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Objective —to study the issues related to diagnostics and treatment of pilon fracture of the tibial epiphysis and individual approach
to surgical correction of posttraumatic deformations of the distal tibia.

Material and methods. The treatment results of 49 patients who had suffered pilon fractures throughout 1-2 years after treatment
completion were studied in the clinic of Traumatology and Orthopedic on the basis of “ZSMKH Ne 9”. According to the AO classification
patients had the following types of fractures: 43A — 7 patients, 43B — 14 and 43C — 28. The X-ray measurements characterizing
the geometric shape of articular surfaces were measured. The mathematical finite element method of computer modeling was
used for the study of bone and cartilaginous tissues stress distribution pattern in the ankle joint in its normal condition and in case
of post-traumatic deflections.

Results. The basic pathological symptom in patients with pilon fractures of distal tibia is joint function limitation, which spreads to
the sector of dorsal extension, regardless of the pilon fracture type. The joint continues to function, however movement amplitude
is decreased. The most unfavorable change of distal tibia shape is valgus inclination of articular surface. This configuration change
of tibial articular end requires repeated surgical correction.

Conclusions. The main task of the distal tibial epiphysis surgical correction is the weight-bearing function and axial relationships
restoration and pain management. It can be concluded that selective approach to posttraumatic deformations of the distal tibia
surgical correction is essential. The main indications for surgical correction are pseudarthrosis, deviations in the frontal plane
of more than 10 degrees, severe joint arthrosis accompanied by pain syndrome for more than a year.

XipypriuHa KopeKuifi nocTTpaBMaTHYHUX AedpOopMmaLlii AUCTaAbHOTO CYrA060BOro KiHuA
BEAUKOTrOMIAKOBOI KiCTKM

I . TpydaHos, €. A. Moben|, B. B. Kocuro

MeTta po60TH — BUBYUTY NUTAHHS AiarHOCTUKM, NiKyBaHHS 3anmLIKkoBux AedhopMaLliii CyrnoboBoro KiHLs BENMKOrOMINKOBOT KICTKU
Ta andepeHLiioBaHoro nigxogy 4o BUGOpY MeTody OnepaTWBHONO NiKyBaHHS MOCTTPABMATUYHUX AedopMaLiit AUCTanbHOro
BiAAINY rominku.

Marepianu Ta metogu. Y KniHiui Tpamatonorii Ta optonegii Ha 6asi KY «3MBKIT Ne 9» BuBunnu peaynsraty nikyBaHHs 49 xBo-
puXx, siki nepeHecny nepenom pilon, B TepMiHW Big 1 40 2 pokiB nicns 3akiHieHHs nikyBaHHs. Jedopmalii cuctematnsysanv 3a
03HaKaMu NOpYLUEHHS! CMiBBICHOTO 0bepTaHHs CyrnoboBKX NOBEPXOHb. 3AINCHNN KIHLEBO-€NEMEHTHE MOAENIOBAHHS Hanpyxe-
HO-1eChOPMOBAHOIO CTaHy CyrnoBOBOrO KiHLLS BENMKOTOMINIKOBOI Ta ManoroMifIkoBOi KiCTKW y BigAaneHoMy nepiogi nicns Tpasmu.
3a knacudikauieto AO xBopi Manw Taki Tnm nepenomis: 43A — 7 nauieHTis, 43B — 14, 43C — 28. BumiptoBanu peHTreHOMETPUYHI
MOKa3HWKM, LLIO XapaKTepuaytoTb reoMETPUYHY hopMy CYrnoboBMX NOBEPXOHb. [Ns LOCTIZXKEHHS XapaKTepy po3noziny HanpyxeH-
HS1 KICTKOBOI Ta XpSILLIOBOI TKaHWH Y JiNsHL rOMINKOBO-Haz NATKOBOrO cyrnoba B HOPMi Ta NPy YTBOPKOBAHWX NOCTTPaBMATUYHUX
AedopmaLlisix BUKOPUCTaN METOA MaTeMaTYHOTO KiHLIEBO-EMIEMEHTHOMO KOMITIOTEPHOTO MOAENIOBAHHS.

Pesynktatu. Y xBopux, siki nepeHecnu nepenom pilon, OCHOBHAM NaTtonoriYH1M CUMNTOMOM € 0OMexeHHst PyHKLii cyrnoba, Lwo
MOLLMPIOETBLCS HA CEKTOP TUIBLHOM PO3rMHAHHS, HE3ANEXHO Bif TUMY nepenioMy. BonboBuMIn CUHAPOM Y XBOPKX, SiKi NepeHecnn
nepenom pilon, 3 Yacom 3MeHLLYyeTbCs, y BiNbLUOCTI Y BigaaneHi TepmiHu BiACYTHIl, Cyrnob npomoBkye dyHKUioHyBaTw, ane 3i
3MEHLLEHOI amMniTyaot0 pyxiB. HanbinbLu HeCNpUATAMBO 3MIHOK (DOPMM ANCTaNBHOTO Cyrio60BOro KiHLS € Haxun cyrnoboBoi
MOBEPXHI Y (hpOHTarbHiN nnowwmHi. Lis amiHa koHdirypaii cyrno6oBoro KiHLs BENMKOroMinKOBOI KiCTki noTpebysana noBTOPHOI
XipyprivHOi KopeKLji, BUCBITNEHi Noka3aHHs A0 ii BUKOHaHHS.

BucHoBku. [0n10BHUM 3aBAAHHAM XipypriYHOT KOPeKLiii AMCTanbHOro Cyrnob0BOro KiHLS BENMKOTOMINKOBOI KICTKM € BiAHOBNEHHS
0rnopo3aaTHOCTI, 0CbOBMX B3AaEMOBIAHOLLEHD | NOLONaHHS 60MbOBOrO cMHAPOMY. [NokasaHHs 4o XipyprivHOi Kopekuii: nceBao-
apTpO3, Haxmn cyrnoboBoi NOBEPXHI Y PPOHTaNbHIN NNOLLMHI BinbLu Hix 10°, AehopMyOUNA apTPO3 rOMINKOBO-HAAM ATKOBOTO
cyrnoba, Lo CynpoBOAXKYETLCS HONbOBUM CUHAPOMOM roHas 1 pik.

Xupypruueckas KoppeKuus NoCTTpaBMaTHYECKUX AedopMaLMii AUCTAABHOIO CYCTaBHOTO
KOHLa 60AbLIebepLOBOM KOCTH

W. U. TpydaHos, |E. A. Moben |, B. B. Kocuno

Llenb paboTb! — M3y4nTh BONPOCHI ANArHOCTMKM, IEHEHNS OCTATOHbIX 4edOpMaLMil CYCTaBHOIO KOHLA 6omnbLLebepLIoBon KocTu
1 andbepeHLMpoBaHHOTO NOAX0Aa K BbIOOPY METOfa OMEepaTVBHOTO NIEYEHNS MOCTTPaBMaTN4eckix aechopmaLmil AUCTanbHoro
OT/ena rofeHu.

Marepumans! u metofbl. B knuHuke Tpasmatonorun u optoneann Ha 6ase KY «3MMKB Ne 9» nayyeHsl pesynsrathl fiederus 49
6OrbHbIX, MepeHecLUKx nepenom pilon, B CPOKM OT 1 [0 2 NET Nocne OKOHYaHWs nedeHuns. fedopmaLmn cuctematnavposanv
Mo Npu3HaKam HapyLLEeHUs COOCHOCTY BpaLLEHWS CyCTaBHbIX MOBEPXHOCTEN. [poBEAEHO KOHEYHO-3MEMEHTHOE MOLENMPOBaHe
HanpshkeHHO-1ehOPMMPOBAHHOTO COCTOSIHWS CYCTaBHOIO KOHLa 6onbluebepLoBoii U ManobepLoBoi KOCTel B OTAANIEHHOM ne-
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pvioae nocne TpaBMbl. CornacHo knaccudmkaumm AO, BonbHble UMENK Takue TUNbl nepernomos: 43A — 7 nauneHTos, 43B — 14,
43C - 28. M3mepsinu peHTreHOMETPUYECKIE NOKA3aTeNM, XapakTepuaytoLLme reoMETPUYECKYto (POPMY CYCTaBHbIX MOBEPXHOCTEN.
[na uccnegoBaHus xapakTepa pacnpeaeneHnst HanpsikeHns KOCTHOW W XPSILLEBOM TkaHel B 06nacTy rofieHOCTONHOrO CycTaBa B
HOPME 1 NpY BO3HMKAILLMX MOCTTPaBMaTUYECKNX AedpopMaLmaX UCNONb30BaH METOL MaTeEMaTUYECKOTO KOHEYHO-3NIEMEHTHOTO
KOMMbIOTEPHOTO MOLENMPOBAHWSI.

Pesynkrartbl. Y 60MbHbIX, NEPEHECLLNX Nepenom pilon, OCHOBHBIM NaTonor4Yeckum CUMNTOMOM SIBIISIETCS OrpaHuyeHie hyHKLMN
CycTaBa, KOTOPOE PaCnpOCTPaHSIETCS Ha CEKTOP ThINbHOMO pasrnbaHusi, He3aBuUcKMOo OT TwMa nepenoma. bonesoin cuHapoMm y
60nbHbIX, MEPEHECLLNX NepenoMm pilon, co BpemMeHeM yMeHbLUAETCs, y GOMbLUMHCTBA B OTAANEHHbIE CPOKM OTCYTCTBYET, CyCTaB
NPOAOMKaET (hyHKLMOHNPOBATb, HO C YMEHbLUEHHOW amnnnTyAom AskeHnin. Hanbonee HebnaronpusTHbIM n3MeHeHneM popMbl
[MCTanbHOrO CyCTaBHOTO KOHLI SIBMSIETCS HAKIOH CYCTaBHOW NOBEPXHOCTY BO PPOHTANBHON NMOCKOCTW. [JaHHOe n3MeHeHne
KOHchUrypaLmum cycTaBHoro koHua 6onbLuebepLoBoi kocTv TpeboBaro NOBTOPHOIA XMPYPrUYECKON KOPPEKLIMK, Ha3BaHbl Moka-
3aHUS K Hel.

BbiBoabl. OCHOBHOI 3adadeit XMpypriyeckoi KoppekLmn AUCTanbHOro CycTaBHOrO KoHUa 60onbLuebepLoBoi KOCTU SBNS-
€TC BOCCTaHOBIEHWE OMopOoCnocoBHOCTM, OCEBbLIX B3aUMOOTHOLLEHUIA 1 KynupoBaHue 6oneBoro cuHapoma. MNokasaHms K
XVPYPrUYECKON KOPPEKLIMU: NCEBLOAPTPO3, OTKIIOHEHNE CYCTaBHOI MOBEPXHOCTU BO (hpOHTanbHOI nnockocTu Gonee 10°,

AehopMUPYIOLLMIA apTPO3 FONEHOCTOMHOTO CyCTaBa, COMpoBOXaatoLMiics GornessiM cuHapoMom Gonee 1 roga.

Fractures of the distal part of the shank are a relevant topic
of modern traumatology in view of the large number of
unfavorable outcomes. According to the literature, residual
deflections of the tibial epiphysis account for 12-20 %,
persistent disability up to 6-8 % [1]. These are complex
and prognostically unfavorable damages [5], requiring
subsequent medical supervision by an attending doctor even
after fixator removal in the long-term period [3]. According
to the data of various authors, in 40 % of unsatisfactory
results cases repeated surgery is required. Distal tibia
in the remodeling process after fracture has undergone
significant changes, causing functional consequences [2].
The aim of the study is to evaluate the types of residual ankle
joint incongruence after pilon fractures and the methods of
their surgical correction.

Objective

To study an individual approach to surgical correction of
posttraumatic deformations of the distal tibia.

Material and methods

The treatment results of 49 patients who had suffered pilon
fractures throughout 1-2 years after treatment completion
were studied in the clinic of Traumatology and Orthopedic
on the basis of Communal Institution “Zaporizhzhia City
Multidisciplinary Clinical Hospital Ne 9”. According to the AO
classification patients had the following types of fractures:
43A -7 patients, 43B — 14 and 43C - 28. The methods of
treatment were: closed or open reduction of fragments and
their fixation with a pin and wire fixator — 26 patients; open
reduction of fragments and fixation with internal fixators
(platinum, screws) in combination with additional external
fixation — 11 patients; closed reduction of fragments using
the skeletal traction system with subsequent fixation
with the cylinder plaster cast — 12 patients. The X-ray
measurements characterizing the geometric shape of
articular surfaces were measured [2].

The mathematical finite element method of computer
modeling was used for the study of bone and cartilaginous
tissues stress distribution pattern in the ankle joint
in its normal condition and in case of post-traumatic
deflections. The model consisted of tibia and fibula bones
interconnected via distal syndesmosis, bones of the foot
interconnected via cartilaginous joints, the articular surface
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of the tibia and fibula bones and talus was covered with
a 1.5 mm layer of cartilage (in case of deflection its
thickness in appropriate places was increased). Stress was
considered at the axial loading and the vertical position of
the tibial axis of 800 N [4].

The statistical analysis of the obtained indices was
carried out using IBM SPSS Statistics 20 and Microsoft
Office Excel 2003. Student's t-test was used to compare
the average values and identify the influence of certain
factors under the condition of distribution and in case
of cluster variance equality in two individual retrievals.
Achieved reliability (P) was calculated for all types of
statistical analysis; the critical achieved reliability level for
this research was 0.05.

Results and discussion

The amplitude of ankle joint motions. Studying this clinical
sign in the long-term period after the injury (a year or more
after fixator removal), we have noted that almost all patients
had a certain decrease in amplitude of the ankle joint motion.
The reduced joint range of motion has been noticed
in all patients, its mean values were: after fractures of type
43A - extension/flexion 16° +2°/0°/22° + 3°, after fractures
of type 43B — extension/flexion 9° + 3°/0°/19° £ 2° and type
43C — extension/flexion 6° + 3° /0°/ 20° + 2°. Decrease in
the ankle joint motion depended on the discongruence
type after the pilon fracture [2] and largely extended to
the segment of foot extension. In the vast majority of cases,
regardless of the fracture type, extension was statistically
significantly decreased in comparison with plantar flexion.
In addition, it has often been noted the reduced extension
function after 43B and 43C fractures (P > 0.05).
Radiological anatomy features of ankle joint after
fragments consolidation. After pilon fractures radiological
anatomy of the ankle joint underwent various changes. For
their systematization patients were examined using X-ray
of the ankle joint, which made it possible to define the main
types of the surfaces congruence abnormalities (Fig. 1).
Analyzing the above clinical and radiological
manifestations, we have concluded that minor deflections
of the articular surface presence in the form of “steps” up
to 2 mm, remodeling occurred due to early regenerative
capacity of articular cartilage surface, as a result the sliding
function was retained, though in a reduced volume. The
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residual deflections of the distal tibial articular surfaces after
traction and minimally invasive treatment of pilon fractures
with external fixation devices should be taken as a natural
phenomenon, especially with the 43C fractures type.

These deflections can be systematized according to
the abnormal signs in the rotational alignment of articular
surfaces in the sagittal plane and on the basis of load
distribution along the central and lateral (ankle) articular
surfaces.

According to the literature source [2], it is seen that
the most unfavorable prognostic variants are models with
valgus or varus tilt of the tibial articular surface.

In the model with a valgus tilt of the tibial articular surface
the stress and strain state was redistributed. The maximum
value of von Mises stress in the tibial articular surface was
6.4 MPa (the model norm is 7.6 MPa). Herewith the lateral
part was influenced by a less tense than the medial part.
In the central part the stress state level decreased and was
equal to 3.2 MPa (the model norm is 4.5 MPa).

There was an additional zone of stress concentration
in the talus on the articular surface in the place of contact
with the fibula. The level of stress state in it was equal to
5.3 MPa (the model norm is 2.5 MPa). Thus, the greatest
changes in the stressed state occurred in the fibula. The
level of stress state in it become twice higher and was
6.8 MPa (the model norm is 2.9 MPa).

An increase in the stress and strain state at the apex
of external ankle led to the impingement syndrome
development and, as a consequence, to the compensatory
formation of osteophytes. This phenomenon can be
considered as a compensatory adaptive reaction aimed
at increasing the joint supporting surface in response to
the tibial articular site deflection.

Analyzing the results of treatment, it has been found
that majority of patients, who had the termination of fixation
3-6 months ago, complained of pain, so a relatively short
time. So, 83 % of patients who complained of pain had
had the bandage removed 3-6 months before and only 4
patients experienced pain for alonger time — 1 year or more.

Some authors have reported results of the type B
and C fractures treatment using dynamic external fixation,
assessing 71 % subjectively and 67 % objectively excellent
results, despite high frequency of infections (11 %) and
osteoarthritis (15 %) [8].

This fact suggests that damaged joint pain is
the characteristic of early post-traumatic period and
subsequently it regresses as its frequency decreases after
a while. During the palpating and loading test of the ankle
joint area, as a rule, painful soft tissues were localized
in the corresponding zones. As a result, a relationship
between the pain localization, detected by palpation,
and its localization when the loading test doing has been
found. This pattern manifested most frequently by the pain
localization in the anterior and lateral parts of the ankle
joint. For example, if during palpation of the soft tissues in
the projection of the joint cleft the patient pointed to the outer
surface pain, then during the loading test pain also occurred
in this zone at the maximum extension foot position.

Comparing the data of clinical research and
mathematical finite element method of computer modeling
it can be concluded that the most unfavorable change
in the distal epiphysis shape is the valgus tilt of the tibial

articular surface. This change in the configuration of
the tibial epiphysis required a re-surgery.

The following clinical observation can be as an example.
Patient P., a 50-year-old woman, applied to the clinic with
complaints of pain in the ankle joint, localized mostly on
the outer side of the ankle joint.

She suffered a closed splintered intraarticular fracture
of the right distal tibial epimetaphys a year and a half ago
and received medical treatment. A surgery was performed:
an open reduction, minimally invasive osteosynthesis
of the ankle bones by an external fixation device. The
postoperative period course was without problems.
Over the time the patient began having pain localized
mainly along the external part of the joint. Analysis of
the radiographs at hospitalization revealed consolidation
of the fracture, the malleolar angle was 10° (m), the frontal
epidiaphysis angle was 18° (n). Surgery was performed,
namely: corrective osteotomy of fibula and tibia of the right
ankle, fixation with external fixation device. The course of
the postoperative period was without problems. External
fixation device was removed 4 months after the surgery.
On the examination 12 months after the surgery there were
no complaints. She walked without assistive devices using.
The volume of motions was 0°/0°/35° (Fig. 2). Radiological
examination revealed that the joint cleft was retained,
the frontal epidiaphysis angle was 2° and the malleolar
angle was 12°.

Patients with pseudarthrosis of the distal tibial epiphysis
constitute a special group of patients. Treatment of distal
tibial nonunion with bone loss is extremely difficult [6].
Prolonged joint inactivity as a result of pseudarthrosis
leads to a rapid development of arthrosis changes and its
further functioning impossibility. The main assistance to
these patients aims at the limb weight-bearing capability
restoration. Nowadays arthrodesis is reserved only for
severe articular comminution which is otherwise non-
reconstructable [7].

The following clinical observation can be an example.
Patient P., a 79-year-old man, applied to the clinic with
complaints about pain in the ankle joint and lower third of
his ankle, deflection and absence of weight-bearing function
of the right lower limb (Fig. 3).

Analysis of the X-rays at hospitalization revealed
pseudarthrosis of the distal tibial epiphyseal cartilage and
the lower third of the fibula malunion, malleolar angle was
10° (m), the frontal epidiaphysis angle was with deviation
to the 34° (n), varus deformity was found. Surgery was
performed: osteoplastic arthrodesis of the ankle joint
with axial relationships correction and the pseudarthrosis
reconstruction with a bone flap. Tightening screws
were used for fixation. The course of the postoperative
period ran without problems. Immobilization was
carried out with a cylinder plaster cast for 3 months.
Radiological examination revealed the preservation of
axial relationships, the frontal epidiaphysis angle was
5° and the bone flap remodeling.

Surgeons who are capable with techniques of internal
fixation are best qualified to perform open reductions, while
surgeons experienced with percutaneous fixation and hybrid
external fixator application should use this method [9]. The
principal aim is to avoid the ankle arthritis development,
which often results in a serious functional impairment with
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Fig. 2. Photographic prints of X-rays and the limb appearance of patient P., a 50-year-
old woman, at the stages of treatment: a — at hospitalization; b — X-rays at the time of
external fixation device removal; ¢ — X-ray scans 12 months after surgery; d — function
of the ankle joint 12 months after surgery.
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Fig. 1. Types of ankle joint:
a - norm;

b — radial-horizontal
abnormality of the joint
congruence type with single
rotation axis preservation;

¢ — radial-vertical
abnormality of the joint
congruence type with

! the tibial rotation axis offset
/ in the vertical plane;

———_  d—defectof the central
joint load with deviation
in the frontal plane.
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significant implications for employment following this type
of the distal tibia posttraumatic deflection [10].

Therefore, it can be concluded that selective approach
to surgical correction of posttraumatic deformations
of the distal tibia is essential. The main indications for
surgical correction are clear pseudarthrosis, deviations in
the frontal plane of more than 10 degrees, pronounced joint
arthrosis accompanied by pain syndrome for more than
ayear.

Conclusions

1. Patients who experienced a pilon fracture have
the main pathological symptom such as the joint function
limitation, which spreads to the extension sector, regardless
of the fracture type. The pain syndrome in patients with
a pilon fracture decreases over time, but the majority of
patients do not have it at all after a year. The joint continues
to function, but with a reduced amplitude of motions.

2. The main task of the distal tibial epiphysis surgical
correction is the weight-bearing function and axial
relationships restoration and pain management.

3. Clinically and biomechanically the most unfavorable
type of discongruence is the articular surface of the distal
tibial epimetaphys deflection in the frontal plane, which
requires repeated surgical correction.

Fig. 3. Photographic prints of X-rays and the limb appearance of patient K., a 79-year-old man, at the stages of treatment: a — at hospitalization; b — X-rays after surgery; ¢ — X-rays
and the limb appearance 3 months later at the time of immobilization removal.

Prospects for further scientific research consist of
studying the violation or disturbance of bone regeneration
on the background of the limb axis changes which would
give the possibility to determine the optimal method of
surgical treatment and correction of the bone tissue mineral
density by medications. To clearly identify the criteria of
the limb axis permissible displacement degree for the ankle
joint safe functioning with minimal degenerative changes
in it.
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