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Objective. To invent the concept of new postural pattern forma-
tion in the consequence of severe injury of lower extremities as-
sociated with the development of «syndrome of posttraumatic dia-
physeal deformities of lower extremitiesy. Methods. The classic
model of the development of transformation «health—disease», that
was initially worked out in 1960™ years, has been used to build up
a concept of the returning of patient from trauma to relative health.
The idea of this approach was to make analogy of regulatory pro-
cess under the conditions of disease with emergency control in
sophisticated technical systems of automatic control. The results
of instrumental investigation of patients and mathematic modelling
was used. Results. In the case of the development of «syndrome
of posttraumatic diaphyseal deformities of lower extremitiesy in
addition to decreased muscular strength, joints stiffness and limb
lengthening the complex of following complications occurs: ana-
tomical disarrangements in adjusted joints and muscular imba-
lance. If the deformity development is accompanied by the saved
weightbearing function of the limb a compensatory mechanism in
length of time and in a process of walking capacity restitution cre-
ates new «body scheme» and stereotypes of walking and standing.
Inherent program of movement substitutes with acquired one. If
the deformity occurs just on one lower extremity the anatomical
disarrangements of the whole skeletal system take place: the tilt
of pelvis and spine, hip abduction/adduction contracture, varus/
valgus deformity in knee joint, the disturbance of weightbearing
capacity of feet with different derangements in ankle and subtalar
Joints (including varus/valgus deformities). The severity of these
secondary changes depends upon the value of deformity, general
and psychological status of patient. Outcomes. Invented concept
of new postural pattern formation in consequence of severe injury
of lower extremities associated with the development of «syndrome
of posttraumatic diaphyseal deformities of lower extremitiesy al-
lows to assess and understand a locomotor behavior of patient and
take it into consideration in treatment planning. Key words. Pos-
tural pattern, posttraumatic deformity, lower extremity, secondary
changes, adaptive changes.

Mema. Cmeopenns konyenyii popmyeanus H08020 HOCMYpab-
HO20 NAMePHY BHACTIOOK NePeHeceHOi 8AHCKOT MPABMU HUMHCHIX
KIHYIBOK i3 PO3BUMKOM CUHOpOMY OdiagizapHux nicaampasma-
muyHux oegpopmayiii 0062ux KiCMoK HUMCHIX KiHYigok. Memoou.
s nobyoosu xonyenyii nogepHeHHs X60poeo 8i0 mpasmi 00
BIOHOCHO20 300P08 5l PO32TISIHYINO MOOeb KAACUYHO20 PO3GUMKY
«300p08’s — Xx60p06ay, po3pobueny 6 1960-x poxax. Ioes nioxoody
noasieana 6 npoGedeHHi ananoeiti Midc npoyecom pe2ynio8aHHs
3a YMO8 X60pOOU Ul ABAPILIHUM PECYTIOBAHHAM Y CKAAOHUX MeX-
HIYHUX CUCTNEeMAX A8MOMAMUYHO20 YNPAGiHHA. Bukopucmano
pe3yivmamu IHCMPYMEHMAIbHUX 00CMedICeHb nayicHmie i mMa-
memamuuno2o mooenioganns. Pesynemamu. YV pasi pozeumky
cuHOpomy OlapizapHux NiCImMpasmMamuyHux oeopmayii 0082ux
KICMOK HUMCHIX KIHYIBOK, KDIM 3MEHUIEeHHs CUNU MA318, PO38UM-
Ky KOHMPAKmyp i 8KOpouenHs KiHYieKU, POpMYEMbCA HUZKA
YCKIAOHeHb: 0OHOUACHO 3 dedopmayicio Kicmku UHUKAE NO-
PYUeHHA aHAMOMIYHUX CNIBGIOHOUIeHb Y Cyen00ax i cmiuKuil
m’azosull oucobanauc. Axwo 3a nassnocmi deopmayii 36e-
pieaembcsi ONOPOCHPOMONCHICIL KIHYIBKY, uepe3 OesaKull uac
y npoyeci 6iI0HOBIEHHS MOICIUBOCHT XOOUMU KOMNEHCAMOPHI
Mexanizmu CmeoproIomb HOBY «CXeMy Miaay, Cmepeomun CmosH-
HA ma xo00bbu. Ypoooicena npozpama pyxy 3MIiHIOEMbCS HA
nabymy. 3a oeghopmayii 00Hiel KIHYIBKU ROPYULYIOMBCS AHAMO-
MIUHT CNIBBIOHOUICHHS VY 6CbOMY CKelemi: (hopMyEmbCs HAXUuL
masa i xpebma, y Ky1bulogux cy2n06ax GUHUKAIOMb NPUGIOHO-
8I08IOHI 3MIHU, A 3 YACOM KOHMPAKMYPU, V KOTHHUX — 8apyc/
6anbeycHi oepopmayii, 3MIHIOEMbCI ONOPOCNPOMOINCHICTb
CMon i3 opMyBaAHHAM MAKONHC 8apYC/8ANbeYCHUX Oedopma-
Yill y HAON’AMKOBO-2OMINKOBUX | NIOHAON AMKOBUX CYel00aX.
Baoickicms 3min 3anescums 610 senuuunu deopmayii, 3a2aib-
HO20 Ma NCUXON02IYHO20 CMAHY NAYIEHMA, U020 HACMPOIO.
Bucnosxu. Cmeopena xonyenyia gpopmysanus H08020 nocmy-
PAbHO20 nNamepHy GHACAIOOK NepeHeceHoi 8adcKoi mpasmu
HUDJICHIX KIHYIBOK I3 PO3GUMKOM CUHOPOMY Olaghizapuux niciis-
mpasmamuyHux 0ehopmayii 00682ux KiCMOK HUNCHIX KIHYIBOK
0ae 3M02y 3pO3yMImu pyxo8y nosedinKy nayienma ii 6paxoeyea-
mu ii nio yac 6usHavyeHns MaKmuKu 1iKy8aHHs.
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Introduction

The issue of defining health and disease has been
considered by doctors and physiologists for many
centuries. There are many definitions of these states
of the human body, and in the meaning of «health»
there are semantic contradictions: for some authors
«healthy is a state, for others a property, ability, ca-
tegory, whereas according to some scientists the con-
cept of «health» is rather a philosophical generali-
zation [1]. This led the researchers to conclude that
the main difficulty of the evidentiary formulation is
associated with «weak implementation of the system-
cybernetic approach in integrative medicine» [2],
i. e. in the multidisciplinary direction of studying
the physiological foundations of «health / disease».

There are several systems of transition from
«health» to «disease». But the mechanisms of return-
ing the system from the state of «disease» to the state
of relative «health» are practically not considered.
This problem is explained by the fact that the re-
turn of the human body from the state of «disease»
to the state of «health» occurs not only through
the restoration of its homeokinesis [3], but also
through adaptation, which is not always a positive
factor [4].

Trauma (in our review we consider fractures
of the bones of the lower extremity) is a physical
stressor that immediately transfers the body from
a state of «health» to a state of «disease». Severe trau-
ma associated with a prolonged recovery process is
complicated by a number of aggravating factors, such
as prolonged immobilization, hypodynamia, reduced
muscle strength and the development of contractures,
concomitant dysfunction of internal organs and sys-
tems. That is, full functioning of the body requires
not only healing of the fracture, but also restoration
of impaired functions. Recovery process is often
complicated by consolidation of fragments with unre-
moved displacement, or formation of non-unions and
defective joints, including persistent deformations.
This results in the development of a complex of sec-
ondary changes in the damaged segment [5] and,
sometimes, in both lower extremities and girdle
of the lower extremities, which should be combined,
considering them as a syndrome of diaphyseal post-
traumatic deformities of long bones of the lower
extremities. These pathological conditions require
the formation of new skills of standing and moving
and, over time, a new postural pattern of the body.

The purpose of the study was to create a concept
of formation of a new postural pattern due to severe
trauma of the lower extremities with the development
of syndrome of diaphyseal post-traumatic deformities
of the long bones of the lower extremities.

Material and methods

The study involved assessment of literature sour-
ces of models of transition from «health» to «dise-
ase». A model of the classical development of changes
from «health» to «disease» was considered to build
the concept of returning the patient from injury to re-
lative health.

In physiology, there are several patterns of tran-
sition from «health» to «disease». The first theo-
retical models of this transition were developed in
the 1960s [6, 7]. The idea of the approach was to draw
analogies between the process of regulation in di-
sease and emergency regulation in complex techni-
cal systems of automatic control. Modeling showed
that one of the main differences between the process
of regulation in a disease from physiological regula-
tion is the same thing that distinguishes emergency
regulation in technical systems from normal, namely
a change of purpose. If in physiological regulation
each biological system has its own purpose, arising
in the process of evolutionary development [8], for in-
stance, moving in the direction of optimal conditions
or performing any specific function, then in the case
of regulation there is a new one: self-preservation
of the system in the near future.

Graphically, the situation can be represented as N-
dimensional space (for simplicity, presented as two-
dimensional). On axes of the ordinates the boundaries
of the norm are conditionally marked (@), the bound-
aries of compatibility with life (b). Within a, there
are values of all parameters optimal for the main
task of the system (in our case, maintenance of pos-
tural balance), it is a zone of physiological control,
«health». Zone B is emergency regulation (Fig. 1).

If due to pathogenic influences any parameter
goes beyond a, then there is a danger of its going be-
yond b. Prevention of this situation is achieved when
a number of parameters actively go beyond a, be-
cause without this self-preservation of the system in
the near future becomes impossible. As a result, most
of the regulated parameters fall into zone B (emer-
gency regulation), i.e. into the zone of «disease».
The system gets destroyed if the line of boundary b
is reached.
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At the beginning of the disease, the task of re-
turning physiological parameters to zone 4 due
to the functioning of regulatory mechanisms of reco-
very may be in the background, but over time, the task
of normalization plays an increasing role. Favorable
course of the transition process results in recovery or
compensation of partially lost opportunities.

Later, a more detailed scheme of transition from
«health» to «disease» and then to the destruction
of the system was proposed [10] (Fig. 2). This model
considers the boundary a in more detail (Fig. 1).

According to Glenn and Avicenna, transition
periods are not «health» or «disease», but the func-
tional state of the body between norm and disorder.
The transition from «health» to «disease» is associ-
ated with a decrease in the body's adaptive capacity,
ability to respond adequately to stress and excitatory
mechanisms. We will not go into detail about what
happens in each period of transition from «health»
to «disease» because we are interested in the return
path from «disease» (in our model, a serious injury)
to «health» (stabilization of postural function).

In our conceptual model, we will consider the de-
velopment of the disease only in view of orthopedic
disorders, without taking into account the concomi-
tant disorders that can be observed in severe injuries
or in past history.

The concept of forming a new postural reality
in patients with the syndrome of diaphyseal post-
traumatic deformities of the long bones of the lower
extremities will not be complete without disclosing
the concept of forming a «body diagram» and normal
postural function.

The control of vertical posture, carried out by
a person throughout life, is an important physiologi-
cal function of the body. There are two types of motor

Fig. 1. Limits of norm (a) and limits of compatibility with
life (b) in the N-dimensional space of signs: 4 — zone
of physiological regulation («health»); B — emergency control
zone («disease») [9]

functions: support of vertical position (posture) and
the actual movement, it is impossible to separate them
from each other. The central place in the regulation
of posture is occupied by the «scheme of the body»,
the generalized sensitivity of one's own body at rest
and during movement, location and change of spa-
tial coordinates and relationships of body parts.
The physiology of the organization of the human mo-
tor system [12] and the formation of its own «body
schemey [13] are perfectly disclosed in textbooks and
reference books on human physiology. Researchers
of the Laboratory of Biomechanics of the State Insti-
tution «Professor M. 1. Sytenko Institute of Abnor-
malities of the Spine and Joints of the National Aca-
demy of Medical Sciences of Ukraine» created and
tested a conceptual model of changes in the congeni-
tal postural pattern («<body scheme») under the influ-
ence of a long degenerative process [14].

Results and their discussion

Let us dwell on the basic provisions of the physio-
logy of the «scheme of the body» formation. Inte-
grative processes of its formation are completed in
the adult organism, it fixes the schemes of mutual
arrangement of body parts during automated ste-
reotyped movements (standing, walking, actions
performed at subconscious level). Personal pattern
of movement (including standing as one of the types
of movement) is created under the influence of its
own receptors (vision, hearing, tactile, vestibular,
etc.) (Fig. 3).

The optimal position of the body in space is
a closed control system, comprising the central ner-
vous system that contains elements responsible for
maintaining genetic and acquired movement pro-
grams, ways to correct these programs depending on
external influences and the state of the body.

The system of postural regulation is a set of reflex
inverse connections from the signals of the vestibu-

Critical phase Disease

Health

Pre-nosological state

Fig. 2. Transition periods from «health» to «disease» optimum [10]
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lar apparatus, visual and auditory systems, joint and
muscle receptors. The interconnection of the body's
systems is carried out in accordance with the con-
ditions in which the task of maintaining posture or
movement is solved, so that in a situation where one
of the sources of information does not give the cor-
rect signal, its function is compensated by others.
This causes the body's adaptive reactions. Based on
the conceptual model of the change of the congenital
postural pattern («body diagramsy) [14], we develo-
ped a system of postural regulation of movement
(normal) to study the change of congenital motor pat-
terns after injuries (Fig. 4).

Control
Y - Management
system
External control |
Genetic Comparison
Internal control programs and Corlffctlon
RECEPTORS unt

Muscles
Skeleton

Fig. 3. The mechanism of movement organization [12]

Let us return to the mechanism of the transition
«health-disease». In degenerative diseases, or diseas-
es that develop over a long period of time, a person
forms a new «body scheme» through the involvement
of adaptive mechanisms with the subsequent change
of genetic postural programs. The course of degenera-
tive diseases is accompanied by periods of remission
due to therapeutic treatment or exacerbation. After
radical treatment, such as arthroplasty, the patient's
condition improves, gradually returning to the point
of adaptation (relative health). After the injury, a new
«body pattern» is formed during recovery.

Thus, under conditions of injury, the patient im-
mediately falls into the zone of «disease» bypassing
periods of adaptation and compensation, i.e. forming
a new «body schemey, but a new «movement strate-
gy» and a program of its regulation are absent. They
will be formed in the process of recovery.

In the case of mild and moderate injuries, which
heal relatively quickly, with adequate treatment
and proper rehabilitation, a person is able to return
to the zone of «healthy, i.e. to fully restore functiona-
lity (Fig. 5). This is facilitated by adequate fixa-
tion of bone fragments after fracture, which allows
the earliest possible functional load of the damaged
segment.

Movement strategy

| Motivation |

v

| Genetic programs |

Movement tactics

Image identification |

Y

A signal from external
environment

Y

1 Movement program <

Comparison and correction|

A

Body state
in an environment

A A
Body
scheme

Environment

Sensory background of movement

MOVEMENT

Fig. 4. System of postural regulation of movement (norm)
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Under opposite conditions (inadequate fixation
of fragments and lack of appropriate rehabilitation
and early functional load), in the development of di-
aphyseal post-traumatic deformity syndrome of long
bones of the lower extremities, patients are forced
to form a new «body scheme» and, accordingly, de-
velop a new control system.

Treatment of diaphyseal fractures of long bones
is accompanied by a certain period of immobi-
lization and restriction of mobility and resistance
of the injured limb. This reduces muscle strength by
10 to 20 % per week for various groups and types
of mobility impairment [15]. Restriction of move-
ments in the joints results in formation of immobili-
zation contractures.

In normal fracture healing and adequate rehabili-
tation over a period of time, limb function and muscle
strength are restored to physiological norm.

In the case of the syndrome of diaphyseal post-
traumatic deformities of the long bones of the lower
extremities, in addition to decreased muscle strength,
contractures and shortening of the limb, a number
of complications occur: simultaneously with the de-
formation of the bone, the anatomical relations
in the joints are disturbed and a stable muscle im-
balance is created. If in the presence of deformity,
the limb preserves its leaning ability, after some
time in the process of restoring the patient's capabili-
ty to walk compensatory mechanisms create a new
«body pattern», forming a new stereotype of stand-
ing and walking and the movement program changes
from congenital to acquired. In injury of one limb,

complicated by deformation with all severe con-
sequences, the anatomical proportions change in
the joints of the entire skeleton: formation of tilted
pelvis and, accordingly, spine; adduction-abduction
disorders in the hip joints, and over time, contrac-
tures; varus/valgus deformations in the knee joints
due to different heights of their flexion and viola-
tion of spatial orientation; leaning ability of the feet
changes with further formation of varus/valgus de-
formities in the tibial and subtalar joints. The nature
of the changes certainly depends on the magnitude
of the deformity and its direction, as well as the gene-
ral health of the patient. A significant role is played by
patient’s perception of the new state of the body, i. e.
from psychological state and mood.

The conceptual model is based on indicators of in-
strumental examinations of patients (radiological,
statographic [16]), as well as the results of model-
ing (finite elements of the stress-strain state [17] in
the joints and dynamic modeling of walking to deter-
mine changes in muscle function [18] by conditions
of deformation of long bones of the lower extremities).

Let us consider the scheme of development
of adaptive changes in the musculoskeletal system
of the patient in the case of post-traumatic deformi-
ties of the long bones of the lower extremities.

Any severe injury, especially in the absence
of adequate treatment (proper stabilization of frag-
ments and rehabilitation), is accompanied by a rela-
tively long period of immobilization or significant
limitation of limb mobility. This causes loss of musc-
le strength and the development of immobilizing

Functionality
restoration
Bone entirety Rehabilitation
violation
> Restoration C et
Treatment of anatomical entirety LRI
Reduced Bone deformation
A strength Development
Immobilization, of muscles of the syndrome Violation of the anatomical
restriction pemeeeeeeeen > of diaphyseal > ratio of the joints
of movement i Development | post-traumatic deformities
! of flexion ; ‘i of long bones - Muscular balance
+ contracture . of the lower extremities violation

Fig. 5. Possible mechanisms of consequences of injury treatment
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contractures. During the formation of post-traumatic
deformation of long bones, there is usually a shorten-
ing (different types) of the limb, which increases with
the expansion of the deformation angle.

Changing the anatomical position of the bones
of the limb leads to a shift in the anatomical orien-
tation of the articular surfaces, and, accordingly,
modification of the load in the joints. This constitutes
a risk of developing dystrophic disorders.

It should be noted that varus deformity of the mid-
dle part of the femur or tibia causes valgus instal-
lation of the knee and ankle joints with an overload
of the medial parts of the joints. In the hip joint, the fe-
mur moves to the position of abduction, the range
of which also depends on the range of the angle of de-
formation. In severe varus deformities, the contrala-
teral limb focuses on adduction.

Valgus deformity of the long bones leads to com-
pensatory abduction of the femur to maintain the axi-
al balance of the limb, the knee and ankle joints go
to the varus position with overload of the lateral
structures. Relevant changes also affect the ankle
joint [17].

Accordingly, with a change in the orientation
of the bones, the direction of action of muscle forc-
es changes, and on the convex side of the deformity
the muscles are constantly stretched, and on the con-
cave side, on the contrary, are in a contractile state,
which in both cases interferes with comprehensive
muscular function.

It should be pointed out that at significant angles
of deformation (according to modeling results, over
30°) the knee and ankle joints are not able to fully re-
store the axial stability of the limb, so we observe dys-
function of the leg and foot muscles responsible for
stability. This is due to the fact that in the compensa-
tion of the axis of the limb a significant role belongs
to the ankle joint, which has more degrees of latitude,
the knee joint is much less involved in this process
due to only two degrees of latitude, and varus/valgus
changes occur slowly in long course of the disease.

In shortening of the deformed limb by more than
2 cm (anatomical norm of the difference in the length
of the limbs) compensatory flexions are formed in
the hip and knee joints on the contralateral one. They
bend at different levels and in different directions.
Limb shortening causes pelvic tilt with all the associ-
ated problems [18].

Altered orientation of bone and joint structures,
impaired muscle balance and shortening of the limb
lead to impaired standing and walking, lameness.
Prolonged inadequacy of the load zones causes
the development of dystrophic changes. At patients
with prolonged changed «scheme of a body» were
found to form a corresponding compensatory pro-
gram of movement (Fig. 6).

Constant correction of motor behavior modifies
the genetic motor program to the acquired pathologi-
cal one. It is known that the compensatory mecha-
nisms of the body are quite developed. A person is

Immobilization
¢ ¢ Motivation
Reduced Violation ¢
muscular of fragment
strength consolidation Genetic €
Movement tactics programs Changes
Increased Formation in genetic
muscular  [<€ of bone ¢ * pattern
strength deformation
Pattern
identification
< Limb shortening Movement program € Comparison
Muscular ¢ (spatiotemporal) and correction
balance Pattern
violation ~ Changes determination =
< in anatomical ratio in an environment
of the joints . Fail Error
¢ ¢ Abnormal signal allure correction
of movement f movement
New «BODY SCHEME» > program
Body state MOVEMENT
in an environment
Environment >

Fig. 6. Model of formation of a new «body scheme» and program of movement
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able to restore motor activity using additional back-
up sources. For example, shortening of the limb is
proportionally compensated by changing the angles
of the pelvis, flexion / extension / adduction / abduc-
tion of the joints. A decrease in the strength of one
muscle group is compensated by an increase in
the strength of another. But the biggest changes oc-
cur in the motor program. During standing, the load
on the injured limb decreases, towards which, due
to the need to maintain the axis of balance, the torso
tilts. The body weight is shifted towards the contra-
lateral limb. During walking, its pattern complete-
ly changes, the step length of the injured limb de-
creases, due to the change of its abduction, there is
an asymmetry of the base of the steps and the angle
of feet position. Dysfunction of the joints results in an
asymmetry of goniometric parameters.

Thus, after the formation of an adaptive motor pat-
tern, some patients can live a full life, albeit with li-
mited motor function. That is, if we return to the con-
cept of «healthy, then after a while the patient falls
into the zone of adaptation.

The question of whether these patients can be con-
sidered «healthy» is rather in the context of an indi-
vidual approach, taking into account the requirements
of the patient. Doctors usually consider a person with
disabilities to be unwell, but the patient considers
himself healthy. In recent years, a new paradigm has
been formed in assessing the health of people with
disabilities: people with unprogressive disabilities
who have adapted to their condition are considered
healthy, but with regular prevention and early recog-
nition of «secondary conditions», including injuries
and lesions (pain, contractures, osteoporosis, etc.),
progression of the disorder and age-related deteriora-
tion of functions [19].

Conclusions

The concept of forming a new postural pattern due to
severe trauma of the lower extremities with the develop-
ment of diaphyseal post-traumatic deformities of the long
bones of the lower extremities allows to analyze and un-
derstand the motor behavior of the patient and take it
into account when determining treatment tactics.
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