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Study of the L, vertebral body load during dynamic simulation
of movements in the lumbar spine using musculoskeletal models
after posterior bisegmental spine fusion performance
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One of the risk factors for complications in the spinal mo-
tion segments of the thoracic and lumbar regions, as well as
in the adjacent segments with spinal fusion ones, is changes in
the sagittal vertebral-pelvic balance. Purpose. To determine
the effect of muscle changes that occur during the performance
of two-segment L;—S; spinal fusion on the load of adjacent mo-
tion segments. Material and methods. The spinal fusion of two
spinal motion segments of the lumbar spine was simulated at
the Lyy—Ly and Ly—S, levels at different angles of segment fixa-
tion in the OpenSim programme. Five models were analysed:
1 (basic) — without changes, 2 — changes in the points of at-
tachment and muscle strength; 3 — normo-lordotic fixation;
4 — hypolordotic; 5 —hyperlordotic. The load on the zone
of interest was measured as the magnitude of the projec-
tion of the force vector depending on the angle of inclination
of the torso as a percentage of the body weight. Results. Simula-
tion of the above configurations of the instrumental spinal fusion
(intact, normo-lordotic, hyperlordotic, hypolordotic positions
due to a change in the angle of the L,—S; spinal fusion) showed
that the load force of the adjacent segments when bent forward
depended on the angle of the instrumental spinal fusion per-
formed. Conclusions. As a result of study of the kinematic model
of the lumbar spine using bisegmental spinal fusion of Ly—S,, it
was proved that the load force of the adjacent segments when
bent forward depended on the angle of the instrumental spinal
fusion performed. It was determined that the upper adjacent ver-
tebra of the fixation zone had a relatively insignificant increase
in load in the case of fixation in the hyperlordotic position; in
the hypolordotic position, the load on the upper segment led
to an increase in loads on the upper adjacent segment, and in
the hypolordic position, it led to a slight decrease compared to
the normo-lordotic fixation. According to the results of the study,
minimal muscle damage is expected during the surgical inter-
vention, so the reliability of the model is closer to minimally
invasive surgery. The developed kinematic models can be useful
in the planning of the transpedicular fixation surgery to prevent
complications.
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OO0HuM i3 YUHHUKIE PUSUKY PO3GUMKY YCKIAOHEHb Y Xpebmoso-
PYX08UX ceeMeHmax 2pyOHo20 ma nonepekogozo iooinie, a ma-
KOMHC CYMIHCHUX Ce2MeHmax 3i CNOHOUN00e308AHUMU, € 3MIHA
cazimanvbHo2o xpebmogo-mazo602o banancy. Mema. Busnauumu
BN.1U6 3MIH M 318, K] 8100)8AI0MbCA NIO YAC BUKOHAHHSA 3A0HbO2O
08ocecMeHmMapHo20 cnonounooesy Ly—Sina nasanmasicenws cy-
MIdCHUX pyxosux ceemenmie. Mamepian i memoou. Mooenroganu
CNOHOUN00e3 080X XPebmMOoBO-PyX08UX CE2MeHIMI8 NONepPeKo8o2o
81001y xpeoma Ha pieusx Lp—Ly ma Ly—S; nio piznumu kyma-
mu pixcayii ceemenmis y npoepami OpenSim. IIpoananizosano
5 mooenei: 1 (bazosa) — Oe3 3min, 2 — 3MIiHU MOYOK NPUKDI-
niaenHs ma cunu ma3ie;, 3 — Hopmonopoomuuna Qgikcayis, 4 —
einonopoomuuna; 5 — einepnopoomuyna. Hasanmaosicenns na
30HY iHmMepecy UMIPIOBANU AK eIUYUHY NPOEKYIT 6eKMOPA CUU
3A71€ACHO 8i0 Kyma Haxury myayba y giocomkax 0o macu miud.
Pesynomamu. Mooentosanns HageOenux kougieypayiti incmpy-
MEHMANLHO2O CNOHOUNOOE3Y (IHMAKMHO20, HOPMOIOPOOMUY-
HO20, 2INepropoOUMuYH0O20, 2iNOI0POOMUUHO20 NOJOHCEHL 3d
PAxyHoK 3minu Kyma cnonounooesa Ly—S;) noxaszano, wo cuna
HABAHMAIICEHHS CYMIJICHUX Ce2MEHIMIB 30 32UHAHHS 6nepeo, 3aie-
UMb 610 BUKOHAHO20 KYMA THCIMPYMEHMATbHO20 CHOHOULOOE3).
Bucnosku. Y pesynomami 0ocniodcenus Kinemamuunoi mooeui
nonepexogoeo 8i00iny xpebma 3 6UKOPUCMAHHAM Diceemenmap-
Ho2o cnonounooesy Lp—S; 0osedeno, wo cuna nasanmanicenus
CYMIICHUX ceeMenmi6 3a 32UHAHHS 6nepeod 3a1eXCUmy 6i0 GUKO-
HAHO020 KYyMa iHCMPYMeHmanibHo2o cnonounooesy. Busnaueno,
Wo 8epxXHill cymidxcHull xpebeyb 301U Qikcayii Mas nopieHAHO He-
3HAuHe 30IIbUEeHHA HABAHMANCEHHS 8 pa3i (ikcayii 8 cinepropoo-
TMUYHOMY NOJIONHCEHHI, 3a 2INOLOPOOMUUHO20 — HABAHMANCEHHS
Ha 8epXHIll cecMeHm NPu38o00Uu 00 3POCAHHI HABAHINAICEHD
HA BEPXHILL CYMINCHULL CeeMeHM, d 2iN0I0OPOOMUYHO20 — He3HA-
YHO20 3MEHWEeHHS NOPIBHANO 3 8APIAHMOM HOPMOIOPOOMUUHOT
Qixcayii. 3a pesyremamamu 00ciodicenHs nepeddaiacmvpcs mi-
HIMAIbHE YUIKOOJNCEHHS M 316 N0 4ac XipypeiuHo2o 6mpyuanHsi,
momy 00CmogipHicmb Mooei O6inbu HaAOIUNCeHa 00 MAJOIHEA-
3ueHoi Xipypeii. Pospobneni Kinemamuuni Mooeni Moxcymo Oymu
KOPUCHUMU NiO 4ac NIaHY8aHHs1 Onepayii mpancneoukyisapHoi Qik-
cayii ons 3anobieanna yckaaonens. Knouosi crosa. Cnonounooes,
MOOeN08aHH, OUHAMIUHE HABAHMANCEHHS.
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Introduction

Posterior spondylodesis of the lumbar spine is one
of the most common methods of surgical treatment.
The number of such operations is growing rapidly,
but the share of complications is also increasing along
with it. The total number of complications or side
effects during spine surgery is unknown and highly
variable, ranging from 1.8 to 56.4 % according to va-
rious sources [1].

One of the risk factors for the development
of complications in the spinal motor segments (SMS)
of the thoracic and lumbar regions, as well as adja-
cent segments with spondylodesis, are changes in
the sagittal spine-pelvic balance [2]. Compensa-
tory changes in the amount of sagittal curvatures
of the spine (for example, an increase in thoracic
kyphosis with a corresponding increase in the depth
of the lumbar lordosis) normally have practically no
effect on the position of the line of gravity. However,
flattening of the sagittal curves with the formation
of the flat back degenerative deformation is associ-
ated with activation of alternative compensation
mechanisms [3-5], which worsen the deformations
of the spinal segments. Aging of the spine is accom-
panied by atrophy of the extensor muscles and leads
to progressive kyphosis and disruption of the sagittal
balance [6—S§]. It is necessary to mention that the de-
velopment of degenerative diseases of the spine is of-
ten characterized by anterior sagittal imbalance, loss
of lumbar lordosis, and increased pelvic tilt [9-12].
Anterior imbalance is directly related to loss of lum-
bar lordosis. In addition, there are other changes in
vertebral-pelvic parameters that correspond to com-
pensatory mechanisms. In order to optimize the treat-
ment of degenerative diseases of the lumbar spine and
avoid underestimation of the severity of the disease,
it is very important to recognize them [13]. Compen-
satory mechanisms reduce the effects of lumbar ky-
phosis due to anterior sagittal imbalance and occur in
the spine, pelvis and/or lower extremities.

Such anatomical features of the sagittal balance
result in the development of changes in loads on adja-
cent segments of the spondylodesis zone, interverteb-
ral disc sections and arcuate joints, which increases
the risk of progression of degenerative processes with
the development of retrolisthesis, spondyloarthrosis,
interspinous hyperpressure with the formation of in-
terspinous neoarthrosis, etc.

Purpose: to determine the impact of muscle
changes occurring under the conditions of surgical
access to perform posterior two-segment L;y—S;spon-
dylodesis on the load of adjacent motor segments.

Material and methods

Modeling of dynamic simulation of movements
was performed using OpenSim software [14] with
the involvement of additional applications for calcu-
lating load forces.

The model of the human skeletal and muscular
system was taken as the basis [15]. For simplicity,
only the muscles that influence sagittal movements
of the trunk are shown (Fig. 1).

We studied the time course of load force changes
caused by the surfaces of the bodies of the lumbar
vertebrae and the articular surface of the sacrum
on the ilium in the sacroiliac joint during bending
of the upper half of the human body. The load force
is a vector quantity and is described using three para-
meters: the length of the force vector (a scalar quan-
tity), its direction, and the point of application.

The direction of the load force of the body is de-
termined by the directionality of its projection rela-
tive to the corresponding axis of the coordinate sys-
tem (Fig. 2)

The projection of the force vector on the X axis
describes the load in the sagittal plane, its positive
value indicates the forward direction, and negative
the backward one. The approximation of the action
of the force vector on the Y axis shows a vertical
direction, a positive value indicates an upward di-
rection, and a negative value indicates a downward
direction.

Spondylodesis of two spinal-motor segments
of the lumbar spine at the Ly—Ly and Ly—S; levels un-
der different segment fixation angles was simulated.

To compare the load force in segments of the lum-
bar spine adjacent to the fixed ones, 5 models were
created:

— 1 (basic), all spinal-motor segments and muscles
of the lumbar spine are fully functional (there are no

Fig. 1. Musculoskeletal model used for the study (muscles
of the right half of the model responsible for sagittal movements
of the trunk are shown)
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effects of muscle damage and denervation, all attach-
ment points are preserved);

— 2, all spinal-motor segments of the lumbar spine
are fully functional, but the parameters of the mus-
cles and their attachment points have changed;

— 3, fixation is unchanged relative to the «preope-
rative» state of the L;y—Ly segment at an angle of 22°,
the Ly—S; segment at an angle of 24°;

— 4 fixation of the Ly—Ly segment was performed
with reproduction of the hypolordotic position at a sa-
gittal angle of 8°, and of the L,—S; segment at an an-
gle of 10°.

— fixation of the Ly—Ly segment was performed
with reproduction of the hyperlordotic position at
a sagittal angle of 32°, and the Ly—S; segment at an
angle of 34°.

For models 2—4, changes are made in the muscles
that correspond to those that occur during a surgi-
cal posterior approach to the lumbar spine for L;y—S;
posterior instrumented spondylodesis. Muscle dener-
vation was modeled by removing the corresponding
muscle fiber from the calculation.

Dynamic simulation of bending in the lumbar
spine was carried out in the range from 0° to 45°.
Movements in the hip joints were not taken into ac-
count in this experiment.

The load forces below the spondylodesis zone,
that is, at the level of the sacroiliac joint, were studi-
ed. The load on the desired zone was measured as
the force vector projection depending on the angle
of inclination of the trunk as a percentage of body
weight.

Under the conditions of a bending cycle of up to
45° in the lumbar spine of a person, the load force on
the body of the Ly vertebra in this model, which is
taken as the basic one, changed dynamically.

Results and their discussion

Study of the load on the body of the L;, verteb-
ra under the conditions of bending movements in
the lumbar spine in normal conditions (model 1)

In the first period of movement (bending from
a vertical position to 45°), gradual changes in load
forces were noted on the X axis from —6.94 %
of body weight to —0.93 %, the force vector was di-
rected backwards. The difference for this period was
6.01 %.

Along the Y axis, the specified parameter at
the beginning of the movement (between 0° and 13°
of flexion) slightly increased from 48.95 to 49.97 %.
Then (from 14° to 44°) there was a gradual decrease
in the load force from 49.89 to 42.65 %, reaching
a minimum at an angle of 45°, the difference during
this period was 7.40 %. During extension (return to
the vertical position), load dynamics were mirrored
(Fig. 3).

Study of the load on the body of the L;, vertebra
by simulating partial muscle damage and transfer
of their attachment points (model 2)

The model was built to determine the change in
load force on adjacent segments under the conditions
of a full bending cycle under the simulation of dama-
ge to the muscles of the back of the lumbar spine
during an instrumented spondylodesis approach at
the Lv—S; level.

In the case of bending to an angle of 45°
in the lumbar spine of a person, the load force
on the body of the L, vertebra in model 2 on
the X axis shows a gradual change in the value
of the load force —7.11 % of the body weight to
—0.85 % of the body weight with the direction
of the force vector backwards. The difference for
this period was 6.26 %.

Py = Fcosa

Pry = Fsina

-
—Pe. 0 Prx X

Fig. 2. An example of determining the force projection on
the coordinate axis

Body weight 60

percentage,
% 50
40

30

41 29 16 4 0
Bending angle
in the lumbar spine,
degrees

mm Model 1 (X axis) == == Model 1(Y axis)

Fig. 3. Graphs of changes in the projection of the load force
vector on the body of the L,y vertebra on the X and Y axes
during bending in the lumbar spine (model 1)
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Along the Y axis, for bending up to 10°, the load
force gradually increased from 48.62 to 49.31 %, then
from 11° to 44° it decreased from 49.26 to 41.09 %,
reaching a minimum at a bending angle of 45°
—41,01% of body weight. The difference for this pe-
riod was 8.30%. During extension, the mirror direc-
tion of load change was observed (Fig. 4).

Load on the body of the L;, vertebra during
L,—S; spondylodesis in the normolordotic position
of the lumbar lordosis (model 3)

For bending on the X axis, a change in force values
was noted from —16.14 % to —1.31 % of body weight
at 45°. The direction of the force vector is backward,
the difference for this period was 14.83 %.

Along the Y axis, there was a gradual decrease in
the load force from 63.49 to 46.98 % at 45°, a diffe-
rence of 16.51 %. In the process of extension, reverse
changes occurred (Fig. 5).

Load on the body of the L,y vertebra during L;—S,;
bisegmental spondylodesis in the hypolordotic posi-
tion of the lumbar lordosis (model 4)

In the case of bending on the X-axis, a gradual
change in the force value was recorded from —16.02 %
of body weight to a maximum of —1.67 % of body
weight at the end of the period at a bending angle
of 45°, the difference during this period was 14.35 %.
The direction of the load force vector has not changed
compared to previous models.

Along the Y axis during bending, there was a gra-
dual decrease in the load force from 60.80 to 43.70 %,
the difference was 17.09 %. During extension, reverse
changes occurred in a mirror image (Fig. 6).

Load on the body of the Ly vertebra in L;—S;
bisegmental spondylodesis in the hyperlordotic posi-
tion of the lumbar lordosis (model 5)

For bending up to 45° along the X axis, changes
in load force from —15.95 to —1.04 % of body weight
were noted. The difference for this period is 14.91 %.

Along the Y axis, there was a gradual decrease in
the load force from 64.13 to 48.01 % at 45° (the diffe-
rence during this period was 16.12 %). In the second
period of movement (return to the vertical position
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Fig. 4. Graphs of changes in the projection of the load force
vector on the body of the L,y vertebra on the X and Y axes
during bending in the lumbar spine (model 2)

Fig. 6. Graphs of changes in the projection of the load force
vector on the Ly body of the vertebra on the X and Y axes due to
bending in the lumbar region of the spine (model 4)
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Fig. 5. Graphs of changes in the projection of the load force
vector on the L;ybody of the vertebra on the X and Y axes due to
bending in the lumbar spine (model 3)

Fig. 7. Graphs of changes in the projection of the load force
vector on the body of the Ly vertebra on the X and Y axes due to
bending in the lumbar spine (model 5)
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Table
Load force on the iliac bone surface in the sacroiliac joint in all models
Angle Percentage of body weight (%)
(degrees)
model 1 model 2 model 3 model 4 model 5
X Y X Y X Y X Y X Y
0 6.9 48.9 7.1 48.6 16.1 16.1 16.0 60.8 15.9 64.1
45 0.9 42.6 0.8 41.0 1.3 1.3 1.7 43.7 1.0 48.0
Change (% of body weight) 6.1 7.3 6.3 7.6 14.8 14.8 14.3 17.1 14.9 16.1

from a bending angle of 45°), reverse changes oc-
curred in a mirror image (Fig. 7).

Discussion

Muscle strength and function were the same for
all types of instrumented spondylodesis created, and
did not take into account trauma during access. All
of these factors and the results of our study predict
minimal muscle damage during surgery.

To analyze the simulation results, the obtained in-
dicators are tabulated.

In models with spondylodesis, load changes occur
mainly in the vertical direction (along the Y axis),
the maximum changes (17.1 %) were recorded in
model 4 with hyperlordotic fixation. In the horizon-
tal direction (X-axis), the changes are not significant,
within 1% in models with spondylodesis, but com-
pared to the basic model (1), an increase in the load
force by 2.5 times was noted. It stands to mention that
the direction of the load force is a vector quantity, so
an increase in the load in the vertical direction cor-
respondingly decreases it in the horizontal direction,
and vice versa. That is, the method of lordotic fixation
can change the ratio of the vertical and horizontal di-
rection of the force, and accordingly, adjust the load
on the body of the vertebra.

The mechanical effect of force loads on adjacent
segments with the fixation zone can be determined
from the results of the study. Modeling provides
greater insight and characterization and explains
the relationship between muscles, spondylodesis, kine-
matics of loads on the vertebral body above the level
of instrumentation after a surgical intervention. Such
changes in the load amplitude, firstly, can affect
the development of diseases of the adjacent segment
adjacent to the spondylodesis zone, and secondly, be
one of the factors in the development of complications
directly related to the transpedicular construction.

The experiment also provided evidence that
changes in the sagittal position of the lumbar lordosis
are essential among other possible mechanical fac-
tors that need to be taken into account during surgical
treatment using instrumental spondylodesis. Fixa-

tion in the hyperlordotic position led to an increase
in loads on the upper adjacent segment, however,
the obtained indicators of increase in load force were
insignificant in relation to fixing the lordosis in an
intact position.

The study showed changes in the kinematics
of load forces on the vertebra adjacent to the level
of instrumental spondylodesis. The developed kine-
matic models in this study can potentially be offered
as a guide during planning of surgical intervention as
preventive measures of complications of transpedi-
cular fixation. It is necessary to be careful in case
of extrapolation of these results in clinical practice.

In general, the modeling of the presented configu-
rations of instrumental spondylodesis (intact, norm-
lordotic, hyperlordotic, hypolordotic positions due to
changes in the L;,—S; spondylodesis angle) showed
that the load force of adjacent segments during for-
ward bending depends on the performed angle of in-
strumental spondylodesis.

Conclusions

The study of the kinematic model of the lumbar
spine using Ly—S; bisegmental spondylodesis has
shown that the load force of adjacent segments dur-
ing forward bending depends on the performed angle
of instrumental spondylodesis. The upper adjacent
vertebra of the fixation zone has been found to have
a relatively insignificant increase in the load when
fixed in the hyperlordotic position, while in hypolor-
dotic one the load on the upper segment led to an
increase in the loads on the upper adjacent segment,
and in the case of hypolordotic one to a slight de-
crease compared to the normolordotic fixation option.

According to the results of the study, minimal
muscle damage is expected during surgery, so the re-
liability of the model is closer to minimally invasive
intervention.

The developed kinematic models can be useful
when planning a transpedicular fixation operation in

order to prevent complications.
Conflict of interest. The authors declare no conflict

of interest.




ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2023. Ne 3

References

1.

Nasser, R., Yadla, S., Maltenfort, M. G., Harrop, J. S.,
Anderson, D. G., Vaccaro, A. R., Sharan, A. D., & Rat-
liff, J. K. (2010). Complications in spine surgery. Jour-
nal of Neurosurgery: Spine, 13 (2), 144—-157. https://doi.
org/10.3171/2010.3.spine09369

[zumi, Y., & Kumano, K. (2001). Analysis of sagittal lumbar
alignment before and after posterior instrumentation: Risk
factor for adjacent unfused segment. European Journal of Or-
thopaedic Surgery & Traumatology, 11 (1), 9—13. https://doi.
org/10.1007/bf01706654

Kobayashi, T., Atsuta, Y., Matsuno, T., & Takeda, N. (2004).
A Longitudinal Study of Congruent Sagittal Spinal Align-
ment in an Adult Cohort. Spine, 29 (6), 671-676. https://doi.
org/10.1097/01.brs.0000115127.51758.a2

Jackson, R. P., Peterson, M. D., McManus, A. C., & Hales, C.
(1998). Compensatory Spinopelvic Balance Over the Hip
Axis and Better Reliability in Measuring Lordosis to the Pel-
vic Radius on Standing Lateral Radiographs of Adult Vo-
lunteers and Patients. Spine, 23 (16), 1750—1767. https://doi.
0rg/10.1097/00007632-199808150-00008

Popsuyshapka, K., Kovernyk, O., Pidgaiska, O., Karpinsky, M., &
Yaresko, O. (2022). Study of the stress-strain state of the models
of posterior lumbar fusion in negative indicators of sagittal
balance of the spine and pelvis. TRAUMA, 23 (6), 11-27.
https://doi.org/10.22141/1608-1706.6.23.2022.919

Gelb, D. E., Lenke, L. G., Bridwell, K. H., Blanke, K., &
McEnery, K. W. (1995). An Analysis of Sagittal Spinal Align-
ment in 100 Asymptomatic Middle and Older Aged Volunteers.
Spine, 20 (12), 1351-1358. https://doi.org/10.1097/00007632-
199506020-00005

Kobayashi, T., Atsuta, Y., Matsuno, T., & Takeda, N. (2004).
A Longitudinal Study of Congruent Sagittal Spinal Align-
ment in an Adult Cohort. Spine, 29 (6), 671-676. https://doi.
org/10.1097/01.brs.0000115127.51758.a2

Vital, J.-M., Gille, O., & Gangnet, N. (2004). Equilibre

10.

11.

12.

13.

14.

15.

sagittal et applications cliniques. Revue du Rhumatisme,
71 (2), 120-128. (in French) https://doi.org/10.1016/].
rhum.2003.09.020

Barrey, C. (2011). L'Equilibre Sagittal: Equilibre sagittal
pelvi-rachidien et pathologies lombaires dégénératives Etude
comparative a propos de 100 cas (Omn.Univ.Europ.) (French
Edition). Editions universitaires européennes.

Barrey, C., Jund, J., Noseda, O., & Roussouly, P. (2007). Sagittal
balance of the pelvis-spine complex and lumbar degenerative
diseases. A comparative study about 85 cases. European
Spine Journal, 16 (9), 1459-1467. https://doi.org/10.1007/
s00586-006-0294-6

Barrey, C., Jund, J., Perrin, G., & Roussouly, P. (2007). Spinopel-
vic alignment of patients with degenerative spondylolisthe-
sis. Neurosurgery, 61 (5), 981-986. https://doi.org/10.1227/01.
neu.0000303194.02921.30

Jackson, R. P., & McManus, A. C. (1994). Radiographic Analy-
sis of Sagittal Plane Alignment and Balance in Standing
Volunteers and Patients with Low Back Pain Matched for Age,
Sex, and Size. Spine, 19 (Supplement), 1611-1618. https://doi.
0rg/10.1097/00007632-199407001-00010

Barrey, C., Roussouly, P., Perrin, G., & Le Huec, J.-C. (2011).
Sagittal balance disorders in severe degenerative spine. Can
we identify the compensatory mechanisms? European Spine
Journal, 20 (S5), 626—633. https://doi.org/10.1007/s00586-
011-1930-3

Delp, S. L., Anderson, F. C., Arnold, A. S., Loan, P., Habib, A.,
John, C. T., Guendelman, E., & Thelen, D. G. (2007). Open-
Sim: Open-Source Software to Create and Analyze Dynamic
Simulations of Movement. /EEE Transactions on Biomedi-
cal Engineering, 54 (11), 1940—1950. https://doi.org/10.1109/
tbme.2007.901024

Raabe, M. E., & Chaudhari, A. M. W. (2016). An investi-
gation of jogging biomechanics using the full-body lumbar
spine model: Model development and validation. Journal
of Biomechanics, 49 (7), 1238—1243. https://doi.org/10.1016/].
jbiomech.2016.02.046

The article has been sent to the editors 29.06.2023

STUDY OF THE L,, VERTEBRAL BODY LOAD

DURING DYNAMIC SIMULATION OF MOVEMENTS

IN THE LUMBAR SPINE USING MUSCULOSKELETAL MODELS
AFTER POSTERIOR BISEGMENTAL SPINE FUSION PERFORMANCE

0. O. Barkov, R. V. Malyk, O. D. Karpinska
Sytenko Institute of Spine and Joint Pathology National Academy of Medical Sciences of Ukraine, Kharkiv

< Oleksandr Barkov, MD, PhD in Traumatology and Orthopaedics: a.barkov.79@gmail.com
<] Roman Malyk, PhD in Traumatology and Orthopaedics: dr.roman.malyk@gmail.com

<] Olena Karpinska: helen.karpinska@gmail.com



