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ABSTRACT

Background.  An in-depth analysis of the scientific works of scientists and medical 
practitioners allows us to conclude that locked nail intramedullary osteosynthesis 
is  the  optimal and  the  most effective method of  treating closed diaphyseal frac-
tures of the lower leg bones, which is caused by the high stability of osteosynthesis 
and minimal damage to soft tissues during surgery. The processes of microcircula-
tion changes in the early postoperative period by various metal structures, including 
a locked intramedullary nail, still remain unexplored. In particular, there is insufficient 
data on the use of a locked intramedullary nail.
The aim of the study.  To identify the features of changes in microcirculation indices 
of injured lower leg bones during fixation of fragments with a locked intramedullary 
nail in the early postoperative period.
Materials and methods.  The microcirculation of the lower limb segment was stud-
ied in 25 patients using laser Doppler flowmetry. Data from 25 healthy volunteers 
were used as a comparison group.
Results.  It was found that in the early postoperative period, from day 1 to day 10, 
in patients with diaphyseal fractures of the lower leg bones operated with locked nail 
intramedullary osteosynthesis, there is a decrease in the cardiac range, an increase 
in the share of the shunt component of microcirculation compared to the nutritional 
share, as well as an increase in more than 1 ratio of the cardiac and respiratory range 
amplitude, which indicates an ischemia type of local circulatory disorder. Compensa-
tion of ischemia is done by anastomoses, since the bypass rate is increased.
Conclusion.  In case of surgical treatment with locked nail intramedullary osteo-
synthesis, in the early postoperative period, an ischemic type of compensated local 
circulatory disorder develops. The regeneration process takes place under conditions 
of reduced arterial microcirculation blood flow and stable venous outflow, as well as 
the inclusion of anastomoses to compensate for destroyed vessels, which is associated 
with nail damage to the internal blood flow of the bone endosteum and intraosseous 
nutrient artery during the surgery.
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РЕЗЮМЕ

Обоснование.  При глубоком анализе научных трудов учёных и практикую-
щих врачей можно прийти к выводу, что блокируемый интрамедуллярный 
остеосинтез является оптимальным и наиболее эффективным методом 
лечения закрытых диафизарных переломов костей голени, что обусловле-
но высокой стабильностью остеосинтеза и минимальным повреждением 
мягких тканей при операции. До сих пор остаются не изученными процессы 
изменения микроциркуляции в раннем послеоперационном периоде различ-
ными металлоконструкциями, в том числе и блокируемым интрамедул-
лярным гвоздём. В частности, недостаточно сведений об использовании 
блокируемого интрамедуллярного гвоздя.
Цель исследования.  Выявить особенности изменений показателей микро-
циркуляции травмированных костей голени при фиксации фрагментов 
блокируемым интрамедуллярным гвоздём в раннем послеоперационном 
периоде.
Материалы и методы.  У 25 пациентов с помощью лазерной допплеров-
ской флоуметрии проведено исследование микроциркуляции сегмента 
нижней конечности. В качестве группы сравнения использовались данные 
25 здоровых добровольцев.
Результаты.  Установлено, что в раннем послеоперационном периоде, с 1-х 
по 10-е сутки, у пациентов с диафизарным переломами костей голени, про-
оперированных металлостеосинтезом блокируемым интрамедуллярным 
гвоздём, происходит уменьшение сердечного диапазона, увеличение доли 
шунтового компонента микроциркуляции по сравнению с нутритивной 
долей, а также увеличение больше 1  отношения амплитуды сердечного 
и дыхательного диапазона, что свидетельствует о местном нарушении 
кровообращения по типу ишемии. Компенсация ишемии осуществляется 
за счёт анастомозов, так как показатель шунтирования увеличен.
Заключение.  При оперативном лечении блокируемым интрамедулляр-
ным остеосинтезом в раннем послеоперационном периоде развивается 
нарушение местного кровообращения по ишемическому типу с компен-
сацией. Процесс регенерации протекает в условиях сниженного артери-
ального кровотока микроциркуляции и  стабильного венозного оттока, 
а  также  включения анастомозов для компенсации разрушенных сосудов, 
что связано с повреждением гвоздём внутреннего кровотока эндоста кости 
и внутрикостной питательной артерии в ходе операции.

Ключевые слова:  микроциркуляция, лазерная допплеровская флоуметрия, 
диафизарный перелом голени, блокируемый интрамедуллярный остеосин-
тез
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INTRODUCTION

It has been established that in the structure of bone 
fractures of all localisations, tibia fractures are predomi
nant (ranging from 20  to  37.3  %); they also account 
for up to 60 % of the total number of fractures of long 
bones [1].

A  deep analysis of  the  scientific works of  scien-
tists and  practicing physicians leads to  the  conclusion 
that locked intramedullary osteosynthesis (LIOS) is the op-
timal and most effective method of restoring bone integrity 
in closed diaphyseal fractures of the tibia, which is caused 
by  high stability of  osteosynthesis and  minimal dam-
age to soft tissues during surgery [1, 2]. The fundamen-
tal reason for the development of various complications 
in  the  treatment of  traumatological diseases is  a  viola-
tion of  microcirculatory processes in  the  damaged ex-
tremity segment. As is well known, the above-mentioned 
soft tissue injuries are possible both during direct trauma 
and during surgical intervention; accordingly, the more se-
rious the  volume of  surgical intervention, the  deeper 
the soft tissue injuries the patient receives. It is essential 
to correct local tissue microcirculation disorders in the area 
of the affected extremity, as high-quality haemodynam-
ics is essential for restoring the viability of damaged tis-
sues, their subsequent regeneration and the course of in-
flammation [3, 4].

Consequently, an objective recording of the microcir-
culation disorders manifestations is necessary for effec-
tive recovery after surgery, which will allow noninvasively 
determining the state of local microcirculation disorders 
in the tissues of the affected extremity [3, 4].

Laser Doppler flowmetry (LDF) is one of the unique 
highly sensitive and non-invasive methods providing wide 
diagnostic possibilities in  the  study of  microcirculation 
disorders [5]. The LDP method, according to the research 
data of domestic and foreign literature, allows to deter-
mine quite accurately various links of  microcirculato-
ry channel disorders and to determine quite accurately 
the development of pathophysiological processes in ex-
tremities [6]. However, the processes of microcirculation 
changes after surgical treatment of extremity bone frac-
tures in the early postoperative period with various metal 
structures, including intramedullary locking nail, remain 
to be studied. In particular, there is insufficient informa-
tion about the use of the method of surgical treatment 
of tibia bone fractures in the diaphysis area using an in-
tramedullary locking nail, which predetermined the pur-
pose of this study.

THE AIM OF THE STUDY

To reveal the peculiarities of changes in the microcir-
culation indices of traumatized tibia bones during frag-
ment fixation with intramedullary locking nail in the ear-
ly postoperative period.

MATERIALS AND METHODS

This study was conducted on the basis of Irkutsk City 
Clinical Hospital No.  3 in  2014–2016. The  data describ-
ing the  microcirculation in  the  main group consisting 
of 25 patients being under treatment in a trauma hospi-
tal were recorded and carefully analyzed. The study group 
was formed by the continuous sampling method. The cri-
teria for entering the group were: being in a trauma hos-
pital; age up to 59 years; and primary trauma to the tibia 
bones. The exclusion criteria for the study were described 
in  a  previous study [6]. The  examined patients differed 
in the severity of injuries (Table 1). All patients on admis-
sion with closed diaphyseal fractures of the tibia bones un-
derwent preliminary skeletal traction. After further exam-
ination, the patients underwent surgery aimed at match-
ing the broken bone fragments – closed repositioning fol-
lowed by an intraosseous metal osteosynthesis using an in-
tramedullary locking nail. The  same conventional drug 
therapy including disaggregants, antibacterial agents, 
and  topical drug therapy, etc. were  used in  the  whole 
group of patients during treatment. The surgical access 
site was also treated and dressed (Table 1).

T A B L E   1
DISTRIBUTION OF PATIENTS ACCORDING TO THE NATURE 
OF FRACTURES AND THEIR LOCALIZATION  
(ACCORDING TO THE AO/ASIF CLASSIFICATION)

Number 
of patients 42A1 42A2 42B1 42C1 Total

abs. 16 1 4 4 25

% 64 % 4 % 16 % 16 % 100 %

Patients with tibial diaphysis fractures according 
to  the  AO/ASIF (Albeitgemeinshaft fur  Osteosynthenfra-
gen/Association for  the Study of  Internal Fixation) classi-
fication of group 42A1 (64 %) made up the largest group 
of the study population.

The clinical comparison group consisted of 25 healthy 
volunteers statistically significantly comparable in  age 
and sex.

Experimental study of microcirculatory parameters in-
dices was  performed using a  non-invasive LDF method 
with the LAKK-OP device (version 2) (SPE “Lazma”, Russia). 
The advantages and operation mechanisms of this analys-
er are more detailed discussed in the previous articles de-
voted to this subject [6, 7].

LDF-diagrams were  recorded for  at  least 10–11  min, 
with the transducer placed on the dorsal surface of the foot 
in the projection of the proximal part of the 1st metatarsal 
bone of the injured extremity. The microcirculation index 
(M) was  assessed; a  specific feature of  this device is  also 
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the registration of additional narrowly focused parameters, 
such as: shunt index (SI), maximum amplitudes of cardiac 
(Ah) and respiratory (Ar) oscillation ranges.

LDF diagnostics was  performed at  the  same time 
of day, at the same room temperature (21–23 °C). Before 
the microcirculation study, the examinees did not ingest 
food or liquids, did not smoke, and did not assume an up-
right position.

All studies were performed in the early postoperative 
period, from the day 1 to the day 10 on daily basis. Based 
on the shunt index (SI) and microcirculation, the shunt com-
ponent of the microcirculation index (M shunt.) and nutri-
tive microcirculation index (M nutr.) were determined us-
ing the same formulas as in the previous study [7].

The cumulative analysis of the obtained data is the op-
timal study of microcirculation, since the isolated assess-
ment of one of the parameters does not give a complete 
picture of the ongoing pathophysiological processes [8]. 
Thus, for a comprehensive complete and objective study 
in  LDF-diagnostics of  local disorders of  microcirculatory 
processes the index of microcirculation, including the state 
of oscillatory processes associated with arterial inflow (Ah) 
and venous outflow (Ar) is of great importance.

It was obligatory for patients to sign informed con-
sent to participate in the study in accordance with the eth-
ical principles of the World Medical Association Declara-
tion of Helsinki (1964, 2013 ed.). The study was approved 
by the Ethical Committee of the Irkutsk State Medical Uni-
versity (extract from minutes No. 2 dated April 16, 2014).

For the purpose of statistical data processing, MS Ex-
cel 2010 (Microsoft Corp., USA) and Statistica 10.0 for Win-
dows (StatSoft  Inc., USA) software were  used. Based 
on the distribution of data, non-parametric (Mann – Whit-
ney) or  parametric (Student’s t-test) criteria were  used 
in  the  analysis. The  data obtained were  summarized us-

ing median, 25th and  75th percentiles or  mean values 
and standard deviation.

RESULTS AND DISCUSSION

In this study we will dwell in  more detail on  the  lo-
cal blood circulation disorders using the  interpretation 
of the laser Doppler flowmeter LAKK-OP (version 2) (NPP 
“Lazma”, Russia).

Table 2 summarizes the studies of the clinical compar-
ison group and the main group.

The study revealed that the microcirculation index had 
no statistically significant difference between the patients 
of the main group who underwent LIOS surgery and the clin-
ical comparison group in  the  early postoperative period 
(days 1–10). These findings indicate local circulatory disor-
ders of the compensatory ischaemia type. The experiment 
also revealed that the ratio of the proportions of the shunt 
and nutritive components of  the microcirculation indices 
evidenced the violation of local circulatory disorders of is-
chaemic type, and the proportion of the shunt component 
compared to the nutritive component was 18.32 % higher.

An important point to be noted is that a striking param-
eter confirming the presence of ischaemia is a 39.01 % de-
crease in cardiac range amplitude (Ah) in the main group 
compared to the clinical comparison group.

No statistically significant difference was revealed when 
interpreting the respiratory range amplitude (Ad) amplitude 
parameters, indicating the absence of congestion and com-
pensation of the ischaemic form as a result of the process-
es discussed further.

The ratio of heart rate and respiratory amplitude is une-
quivocally greater than 1 in the main group, which also ev-
idences the existence of ischaemia [8].

T A B L E   2
MICROCIRCULATION PARAMETERS IN THE MAIN AND THE COMPARISON GROUPS

Parameters
Main group Clinical comparison group

I II III IV

M 5.86 (5.77–6.37) 5.95 ± 0.33 6.46 (5.2–8.38) 6.72 ± 2.26

SI 2.27 (1.39–1.76)× 2.45 ± 0.36× 1.65 (0.83–2.04)× 1.57 ± 0.32×

The proportion of M nutr. 2.43 2.43 – –

The proportion of M shunt. 3.52 3.52 – –

Ah 0.15 (0.11–0.16)× 0.14 ± 0.01× 0.23 (0.19–0.28)× 0.24 ± 0.04×

Ar 0.11 (0.10–0.13) 0.11 ± 0.01 0.13 (0.1–0.16) 0.13 ± 0.02

Ah/Ar 1.26 1.26 – –

Note.  Data from the first (I) and third (III) columns are presented as median with lower and upper quartiles (25th and 75th percentiles); data from the second (II) and fourth (IV) columns are presented as mean values 
and standard deviation; × – statistically significant differences between groups (p < 0.05).
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A statistically significant increase of 56.1 % in the shunt 
rate in the main group reveals the inclusion of shunt ves-
sels and evidences the significant role of shunts in com-
pensating ischaemia to  restore blood circulation with-
in the bone, since during surgery, the nail being inserted 
disrupts blood flow in the endosteum, which is not con-
trary to  the  basic study “Bone Regeneration and  Blood 
Supply” [9].

We hypothesize that LIOS is  followed by  destruc-
tion of endosteal internal blood flow during surgery, after 
which the arterial supply to the operated extremity is im-
paired. This change is  registered by  a  39.01  % decrease 
in heart range amplitude (Ah). The other parameters con-
firming ischaemia in the injured extremity include such pa-
rameters as the proportion of shunt component of micro-
circulation compared to  nutritive component, increased 
by 18.32 %, and increase in the ratio of heart to respiratory 
range amplitude greater than 1. This is followed by addition-
al mechanisms that activate anastomoses or shunts, caus-
ing the values of the shunt index parameter to be 56.1 % 
higher than those of the clinical comparison group (healthy 
individuals). As a result, the blood circulation of the injured 
extremity is  replenished, which is  reflected by  the  value 
of the microcirculation index (M), which is not statistically 
significantly different from that in the clinical comparison 
group. No circulatory stasis was also observed, as the am-
plitude of respiratory range of variation (Ar) was not statis-
tically significantly different from that of the clinical com-
parison group.

Considering the  wide variety of  obtained indicators 
of microcirculatory disorders, a compensatory ischaemia 
type of local blood circulation was revealed. These values 
indicate a decrease in arterial blood inflow to the extremi-
ty, which is associated with damage to the bone endoste-
um and intraosseous feeding artery by the internal blood 
flow nail during the surgery with subsequent compensa-
tion of  ischaemia by  including anastomoses, since dur-
ing this surgery there is  minimal damage to  soft tissues 
and periosteum, and there is no surgical access at the frac-
ture site, due to which the deficit of blood supply to the ex-
tremity is levelled, and the healing process is accompanied 
by a stable venous outflow of blood throughout the en-
tire study period.

CONCLUSION

According to the present study, it was revealed that pa-
tients with diaphyseal fracture of the tibia bones who un-
derwent surgery with an intramedullary locking nail have 
a  compensated ischaemic-type circulatory disturbance 
in the injured extremity in the early postoperative period. 
Consequently, tissue regeneration occurs under conditions 
of reduced arterial blood flow, decreased microcirculation 
and normalized venous outflow caused by the inclusion 
of anastomoses to compensate for the destroyed vessels, 
which seems to be related to the nail damage of the in-
ternal blood flow to the bone endosteum and intraosse-
ous feeding artery during surgery.
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