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Abstract

Urgency. These days hip endoprosthetics is quite common surgery. Following
prosthetics, most of the functional limb disorders were observed in the patients under
treatment at the early and long-term periods after surgery. This was associated with uneven
loading on the feet when walking. The objective: to evaluate the load distribution of patients’
feet plantar surface after hip replacement for coxarthrosis, depending on the use of anterior -
lateral or posterior - lateral surgical approach. Materials and methods. The parameters of
podobarography were analyzed in 120 patients before operation, at early and long-term
postoperative periods after hip replacement. Herewith 60 patients underwent anterior-lateral
and 60 patients - posterior-lateral approach. Results. The indices of the load by the zones of
the feet plantar surfaces and the ratio of the operated-contralateral limb after endoprosthetics
at the stages of functional recovery varied. The imbalance of values under the use of anterior-
lateral and posterior-lateral approach can be regarded as a compensatory mechanism for the
transfer of the projection of the body’s gravity center to the support area due to the
redistribution of muscle activity between agonists and antagonists to maintain the joint’s
stability after implant’s positioning.
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It is known that in the case of coxarthrosis, especially of its long-term course,
biomechanical-geometric parameters of a hip are distorted, which is manifested in the
asymmetry of weight loads on the feet, development of asymmetry of steps, decrease of stride
length, impaired rhythmic walking, etc. [4]. Despite the fact that nowadays total
endoprosthesis has become the main, and often the only possible, method of severe
pathological changes of the hip treatment, which allows to restore the hip support ability,
achieve sufficient amplitude of movements range, relieve the patient of pain, lameness, return
the one to normal life, the number of positive results achieved immediately after surgery in
longer observation times [3, 6] is growing less.

The many authors claim that immediately after surgery in most patients, these
functional disorders disappear within 6 months, but in some cases they continue to be
observed at a more distant time, which may be associated with hypotrophy of the thigh
muscles and joint contracture, or joint contractility, errors in the prosthesis positioning;
inflammatory phenomena, loosening of the endoprosthesis [2, 5].

The results of the gait biomechanics study indicate that with good results of treatment,
the natural patient’s pace remains reduced for several years after prosthetics, the load on the
operated limb during gait and muscles strength are reduced. Foot transfer duration in patients
after surgery on the side of the intervention is significantly greater than on the non-operated
foot. The legs uneven loading in patients underwent hip replacement when walking is
associated with a deficiency of sensory mechanism around the artificial joint, which in turn
leads to overloading of the non-operated leg [8, 9]. Among these reasons of the main
symptoms persistance, our task was to investigate the role and degree of impact of various
surgical approaches of hip replacement in early and long-term follow-up, which remains the
subject of debate and is still unexplained.

The objective: to evaluate the load distribution of feet plantar surface in coxarthrosis
stage Il patients underwent hip arthroplasty depending on the use of different surgical
approaches.

Materials and methods. A biomechanical study was performed at the biomechanics
laboratory with the use of podobarography. Parameters of podobarography of 120
preoperative patients in early (3 weeks) and long-term (4 months) postoperative periods after
hip replacement were investigated. Of these, 60 patients underwent surgery from the anterior -
lateral and 60 - from the posterior - lateral surgery.

Podobarography is used for the functional estimation of the load distribution on the

feet plantar surface during double limb stance and intended to objective quantification of the
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feet individual characteristics under the conditions of static loading. To estimate the load
distribution on the plantar surface of a human’s feet [1] a special device was used. It allowed
to get data of feet posterior, anterior - external, anterior - median and anterior — internal
plantar surface [Fig. 1] was used to estimate the load distribution on the plantar surface of the
human foot [1], with the help of which data were obtained on the load of the posterior,
anterior-outer, anterior-midline, and anterior-inner plantar surfaces of the feet (Fig. 1).

Fig. 1. Device for estimation of load distribution on plantar surface of foot

A computer software system and device with two load cell platforms was used. The
construction allows the platforms to be placed individually at different distances, heights and
at different angles relative to each other, depending on the individual features of each patient's
standing. The patient, with the help of the operator, placed the feet on the surface of load cell
platforms, according to the position of the feet, and was in the normal upright position,
looking ahead (Fig. 2).

Fig. 2. Position of patient's feet on load cell platforms
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Measurements were made within 30 seconds, with subsequent registration of the
parameters under study (Fig. 3). The results obtained were exported to the database.

Results. The analysis of load forces values in different segments of the plantar surface
of the foot made it possible to carry out an objective assessment of the functional status of
coxarthrosis patients at the pre-surgical stage, as well as to monitor pathological changes or
restorative processes after postendoprosthesis of hip joints and joints at early and long-term
post-operative periods.
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Fig. 3. Indicators of load distribution on the plantar surface of the feet in "Planto”
software

The following parameters were determined: 1) symmetry of loading on the affected
and intact limb; 2) symmetry of loading on the heel and toe sections separately for the
affected and intact foot; 3) the distribution of loads into separate segments of the feet -
anterior-medial, anterior-median, anterior-lateral and posterior (heel) separately for each foot;
4) symmetry of loading on separate segments of feet; 5) indicators of loads distribution on
separate segments of feet after surgery.

According to podobarography data the changes in the load values across all zones of
the plantar surface and the ratio of the operated-contralateral (intact) limb in the stages of

postoperative functional recovery (Tables 1, 2) were observed.
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Table 1

Dynamics of average values of load on the segments of the feet after hip replacement with the

use of posterior-lateral approach

Indexes of load, (% of body mass)

Before operation Early post-operative | Long-term post-
period operative period
Part of foot | Referen-
plantar surface |ce values| pamaged Contra Damaged Contra Damaged Contra
. lateral . lateral . lateral
limb, | i, | ImD g, | NME g
M=+m Mim M=£m Mim M=£m Mim
Anterior- 8,5+0,0 | 2,812 |8,23+05 | 3,702 |587+1,1 | 58+07 | 59+14
external
Anterior-medial | 9,9+0,8 | 7,07£1,9 | 13,320,7 | 7,1#0,9 |12,03+1,9| 10,3+1,2 | 12,32,1
Anterior-internal | 2,4+1,1 | 5,303 | 6,521,1 | 3,910 | 7,120,9 | 52+1,1 | 7,021,0
E’r?esetg”orpa” 28,0+1,2| 19,941,1 | 36,9+3,1 [11,83+2,1| 715+4,7 | 22,8+2,1 | 37,0+4,3
Total
distribution 50,0+1,6|25,08+2,4| 64,9+2,9 |17,85+3,8|82,1525,0| 37,7+3,0 | 62,1%3,8
between limbs

Thus, in the group of patients with anterior-lateral access at hip replacement a
difference in load between the affected and contralateral limb due to the emphasis of support
for intact (conditionally healthy limb) was noted. Compared with the reference values, there
was a 17% load decrease on the plantar surface of the foot on the side of the lesion along
anterior-outer area.

The load on the anterior-medial and anterior-internal foot areas vicer versa increased
by 4 and 84% correspondingly. The load on the anterior foot area was incresead by 5% and
that on the posterior part was within the reference values. Thus, the total load on both feet was
uniform, on the side of lesion it corresponded to the values of the contralateral (intact) limb
(50% : 50%), that is, the affected limb, unlike intact, occupied an externally rotational
position.

In the early postoperative period, the difference in the load indexes on the operated

limb, compared with the contralateral, increased.
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Table 2
Dynamics of average values of load on the parts of feet after hip replacement with anterior-

lateral approach

Load indexes, (% of body mass)

Early post-operative | Long-term post-

Before operation period operative period

Part of foot Referen

plantar surface C€ | Damaged| Contra Contra |Damaged| Contra

values | [imp, lateral Dallirrr:]at?ed lateral limb, lateral
limb, Min; limb, M+m limb,
M=+m M=+m M=+m M=+m

Anterior-external |8,5+0,9| 7,5+1,2 | 2,23+2,0 | 3,9+1,9 | 59+1,1 | 4,0+0,3 | 5,6%£2,0

Anterior-medial |9,9+0,8| 10,4+0,3 | 7,77+1,9 | 8,03+0,7 | 10,7+1,8 | 8,4+0,1 | 9,8+0,1

Anterior-internal |2,4+1,1| 4,6+0,1 | 5,4+0,8 | 3,96+0,3 | 3,5+0,6 | 2,9+1,4 | 3,0+0,2

Posterior part 128,041, 1 7 517 1 213109 |24.16+1,2|40,6142,7| 31.542.2 | 38,7+1.1

(heel) 2
Total distribution |50.0£1,| 5 7,9 3 | 49,3422 | 42,8+1,9 | 57,242,3 | 44,1£2,3 | 54,240,9
between limbs 6

Compared with the reference values, there was a decrease in the load indexes on all
sections of the plantar surface of the foot on the side of the lesion, except the anterior - inner
part, where the index increased by 58%. Front and posterior foot loads were reduced by 26
and 14%, respectively. In this case, the total foot load on the side of lesion was 14% less.

In the long-term postoperative period, after the use of anterior-lateral access, the
values of the loads on the operated limb tended to reach the parameters of the contralateral
limb, the load difference was leveled. Compared with the reference values, the load indexes
on the anterior- external segment of the plantar surface of the foot on the lesion side was
lower by 56%, on the anterior-middle one - by 16%. At the same time, the load indexes on the
front - inner segment were 16% higher than the reference values. The load on the foot front on
the side of the lesion was 19% lower and on the back one - 13% higher than the reference
value.

Patients who underwent posterior-lateral approach for hip endoprosthetics also noted
the difference in load between the affected and contralateral limbs before surgery, due to the
emphasis of the support on intact, conditionally healthy limb. Compared with the reference

75



values, there was a decrease in the load indexes across all sections of the plantar surface of the
foot on the side of the lesion, except for the anterior- inner part, where the values almost
doubled. Front and back foot loads were reduced by 29%. In this case, the total load on the
foot on the side of lesion was reduced by 49%. Loadings values on the fot plantar surface of
contra lateral limb increased accordingly.

In the early postoperative period the difference in the load indexes on the operated
limb, compared with the contra lateral one, increased.

Compared with the reference values, there was a decrease in the load indexes on all
sections of foot plantar surface on the side of lesion, except for the anterior- inner part, where
the values increased by 56%. Front and posterior foot loads were reduced by 33% and 58%,
respectively. The total load on the foot on the operated side was 64% less.

In the long-term postoperative period, after the use of posterior - lateral approach, the
values of the operated limb loads approached those of the contra lateral limb, the load
difference was leveled. Compared with the reference values, the reduction in load indexes
across all part of the foot plantar surface on the operated side was insignificant - from 2%
(anterior- external part) to 26% (anterior- internal part). Front and back foot part loads were
reduced by 1 and 19%, respectively. At the same time, the total load on the foot on the
operated side was 25% less.

Thus, in long-term postoperative period, there was a transition of body weight to the
intact limb, with unloading of its posterior part. It was associated with the displacement of the
body’s mass projection forward. Significant imbalance of the load distribution over the feet
plantar surface after hip joint endoprosthetics with the use of anterior and posterior approach
can be regarded as a compensatory mechanism for the transfer of the body gravity centre
projection to the support area due to the redistribution of muscle activity between agonists and
antagonists to maintain joint stability after implantation.

Conclusions:

1. Podobarography investigations made after total hip endoprosthetics allow to state
that there are certain changes in the load indexes of a lower extremity in the segments of feet
plantar surfaces (posterior, anterior- external, anterior- medial and anterior-internal) and the
ratio “operated —contralateral (intact) limb” at the stages of postoperative functional recovery.

2. At the early postoperative stage after the use of anterior - lateral approach an
increased values’ difference was revealed. The load on the anterior and posterior foot areas
was decreased by 26 and 14%, correspondingly on the operated side. The increase on the

posterior - internal part equaled 58%, and decrease of total loading on the damaged side
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constituted 14% compared with reference values. When applying posterior - lateral access,
reduction of load on the front (33%) and back (58%) part of the foot, except the anterior -
inner segment (56% increase), and reduction of the total load on the foot on the side of
surgery (64%) in compared to reference values took place.

3. In the lorg-term postoperative period under the use of both anterior - lateral and
posterior - lateral approach, a tendency for the approximation of the values of the operated
limb load to the indexes of the contralateral limb was found. Equalization of the values
difference took place.

4. In the long-term postoperative period under the use of anterior-lateral approach load
decrease on the anterior- external segment of the foot plantar surface (56%) on the side of
surgery was revealed; on the anterior-middle segments it equals 16%; as well 16 % increase
on the anterior-internal (16%), total load decrease on the front of the foot was 19% and there
was 13% increase on the back part of the foot, compared with the reference values. Under the
use of posterior-lateral access decrease in the load on the side of the lesion on the anterior —
internal part (26%), anterior- external (2%) and posterior part (19%) was revealed.
compartment (19%). The total foot load decreased by 25%.

5. In the long-term postoperative period, the body weight is transferred to the intact
limb, with the unloading of the posterior section of the operated limb. This is associated with
the displacement of the body mass centre forward.

6. Significant imbalance of load distribution indices on the plantar surface of the feet
after hip replacement with the use of anterior-lateral and posterior-lateral accesses can be
regarded as a compensatory mechanism for transferring the projection of the body gravity
center to the support area due to redistribution muscles activity after their intraoperation

damage, between agonists and antagonists, to maintain joint stability after implantation.
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