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ABSTRACT
This study aimed to develop and implement a universal method for the quantitative assessment of  treatment effective-
ness in patients with skin and underlying soft tissue defects of  the trunk and extremities. The study involved 242 pa-
tients, including 46 patients with upper extremity injuries, 179 with lesions of  lower extremity tissues, and 17 patients 
with defects of  the integumentary tissues of  the trunk. The greatest treatment effectiveness was observed in patients 
with upper limb injury: excellent result – 60.0%, good – 33.3%, unsatisfactory – 6.7% of  patients. In the group of  
patients with lower extremity injuries, an excellent result was recorded in 19.6% of  cases, good (58.1%), satisfactory 
(15.1%), and unsatisfactory in 7.2% of  patients. In patients with trunk injuries, an excellent treatment result was ob-
tained in 23.5%, good – 35.5%, satisfactory – 23.5%, and unsatisfactory – 17.6%. The universal quantitative method 
for evaluating treatment effectiveness in patients with various types of  damage to the trunk and extremities tissues 
was proposed. This method makes it possible to objectively determine the level of  medical service provided to each 
patient, which is of  great importance in the context of  medical service reorganization in the state.
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INTRODUCTION

Modern injuries are characterized by high-energy action of  
the traumatic factor and simultaneous damage to several ana-
tomical structures [1–5]. Of  these, more than 48.9% are injuries 
associated with blood vessels, nerves, osteoarticular apparatus, 
and tissue defects, which lead to long-term or persistent disability 
of  the injured in 30% of  cases [6–9].

However, despite the constantly high level of  injuries and 
their significant variety, there are sporadic data on the algorithm 
for integumentary tissue recovery and assessment of  treatment ef-
fectiveness in the literature [10–14]. However, the existing assess-
ments are qualitative, which makes it impossible to compare the 
results of  provided medical care in practical medicine [15–17].

The wide variety of  techniques using plastic material to 
close wound defects allows the surgeon to choose a technique 
that sometimes might not be appropriate. [18–22]. In addition, 

the lack of  a standardized approach to restoring integumentary 
tissues depending on the depth and extent of  damage to different 
anatomical structures of  body segments of  traumatic origin re-
duces the final efficiency of  medical care [23–26]. 

At the same time, inadequate assessment of  damaged tis-
sues, as well as an untimely and inadequate attempt to restore 
them, should be recognized as one of  the reasons for unsatis-
factory treatment results, which determines the relevance of  the 
topic studied [27–29].

The above issues are important for assessing the results of  
medical practitioners' activity, especially in the context of  the re-
organization of  the health care delivery system in Ukraine (Law 
of  Ukraine "On State Financial Guarantees for Public Health 
Services" No. 2168-VIII of  10/19/2017).

This study aimed to develop and implement a universal 
method for the quantitative assessment of  the effectiveness of  
treatment results in patients with skin and underlying soft tissue 
defects of  the trunk and extremities.
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MATERIAL AND METHODS

The study involved the examination and treatment of  
242 patients with defects of  integumentary tissues (DIT) of  the 
trunk and limbs of  mechanical origin, which were divided into 
3 groups according to the plan.

The first group included patients with lower limb tissues 
injuries – 179 (74.0%), the second – upper limb – 46 (19.0%), 
and the third group – injuries of  the integumentary tissues in the 
trunk region – 17 (7.0%).

The main factor for including patients in the study was the 
lack of  opportunities for primary wound healing or DIT forma-
tion due to secondary healing, namely – a large area of  damage, 
the presence of  non-viable tissues in the wound, infection, and 
consequently, the development of  surgical infection and wound 
surface (WS) formation, which could not be restored by standard 
surgical methods.

Criteria for inclusion in the study were male or female pa-
tients over 18, diagnosed with a defect of  the skin and underlying 
soft tissues of  the trunk and extremities, who needed to restore 
the shape and function of  the body. The study did not include 
patients according to the following criteria: age less than 18 years, 
defects in the region of  face and head, ulcerative defects caused 
by chronic vascular or neurological disease, and which were the 
result of  purulent-inflammatory diseases or malignant skin tumors.

The distribution of  patients in each group was carried out 
depending on the area, depth and extent of  tissue damage into 
four types of  lesions. Type I lesion (n=44 in three groups) – pa-
tients with limited (up to 1% of  body surface area) area of  dam-
age to the skin and underlying tissues to the deep fascia, type II 
lesion (n=67 in three groups) – patients with large (more than 1% 
of  surface area) WS and damage of  soft tissues below the deep 
fascia, type III lesion (n=90 in three groups) consisted of  patients 
who received DIT together or due to damage to the osteoarticu-
lar apparatus system, type IV lesion (n=41 in three groups) – pa-
tients with combined or multiple trauma accompanied by dam-
age to bones, tendons, muscles, great vessels, nerves, partial or 
complete separation of  the limb. 

Most patients treated were of  working age – 137 (56.6%). 
There were many patients in the groups of  late adulthood and 
old age – 75 (31%), which was due to home injuries. The ma-
jority consisted of  men – 156 (64.5%). There were 86 (35.5%) 
women in the study. Characteristics of  patients and variants of  
tissue damage are shown in Table 1.

The study groups were homogeneous in terms of  the local-
ization criterion and comparable in damage type structure. All 

patients underwent physical examination, including uninjured 
limbs and trunk, as a possible donor site. The size of  the wound 
defect was determined in cm2. The wound surface of  up to 1% 
of  the patient's body surface area was estimated as limited, and 
over 1% – was estimated as large.

For the examination of  patients, along with the examina-
tion of  related specialists, standardized general clinical labo-
ratory methods (general blood test and urinalysis, biochemical 
blood test, coagulogram, cultures of  wound contents to identify 
pathogenic microflora, sensitivity to antibacterial drugs and to 
control the microflora of  the wound in dynamics) and instrumen-
tal research methods (ultrasound scan of  the organs of  the tho-
racic and abdominal cavity, lesser pelvis, retroperitoneal space, 
soft tissues, chest radiography, electrocardiography, multispiral 
computed tomography of  thoracic and/or abdominal cavity if  
necessary, endoscopic examination of  the digestive tract and re-
spiratory system organs, echocardioscopy if  indicated) were used.

The comprehensive program for examining the damaged 
area consisted of  studying regional macrohemodynamics using 
ultrasound duplex scanning (USDS).

Microhemodynamics assessment was carried out according 
to the indicators of  basal blood circulation in the area of  limb 
injury (perfusion coefficients (K) and degree of  its impairment) 
and on the symmetrical area of  a healthy limb.

For an individual assessment of  the microhemodynamics of  
the covering tissues in the area of  damage, the integral perfusion 
coefficient (K) was determined as the sum of  the coefficients of  
the average blood flow, the average fluctuation of  perfusion, the 
relative coefficient of  variation, the coefficient of  the neurogenic 
tone of  microvessels and the coefficient of  the myogenic tone of  
microvessels.

Analysis of  the reparative capabilities of  the skin in the in-
jured area was studied using a complex morphological program, 
which consisted of  several stages.

At the first stage of  the program, the reparative capabilities 
of  the skin were studied, and keratinocytes were selected and la-
beled using an enzyme-linked immunosorbent assay kit to quan-
tify CD44. During the operation, a skin sample (up to 1×1 cm²) 
was taken to restore the covering tissues. In the final part of  the 
study, flow cytometry was used to detect active keratinocytes in 
the damage zone and the degree of  their activity (Z). Active re-
ceptors of  keratinocytes to collagen types I and III labeled with 
CD 44 were detected, and the Z index was calculated based on 
the constructed logistic regression model.

In the second stage, the study of  collagen formation (deter-
mination of  the coefficients (Kd) of  type I, III collagen deposition)  

Indicator Upper limb (n=46) Lower limb (n=179) Trunk (n=17) Total (n=242)

Gender, (n/%)

Male 43/93.5 97/54.2 16/94.1 156/64.5

Female 3/6.5 82/45.8 1/5.9 86/35.5

Age, years 54.5 46.8 38.8 45.7

Type I lesion (n/%) 13/28.4 31/17.3 - 44/18.2

Type II lesion (n/%) 7/15.2 56/31.3 4/23.5 67/27.7

Type III lesion (n/%) 12/26.1 75/41.9 3/17.7 90/37.2

Type IV lesion (n/%) 14/30.5 17/9.5 10/58.8 41/16.9

The number of 
postoperative complications (n/%) 4/8.7 13/7.3 3/17.6 20/8.3

Table 1. Characteristics of patients in study groups.
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was performed on biopsy-surgical material of  skin fragments 
from the peri-wound zone of  the defect. Kd was determined – the 
coefficient of  collagen deposition in the skin as the ratio of  the 
median area of  type I collagen deposition to the median area of  
type III collagen deposition. Immunohistochemical determina-
tion of  collagen type I and III accumulation was performed using 
monoclonal antibodies Rb a-Hu Collagen I, Clone RAH C11 
and Rb a-Hu Collagen III, Clone RAH C33.

Depending on the type of  injury, the patients underwent 
surgery, which was divided into two stages. The first stage includ-
ed primary surgical interventions on the injured area – primary 
surgical debridement (PSD), dissection and drainage of  hema-
tomas, and fasciotomy. The second stage was surgery to prepare 
the WS for the restoration and direct reconstruction of  the DIT.

For all types of  damage, the share of  repair and reconstruc-
tion operations (second stage) was: type I lesion – 83.6%, type II 
lesion – 79.2%, type III lesion – 83.6%, type IV lesion – 74.0% 
of  surgical interventions.

Criteria for evaluating immediate and remote results were 
engraftment of  skin grafts and flaps, removal of  DIT, restoration 
of  regional hemodynamics and innervation in the area of  injury, 
elimination of  trophic disorders and desmogenic contractures, 
and restoration of  movement stereotype.

The results of  treatment were assessed at the time of  dis-
charge using functional scales: DASH upper limb impossibility 
questionnaire [developed by the Institute for Work & Health 
in collaboration with the American Academy of  Orthopedic 
Surgeons (AAOS) with the support of  the American Association 
of  Plastic and Reconstructive Surgeons (2006)] [30]. The condi-
tion of  the injured lower extremity was assessed according to the 
LEFS functional scale (Lower Extremity Functional Scale, 1999) 
[31]. The results of  restoring the functional activity of  patients 
with trunk defects were evaluated according to the Functional 
Independence Measure (FIM).

Statistical processing of  quantitative research results was 
performed on a personal computer using the analysis package 
in Microsoft Office Excel 2013 and STATISTICA® for Windows 
6.0 (StatSoft Inc., license No. AXXR712D833214FAN5). The 
obtained data were checked for normality of  distribution based 
on the Shapiro–Wilk criterion. In the cases of  normal distri-
bution, the arithmetic mean (M) and the standard error of  the 
mean (m) were calculated. The parametric Student's t-test (t) was 
used to assess the significance of  differences between the mean 
values. p<0.05 was taken for a significant minimum probability 
of  differences.

RESULTS

Treatment results in patients with defects of 
integumentary tissues of the upper extremity 

Quality of  life was assessed in the postoperative period 
among 45 patients (out of  46 patients) with posttraumatic defects 
of  the upper extremity. Patient H., born in 1988, case history Nº. 
2182 with a diagnosis of  traumatic amputation of  the left upper 
extremity; a large granulating wound of  the amputation stump 
of  the left upper extremity (type IV lesion) was not studied to 
assess functional activity.

Thus, the largest number of  results, 27 (60.0%), were excel-
lent – primary engraftment of  a skin graft or flap and removal 
of  DIT, restoration of  90% of  precise and strong types of  hand 

grips, absence of  deforming scars and contractures, free func-
tioning of  distally located joints (elbow, wrist).

A good result was obtained in 15 (33.3%) patients, and it was 
characterized by the absence of  postoperative complications in the 
reconstruction area and the restoration of  precise and strong hand 
grips of  more than 60%. In some cases (closure of  the WS by 
autodermoplasty), there was a residual deformation that did not 
affect the functionality of  the upper extremity as a whole. Satis-
factory results of  upper extremity DIT treatment were not noted.

3 patients with type IV lesions had an unsatisfactory re-
sult – partial necrosis of  the flap with repeated surgery, resto-
ration of  precise and strong types of  hand grips less than 40% of  
a healthy hand; there was a partial deformation in the projection 
of  large distal joints (wrist), repeated surgical correction was re-
quired. However, an aesthetic effect was achieved.

The use of  a differentiated approach to repair damaged in-
tegumentary tissues had excellent results in 60.0% of  patients, 
good results in 33.3%, and unsatisfactory results in 6.7% of  pa-
tients with DIT of  the upper extremity.

The functional scale of  DASH allowed estimating not only 
disability but also the efficiency of  diagnostic and medical tactics. 
The effectiveness of  treatment outcomes in patients with trauma 
of  the upper extremity is shown in Table 2.

There was a statistically significant decrease in the effective-
ness of  treatment for type IV lesions compared to type I (p<0.05) 
due to severe polystructural tissue damage in this group of  in-
jured. In contrast, the effectiveness of  type I, II and III lesions did 
not show a statistically significant difference (p>0.05).

The average treatment effectiveness indicators in patients, 
taking into account the type of  damage to integumentary tissues, 
shown in the table, indicate the feasibility of  the proposed diag-
nostic and therapeutic tactics not only for type I lesion (due to 
minimal damage to anatomical structures) but also other more 
severe upper extremity tissue lesions.

Treatment results of patients with defects of 
integumentary tissues of the lower extremity

The condition of  the injured lower extremity was assessed 
according to the LEFS functional scale, which reflected the qual-
itative assessment in the form of  a Likert scale, daily activity.

We proposed a formula for calculating the symptoms of  the 
LEFS scale for quantitative evaluation of  results:

where n – number of  answers.
After using the formula, the resulting figure corresponded to 

the percentage of  disability. We proposed a 4-point scale, which 
identified 4 options for the results of  rehabilitation of  patients 
with damage to integumentary tissues and other anatomical 

Table 2. Evaluation of treatment effectiveness in patients with 
DIT of the upper extremity, M±m.

Mean values,%

Type I lesion 
(n=13)

Type II lesion
(n=7)

Type III lesion 
(n=12)

Type IV lesion
(n=13)

92.4±2.0 81.3±5.6 90.3±2.4 72.9±8.2

10 
 

LEFS = 100 −  [𝑠𝑠𝑠𝑠𝑠𝑠 𝑜𝑜𝑜𝑜 𝑛𝑛 𝑎𝑎𝑛𝑛𝑠𝑠𝑎𝑎𝑎𝑎𝑎𝑎𝑠𝑠]
𝑛𝑛  ×  25  
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structures of  the lower extremity – excellent, good, satisfactory, 
and unsatisfactory to qualitatively assess the degree of  disability 
of  the lower extremity for practical use.

The data on treatment effectiveness showed excellent re-
habilitation results in 19.6% (35/179) of  cases among patients 
with lower extremity injury of  type I, II, and III lesions and was 
characterized by primary skin engraftment or flap and removal 
of  DIT, restoration of  regional hemodynamics and innervation 
in the area of  injury, elimination of  trophic disorders and, as a 
consequence, restoration of  structural and functional stereotype.

In 2 patients with type II lesions (with consequences of  trau-
ma), excellent results were indicated by the absence of  desmo-
genic and arthrogenic contractures, complete absence of  patho-
logical scars in the area of  injury, and complete restoration of  
anatomical, functional and aesthetic aspects.

In patients with type IV lesions, there was no excellent result 
due to the severity of  injuries.

The largest number of  results on the restoration of  the 
shape and function of  the lower extremity – 58.1% (104/179), in 
the range of  good result.

Among the patients with large WS (type II lesion), the num-
ber of  good results was the largest – 69.6%. This was manifested 
by the absence of  postoperative complications in the reconstruc-
tion area with the preservation of  the deficit of  limb function 
recovery due to the nature of  the traumatic injuries.

The treatment results obtained in patients with type III and 
IV lesions, with the largest number of  structural changes in tis-
sues – 57.4% and 58.8%, respectively, attracted attention.

Examination of  patients after 12–36 months noted the ab-
sence of  desmogenic and arthrogenic contractures, storage of  
scars in the area of  injury, which did not affect the activity of  
movements, a slight lack of  restoration of  anatomical, functional 
and aesthetic aspects.

Satisfactory results were obtained in 15.1% (27/179) of  
patients – ischemic disorders in the area of  postoperative inter-
vention without the need for repeated surgery, preservation of  
the limb as an organ, or amputation of  its distal segments with 
partial restoration of  functional stereotype.

In the group with type I lesion – 22.6%; in group II – 8.9%; 
in III – 17.3% and group IV – 11.8%.

During the examination of  patients after 1 year or more, the 
absence of  arthrogenic contractures, the presence of  desmogenic 
contractures and pathological scars that required surgical correc-
tion, partial restoration of  anatomical, functional and aesthetic 
aspects were noted.

Unsatisfactory result – lysis of  the graft or necrosis of  the 
complex flap, amputation of  the limb due to decompensation of  
hemodynamics or complete tissue rupture, inability to restore the 
primary anatomy of  the lesion and stereotype of  movement, was 
obtained in 7.2% (13/179) of  cases.

Amputation of  the limb at the thigh level was performed in 
4 patients with type IV tissue lesion.

For the period of  observation, the additional signs of  un-
satisfactory results (desmogenic and arthrogenic contractures, 
pathological scars in the area of  injury) were not detected in 
9 patients with complications in the early postoperative period.

The average efficiency values of  restorative treatment indicated 
the maximum number of  good results obtained in patients with type 
I, II, and III lesion of  the integumentary tissues of  the lower ex-
tremity due to the mechanical etiopathogenetic factor – 75.0±3.6%, 
76.6±1.9%, and 68.6±2.3%, respectively (p>0.05).

The result of  58.9±9.4% in patients with type IV lesions 
(p<0.05 compared with types I, II, III) was due to the greatest 

number of  unsatisfactory results of  reconstructive interventions 
associated with severe polystructural damage to the cover, un-
derlying soft tissues, osteoarticular apparatus, great vessels and 
peripheral nerves of  the lower extremity (Table 3).

The quantitative assessment of  the parameters of  house-
hold activity and restored disability on functional scales allowed 

us to determine the effectiveness of  the implemented diagnostic 
and treatment tactics in all clinical groups affected with DIT ex-
tremities, as evidenced by the obtained mean values of  treatment 
efficiency.

Treatment results of patients with defects of 
the integumentary tissues of the trunk

The results of  the restoration of  functional activity of  pa-
tients with DIT of  the trunk were evaluated using the functional 
independence measure by counting the number of  points. The 
patient's integrated index of  functional independence (FI) was 
calculated on a diagnostic scale. The latter reflected the patient's 
physical and intellectual activity after receiving rehabilitation 
treatment.

An excellent result (23.5%) indicated the absence of  post-
operative complications and complete recovery of  motor func-
tion and social activity. Good (35.3%) and satisfactory (23.5%) 
results indicated a lack of  activity in the postoperative period, 
primarily due to the severity of  the spinal injury and damage to 
the spinal cord. Unsatisfactory results (partial ischemic necrosis 
of  the complex flap) were obtained in 3 (17.6%) patients – in 
1 patient with type III injury FI=30.2%, in 2 patients with injury 
type IV – FI=29.4% and 27.8%, respectively.

All complications resulted from compression-ulcer trophic 
defects and required repeated reconstructive surgery.

The mean values of  treatment efficacy of  trunk DIT were 
the highest in patients with type II lesions, compared with the 
results of  FI in patients with type III and IV lesions, which was 
associated with the severity of  damage to integumentary tissues, 
but this difference was not statistically significant due to the small 
number of  patients (p>0.05) (Table 4).

The mean values of  rehabilitative treatment of  trunk DIT 
showed sufficiently high efficiency of  the proposed diagnostic 
and treatment tactics for the fastest recovery of  compression and 

Table 3. Evaluation of the treatment effectiveness in patients 
with DIT of the lower extremity, M±m.

Mean values,%

Type I lesion 
(n=31)

Type II lesion
(n=56)

Type III lesion 
(n=75)

Type IV lesion
(n=18)

75.0±3.6 76.6±1.9 68.6±2.3 58.9±6.2

Table 4. Evaluation of the treatment effectiveness in patients 
with DIT of the trunk, M±m.

Mean values,%

Type I lesion Type II lesion
(n=4)

Type III lesion 
(n=3)

Type IV lesion
(n=10)

- 113.5±13.6 74.7±70.3 71.5±17.8
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ulcer wound defect, which was the main goal in the group of  
patients with severe spinal and spinal cord injury for the fastest 
transition to rehabilitation and improving quality of  life in this 
category of  patients.

The algorithm of  diagnostic and surgical tactics for restoring 
the damaged tissues of  an extremity after an injury is developed 
(Figure 1) based on the data of  the complex diagnostic program 
of  research (coefficients of  indicators and prognostic scales of  
ranges of  values) and the results of  the surgical treatment.

DISCUSSION

The assessment of  the literature and our clinical material 
convinced us that the earliest possible use of  reconstructive sur-
gical technologies from the moment of  traumatic injuries is an 
effective method of  treating patients with isolated and multiple 
injuries of  various anatomical structures to restore the shape and 

function of  the body (96.9% of  positive result). The use of  mi-
crosurgical techniques and complex flaps in the acute period of  
trauma is not always possible and necessary, especially when it 
comes to severe combined polystructural changes with damage 
to the great vessels, nerves, bones, and super-large defects of  the 
skin and underlying soft tissues. During such a period, the main 
task of  the surgeon is to close the wound surface quickly to avoid 
the spread of  wound infection and to qualitatively restore the 
vital structures of  the body [32].

The literature describes single studies of  the reparative ca-
pabilities of  the skin, namely the activity of  keratinocytes, which 
are not performed in the context of  emergency surgical care 
[33–35]. The complex diagnostic program developed for study-
ing the reparative capabilities of  the skin makes it possible to 
predict and select the volume of  restorative intervention in the 
early stages after injury. With sufficient individual capabilities of  
the body to repair integumentary tissues, which we defined as 
universal quantitative indicators, and the presence of  a defect 
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Figure 1. Diagnostic and surgical tactics algorithm for repairing damaged integumentary tissues of the limb after injury. USDS – ultra-
sonic duplex scanning; K – integral tissue perfusion coefficient; Z – the degree of keratinocytes activity in the damaged area; Kd – type I, 
III collagen deposition coefficient.
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not in functionally active areas (joints), it is not always necessary 
to expand the volume of  the operation, and the main task is the 
early rehabilitation of  the patient and reducing the consequences 
of  body structures traumatization.

This is confirmed by the data analysis of  the quantitative as-
sessment of  patient's quality of  life included in the study groups. 
Due to this approach, positive results of  restorative treatment 
were obtained within 3 years of  observation in 96.0% of  patients 
with type I lesion, 96.78% with type II, 97.87% with type III and 
83.76% with type IV lesion of  the integument.

CONCLUSIONS

The complex algorithm of  reconstruction of  the damaged 
integumentary tissues depending on the lesion, type, and ana-
tomical, hemodynamic and morphofunctional features of  the 
injury site is proposed, which makes it possible to decide on the 
use of  the reconstruction method in each case. Due to this ap-
proach, a positive reconstruction result was obtained in 96.9% of  
cases. Furthermore, the proposed universal quantitative method 
for evaluating the treatment effectiveness in patients with various 
types of  tissues damage to the trunk and extremities makes it 
possible to objectively determine the level of  medical service pro-
vided to each patient, which is of  great importance in the context 
of  medical service reorganization in the state.

Prospects for further research are in the field of  assessing the 
effectiveness of  surgical interventions to eliminate various types 
of  defects in integumentary tissues and the choice of  a method 
for reconstructing a particular wound surface based on the anal-
ysis of  long-term results.
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