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Abstract: The purpose of the study is to objectivize the reconstruction of locomotor
functions in statics and gait after the treatment of unstable pelvis fractures at the follow-
up for three months. Quantitative evaluation of the limbs support function, chronometrical,
dynamic, kinematic and electromiographical indices of the locomotor system in 14
patients after transosseous osteosynthesis treatment and in 5 patients after conservative
treatment has been studied. Changes of functional position and inclination of pelvic ring
in patients with conservative treatment were revealed. Normalized indices of hip motion,
support reactions, sagittal oscillations of body segments from 50% to 80% have been
found out in walking, independently of a treatment method. However, 100% dysfunction
of musculus gluteus in patients after conservative treatment is considering as a
consequence of long akinesia, attended by this treatment methods as compared to whole
muscle recovery after transosseous osteosynthesis.
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Treatment of patients with pelvic bone fractures is one of the most urgent and unsolved
problems of the present-day traumatology.

The severity of pelvic ring injuries and their diversity, unsatisfactory results of routine
conservative and operative methods urge on further profound studying of the treatment
methods and anatomicofunctional outcomes [1].

Clinical and X-ray assessments of treatment of the patients suffering from pelvic ring
lesions are made while considering the consolidation degree of fractures, residual
deformations, hip joint degenerative changes associated with disorders of the locomotor
system activity, short extremity, diuretic disturbance, circulatory and neurological disorders,
spine and leg joints dysfunction.

However, the using of the clinical and X-ray data only proved to be insufficient very
often for getting the objective evaluation of recent outcomes of clinical and rehabilitation
prognoses of the unstable and multiform pelvic lesions [2-6].

To complete the insufficient evaluation of functional outcomes we considered the
staticokinematic indices of the locomotor system. For this purpose the complex of
biomechanical and electromyographical studies including the determination of static load in
sagittal and coronal planes, podography, goniography, feet standing reaction, oscillography of
coronal and sagittal angle deviations of shoulder and hip girdles, electromyography at phase
of gait were carried out. Indices of each method were determined while considering the step
length and the walking speed [8].

Functional outcomes within 3 months were analyzed in 14 patients with severe
unstable pelvis fractures and in 5 patients after conservative treatment of multiple pelvic ring
fractures with saved stability.
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Quantitative evaluations of the locomotor system function were obtained while using
2 principle criteria: asymmetry coefficient between the right and left indices of the same name
and absolute quantitative normalized indices of the locomotor system. All the indices were
processed by using method of little selection with determination of the Student’s criterion
with principal probability 95% as it is usually applied in biology and medicine. Data
processing was performed by means of hardware program complex based on PC Pentium.

Data are based on 3770 quantitative indices suitable to the estimation of transosseous
osteosynthesis (Group 1) and on 1350 indices suitable to the estimation of conservative
treatment (Group 2). These two criteria for assessing different parameters in statics and
walking is designated by percents relatively to the whole number of studies in each group of
patients.

Comparative analysis of functional outcomes revealed non-equivalence of
staticokinematic disturbances. So, the indices of the balanced distribution of body weight on
legs testifying normalized static weight-bearing capacity formed 71% in Group 1 and only
40% in Group 2 (Tabl. 1), whereas normal feet load bearing capacity had been found out in
the lesser number of cases that is in 14% and 20%, respectively. Predominance of an overload
of anterior parts of feet is a sign of anterior displacement of a centre of mass and preparatory
mechanism to walking start.

This standing setting (functional position) was characterized by pelvic ring inclination
(14% of patients in Group 1 and 20% in Group 2) and inclination of shoulder girdle (21% and
40%).

There was observed the increasing of pelvic inclination angle to anterior in 21% and
40% of cases, and shoulder girdle inclination angle in 71% and 40%, respectively, as well.

Thus, static indices of disturbances predominated while evaluating the conservative
treatment as compared with the transosseous osteosynthesis.

All patients” walking was characterized by slow speed and short step.

Normal speed index formed only 12% in Group 1 and 13.3% in Group 2, but step
lengths were observed only in 31% and 40%; asymmetry absence formed only 93% and 40%
(Tabl. 2).

Table 1. The static indices of the locomotor system within three months
after surgical and conservative treatment of pelvic bone fractures.

Percentages of total number of investigations
Parameters Normal Incorrect
| 1 | 1
Static Load Asymmetric Ratio: 710 40.0 29.0 60.0
Frontal Plane ' ' ' '
Static Load Asymmetric Ratio:
Sagittal Plane 14.0 20.0 86.0 80.0
Frontal Pelvis 86.0 80.0 14.0 20.0
gozltlon of Plane | shoulders 79.0 60.0 21.0 40.0
ody :
Plane | shoulders 29.0 60.0 71.0 40.0

| — patients after transosseous osteosynthesis; Il — patients after conservative treatment
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Table 2. The optimal kinematic indices of the locomotor system. Within three
months after surgical and conservative treatment of pelvic bones fractures.

Percentages of total number of
P ¢ investigations
arameters Normal Non-asymmetrical
[ 1 [ 1
Step Length 31.0 40.0 93.0 40.0
Walk Speed 12.0 13.3 - -
One-Support Step Period 18.0 40.0 100.0 80.0
General Support Step Period 37.0 23.3 100.0 100.0
Double Step Duration 21.0 40.0 100.0 100.0
Movement Hip 88.0 100.0 50.0 20.0
Amplitude in
Joints Knee 57.0 50.0 57.0 0.0
Back Push 44.0 50.0 93.0 100.0
Front Push 56.0 63.3 93.0 100.0
Load in One-Support Step Period 40.0 53.3 100.0 100.0
Pelvis 52.0 60.0 21.0 0.0
Frontal Plane
Shoulders 26.0 30.0 29.0 20.0
Angle %?;S;frﬁ’gét 12.0 53.3 64.0 20.0
Deviations Pelvis Two-Support
of Body Sagittal Step Period 58.0 43.3 43.0 0.0
Segments
Plane One-Support
) 19.0 46.7 29.0 0.0
Step Period
Shoulders Two-support
Step Period 55.0 30.0 21.0 20.0
Sacrum 24.0 50.0 14.0 0.0
Middle Buttock 45.0 0.0 46.0 0.0
~ Integrated Two-headed 21.0 40.0 23.0 0.0
Bioelectrical Muscle
Activity Four-headed 14.0 50.0 44.0 0.0
Calves 17.0 0.0 36.0 50.0
Shin-bone 17.0 25.0 27.0 50.0

| — patients after transsosseous osteosynthesis
Il — patients after conservative treatment

These indices witnessed the spared walking stereotype that involved increasing main
phases length of the gait, and without asymmetry of indices of the same name. So, normal
indices of single support period of gait, obtained while assessing static bearing capacity of
limb in waking, predominated in patients after conservative methods (40%) as compared with
patients of Group 1 (18%). At the same time normal indices of the total support period
describing a compensatory mechanism, on the contrary, predominated in patients after
transosseous osteosynthesis (37% and 23%), but indices of the same name of these phases
were similar in all the patients, and absence of asymmetry formed 100 %. It meant that period
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of weight-bearing of each limb was identical in all the patients. Indices of double gait (the
principal criteria of the gait cycle) underwent analogue changes.

Therefore, in the shortest time biomechanical expediency revealed itself, first of all, in
even load distribution of the both limbs and partial normalization of the main phases of gait
with slow spared walking stereotype in all the patients.

Hip and knee joints functions had the most marked tendency of movement amplitude
towards normalization: 88-57% (according to the joints) in Group | and 100-50% in Group II.
However, the tendency was often of unilateral character, so the asymmetry of the same name
indices was revealed in half the cases in Group | and almost in all the cases in Group II.

There was no considerable difference in dynamic factors of gate that control the body
movement: hinder push, load in standing on one leg and anterior push if compared in both
patients groups. So, almost in half the cases the normalization (40 - 63%) without asymmetry
of indices of the same name was observed.

Indices of angle deviations of body segments in coronal and sagittal planes were not
identical in all the patients. There was optimal quantity of normalized indices (in more than
half the cases) in coronal and sagittal pelvic oscillation in both patients groups, but the
asymmetry of the same name indices proved to be more strongly marked in comparison with
other parameters of complex investigation. Maximum quantity of indices without asymmetry
(64%) in period in patients of Group | were revealed only in sagittal pelvic oscillations.

Functioning lower limb muscles while walking was characterized as not identical with
results in Group |. Maximum quantity of normalized indices was determined by the
bioelectrical activity of musculus gluteus medius (45%) and absence of asymmetry often
occurred in activity of musculus gluteus medius (46%) and musculus quadriceps (44%).
Identical indices in the rest muscles on the right and left sides did not exceed 36%. In Group
Il normalized indices of bioelectrical activity of musculus sacrospinalis and musculus
quadriceps formed 50%, and of musculus biceps did 40%. However, asymmetry of muscles
indices of the same name was observed in all the tested muscles, that is more marked than in
Group |, except musculus gastrocnemius and musculus tibialis, but absence of asymmetry in
these muscles was attended by disturbance of phase activity from two sides, that is muscles
were functioning almost without interruption.

Therefore, comparative biomechanical evaluation of functional outcomes by different
treatment methods allowed to establish that biomechanical status, in three months after the
treatment, was characterized not only by low asymmetry indices, but by their normalization.
Nevertheless, optimal indices of complex biomechanical research without asymmetry
predominated in assessment of functional outcomes after transosseous osteosynthesis in
comparison with one after pelvic fractures treatment while using conservative methods.

Results of multi-criterion biomechanical study of the locomotor system in statics and
walking are the basis of expedient employment of transosseous osteosynthesis in patients with
severe unstable pelvis fractures.
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CPABHUTEJIbHAA BUOMEXAHUYECKASA OLIEHKA 5
®YHKUMOHAIJIbHbIX CXOA0B B JIEHEHUU NEPEJTIOMOB KOCTEU
TA3A

K.K. Ctanbmax, J1.1. MsakoTtuHa (ExkatepuHOypr, Poccus)

N3yuenne GpyHKIIMOHATBHBIX CXO/I0B TIOCIIE JICUYSHHS MTEPETIOMOB KOCTEH Ta3a — ofHa
U3 HauOollee aKTyaJbHBIX MPOOJIEM COBPEMEHHOH TpaBMaToNOTHUU. TpPYIHOCTH H3y4EHUS
OOYyCJIOBJIEHBI TE€M, 4YTO KIMHHKO-PEHTI€HOJOTHYECKHE TIOKa3aTean, HaumOoyee IMOJIHO
XapaKTepU3yIoIIe aHATOMUYECKHE OCOOEHHOCTH, COBEPIICHHO HEIOCTATOYHBI JJISl OLEHKU
(YHKIMOHATBHOTO  COCTOSIHHSI ~ OIOPHO-ABHTAaTEIbHOW  CHUCTEMBI,  OOYCIIOBJIEHHOTO
OCTaTOYHOM HECOCTOSATENHHOCTHIO Ta3a KaK OJHOTO U3 KHHEMATUYECKUX 3BEHBEB.

Llenp uccnenoBanus: pa3paboTaTh OMOMEXaHMYECKHE KPUTEPUH I OOBEKTHBHOM
OLIEHKH PaHHUX (PYHKIIMOHAJIBHBIX UCXO/O0B MOCIE PAa3INYHBIX METO/IOB JICUCHHUS MEePETIOMOB
KOCTEH Tasa.

C oTOl 1enapl0 HAMHM ~ TPUMEHEHO  MHOTOKPUTEPHANIbHOE  KOMILJIEKCHOE
OMOMEXaHMUYECKOe M DIIEKTPOMHOTrpaduuecKoe HCCIeI0BaHMEe, BKIIOYAIOIIEE ONpEeAeTICHHE
CTaTMYECKON Harpy3ku B CaruTTaJbHOM U (POHTANBHOW IIOCKOCTAX, Mojaorpaduio,
rOHUOTrpauIo, OMOPHBIE PEAKIUU CTOM, OCIMIIOrpaduio (POHTAIBHBIX M CATUTTAIBHBIX
YIJIOBBIX OTKJIIOHEHHH TIEYeBOrO IMOsCa U Taza, SJIEKTPOMHUOTPAPHUIO MBIIII B Pa3TUYHBIX
¢azax mrara. CHHXpOHHAs 3alUCh TOKa3aTellel KaKIOH METOIUKU MPOBOAMIIACH C YUETOM
JUTMHBI 11aTa U CKOPOCTH XOJIbOBI.

@OyHKIIMOHATBHBIE UCXO/BI B CPOKHU JIO TPEX MeCALEB M3y4deHbl Y 14 GOJIBHBIX Mocie
YPEeCKOCTHOT'O OCTEOCHHTE3a TSHKEBIX HeCTAOMIIBHBIX MEPEIOMOB Ta3a U y 5 OOJIBHBIX MOCIe
KOHCCPBATUBHOTO JICUCHUSA TPU MHOXCCTBCHHBIX TIICPCIOMax Ta30BOIO KOJbLa C
COXpaHEHHEM CTaOUIILHOCTH.

KonmmuectBennas OLICHKAa q)YHKIII/II/I OHOpHO-I[BI/IFaTeJIBHOf/'I CUCTCMBbI IMTPOU3BOANIACH C
MOMOIIBIO JIByX OCHOBHBIX KPUTEPUEB: BEIMUYUH KOIPPHUIMEHTOB aCUMMETPUH MEXKIY
OOAHOMMCHHBIMHA MIPABOCTOPOHHHUMHU U JICBOCTOPOHHUMMU IapaMETpaMu CTATUKU U XOZ[I>6I)I uc
MTOMOIIIBI0 HOPMAJTU30BABIINXCSA a0COMIOTHBIX KOJIHMUYECTBEHHBIX MOKA3aTeNel, BhIPaKEHHBIX
B MPOIIEHTaX OTHOCUTEIHHO OOIEro KOJWYEeCTBAa M3MEPEHUM Mo Kaxjaomy mapametpy. Bce
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MOKA3aTeIN CTATHCTUYECKH OO0pabOTaHBI OOBIYHO MPUMEHSEMBIM METOJIOM B OHOJOTHH W
MeAMIIMHE TTPU MaJoi BBIOOpKE ¢ ompeneneHueM Kputepus CThloJIeHTa MPH JOBEPUTETHHON
BepositHOCTH 95%. OOpaboTka Marepwaia MPOU3BOIWIACE C IOMOIIBI0 TPOTPAMMHO-
amnmapaTHOTO KOMILIeKca Ha 0Oa3ze kommbloTepa Pentium. Marepuan 6asupyercs Ha 3770
KOJIMYECTBEHHBIX MOKA3aTeNsAX M0 OLIEHKE YPECKOCTHOTO ocTeocuHTe3a (I rpynna OonbHbBIX) U
Ha 1350 moka3zarensx mo oreHke kKoHcepBaTUBHOTO JieueHus (Il rpymma 60JIbHBIX).

CpaBHUTENBHBIN aHATN3 PYHKIIMOHATHHBIX MCXOJIOB BBISIBUJI YBEIIMUECHHYIO ITO30BYIO
¢bekcopHyI0 YCTAaHOBKY M IE€PEKOC Ta3a, HaumOoJiee BBIPAKEHHBIE Y OOJBHBIX TOCTE
KOHCEPBATUBHOTO JICYCHUSI.

Hopmanu3zoBaBminecs TmoKa3aTead XOAbObI BBISBIEHBl IMOYTH B PABHOLIEHHOM
KOJIMYECTBE Y OOJIBHBIX 00EUX TPYII 10 aMIUTUTY e JIBIKEHUH B Ta300€IPEHHBIX CyCTaBax,
OTIOPHBIM PEAKIHIM, (PPOHTATHLHBIM U CATUTTAIBHBIM KOJICOAHUSIM Ta3a.

OTnuuuTenbHass  OCOOCHHOCTh  TPOSBUJIACh B HOpManu3anuu  ¢Ga3HOU |
WHTETPUPOBAHHON aKTUBHOCTH CPEIHUX ATOJUYHBIX MBIIII MPU X0/b0e, BbIsiBICHHAs B 45%
Cly4aeB y OOJIbHBIX TIOCJIE€ YPECKOCTHOTO OCTEOCHHTE3a, NMPH 3HAUYUTEITHHOM CHHXCHUHU
akTUBHOCTH 3ToM Mblibl B 100% ciydaeB mociie KOHCEPBATUBHOIO JICYEHHS, YTO
00YCJIOBIICHO NJIUTEIBHON akuHe3ueu B mpolecce JieueHus. CrneqoBaTelibHO, ONTUMAJIbHbBIC
OroMexaHHYeCcKHe MOKa3aTeNlH MPeo0IaaloT MoCIe YpeCKOCTHOTO OCTEOCHHTE3A.

[ToydeHHbIE pe3yNbTaThl WHCTPYMEHTAIBHOTO WCCIENOBaHUS ()YHKIIMOHATBHBIX
UCXOJIOB MOCTYKaT 00OCHOBaHUEM Ui IIEJICHANIPABICHHON peabumuTanuu OOJBHBIX IMOCIEe
JIeYeHUs IepeIoMoB KocTell Ta3a. buoa. 8.

KntoueBbie cnoBa: mepenomsl Taza, YPECKOCTHBIM OCTEOCHMHTE3, KOHCEPBATUBHOE JICUEHHUE,
HCXOJBI, TJOKOMOIIMH, OMOMEXaHUYECKHI aHAIH3
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