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X-ray examination is the gold standard in spine 
examination. It is important to say that a lot of Russian 
scientists in the 20th century made a significant con-
tribution to the study of the central task – recognizing 
the morphological features of spine structures.

Traditionally the focus of orthopedists and sur-
geons was on identifying spinal diseases: inflamma-
tory, benign and malignant tumors, tumor metasta-
ses, malignant vertebral fractures, traumatic spinal 
injuries, and diagnosing hereditary system diseases.

At the same time, normal anatomy, development 
and age-related changes of the spine have significant 
variations. Developmental anomalies, degenerative-
dystrophic changes, and disturbances in the spatial 
position of structures are often detected. They have 
been described and classified in detail by famous 
Russian and foreign radiologists.

A major achievement of radiologists and morphol-
ogists was the separation of the totality of numerous 
nosological units associated with spinal suffering, 
which is based on lesion binding to morphological 
substrate. Before X-ray era, all spinal diseases of an 
inflammatory nature were called spondylitis, and non-

inflammatory diseases were called spondylosis. The 
work of Schmorl and Jungans [1–3] showed that 
spine dystrophic process occurs in response to a con-
stantly acting disharmonious biomechanical load. 

Joints may suffer and this is osteoarthritis. 
Intervertebral discs may suffer and, depending on the 
damage degree, this is either chondrosis (when only 
cartilaginous structures are damaged) or osteochon-
drosis (with damage involving cartilage and bone tis-
sue of the intervertebral motor segment). Numerous 
beaked osteophytes spanning entire spine sections 
are described as fixing hyperostosis, named after 
Forestier. 

Ligament damage is diagnosed as ligamentosis. 
The appearance of new joints that arise in response to 
spine biomechanics is called neoarthrosis, and the 
author who described them in the lumbar spine, 
Baastrup, gave the name to this nosological unit. Each 
of the conditions has its own specific X-ray picture. 

The share of spondylosis remains the fixation of 
modified vertebrae with closing oblique brackets in 
the area of the anterior longitudinal ligament after in-
jury, which is considered as a sign of stabilization for 
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Digital radiography has solved the central problem of patient’s radiation exposure. In addition, due to the high 
sensitivity of digital detector, the quality of the images obtained has significantly increased. The combination of the 
characteristics made it possible to obtain a single image of the entire spine as routine task. Spine radiographs are 
made with the patient in an upright position, so this investigation has called “postural radiography”. The value of 
these images lies in the fact that, in addition to morphological features, they display the position of each vertebra, 
spine part, and a spine as a whole. It is widely used for the purpose of prognosis of orthopedic surgical interven-
tions. The method of spine radiograph system analysis allows to register the data on a single examination protocol.

The purpose of this work was to demonstrate the possibilities of postural radiography and system analysis of 
spinal radiographs to study the morphological features and vertebra positions of all spine parts simultaneously. 
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the vertebral segment. Russian scientists have made 
significant contribution to the description of radiologi-
cal manifestations typical for degenerative-dystrophic 
diseases [4], and others.  

The question is natural: which of all the volume 
does a specialist need to know in order to work safely 
and effectively with a patient? The answer is simple – 
almost everything. Every little thing can be crucial. 
That is why it is at least imprudent to discount the 
achievements of our predecessors – teachers, great 
scientists of the older generation, and it is absolutely 
necessary to use the knowledge that they have passed 
on to us, modern doctors. 

Today digital technologies have greatly simplified 
the art of radiography. Computed tomography, mag-
netic resonance imaging, ultrasound diagnostics, 
densitometry, scintigraphy, PET/CT, angiography – 
have significantly improved the diagnosis and expand-
ed the range of diagnostic techniques that help iden-
tify morphological disease manifestations not only 
for bone structures, but also for radio-negative soft 
tissues.

Reliable diagnosis of not only a local lesion of the 
spine, but also the position of each individual vertebra, 
region and spine as a whole becomes urgent today. 
And in this regard the X-ray spine diagnosis by no 
means holds its position. Unlike other research meth-
ods, spine radiography can be performed with the 
patient in an upright position taking into account 
the physiological position and changes inherent in a 
standing person.

Postural radiography is a recognized visualising 
method and is widely used for the purpose of quantify-
ing the interrelationships and position changes of 
various spine parts [5–11].

Digital radiography has made it possible to reduce 
the radiation dose tenfold, and the image quality has 
become such that we can confidently diagnose the 
condition of the transitional areas of the spine without 
prescribing additional special studies. A digital image 
of all spine structures can be obtained by gluing it to-
gether from individual images of each department. 
Modern X-ray machines are able to do this automati-
cally when forming postural radiographs.

System analysis of spine radiograph 
(SASR): method features 
It is important to say that obtaining X-ray image it-

self solves only part of the problem. An X-ray requires 
detailed examination. It contains a huge amount of 
visual information. However, a researcher who is not 
properly trained can see only the most general vari-
ants of the norm and/or pathology. This dictates the 

need for a qualified examination of a patient, record-
ing details and quantifying each feature.

The system analysis of spine radiographs (SASR) 
has been developed as a method that allows both re-
cording in detail and in general and providing a de-
tailed quantitative assessment of each spine structure 
available for examination on X-ray images in frontal 
and sagittal planes [12]. The method solves the task 
of registering the most significant morphological 
spine features and at the same time the position of 
each vertebra. A research protocol has been devel-
oped on which all significant signs are recorded in the 
form of a graphic image (picture) with verbal descrip-
tions. Using conditional schematized images, the 
system spine model is formed according to the princi-
ple of “X-ray on paper”.

The examination protocol contains a special tool 
– a scheme for recording the lateral tilt, the position of 
spinous process vector relative to the vertebral body, 
and rotation direction for each vertebra. Each param-
eter is quantified. The set of schemes on the system 
model demonstrates the unique vertebra position at 
all spine levels. In addition, all the diagnosed morpho-
logical features of the vertebrae are recorded [12].

Application of SASR 
in rehabilitation medicine practice 
The tasks solved using the method of system 

spine radiograph analysis can be divided into several 
areas:

1. Diagnosis of destructive diseases and degener-
ative-dystrophic conditions, covering all X ray-posi-
tive spine structures.

2. Planning for spinal correction methods by ef-
forts of a multidisciplinary specialist team.

3. Spine change registration for a patient with 
short leg syndrome after heel pad installation

1. Diagnosis of destructive diseases and 
degenerative-dystrophic conditions, cover-
ing all X ray-positive spine structures 

A special place is occupied by the diagnosis of 
destructive diseases at the level of entire spine. There 
are often unexpected radiological findings. For exam-
ple, a pathological fracture with tumor metastases or 
an inflammatory process in the joints with Ankylosing 
spondylitis (Bechterew's disease). But such a previ-
ously undiagnosed disease is the exception rather 
than the rule. The most common for older people the 
system analysis of spine radiographs showes spinal 
changes in the form of compression vertebra frac-
tures on the background of severe osteoporosis 
(Fig. 1, 2).
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Fig. 1. Panoramic postural spine radiographs, patient K., 84 years. a – frontal plane; b – sagittal plane. 

a b
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Fig. 2. The system model (SASR 
model), patient K., 84 years, 
reflects all the above-described 
signs.

The upper faces of the temporal 
bones pyramids position Rotations

Vector position of 
spinous processes. 

Side bending

CII position
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Example 
Radiographs of patient K., 84 years old (Fig. 1), 

show S-shaped scoliotic spine deformity against a 
background of pronounced involute osteoporosis 
(grade IV), thoracic kyphosis is sharply increased. 
Retrolisthesis CIII, LI, LII and antelisthesis CIV–CVII, LIV, LV 
are noted. There is a pronounced anterior wedge-
shaped deformity of TVIII vertebra body and a uniform 
decrease in the height of TIV–LII bodies, deformations 
of CVI, TVI, TVIII, TXI, TXII, LI–LIV bodies like “fish vertebrae” 
as manifestations of stage IV osteoporosis.

There are manifestations of degenerative-dys-
trophic conditions: osteochondrosis – subchondral 
osteosclerosis, structure unevenness of vertebral 
body closing plates in cervical, thoracic and lumbar 
sections, height decrease of the intervertebral spaces 
CV–CVI, LI–LII, LII–LIII, an indirect sign of a herniated in-
tervertebral disc in the form of a vacuum phenomenon 
was diagnosed at the CV–CVI level. 

There are manifestations of widespread joint ar-
throsis: arched (all sections), atlanto-axial, rib-verte-
bral TI–TIII, sternoclavicular, sacroiliac on both sides, 
sacrococcygeal, pubic, bilateral coxarthrosis, interos-
seous neoarthrosis – Baastrup symptom: CI–CII, TVI–
TIX, LI–SI. There is an anomaly of development: the LV 

right-sided sacralization.
The advantage of the system analysis of spine ra-

diographs (SASR) method in this case is that it clearly 
demonstrates the full extent and severity of changes 
at all spine levels simultaneously. The system model 
(Fig. 2) demonstrates the localization of the most pro-
nounced osteoporotic changes in the thoracic region. 
Treatment of such patients is usually difficult, but ac-
curate knowledge about the location of critical lesions 
allows you to bypass these areas and offer patients 
help [12].

2. Planning for spinal correction methods by 
efforts of a multidisciplinary specialist team 

The system model makes it possible to plan selec-
tive effects on certain vertebra groups as a part of 
overall restorative treatment task for a multidiscipli-
nary team. A multidisciplinary team may include both 
doctors and other medical professionals of various 
specialties. When using the SASR model, specialists 
get an accurate picture of a patient's spine features, 
and a refined understanding is formed for steps to be 
done and the sequence. Clinical application of the ap-
proach makes it possible to achieve treatment effect 
with more gentle methods in a short time.

3. Spine change registration for a patient with 
short leg syndrome after heel pad installation 

Simultaneous changes in spine structures were 
identified and recorded for a patient with anatomically 
short leg, after installing a heel pad under a short leg. 

Short leg syndrome is most often caused by a 
functional or true anatomical shortening of one lower 
limb. Clinicians note that along with pelvic inclination, 
this syndrome includes functional scoliosis of spinal 
column, asymmetric tension of body skeletal mus-
cles, facet syndrome, postural disorders and muscu-
loskeletal pain of various localization [13].

Even a slight difference in the leg length, can be 
the main cause of recurrent pain in back and/or joints 
of the lower extremities. With an anatomical difference 
in leg length exceeding 10 mm, there are spasm, 
shortening and functional weakness detected when 
testing m. psoas (on the short leg side) and m. gluteus 
medius (on the long leg side) [13].

Functional assessment methods for pelvis and 
spine positions with anatomically short leg are pro-
posed in order to predict the alignment degree during 
planned lift therapy [13].

In order to diagnose changes in the positions of 
pelvis structures, proximal thighs and vertebrae at the 
entire spine level, patient G., 11 years old, underwent 
postural radiography in upright position, first standing 
barefoot on the floor (Fig. 3, 4) and then repeated 
radio graphy, when a wooden block was placed under 
the shortened leg in order to fully compensate the 
difference in leg length (Fig. 5, 6).

The time difference between the X-ray examina-
tions was 2 minutes. 

The postural radiographs obtained in both cases, 
in frontal and sagittal projections (Fig. 3, 5), were de-
scribed using the SASR model technology (Fig. 4, 6).

Spine examination protocol before 
heel pad correction 
Both the postural radiograph in frontal projection 

and the SASR model of patient G., 11 years old, be-
fore the corrective heel pad installation showed: 
S-shaped scoliotic deformity of the lumbar and tho-
racic spine, which is accompanied by a right-sided 
wedge-shaped deformity of the body TVII. The lower 
arc of magnitude 9° is located on the left at the level of 
the TSI–LV vertebrae, the upper arch is defined on the 
right at the level of TIII–TIX. Lateral vertebra inclinations 
are noted: CV, CVII, TII–TVII and LIII–LV – to the left; CII, CIII, 
TX–TXII, LI – to the right.
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Fig. 3. The postural spine radiographs, frontal (a) and 
sagittal (b) projections, patient G., 11 years, before 
corrective heel pad installation. Diagnosis: anatomical left 
leg shortening.

a b
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Fig. 4. The system spine model 
(SASR model), patient G., 
11 years, before correction.

The upper faces of the temporal 
bones pyramids position Rotations

Vector position of 
spinous processes. 

Side bending

CII position
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Fig. 5. The postural spine radiographs, frontal (a) and 
sagittal (b) projections, patient G., 11 years, after corrective 
heel pad installation under the left foot (+22 mm).

a b
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Fig. 6. The system spine 
model (SASR model), patient 
G., 11 years, after the left foot 
position correcting by the +22 
mm heel pad.

The upper faces of the temporal 
bones pyramids position Rotations

Vector position of 
spinous processes. 

Side bending

CII position
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The left half of the pelvis is tilted 8° relative to the 
right half, the sacrum is tilted 3° to the left. The roof of 
the left acetabulum is shifted down by 7° relative to the 
right one, and the large trochanter of the left thigh is 
4° lower than the right one. In the pubic joint, the left 
pubic bone is located below the right one. The left tu-
bercle of the sciatic bone is displaced downwards by 
9° relative to the right one. The atlas is located asym-
metrically and tilted to the right by 2°. The shoulder 
joints are raised, and the collarbones form an asym-
metrical angle.

On the postural spine radiograph in sagittal projec-
tion: cervical lordosis is generally replaced by kypho-
sis. Thoracic kyphosis is flattened to 18°. The sacrum 
in sagittal plane occupies a horizontal position: ∠α = 
52°, ∠δ= 27°. There is antelistesis (anterior displace-
ment) of CII, CIV, CVII and LV vertebrae, as well as retro-
listesis (posteriorly displacement) of LI and LII verte-
brae.

Among the developmental anomalies, there are 
signs of bilateral symmetrical sacralization of LV, 
and skull base platybasia, grade I. Degenerative-
dystrophic changes in spine structures have not been 
identified.

X-ray spine examination 
after foot correction by heel pad 

Protocol of spine examination after corrective 
heel pad installation (Fig.5, 6) 
In order to correct the anatomical size of the left 

limb, a 22 mm high heel pad was installed under the 
left foot.

On the postural radiograph, upon repeated exami-
nation (Fig. 5), the position of the sacrum, acetabu-
lum, pubic bones and sciatic tubercles in the frontal 
projection became symmetrical, there was a slight 
twisting of the iliac bones to the right −5°, the large 
trochanter of the right femur dropped by 1° compared 
to the left one.

Scoliotic arches changed their positions and ex-
tent. The lower arc is now differentiated on the right 
and above at the TVIII–TXII level, the upper arc is on the 
left at the CV–TV level.

The direction and severity of vertebra side bending 
have changed. Before correction the lateral slopes of 
vertebrae were differentiated: CV, CVII, TII–TVII and 
LIII–LV – to the left; CII, CIII, TX–TXII, LI – to the right. 
After the correction: CVI, CV, TII–TXI and LII–LV vertebrae 
had a lateral tilt to the left; the lateral slopes of the 
vertebrae to the right were not determined.

The rotation of the atlas relative to the axis to the 
right has appeared, the previously existing lateral 
incli nation is not determined. After the correction, 
the position of the collarbones became more sym-

metrical, the shoulder joints dropped and took a more 
correct position.

Postural radiographs in the sagittal plane revealed 
that axis forward tilt magnitude (kyphosis) increased 
to 8° (it was 6°). The position of the cervical vertebrae 
has changed. The cervical lordosis became straight-
ened, there was kyphosis before correction. Thoracic 
kyphosis has acquired a more harmonious state, 
its magnitude is now within the normal range of 36°, 
it was flattened before the heel pad installation. 
The sacrum in the sagittal projection took the normal 
position ∠α = 40°, ∠δ = 40°. On the X-ray picture, 
the signs of antelystesis for CV, CVI, CVII, and LIV verte-
brae are differentiated. Retrolisthesis of vertebrae 
LI and LII is preserved.

Signs of right-sided wedge-shaped deformity of 
the TVIII vertebral body, bilateral symmetrical sacraliza-
tion LV, and skull base flattening (platybasia, the first 
degree) are still differentiated. 

After correcting the position of the left lower limb 
with 22 mm-high heel pad the patient has showed 
significant changes in the position of almost all verte-
brae, both in the frontal and sagittal planes through-
out the spine. The posture and position of the pelvis, 
sacrum and hips have become more symmetrical and 
harmonious.

Conclusions 
1. Postural radiography supplemented with a de-

scription using the system analysis of spine radio-
graphs (SASR method) is a useful tool for recording 
morphological features and vertebra positions in all 
spine parts.

2. Postural radiography is useful for diagnosis of 
destructive diseases throughout the spine.

3. The spine system models visually reflect the 
most important radiological signs of degenerative-
dystrophic vertebra conditions at all spine levels 
simul taneously.

4. The method is useful for assessing changes in 
the position of spinal structures after corrective heel 
pad installation.
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