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ABSTRACT

Aim: To increase the efficacy of the original staged scheme of wounded with soft tissues gunshot defects (STGD) rehabilitation
using the original improvement of diagnostic and restorative rehabilitation measures.

Materials and Methods: The wounded with STGD were admitted to the Military Medical Clinical Center of the Southern Region
(Odesa). The wounded were randomized in three groups depending on the severity of the injury for further rehabilitation in
sanatorium-resort conditions. Spectral infrared thermography diagnostic capabilities were used to control the efficacy of rehabilitation
measures and to evaluate the rehabilitation prognosis.

Results: The data obtained were divided into immediate clinical and delayed organizational ones with rapid implementation into
the medical practice to support the military forces of Ukraine. Authors showed the full-fledged functional recovery of the patient’s
injured limbs as a result of original step-by-step scheme applying of providing medical care in cases of STGD.

Conclusions: Timely rehabilitation measures at all stages of providing medical care in the Armed Forces are faster and more effective.
The organizational and methodological foundations of the staged rehabilitation system of wounded servicemen with STGD at
different levels of medical care depending on the severity of the injury and the tactics of surgical treatment have been developed.
Different three- and four-staged models of rehabilitation measures for the injured with different severity have been proposed.

KEY WORDS: soft tissues gunshot defects reconstruction, surgical treatment, staged rehabilitation, treatment efficacy, rehabilita-

tion, multimodal concept

INTRODUCTION

Rehabilitation of military personnel after lower extremities
soft tissue gunshot wounds defects is a common and
challenging problem for surgical and rehabilitative teams
[1]. The process of soft tissues gunshot defects (STGD)
reconstruction is multi-staged and requires a number of
operative interventions in different periods of time at different
levels of medical care [2]. Rehabilitation measures for such
patients are also different. Currently, medical assistance
to military personnel is four-level. Each level has its own
amount of medical assistance [2, 3].

The first level of medical support is formed and
implemented at the tactical level for the expense of the
battalion’s medical service, forces and means and provides
the first medical (pre-medical) and first medical aid.

The second level of medical support is formed and
implemented at the tactical level for the expense of the
brigade medical service, forces and means and provides
the qualified medical assistance. Therefore, rehabilitative
measures at the first and second levels are actually not
provided, are not expedient and not of primary importance.

The third level of medical support is formed and
implemented at the operational level for the expense of
military mobile hospitals and stationary military or civilian
health care facilities deployed within the operational
zone, and provides the qualified and specialized medical
care. At this level, rehabilitation assistance is provided
in the acute period. If the goal cannot be achieved,
the injured person is transferred to the fourth level of
medical care.
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The fourth level is formed and implemented at the strategic
level for the expense of military medical clinical centers,
state and communal health care facilities and provides the
highly specialized medical care using high-tech equipment
and/or high complexity specialized medical procedures.
This level of medical support is the place where the goal
and task of rehabilitation of the wounded must be fully
realized. At this level, rehabilitation care is provided in
acute, post-acute and postponed long-term rehabilitation
periods in inpatient and outpatient conditions.

Rehabilitation measures in sanatorium-resort conditions
in the post-acute and long-term rehabilitation periods
of wounded servicemen are implemented exclusively in
sanatorium-resort facilities of the Armed Forces [4] which
include the sanatorium department of the Military Medical
Clinical Center of the Southern Region.

Certain time we have been actively improving the medical
and physiotherapeutic method of providing medical,
including highly specialized, home care to victims with
soft tissues gunshot wounds which provides an opportunity
to report certain original ideas and achievements [3, 51.

AIM

The aim of the present work was to increase the efficacy
of the original staged scheme of wounded with soft tissues
gunshot defects rehabilitation using the original improvement
of diagnostic and restorative rehabilitation measures.

MATERIALS AND METHODS

According to the statistical analysis of the nature of
injuries in the wounded who were admitted to the Military
Medical Clinical Center of the Southern Region (Odesa), in
the structure of sanitary losses of the surgical profile, the
specific weight of wounded with STGD is 16.7%.

The anatomical and functional characteristics of STGD
localization were as follows: chest — 14.0%, abdomen - 7.0%,
pelvis — 4.1%, limbs — 74.9%. In the STGD structure extra-
large injuries made up 6.1%, large — 33.7%, medium - 60.2%.

Clinical-epidemiological and clinical-anatomical studies
proved that 36.8% of STGD wounded had a mild combat
surgical injury, 45.7% - severe, and 17.5% - extremely severe.

The cause of STGD in 45.6% of servicemen was shrapnel
wounds, bullet wounds in 38.0%, mine-explosive wounds
in 16.4%. Isolated combat surgical injury was found in
28.9% cases, multiple — in 44.2%, combined - in 26.9%
of wounded with STGD.

Impenetrable combat surgical trauma was diagnosed
in 62.9% of the wounded, penetrating into the pleural
cavity — in 17.4%, into the abdominal cavity — in 16.3%,
into the pelvic cavity — in 3.4% of servicemen.

Using the abovementioned statistical calculation, we
randomized patients on the following three groups for
further rehabilitation in sanatorium-resort conditions
(Admission Trauma Scale (AdTS) index was used to assess
the severity of injuries) [6]:

The 1% group — wounded with a mild injury (medium-sized
STGD, AdTS <5 points, perfusion index >4%) after a full volume
of surgical care with primary and final correction of the injury;

The 2" group - wounded with severe trauma (large-
sized STGD, AdTS 5-9 points, perfusion index 2-4%);

The 3 group - wounded with extremely severe trauma
(extra-large STGD, AdTS >9 points, perfusion index <2%).

Spectral infrared thermography diagnostic capabilities
were used to control the efficacy of rehabilitation measures
and to evaluate the rehabilitation prognosis.

RESULTS

For the 1**group wounded servicemen we developed a
three-staged model of rehabilitation when the wounded
began rehabilitation measures in the acute period in a
hospital (stage 1) and, upon reaching certain conditions,
were immediately transferred to a specialized department of
a sanatorium-resort facility (stage Il with 21 days duration)
and, if necessary, to the outpatient stage of rehabilitation
(Il stage with 14 days duration). Our diagnostic, clinical
and rehabilitative measures optimization resulted in 94%
wounded of this group return to military service after early
sanatorium-resort rehabilitation.

We have proposed a four-staged model of rehabilitation
for the wounded of the 2" group. We propose to divide
the sanatorium-resort rehabilitation stage (Il stage) into
an early sanatorium, which is provided in the post-acute
rehabilitation period and, accordingly, consists of two parts
(the stage of reconstructive surgical interventions with 10
days, and the stage after the final surgical reconstruction
with 12-14 days duration), and delayed (not mandatory),
which is provided in the long-term rehabilitation period,
in particular, in cases of complications development, for
example, scar contractures, keloid scars, etc.

The wounded of the 3 group also received rehabilitation
treatment according to the four-staged model. Their
rehabilitation potential was additionally considered at
the outpatient stage (Ill stage) and doctors of the military
medical commission made decisions about the possibility
of their further military service. The terms of such patients’
referral to rehabilitation stages were longer.

We have diversified and optimized the inpatient stage of
rehabilitation to make it more effective. We suppose to resolve
the following problems on this stage: pain reduction; the
inflammatory exudates volume reducing; tissues metabolic
needs reduction; affected tissues protection from further
damage; protection of tissues formed from tearing; ensuring
the new tissue growth and fibers restoration; maintaining the
cardiovascularand muscle-skeletal systems normal functional
activity; infectious complications development preventing, etc.

Medication treatment is prescribed to prevent postoperative
complications. The PRICE principle is applied for the patients
in the early stages (up to 72 hours after surgical treatment)
after soft tissue injuries management: Protection; Rest;
Ice; Compression (to reduce the volume of exudates and
pain); Elevation (to reduce bleeding, swelling, pain) [7].

2-3 days after the surgery (when the stage of tissue
proliferation begins) we fulfilled the following tasks of
rehabilitation: pain reduction; edema reduction; local
temperature decreasing; further tissue damage prevention;
newly formed tissues protection; muscle strength and
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coordination both support and enhancement; the functions
improvement.

We used a basic complex of therapeutic gymnastics
(TG), breathing exercises in the initial position lying on
the back is prescribed; the patient is verticalized. On the
3 — 4t day the patient performs the basic TGcomplex
and breathing exercises in the initial position lying on
his back and sitting; sitting in bed with the lower limbs
lowered from it, therapeutic dosed walking (TDW) with
additional support (walkers, crutches) with limitation of
axial load on the injured limb within the ward is allowed.
Massage of the upper extremities is prescribed throughout
the 4% till 5* day.

The basic TG complex is expanded due to the increase in
repetitions, the duration of classes and the variety of the
starting position. Exercises are prescribed to preserve the
range of motion in the injured limb. The main limitation
for expanding the range of active and passive movements
is pain. The limitation of axial load on the injured limb is
maintained.

Itisimportant to assign physical loads along the functional
load lines, which are normally characteristic of one or another
tissue. This will contribute to the structuring of collagen
fibers, which are aligned along the line of application of the
load. Starting from the 6" day we allowed to increase the
level of loads, which is due to the formation of a sufficiently
large layer of fibrous tissue.

Physiotherapy treatment is extended by electrotherapy,
laser therapy, etc. Psychotherapy sessions are also provided
with the wounded.

While prescribing the hardware physiotherapy methods
we used a syndromic-pathogenetic approach with the
dominant functional disorders and syndromes identification
that need to be affected: ultrasound therapy - for metabolism
within improvement; neuroelectrostimulation and non-
selective phototherapy - for trophic and local bloodflow
in tissues improvement; local air cryotherapy - for pain
decrease reduction of swelling and pain syndrome; low-
intensity laser therapy - for tissue metabolism increasing.

At the long-term stage of rehabilitation, in particular
with the formation of scar contractures, natural healing
resources of sanatoriums and resorts are widely used, in
particular balneotherapy with mineral waters (hydrogen
sulfide, radon, etc.), hydrotherapy and thalassotherapy
(sea bathing), peloid treatment.

Let us give a specific clinical case.

A patient C. was admitted to the surgical department with
adiagnosis - fire penetrating bullet wound of the right knee
joint. The right leg tibial bone proximal metaepiphysis fiery
intraarticular fracture. Right leg peroneal nerve posttraumatic
neuropathy. Traumatic shock of the II-lll degrees.

We have been fulfilled.

1. Primary surgical treatment of the wound (Fig. 1-A).
Fixation of a tibial bone fracture using rod device for
limbs external fixation (RDLEF) (Fig. 1-B).

2. Multimodal monitoring (dynamic digital thermography,
right leg soft tissues sonography at the level of the injury
and surrounding soft tissues). The study was conducted

dynamically: before the operation once per day, after the
operation - the 1%t day 6 times a day, the 2" day 4 times
a day, the 3 day 3 times a day (Fig. 1-C, 1-D).

3. Repeated surgical treatment of the wound defect and
a controlled negative pressure system installation (Fig.
1-E, 1-F).

4, Repeated surgical treatment of the wound defect.
The controlled negative pressure system dismantling.
Wound defect reconstruction using a hybrid method
(Key Stone + rotary flap) (Fig. 2-A).

5. The RDLEF dismantling 3 months after the injury (Fig.
2-B).

6. Physical exercise starting from the 4™ month begin-
ning (the first week after the RDLEF dismantling)

We provided constant monitoring according to the
multimodal scheme after each session of therapeutic
physical training and registered the temperature gradient
increase after each session by 0.33+0.04°C (Fig. 2-C, 2-D).

According to the results of surgical and rehabilitation
treatment the supporting function of the limb is restored
by 75%.The length is restored by 100% that is characterized
by (a) active bending 70 degrees; (b) passive bending 65
degrees; (c) active and passive extension restored to 180
degrees.

Sensibility in the lower leg and foot has been restored
by 70% (Fig. 2-E, 2-F, 2-G).

DISCUSSION

We divide our obtained data into immediate clinical
and delayed organizational ones, which, at the same time,
with rapid implementation into the medical practice of
providing support to the military forces of Ukraine, will
contribute to the development of a significant clinical effect.

The first most important block of obtained data
convincingly testifies to the full-fledged functional recovery
of the patient’s injured limbs as a result of applying our
original step-by-step scheme of providing medical care in
cases of STGD. To the full functional recovery, we will add
the critical importance of such a result for the functioning
of the entire organism as a whole, for the symmetrical
functioning of the contralateral leg, as well as the speed
of obtaining a positive clinical result.

Let us add that this happened as a result of our many
years of clinical improvement of surgical treatment tactics,
optimization of diagnostic processes, and currently developing
tactics of rehabilitation stages of treatment [8-11].

With regard to our proposals for the original staged
scheme of medical care providing to victims with STGD,
we allow ourselves to say the following.

Rehabilitation measures are provided at the third and
fourth level of medical care. They are provided according
to the available material and technical base of the health
care facility where the injured person is staying, etc. At the
same time, the provision of medical rehabilitation services in
sanatorium-resort facilities of the Armed Forces of Ukraine,
in our opinion, can be attributed to the fourth level [5].

Rehabilitation measures in sanatorium-resort conditions
in the post-acute and long-term rehabilitation periods
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Fig 1. Diagnostic and treatment measures in patient C.

for wounded servicemen are implemented exclusively in
sanatorium-resort facilities of the Armed Forces of Ukraine.

We suppose the transfer to a sanatorium for wounded
persons is possible under the following conditions: (a) stable
somatic condition; (b) self-service within the department;
(c) satisfactory coagulogram indexes with hemoglobin
level >100 g/I; (d) body temperature within normal limits;
(e) removal of postoperative sutures, drains, satisfactory
condition of the postoperative wound; (f) postoperative
complications absence.

We propose to carry out the inpatient stage of rehabilitation
in the acute and post-acute rehabilitation periods immediately
after surgical treatment in a health care facility where

E&F — repeated surgical treatment of the wound and a controlled negative pressure system installation.

B — Fixation of a tibial bone fracture using rod device for limbs external fixation;

specialized or highly specialized surgical care was provided.
It lasts the entire time of the injured person’s stay in the
hospital from the first hours after surgical treatment [3].

Resuming, one should mentioned the following. Timely
rehabilitative measures at all stages of providing medical
care in the Armed Forces, including sanatoriums, contribute
to the reduction of hospital bed days, longer stay of the
wounded under professional medical supervision, in
particular at the stage of formation of a “skin patch’, the
number of complications reduction, including infectious
ones at the stages of reconstructive and restorative surgical
treatment and the formation of contractures at the long-
term stage of rehabilitation [8, 12].
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A. Wounded leg after gun-shot defect reconstruction using a hybrid method; B — Wounded leg 3 months after the injury; the rod device for limbs external fixation is dismantled;

E, F&G — injured leg after a complex of therapeutic and rehabilitation measures

Fig 2. Medical and rehabilitation measures in patient C.
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The dividing of early sanatorium-resort rehabilitation
stage for the wounded with severe STGD depending on
the staged surgical treatment is scientifically justified.

We believe that our medical success is due to various
step-by-step models of rehabilitation measures that
were proposed for the wounded with different degrees
of severity. A three-step model of rehabilitation was
developed for wounded persons with minor injuries.
We proposed a four-stage model of rehabilitation for the
wounded with severe trauma and the same four-stage
model of rehabilitation we proposed for the wounded
with extremely serious injuries.

. The organizational and methodological foundations

of the staged rehabilitation system of wounded servi-
cemen with STGD at different levels of medical care
depending on the severity of the injury and the tactics
of surgical treatment have been developed.

. The early sanatorium-resort rehabilitation stage separa-

tion of patients with severe soft tissue injuries depending
on the staged surgical treatment is scientifically justified.
Groups of the wounded were allocated for rehabilitative
treatment depending on their injury severity.

. Different three- and four-staged models of rehabilita-

tion measures for the injured with different severity

CONCLUSIONS 5.

1. Timely rehabilitation measures at all stages of provi-

are proposed.

A personalized approach to each wounded person is
extremely important, taking into account his functio-
nal and clinical condition and based on the results of
the rehabilitation examination.

ding medical care in the Armed Forces are faster and
more effective.
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