical evaluation.
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