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Objective. To develop a conceptual model of patho- and sanogene-
sis of the sacroiliac joint (SIJ) osteoarthritis on base of the known
data about the SlJ, the results of our own biomechanical studies
of this joint, its ligaments and stabilizing muscles by finite element
modelling, data of clinical verification of these results. Methods.
The object of the model is the SIJ as a link, which connects the spine
and pelvis. The proposed conceptual model is based on the M. Pan-
Jjabi hypothesis of chronic lumbar pain in the case of partial dama-
ge to ligaments, which leads to muscle dysfunction. Results. A new
conceptual model of SIJ osteoarthritis was developed. In this
model we tried to take into account the limitations of the existing
S1J stability hypotheses and models of the appearance of the pel-
vic girdle pain, SIJ dysfunction and SIJ arthrosis. The model
is based on the results of our own research. It was proved, that
patients with SIJ osteoarthritis have an asymmetry of the width
of the joint slits, the inclination of the sacrum and pelvis, sacral
rotation, hyperlordosis in the L,—S; segment. These factors lead
to a shift of the horizontal axis of sacral rotational mobility relative
to the pelvic bones. This horizontal axis shift leads to the instabili-
ty of the SIJ on one side of the joint, and to the functional block on
another side. The results of these functional changes were damage
of the SIJ ligaments-stabilizers, dysfunction of the SIJ muscles-sta-
bilizers, degenerative changes of SIJ elements and pain. The deve-
loped model allows to explain the distortion of muscular response
pattern in patients with improper SIJ biomechanics in conditions
of SIJ osteoarthritis. The increase of the SIJ biomechanics changes
enlarges the the muscle response pattern distortion. Conclusions.
The developed conceptual model explains many clinical manifes-
tations of the SIJ osteoarthritis and will help to understand bet-
ter the mechanics of the pelvic girdle pain in such conditions, will
improve the results of diagnosis and treatment. Key words. Pelvic
girdle pain, sacroiliac dysfunction, sacroiliac joint ligaments, bio-
mechanics, hypothesis.

Mema. Ha niocmasi 6i0oMux yseieHb npo Kpudico8o-Kiybosuil
cyenob (KKC), pesynomamis eracHux 6iomexaniuHux Oocii-
0oicerb MemoooM CKIHYeHHUX eleMenmie 0coOIUu8oCmell Yboco
cyanoba, 11020 36’430K i M’A3i6-cmabinizamopis, ixuboi KaiHiuHoi
sepuixayii po3podbumu KoHyenmyaibHy mMooeib namo- i ca-
Hoeenesy apmposy KKC. Memoou. O6’ckmom mooeno8anus
oyra cucmema KKC ax namka, wo 3’eonye xpebem i mas. 3a
OCHO8Y nepedbayysanoi KOHYenmyaivHoi Mooei 83amo Mo-
denv M. Panjabi eunuxkneHHs XpOHIUHO20 NONEPeK08ozo OO0
6 pa3i YacmK08020 YUWKOOIICEHHS 36 930K, W0 NPU3sooums 00
nopyuwenus Qyukyii m’azie. Pezynbmamu. Pospobreno nogy
KOHYyenmyaabHy moodeinb pozeumky apmposy KKC, 6 axiu mu
HAMA2anucs paxyeamu 0OMedCeHHs HAA6HUX Mooeell cma-
oinonocmi KKC i nosigy xpebmogo-ma306020 60110, 6UHUKHEHHS
oucgynryii ma pozeumxy apmposy KKC. Mooens no6yoosana
3a pe3ynbmamam 61ACHUX 00CHiOHCceHb. J[o6edeHo, o y X80~
pux Ha apmpo3 KKC € acumempia wupunu cyenod08ux wiiun,
HAaXu1 Kpux#cie i masa, pomayis Kpusicis, 2inepiopoos y xpebmo-
somy pyxosomy ceemenmi L,—S,. Lle npuzeooums 0o 3¢cy8y copu-
30HMANBLHOL OCI pOMAYTIHOL PYXOMOCTI KPUHCIE OO0 MA308UX
KiCmoK i, 8i0n06i0HO, BUHUKHEHHS, 3 00HO20 OOKY, HeCmaobiib-
nocmi KKC, a 3 inwozco, — @yukyionanvhoeo 6noxa. Ynacniook
Yb020 GUHUKAIOMb YUIKOOJCEHHS 36 130K-cmabinizamopie KKC,
6inb | nopyutentst hyHkyii m’a3ie-cmabinizamopie cyenobda i oe-
eenepamusti 3Mini 6 1loeo enemenmax. Pospobnena mooens dae
3MO2Y NOSACHUMU 3MIHY NAmMepHa M 5130801 6i0n06iol 6 nayicH-
mie i3 nopywennam oiomexaniku KKC 3a ymos apmposy. Yum
oinvwe 3minoemoca biomexanika KKC, mum 6irvuwe cnomeo-
proemuvca namepH m’a3060i 8i0nosioi. Bucnosku. Pospobnena
KOHYenmyaivHa mMooenb NOACHIOE 6a2amo KIIHIYHUX Nposeie
apmpo3zy KKC i donomoodice Kpawjomy po3yMiHHIO MeXaHiZMY
BUHUKHEHHS XPeOmo8o-ma308020 OO0 3a MAKUX YMO8, 00360~
UMb NOTTNWUMU Pe3yTbmamu 0iaeHOCMUKU ma iKY 8aHHS.
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Introduction

Non-pregnancy-related lumbar pelvic pain (LPP)
is mostly caused by trauma, arthritis, or arthrosis
of the sacroiliac joint (S1J). Some authors report that
such pain can account for 20 to 50 % of all cases
of lower back pain [1-3]. It was found that in 40 %
of cases the cause of such LPP is the presence of a his-
tory of Ly—S; spondylodesis [4—8].

The pain is localized between the crista iliaca
and the gluteal fold, especially in the projection
area of the SIJ. It can radiate to the back of the thigh
and groin, the area of pubis symphysis. Muscle tone
is disturbed, which stabilizes the SIJ and torso in
a standing and sitting position while walking. LPP
in the European Guide is associated with a violation
of the static and dynamic stability of the SIJ during
the transmission of vertical loads, due to the coor-
dinated operation of active, passive subsystems and
neuromotor control. This condition is called SIJ dys-
function [9—11].

Adequate compression of joint surfaces is achieved
as a result of the interaction of all forces passing
through the joint [9, 12]. Adequate is the one that is
ideally suited to a specific situation, uses sufficient
compression of the articular surfaces of the SIJ, and
guarantees its porosity with appropriate neuromuscu-
lar control. The stability and porosity of S1J are deter-
mined by the force of gravity, the shape of the joint
surface, the position of the joint, proprioceptive
muscle reflexes, the degree of muscle contraction and
ligament tension [9, 12]. Ability to lean is the ability
of SIJ to effectively transfer loads through the joint,
and it is a dynamic process that depends on many
factors.

Non-optimal ability of the SIJ is determined by
excessive mobility of the joint, which leads to in-
creased movement in it, or its stiffness, which causes
restriction or blockage of movement and, accordingly,
increases or decreases the compression of the joint
surface with certain clinical manifestations.

The mobility of SIJ is mainly passive and occurs
in three main planes, normally limited to a few de-
grees [13, 14].

With two exceptions [13, 15], all modern hy-
potheses aimed at modeling SIJ dysfunction revolve
around the assumption of almost flat joint surfaces,
and the ridges and depressions that are present on
the joint surfaces only increase the friction force.
This assumption is based on the theory of «Shape and
strength of the circuit», which explains the stabiliza-
tion of SIJ under the influence of body weight and
compression force of the muscles [16—18].

The structural elements that ensure the resilience
of SIJ in accordance with the theory of «Shape and
strength of the circuit» by A. Vleeming are as follows:

— configuration of interacting articular surfaces,
including «dorsocranial hanging» of the sacrum rela-
tive to the pelvic bones;

— additional ridges and depressions on the articu-
lating surfaces of SIJ and, as a result, a high coeffi-
cient of friction;

— a set of joining connections that are the most
powerful in the human body [10, 11, 17, 18].

S. Gracovetsky believes [19] that the articular sur-
faces of SIJ are not flat, but bent in the form of a pro-
peller and have significant ridges, not only to increase
the friction between the articular surfaces, but also
to create a tight connection between the sacral bones
and pelvis with the possibility of their short circuit
in a certain position. The tightness of the SIJ bonds
ensures the functioning of the whole node as a whole.
The shear forces that pass through the SIJ will be ab-
sorbed by the viscoelastic properties of the elements
[20, 21].

M. Panjabi developed a dynamic theory of degene-
rative instability. In experimental works, he investi-
gated the curve of the dependence of the change in
the stiffness of the joint elements on the deformation
and found on this curve the area that reflects the sig-
nificant deformation of the joint elements with mini-
mal change in their stiffness. This area of the joint
where it can move effortlessly is called the neutral
zone. M. Panjabi believes that its value determines
the stability of the joint [20, 21].

But in viscoelastic systems the classical scheme
of stability does not work. If a «stable» position has
been reached, it cannot be stored for a long time, be-
cause biological materials are viscoelastic and deform
over time under the action of force (Fig. 1) [21, 22].

The deformity will cause trigger pain, which will
cause the CNS to unload the overloaded area, espe-
cially collagen. Therefore, the stability of viscoelastic
systems can be considered a set of related provisions
that are selected and modeled by the CNS. The pose
is not static; it is a dynamic concept. A completely
vertical position consists of alternating different but
very close poses [22, 23].

Prolonged loading and unloading of collagen re-
quires the CNS to quickly redirect forces. Many musc-
les and ligaments are involved in maintaining any
posture. This explains why adequate rehabilitation
cannot be achieved by performing just one exercise,
but a number of exercises should be performed.

According to S. Gracovetsky, the theory of «Shape
and strength of the circuit» has certain shortcomings [19]:
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Fig. 1. Stages of deformation of viscoelastic structures of the joint

first, the musculoskeletal force must act all the time
to balance the forces of gravity. Collagen is a visco-
elastic structure and will begin to stretch over time. If
the sprain continues, then in the absence of increased
muscle activity, the SIJ will open, the articular sur-
faces will shift relative to each other and there will be
mobility (subluxation). To prevent this, the muscles
must constantly generate a compressive force, which
increases with the stretching of the ligaments. Howe-
ver, such excessive muscle strain is not observed.

Second, the articular surfaces are oriented in two
planes. At the level of the SI vertebra, the articu-
lar surface is at an angle of 40°. Below, at the level
of the transition from SI vertebra to SII, the articular
surface unfolds in the opposite direction to an angle
of 10° in the form of a propeller. As a result, large de-
formations can occur during the movement of the ar-
ticular surfaces relative to each other. Such a surface
can facilitate the displacement of the centers of rota-
tion of the sacrum relative to the pelvis.

Third, the uneven articular surface of SIJ is highly
organized. This can be seen in the sections of the pel-
vis. The main anatomical structure on the articular
surfaces is the periarticular ridge, called the SS ridge
[19].

According to S. Gracovetsky [19], the idea that
the sacral bones hang on the ligaments between
the pelvic bones is incorrect. This is due to the fact
that viscoelastic collagen bonds should gradually
stretch under the action of the load. The SS ridge
takes on a significant portion of the vertical load, so
the musculoskeletal system of the joint will respond
quickly to changes or the emergence of forces aimed
at unlocking the joint.

The specific structure of the SIJ allows for limi-
ted movements [24] around the SS ridge, resulting
in rotation around two main axes associated with
the structure of the SIJ. This mechanism is similar to
paired movements in the arched joints of the lumbar
spine. The articular surfaces SI and SIII determine
the two axes of rotational mobility of the sacrum.

Movements of the pelvis during walking are deter-
mined by the activity of one of these axes, depending

on the lumbar lordosis, especially the lower segments.
Presumably, this is the role of SIJ as a connecting part
for the implementation of the function of the spine
and paired movements of the intervertebral joints
in all its departments during vertical standing and
walking.

The aim of the study: on the basis of known ideas
about the sacroiliac joint that connects the spine, pel-
vis and lower extremities, the results of own studies
concerning the features of the sacroiliac joint and its
relationship by finite element method and verification
in patients with arthrosis of the sacroiliac joint, study
of the stabilizer muscles of the sacroiliac joint and
the vertical position of the body to develop a con-
ceptual model of patho- and sanogenesis of arthrosis
of this joint.

Material and methods

The object of modeling is the SIJ system as a link
connecting the spine and pelvis. The model concept
we envisage is based on M. Panjabi's model of chro-
nic lumbar spine pain in the case of partial ligament
damage, which leads to muscle dysfunction [25].

Initial provisions of own researches for construc-
tion of a conceptual model of patho- and sanogenesis
of SIJ arthrosis

1. Based on a retrospective study of case histo-
ries, most patients who underwent spondylodesis
at the level of LV-SI for lumbar osteochondrosis, in
the remote postoperative period (a year or more) were
found to have development or progression of clinical
and radiological signs of SIJ arthrosis, i.e. a change
in the mobility of the spinal motor segment L,—S; re-
sults in overload of SIJ elements [26].

2. As a result of mathematical modeling it is
proved that the asymmetry of the width of the ar-
ticular slits of the SIJ, the inclination of the sacrum
and pelvis lead to a change in the position of the con-
ditional axis of rotational mobility of the sacrum.
This leads from the wide side to the displacement
of the position of the conditional axis of rotational
mobility of the sacrum forward and downward rela-
tive to the pelvis, backward and upward from the nar-
row side, which causes a significant redistribution
of stresses and strains between left and right joints
and their ligaments. This causes a functional block
of the sacrum relative to the pelvis on the one hand
and excessive mobility on the other. Accordingly,
there are stresses and strains sufficient to dama-
ge of SIJ ligaments-stabilizers and vertical posi-
tion of the body under the conditions of simulation
of the loads available during walking or running
[27-31].
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3. The majority of patients with SIJ dysfunction
(90 %) had an asymmetry in the width of the SIJ joint
slits. The rest had the inclination of the pelvis and
sacral bones, rotation of the sacral bones. Hyperlor-
dosis at the level of the spinal motor segment Ly—S;
was detected in all patients with SIJ dysfunction
[32, 33].

4. Radiography of the pelvis in the frontal plane
identified degenerative changes in the joints in all
persons with SIJ dysfunction [34].

5. It is proved that changes in the bioelectrical
activity (BEA) of the muscles-stabilizers of the SIJ
progress with the increase in the degree of asymmet-
ry of the width of the joint slits of the SIJ [35].

Results and discussion

The main provisions of the conceptual model
of patho- and sanogenesis of SIJ arthrosis

The leaning ability and stability of SIJ is deter-
mined by the normal function of the three subsys-
tems. The first consists of the sacral bones, pelvic
bones, ligaments that connect these bones into a sing-
le whole, articular cartilage. The second subsystem
includes muscles that tighten ligaments and stabilize
the ability of the SIJ during movement and in a static
position. The third subsystem is shown by the neuro-
muscular control system (Fig. 2).

SIJ has the functions of structure and transmis-
sion. The structural function provides the ability and
mobility of SIJ and combines the subfunctions:

— connecting — SIJ connects the pelvis, lower extre-
mities and spine into a single whole;

— skeletal — sacral bones and pelvis are the place
of attachment of many muscles and ligaments;

— supportive — supports the entire spine and
transmits the weight of the body from the spine to
the pelvis and lower extremities, and the reaction
force of the support from the pelvis to the spine du-
ring walking and running;

— cushioning — softens the shocks that occur un-
der conditions of vertical position of the body during
walking, jumping, due to the peculiarities of the ana-
tomical structure and ligaments;

— protective — protection from external influen-
ces of important organs of the genitourinary system
and main vascular and nervous formations.

The transfer function provides the information
needed to accurately characterize a person’s pos-
ture, position and movement of the sacrum relative
to the pelvic bones, the load on the SlJ, to transmit
to the neuromuscular control system through nume-
rous mechanoreceptors located in the SIJ ligaments

(Fig. 2).

This transmission of impulses from mechanore-
ceptors provides information to the neuromuscular
control system, which helps to ensure the ability to
lean and mobility of the SIJ through muscle activi-
ty. The achievement of adequate mechanical ability
of the SIJ is the main criterion used by the neuromus-
cular control system.

If the structural function of the SIJ is impaired due
to degenerative changes or trauma, the neuromuscu-
lar control system enhances the activity of the muscu-
lar system to compensate for the loss. A single injury
or cumulative microtrauma causes damage to the SIJ
ligaments and distorts the signal of the mechanore-
ceptors located in them.

The latter under the action of external load (walk-
ing, running, prolonged sitting) produce a distorted
signal in the neuromuscular control system, which
is difficult to interpret. There is a spatial and tem-
poral mismatch between the mechanoreceptor signal
of normal and damaged connections. The neuromus-
cular control system, in turn, generates a distorted
signal in space and time to activate the stabilizing
muscles of the sacroiliac joint and the vertical posi-
tion of the body. The unnatural activity of these musc-
les leads to an inadequate feedback signal through

Neuromuscular control

Feedback |/ Feedback
control v control
SU Muscles stabilizing SIJ
and vertical body position
Function of body weight Muscle activation

transfer from spine and coordination
to pelvis and resistance |
reaction force
from pelvis to spine

Muscle contraction force

| BEA amplitude
BEA frequency
Mechaporeceptor Change of attachment points
signal of stabilizer muscles

Structural function

Leaning capacity
and mobility of SIJ

Fig. 2. SIJ stabilization model
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the muscle tendon receptors and damaged mechano-
receptors, further disrupting muscle activation.

Distorted muscle activation creates even more
stress and strain in all elements of the SIJ and re-
sults in further damage to ligaments, mechanorecep-
tors and muscles, overloading the articular cartilage.
Excessive deformations and stresses cause inflamma-
tion of SIJ elements, which have extensive nooceptive
innervation. Over time, chronic pain may progress.
Ligament damage can be «subcritical», without comp-
lete rupture, but with destruction of part of the fiber.

Under normal conditions, to change the position
of the body in space in response to changes in exter-
nal load, mechanoreceptors generate a set of signals
that describe the state and movement of the sacrum
relative to the pelvic bones (Fig. 3).

Normal
mechanoreceptors
A

Normal signal

Normal signal .
vy | of feedback connection

These signals are transmitted to a neuromuscu-
lar control system, which analyzes them and pro-
duces a corresponding pattern of muscle response
in the form of activation of certain muscles. The de-
termining fact is the need to preserve SIJ porosity
with the minimum possible stress-strain state of its
elements. This is achieved, in particular, through
feedback from the spindle-shaped nerve endings
of the Golgi muscle and bodies located in the tendons
of the stabilizing muscles of the sacroiliac joint, as
well as from the mechanoreceptors of SIJ ligament.
Dynamic synchronization of muscle activation is de-
termined by a set of actions: the selection of the neces-
sary muscles, the activation of each with a certain
force and reduction to a specific distance and time.

The integral dynamic system of SIJ is fast, not
traumatic and without adverse consequences. SIJ
with damaged ligaments functions in a different way
(Fig. 4).

Partial ligament damage results in destruction
or damage to mechanoreceptors. Under conditions

of vertical loading of SIJ, during the transfer of for-
Neuromuscular ces from the spine to the pelvis and hip joints, there is
control system . . . .
Normal a shift along the horizontal axis of rotation of the sac-
Normal response feedback rum relative to the pelvic bones, overstretching, com-
A connection pression and damage to the stabilizing ligaments
Normal pattern of the SIJ [27, 28]. This is accompanied by asymmet-
of muscle activity ry and narrowing of the width of the SIJ slits, their
fibrosis, inclination of the sacrum, pelvis, rotation
y No of the sacral bones [34].
Normal coordination > adverse Damaged mechanoreceptors produce a distorted
of muscle activity effects signal that describes the position of the sacral bones
and pelvis in space and time. As a result, the neuro-
Fig. 3. SIJ stabilization model muscular control system receives incorrect signals
Cumulative microtrauma Trauma S1J degeneration
v v ¥
«Subcritical» damage to the ligaments-stabilizers of the SIJ
v
Changed position of the sacral and pelvic bones > Functional block of the SIJ
7 v \
of glirizggﬁl % nd Tilt of the sacral bones Instability of the SIJ
fibrosis of joint spaces in the frontal plane
y A4 Rotation of sacral bones
Asymmetry of the width Tilt of the pelvis
of joint spaces in the frontal plane
L4 v N4 v L4
Damaged mechanoreceptors > Fig.5

Fig. 4. Model of patho- and sanogenesis of SIJ arthrosis
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about the position of these structures and has diffi-
culty in choosing the appropriate pattern of muscle
response (Fig. 5).

Accordingly, the neuromuscular control system
produces a defective pattern of muscular response,
which is most consistent with the position of the sacral
bones and pelvis. It directly affects the choice of acti-
vated SIJ stabilizing muscles and the vertical position
of the body, the activity of each muscle separately,
the strength and distance of contraction [25].

The synchronization of the activity of the SIJ sta-
bilizer muscles and the vertical position of the body is
disturbed. Additionally, the feedback from the neuro-
muscular control system and mechanoreceptors also
changes, further distorting the pattern of the mus-
cular response. This has its negative consequences:
higher stresses and strains, resulting in microdamage
to the ligaments-stabilizers of SIJ and, according-
ly, mechanoreceptors located in them, dysfunction
of the muscles-stabilizers of SIJ and vertical position
of the body [20, 21]. As a result, there is a functional
unit or instability of the SIJ, or both together (Fig. 4).
Over time, these damaging deformations and stresses
cause inflammation of nerve structures [36-38] and

accelerate the process of degeneration of all elements
of S1J, which generally leads to dysfunction and pain.

Spondylodesis surgery at the level of Ly—S; has
been proved to be one of the main causes of arthrosis
of the SIJ [4, 7, 8]. We believe that spondylodesis at
the level of Ly—S; causes a compensatory increase in
the mobility of the sacrum relative to the pelvic bones
in the adjacent SIJ. This entails an increase in me-
chanical loads on all elements of the SIJ, the displace-
ment of the axis of rotation of the sacrum relative to
the pelvic bones. This can change not only the vol-
ume of movements of the sacrum and pelvic bones,
but also their direction. This will change the ability to
perform and the strategy of achieving mobility of SIJ,
will lead to dysfunction and chronic cumulative mic-
rotrauma of all its elements.

Initially, we hoped to build a model of patho- and
sanogenesis of SIJ taking into account the sagittal
spinal-pelvic balance. However, assessment of the lite-
rature showed that the authors consider SIJ as a per-
manently functioning node, in which under the in-
fluence of body weight in healthy people the sacral
bones have a standard strategy and range of motion
relative to the pelvic bones. That is, the sacrum is chara-
cterized by rotational mobility forward relative to

Damaged mechanoreceptors

Distorted A A Distorted feedback

/

3

Y

Significant deformations and stresses resulting
in damage to ligaments, mechanoreceptors and muscles

Muscle insufficiency

signals v vy connection signal
Neuromuscular control system Chronic
Distorted ~ _* Ff Distorted feedback pain :
signals  y vy connection signal v ¢ \
Distorted pattern of muscular response, violated synchronization Chronic
of activation of individual muscles inflammation
of tissues
Ch 1; iti " ‘ : T ¢
anged position Functional block Instabilit Adverse Enth h
y <«—>»| Enthesopathy
of the sacral and | of the SIJ | ofthe SIJ effects connection
pelvic bones (Fig.4) R y “

Y

Significant loads on the SIJ elements

Y

Degenerative changes
in the SIJ elements

(Fig. 9)

Fig. 5. Model of patho- and sanogenesis of SIJ arthrosis
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the pelvis around a constant horizontal axis, the pro-
jection of which is located at the level of the SII ver-
tebra. The pelvic bones have rotational mobility in
the opposite direction. All this changes in patients
with arthrosis of the SIJ [39, 19]. Therefore, to build
the model, we applied the concept of adjacent kine-
matic links in the kinematic circuit.

These changes will be accompanied by degenera-
tive disorders of the SIJ elements, pain and the de-
velopment of arthrosis (Fig. 6). And in chronic cu-
mulative microtrauma, the SIJ ligament will be
accompanied by damage to mechanoreceptors with
a subsequent cascade of reactions (Fig. 5). The in-
crease in the volume of mobility of the sacrum
relative to the pelvis, the displacement of the axis
of mobility of the sacrum is subsequently realized in
the functional unit or the instability of the SIJ.

According to the results of our study, arthrosis
of the SIJ always corresponds to certain radiometric
parameters on the functional radiographs of the SIJ
[27, 28, 33, 40]. They directly reflect the function
of SIJ, as proved by our research and other authors
(Fig. 7).

Asymmetry of the width of the joint spaces is
important for the function of the SIJ in the vent-

ral, medial and dorsal departments. We found that
joint asymmetry width greater than 1 mm in any
SIJ department, or up to 1 mm in all three depart-
ments, would be clinically relevant for joint function.
The presence of an asymmetry of more than 2 mm in
the dorsal part of the SIJ is a prognostically unfavo-
rable factor for conservative treatment and deter-
mines the performance of surgery [41].

This causes overload and «subcritical» unilateral
or bilateral damage to /ig. sacrospinous, lig. sacrotu-
berous, lig. coccygeus, lig. iliococcygeus, lig. spino-
coccygeus, which are the main stabilizers of the ver-
tical position of the body, stretched under the action
of its weight.

All these functional radiographic parameters are
compensated by the functional block or instability
of the joint (Fig. 8) to restore its resilience and mobi-
lity. In addition, one state can pass into another.

Arthrosis of the CSF is always associated with
a number of degenerative changes in its elements,
namely: the destruction of articular cartilage with
a violation of the uniformity and integrity of the joint
covering, narrowing the width of the articular fissures
to their sclerosis, ligament degeneration, destructive
changes in the adjacent bone [34].

Spondylodesis operation at Ly—S; level

Lack of mobility at Ly—S; level

Compensatory increase of mobility in the adjacent SIJ

An increase in mechanical load on SIJ elements

v

Changed of mobility axis of sacral bones > Functional block of the SI1J
in relation to pelvic bones.
Changed direction and volume
of movements of sacral and pelvic bones g Instability of the SIJ
Chronic microtrauma of SIJ elements > Damaged mechanoreceptors

A

Degenerative changes of SIJ elements

v

S1J arthrosis

AN
7

v

Fig. 5

Fig. 9

Fig. 6. A model of SIJ arthrosis development following Ly—S; spondylodesis



ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2021. No 2

On radiography, this will be manifested by sub-
chondral sclerosis, uneven articular surfaces of the S1J,
osteophytes, ossification of ligaments, bone bridges
(Fig. 9).

In addition, ligament damage heals poorly and
leads to premature degeneration [42, 43]. Thus, dama-
ged ligaments are often the cause of chronic pain in
the form of enthesopathies. Besides, since ligaments
are viscoelastic structures, their long-term exposure,

even loading only 30 % of their tensile strength, can
cause damage and the development of enthesopathies
[36-38, 44].

Conclusions

The proposed model of patho- and sanogene-
sis of SIJ focuses on mechanoreceptor damage and
the actual connection. Destructive changes in them
lead to a shift of the axis of horizontal mobility

SIJ arthrosis

!

Functional roentgenography (in standing position)

! ,

Y y !

Tilt Rotation Segmental lordosis
of the pelvis of the sacral L,Vg—LV LS, > 15°
over 1° bones -

Asymmetry of the width Tilt
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ventral (a), medial (m) and dorsal (d) departments, amd — asymmetry in all departments
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of the sacrum relative to the pelvic bones, functional
block or instability of the SIJ separately or together.
This causes the elements of the SIJ to be overload-
ed and, consequently, to transmit a distorted signal
to the neuromuscular control system, producing an
inadequate pattern of muscle response and SIJ dys-
function. The more the SIJ biomechanics change,
the more the muscle response pattern is distorted.

The developed model provides an explanation
of the change in the pattern of muscular response in pa-
tients with impaired biomechanics of SIJ in conditions
of arthrosis. In the case of ligament damage in patients
with LPP, the distorted signal of mechanoreceptors and
patterns of muscle response lead to changes in the sta-
bilization of the SIJ, its leaning ability and mobility.

Muscle coordination is the synchronization of the ac-
tivation of different muscles for optimal stabiliza-
tion of the SIJ. Synchronization comprises activa-
tion of individual muscles with a certain force and at
a specific distance.

In case of ligament damage, mechanoreceptors
generate distorted signals that may contradict the ex-
pected neuromuscular control system. Assessment
of such signals may activate both synergistic and
antagonist muscles to stabilize the SIJ. This reaction
can become chronic, the likelihood of such a pattern
of muscle response increases significantly with in-
creasing biomechanical changes in SIJ. The described
situation is accompanied by damage to muscles, their
functional inability, atrophy, causing dysfunction
and disability of the SIJ. Restoration and training
of a normal pattern of muscular response will help to
restore the ability to move and mobility of the SIJ, to
eliminate chronic pain.

This model certainly has some limitations, as LPP
is a multifactorial problem and cannot be explained
by a single model. However, the proposed model al-
lows us to explain our results and elaborate a coherent
algorithm for diagnosis and treatment of patients with
S1J and LPP arthrosis.
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