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The intensive development of orthopaedics and traumatology
has led to the appearance of problematic issues in the treat-
ment of fractures of distal metaepiphysis of long bones (FDM).
The reason to divide them out from the whole array of intra-
and near-articular fractures was the commonality of classify-
ing characteristics (according to AO classification). Objective:
to improve the results of treatment of FDM fractures based
on the use of well-grounded tactical decisions in accordance
with biological principles. Material and Methods: A retrospec-
tive study was made; we analyzed medical records of 122 pa-
tients. Prospective study included — 217 patients, where we
applied the optimized therapeutic fracture therapy. We have
done an experimental study for 13 patients with studying of tibia
fragments mobility fixed with one-side rod fixators with spe-
cially developed equipment. Another one experimental «in vivoy
study was made on 28 rats, who received standardized fractures
of lateral femur condyle. The physical properties of the Softcast
and Scotchcast braces, the properties of these materials and
external fixing devices were investigated by mathematical mod-
eling. Results: in the retrospective group of patients with FDM
injuries methods of internal fixation were prevailed — 59 %,
external fixation was used in 22 % of cases, conservative treat-
ment — in 19 %. Failed results (32 %) were due to the develop-
ment of complications, 25 % of which were infections, 7 % —
regeneration disorders. In the prospective group, the proportion
of conservative methods was 29 %, external fixation — 50 %,
internal — 21 %. The change in the treatment method for FDM
injuries has been substantiated by the results of experimental
studies. Conclusions: the tactics for treatment of FDM were op-
timized based on biological principles and functional remodel-
ing, which allowed to increase the number of good results up
to 58 % (against 44 % in the retrospective group) and reduced
the number of unsatisfactory results to 9 % (compared to retro-
spective group 32 %). Key words: distal metaepiphysis, fracture,
treatment, functional remodeling effect, clinical-experimental
study, biological principles
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Inmencugnuil po3eumox opmonedii ma mpaemamonozii npu-
6i6 00 BUHUKHEHHSA NPOOIeMHUX NUMAHb Y NIKY6AHHI nepeno-
Mmig ducmanvrhux memaenigpizie doseux xicmox ([MEJ[K).
Iliocmasoio eudinumu ix i3 macusy HYmMpiuHbO- Mad HAGKO-
0CYeo606uUX YUKOONCeHb OVIA CRiNbHICMb Kidcugikayil-
nux osnak 3a AO. Mema: nokpawumu pe3yisbmamu 1Niky6anus
nepenomie JIMEJIK ma niocmagi éuxopucmauua o0OTpyHmMo-
BAHUX MAKMUYHUX DilieHb 8i0N08I0HO 00 OION02IYHUX NPUH-
yunie. Memoou: npogedeno pempocnexmugHe 00CAiONCeHHS
3 usueHHs Meouunoi Jokymenmayii 122 nayienmis i npo-
cnexmugHe — 217 nocmpanicoanux, 8 aKux 3acmoco8aHo Onmumizo-
samny nikyeanvHy makmuxy nepenomie JIMEJIK. [Ipoananizosano
63AEMHY PYXOMICMb BIONAMKIE 6€IUKO2OMIIKOGOI KicmKu, (iK-
COBAHUX OOHOOIUHUMU CIMPUICHEGUMY anapamamu y 13 nayien-
mis. Excnepumenm «in vivoy nposedeno na 28 wypax, akum
MOOenosanu cmanoapmu30eani nepeaomu cyei06060i nogepxmi
308HIUHBLOCO BUPOCMKA cme2Ho60i Kicmku. Memooom mame-
MAMUYHO20 MOOENIOBAHHS OOCIIONCEHO PI3UYHI 61aCMUBOCH
opmesie i3 Softcast i Scotchcast, axkocmi yux mamepianie ma
anapamis 308HiWHbOI Qikcayii. Pezynomamu: y pempocnex-
mugHill epyni xeopux i3 yuxooceuuamu IMEK oominysanu
Memoou enympiwnvoi ¢ixcayii — 59 %, 3oeniwmnio gixcayiio
suxopucmano y 22 % eunaoxis, KoHcepeamugHe NiKy8aHHs —
6 19 %. Hezaoosinvni pesynomamu (32 %) o6ymosneni posguni-
KOM YCKIaOHeHb, i3 akux 25 % 6yau noe’ssami 3 iHgekyiero,
7 % — i3 nopywennamu pecenepayii. Y npocnekmusniii epyni
YacmKka KoHcepeamusHux memooie cmanosuia 29 %, 306niui-
nvoi gikcayii — 50 %, enympiwnvoi — 21 %. 3miny maxmuxu
nikysanns yuikooxcenv IMEJIK obrpynmosano pesynrsmamamu
eKxcnepumMeHmanbHux 0ocaiodcens. Bucnosku: onmumizoeano
maxmuxy Rikyeanns yuwkoodcenv [IMEJIK na niocmasi 6iono-
2IUHUX NPUHYUNIG MA QYHKYIOHATLHO20 PeMOOeNI08aAHNSA, BU-
KOPUCMAHHA AKOI 0an0 3M02y NIO8Uwumu KilibKicms 000pux
pesynemamie 00 58 % (npomu 44 % y pempocnexmugniii 2pyni)
ma 3MeHWUIU KilbKicme He3a008inbHux pesyivbmamis 0o 9 %
(mpomu 32 %). Knrouosi cnosa: oucmanvuuii memaenighis, nepe-
JIOM, TIKV6AHHSL, epekm QYHKYIOHATbHO20 PEMOOENIOBAHHS, Kli-
HIKO-eKCNEePUMEHMATbHE Q0CTIONCEHHS, DI0N02IUHT NPUHYUNU.
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Introduction

Intensive development of the national orthopaedic
and traumatological science during the last decade
naturally has led to the emergence of numbers prob-
lematic issues related to the treatment tactics and tech-
nologies of traumatic long bones injuries. One of this
period characteristics is a wide use of active surgical
technologies developed by the Association Osteo-
synthesis (AO) [1-4]. These techniques have brought
to a new level and significantly expanded possibilities
of surgical treatment bone fractures. However, this
process also had negative consequences. Primarily,
it concerns a threatening number of complications
which reach 54 % at some localizations of intra-ar-
ticular and near-articular fractures (Pilon fractures)
[5—14]. This circumstance determines the relevance
of this study. The object of this research is long bone
distal metaepiphysis fractures (LBDMF). The reason
for singling them out from the whole array of intra-
articular and near-articular fractures (which con-
stitute the main problem of fracture treatment) was
the commonality of classifying characteristics (near-
articular, partly intra-articular and intra-articular ac-
cording to the AO classification). This cannot be said
about proximal bone metaepiphysis fractures. In turn,
the commonality of the classifying characteristics
of LBDMF determines the similarity of tactical and
technological treatment approaches [15-25].

The comparison of a significant number compli-
cations (primarily infections) with a dominant share
of aggressive internal fixation technologies allowed
to conclude that indications for ORIF were un-
grounded in many cases [10, 26-31]. First of all, it led
to the neglect of osteosynthesis biological principles
(which AO developers emphasize): an additional sur-
gical trauma would place heavily injured tissues out-
side of viability [32—34]. Secondly, the task of internal
fixation can be considered accomplished only after an
anatomical reposition and a secure fixation of bone
fragments have been achieved. It excludes the need
for a further additional immobilization and assures
a possibility of an early functional treatment. Such
possibilities are very uncertain, for example, in cases
of intraarticular multifragmentary impression frac-
tures. However, such conditions were not taken into
account during the presurgical planning [32-35].

Thus, the absence of precise and well-grounded
criteria for selecting the LBDMF methods of treat-
ment led to tactical errors and a significant number
of severe irreversible complications. The methods

of external fixation are known as reliable means
of infection complications prevention in open high-
energy trauma cases. There is no question as to their
compliance with osteosynthesis biological principles,
which allows to regard such technologies as an alter-
native to the internal fixation [10, 21, 26, 33, 34].

At the same time, there are unresolved fundamen-
tal questions of the problem of external osteosynthesis,
such as the optimal rigidity of relative mutual fixation
and the effect of the relative mobility of bone frag-
ments on the reparative process. A stimulating effect
of bone fragments relative mobility to the reparative
process was considered as axiom in scientific litera-
ture for many years [12, 16—18, 28, 34]. However, what
are the amplitudes of displacement which separate the
stimulation of bone regenerate development from its
destruction? Does it depend on the localization and the
stage of the reparative process? These issues appear
to be extremely important. Their solution can contrib-
ute to a more meaningful use of methods and tools for
non-osteosynthesis procedures as well as to creating
conditions for regulating the reparative process.

Objective: to improve treatment results for long bone
distal metaepiphysis fractures by using well-founded
tactical decisions based on biological principles.

Material and methods

Experimental study is approved by the bioethics
committee of Sytenko Institute of Spine and Joint Pa-
thology (report Ne 162, 06.03.2017). The first stage was
aretrospective clinical study based on the archival mate-
rial of three specialized departments in the Kharkiv city
with the goal to establish real quantitative and qualita-
tive correlations of technologies applied in the LBDMF
treatment, its outcomes and complications. The analysis
of medical records of 122 patients indicates the domina-
tion of the open reposition and internal fixation (ORIF)
in the LBDMF treatment (59 %). External fixation tech-
nologies come second and are used in 22 % of cases. In
addition, treatment methods of intra-articular and near-
articular fractures, which are considered outdated or
mere historical significance (fixation method and skele-
tal traction) are used in 19 % of cases. The results of the
application such tactical and technological approaches
in LBDMF treatment are as follows: good — 44 %; sa-
tisfactory — 24 %; unsatisfactory — 32 %. Unsatisfac-
tory treatment results were due to complications, 25 %
of which were infections and soft tissue necrosis, and
7 % were regeneration defects (nonunion) and signifi-
cant limitation of joint function.
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The biomechanical study was conducted on the spe-
cially developed stand and recording equipment, as
well as with the participation of 13 patients who gave
their informed consent. It was studied the relative
mobility of the tibia bone fragments fixed with one-
sided rod fixators in clinical conditions.

The functional remodeling effect was discovered
«in vivoy experiment. For histological specimen exa-
mination of standardized traumatic impression frac-
tures we have performed murine experimental study
(28 rats). These injures were performed a specially
developed traumatic device. The animals would then
be taken out from experiment at 3, 7, 14 and 28 days
after fracture.

The mathematical modeling method was used to study
of the physical properties of Softcast and Scotchcast
materials, which we used later on for functional or-
thoses for LBDMF treatment. We have researched
the orthoses properties like an external fixation de-
vices and possibility of their adequacy to the clinical
requirements.

The main clinical study group (prospective study)
has included 217 patients with LBDMF. There
are the following proportions for treatment technolo-
gies: fixation method — 23 %, skeletal traction —
6 %, external fixation — 50 %, internal fixation —
21 %. As a result of such a tactical and technological
approach there were achieved 58 % good results,
30 % satisfactory and 9 % unsatisfactory results.
Overall it constitutes 97 % of the originally planned
number of patients. Six patients left the study.

Results

Realizing the complexity solution of all the above-
mentioned issues, we have determined to solve
at least part of them. The first one retrospective clini-
cal study based on analytic result of medical records
122 patients. There are 24 patients had fractures
in the 1.3 localization, 20 — in the 2.3 localization,
26 in the 3.3. localization, and 43 — in the 4.3 locali-
zation. The application of each technology in this
study group had the following percentage: fixation
method — 16 %, skeletal traction — 3 %, external
fixation — 22 %, internal fixation — 59 %. The re-
sults of the application such tactical and technological
approaches in the LBDMF treatment are as follows:
good — 44 %,; satisfactory — 24 %; unsatisfacto-
ry — 32 %. The comparison of a significant number
complications (primarily infections) with a dominant
share of aggressive internal fixation technologies al-
lowed to conclude that indications for ORIF were un-
grounded in many cases.

At the experimental studies we have researched
the relative mobility of the tibia bone fragments fixed
with one-sided rod fixators in clinical conditions.
The study was conducted with the help of a specially
developed stand and recording equipment, as well as
with the participation of 13 patients who gave their
informed consent. As a result of this work, we re-
ceived graphs reflecting the dynamics of «pre painy»
loads and the amplitude of tibia bone fragments dis-
location in the regeneration process. Conceptually,
it is suggested that pain in the fracture zone can serve
as a criterion for the marginal non-destructive load
on the regenerate. During the first 6 weeks of treat-
ment under «pre pain» load influence to the bone re-
generate, the dislocation amplitude of tibia fractures
decreased from (2.3 = 0.2) mm to (0.8 = 0.2) mm, and
the magnitude of the «pre pain» load increased from
(210 + 1.5) H to (751 + 1.5) H. It has been established
that conditions for an adequate training of the bone
regenerate by the application longitudinal axial loads
without secondary fragment dislocation risk can be
achieved with fixation devices of adjustable rigidity,
though the load on the regenerate can also be signifi-
cantly adjusted by using devices that do not include
mechanisms for regulating rigidity. The obtained data
on the dynamics of «pre pain» loads and relative frag-
ment displacements can form the basis for developing
the methods of impacting the regeneration process.
In addition, the newly obtained knowledge allowed
to make preliminary conclusions on the conformity
of different rod fixators constructions to specific cli-
nical requirements.

In the course of clinical studies, it was observed
that residual displacements of the articular surface
fractures («steps») radiologically «align», disappear,
and do not clinically manifest over time under cer-
tain conditions of the rehabilitation treatment. Hav-
ing established it empirically in clinical conditions,
we called this phenomenon a functional remodeling
of the articular surface. It was conceptually suggested
that the reasonable use of this phenomenon may sig-
nificantly compensate for the deficit of extraosseous
osteosynthesis methods reposition abilities. However,
it was necessary to find out how long it would take
for the bone regenerate, whose morphological proper-
ties would optimally assure the effect of a functional
remodeling, to be formed in the area of the intra-
articular fracture after a trauma (surgery). For this
purpose we have performed «in vivo» experimental
study on animals (rats), which received standardized
traumatic impression fractures. These injures were
performed a specially developed traumatic device.
The animals would then be taken out from experiment
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at different times after the fracture, and injured zones
were studied histomorphologically. The formation
of a certain cellular composition of the regenerate
(which suggests its certain physical qualities) gave an
idea of the reasonable optimal time terms for the be-
ginning of a functional remodeling.

It is clear that the developed tactics and technolo-
gy of the LBDMF treatment should be supported with
means of therapeutic immobilization and functional
orthosis, which are adapted to specific clinical and
technological tasks. For this purpose, we have per-
formed biomechanical studies of the physical pro-
perties of Softcast and Scotchcast materials, which
we used later on for functional orthoses. We have
researched the orthoses properties like an external
fixation devices and possibility of their adequacy
to the clinical requirements in the LBDMF treatment
with the mathematical modeling method.

Prospective clinical studies formed the most sig-
nificant component of the research aimed at tactical
treatment optimization for LBDMF. The main (pros-
pective) clinical study group consisted of 217 patients.
There were 34 patients with fractures of the 1.3 loca-
lization, 100 patients with fractures of the 2.3 localiza-
tion, 41 patients with fractures of the 3.3 localization,
and 42 patients with fractures of the 4.3 localization
according AO classification. There are the follow-
ing proportions for treatment technologies: fixation
method — 23 %, skeletal traction — 6 %, external
fixation — 50 %, internal fixation — 21 %. As a re-
sult of such a tactical and technological approach
in the prospective group there were achieved 58%
good results, 30 % satisfactory and 9 % unsatisfac-
tory results. Overall it constitutes 97 % of the origi-
nally planned number of patients. Six patients left
the study.

In a subgroup of 34 patients with LBDMEF, the fixa-
tion method was used in 11 % of cases, skeletal trac-
tion — in 14 %, external fixation — in 29 %, internal
fixation — in 38 % of cases. 8 % of patients from this
subgroup were dropped out. This tactic allowed to re-
ceive 40 % of positive results of treatment, 40 % were
satisfactory, and 12 % were unsatisfactory. The cha-
racteristic of these fractures is that an anatomical
reposition and a reliable fixation of bone fragments
can be achieved mainly due to ORIF, though this
task is rather difficult, and the surgical intervention
is quite traumatic.

Distal radius and ulna metaepiphysis fractures
are localization which produced a high percentage
of good treatment results with using of distraction liga-
mentotaxis by external fixation devices [36, 37]. Fi-
nally in our study, this technology was used in 45 %

cases of 2.3 localization. The characteristic is that
the external fixation was effective with type C frac-
tures, where the fixation method and even ORIF
have very doubtful perspectives of acceptable results.
Therefore, the fixation method is applied in 38 % pa-
tients and internal fixation — in 17 % in this study
subgroup (the total of 100 patients). Such correlation
of applied treatment technologies allowed to receive
73 % good results, 21 % satisfactory and 6 % unsatis-
factory results.

The subgroup of femur distal metaepiphysis frac-
tures included 44 patients. In this subgroup, the fix-
ation method was used in 5 % of cases and gave sa-
tisfactory treatment results. A rather high number
of patients (20 %) were treated by the skeletal trac-
tion method. External and internal fixation were
used proportionally and constituted 32 and 36 %
respectively. Treatment technics used in the above-
mentioned proportions provided for 32 % of good re-
sults, 43 % of satisfactory and 18 % of unsatisfactory
results. We didn’t get follow-up for 3 patients (7 %)
from this subgroup because they have left study.

The study group called «Tibia distal metaepi-
physes (pilon) fractures» consisted of 42 patients,
12 of whom had type A fractures, 14 — type B, and
16 — type C fractures. 15 of 42 patients in this study
group had open fractures and received surgical treat-
ment amounting to an urgent radical surgical treat-
ment of wounds, and an external fixation with one-
sided rod fixators in one step. A two-step approach
in treating closed pilon fractures was used on the pa-
tients undergoing a consistent skeletal traction du-
ring the first 1-3 days. This step was introduced for
examining and (important) for presurgical planning
using a distraction X-ray test. There were received
67 % good treatment results, 28 % satisfactory and
5 % unsatisfactory results.

At the final stage of clinical trials, we conducted
a comparative assessment of LBDMF treatment re-
sults for patients from the retrospective and the pros-
pective groups, taking into account the tactics and
treatment technology used on the patients in both
groups. Comparing the data of the use of various
technologies for the treatment of LBDMF in both
study groups, it became evident that the proportion
of conservative methods of treatment (fixation method
and skeletal traction) increased from 19 to 29 %.
The ratio of the external and internal fixation has
changed most significantly: in the retrospective clini-
cal trial group, this proportion was 22 and 59 %, and
in the main clinical trial group this ratio was 50 and
21 %, respectively.
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Such changes in tactical and technological focus
made it possible to increase the number of good re-
sults from 44 to 58 % and satisfactory results from
24 to 30 %. The number of unsatisfactory results de-
creased from 32 to 9 %. It is obvious that this was the
result of a careful consideration of the internal fixa-
tion technologies. During the presurgical planning
and taking into consideration the entire complex
patients and fractures characteristics, the decision
to perform a traumatic and dangerous surgery was
taken only when a clear perspective of a quality and
reliable internal fixation justified all the risks.

The methods of external fixation which were used
alternatively proved to be reliable means to prevent
of infection complications after open fractures as
well as safe in the treatment of high energy LBDMF.
The repositioning capabilities of external osteosyn-
thesis, which can be inferior in comparison to ORIF
technologies (important for intra-articular fractures),
can be largely compensated with functional remode-
ling of joint surfaces.

Discussion

Quantitative and qualitative correlations of current
technologies for LBDMF and clinical results of their
application are established for the first time. The scien-
tific knowledge correlation between the means of im-
mobilization and functional orthosis to the tasks
of the LBDMF treatment was supplemented with
the use of the biomechanical study. The functional
treatment terms which are optimal to assure the effect
of the functional fractures remodeling joint surfaces
were substantiated for the first time based on the ex-
perimental data. Form-producing abilities of the joint
surfaces fractures functional remodeling were studi-
ed experimentally and substantiated clinically. Spe-
cific scientific data on mutual mobility of bone
fragments and biological consequences of this phe-
nomenon were obtained in clinical conditions.

The modern tactical LBDMF treatment optimiza-
tion principles with the use of biologically justified
technologies were supplemented with the conducted
clinical trials. Experimental and clinical studies re-
sults allow to focus practical recommendations for
the tactics and technology for LBDMF treatment.

Responsible consideration to use ORIF should fol-
low a careful presurgical planning during which one
must consider both the formal fractures classification
and the individual fractures characteristics, such as:

— energy of the fracture and risk to loss a viability
of the injured musculoskeletal system segment;

— technical possibilities and guaranteed perspec-
tives of successful application selected internal fixa-

tion method with consideration bone fragments num-
ber and size, the presence posttraumatic impression
components, and the severity of soft tissues damage;

— general patient’s condition, the presence of con-
comitant pathology and probability of life-threaten-
ing complications;

— patient’s motivation degree and possibility of ef-
fective cooperation with him in the treatment care
process.

A careful analysis of the above-mentioned indica-
tors can assure a justified responsible decision for use
of such effective, though traumatic and dangerous,
treatment technologies as ORIF.

Conclusions

To reach the goal of internal fixation (anatomic
reposition, rigid fixation in compliance with the bio-
logical principles) can become doubtful should
the above-mentioned factors of presurgical planning
be ignored. Uncertainty in fixation forces reliability
one to use additional means of immobilization and
to begin the functional rehabilitation much later,
which gives the results not better than those with
nonsurgical treatment (while maintaining the com-
plications risk). The external fixation methods, which
comply with the fractures treatment biological prin-
ciples and reliably prevent infection complications,
should be the first to apply with doubtful perspectives
of the ORIF results.

One must pay close attention to the functional
treatment within the terms which are optimal to se-
cure a functional remodeling effect of injured joint
surfaces (2—4 weeks after the trauma) while treating
intraarticular LBDMF complications. Functional or-
thoses must be used at the stage of a functional re-
habilitation in order to prevent secondary bone frag-
ments dislocation.

The nonsurgical treatment methods like a skeletal
traction procedure should not be ignored. They can
become the methods of a forced choice for inoperable
and asocial patients and assure acceptable treatment
results in a significant number of cases. Special atten-
tion should be paid to an early functional treatment.
The early functional treatment procedures must be
assured with adequate means of functional orthoses
in order to nullify secondary fragments dislocation
danger.

Results of this clinical-experimental study is
very promising because tactic of using biological
principles have increased the number of good treat-
ment results from 44 to 58 %, satisfactory results —
from 24 to 30 % and these treatment principles
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decreased general complication rate after LBDMF
from 32 to 9 %.
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