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Comparative gait analysis of patients with different design
of total knee arthroplasty

Ynopeana aHanusa xo/a naigjeHara ca yrpal)eHuM TOTaJIHUM €HI0IpoTe3aMma

3171002 KOJIeHa pa3IMYUTor J13ajHa

SUMMARY

Introduction/Objective The essence of the treatment
of degenerative knee joint diseases is pain relief,
restoring motion range and stability of knee joints.
Methods In this study, 35 patients participated after
having surgery of the knee joint. The patients had a
posterior - stabilized (PS) endoprosthesis in one joint,
and a posterior cruciate ligament retaining (CR)
endoprosthesis in the other. Kinematic data was
collected using a 3D optical system for tracking
fluorescent markers in time. Based on these data, the
following parameters were determined: degree of
flexion, medio - lateral (ML) translation, lateral gap,
medial gap and the angle of change between the
transtibial and transfemoral axes.

Results The results show a more pronounced flexion
degree with the PS prosthesis compared to the CR
prosthesis. Also, the results show negligible values of
the ML translation, lateral gap and medial gap in both
types of prostheses. Using the non-parameter
Wilcoxon test, a substantial difference in the angle
change between the transtibial and transfemoral axes
was confirmed, that is, in the flexion angles.on the CR
and PS prostheses.

Conclusion This study shows that there is no great
difference-in the use of the PS or CR designs of
endoprostheses. Better behavior and range of motion
in" the “knee  joint were established with the
implantation of the  PS endoprosthesis. This
conclusion is confirmed by the substantial difference
in the degree of flexion of the knee joint and in the
position of the transversal axes of the tibia and femur.
Keywords: Gait analysis, Gait kinematics,
Gonarthrosis, PS endoprosthesis, CR endoprosthesis

INTRODUCTION

CAXETAK

VYeoa/Ilum CymiTiHa Jieuea JereHepaTHBHIX 000-
Jbema 3171002 KoyieHa je yOmaxkaBame 00sioBa, 00OHA-
BJbamE OIICETa MOKPETa U CTaOWIHOCTH 3171003 KoJte-
Ha.

Metoau Y 0B0j CTYIHjH je y4eCTBOBAIO-35 mamnuje-
HaTa HAKOH olepariyje 3ria00a KoseHa. Ilamujedru cy
uManu yrpaheHy eHponpore3y 3mioda KoJieHa ca
3ammoM crabunusanujom (I1C) Ha jeaHOM KOJICHY H
€HJIONPOTE3y Ca OUYBAHUM 33FbUM YKPIITCHUM JIH-
ramenToM (IIP) Ha apyrom. Kunemarcku nogamu cy
NPUKYIUbeHN KopHirheweM 317 oNTHYKOI CHCTeMa
KOjuM /ce mpate. (pIyopeclieHTHH MapKepH TOKOM
BpeMeHa. Ha ocHOBY oBux mopmaraka, oxpeleHu cy
crnenehu mapameTpu: creneH (iexcuje, MeaujarHo-
narepanaa (MJI) tpancnamnmja, natepanau mehympo-
CTOp, MeAWjaHM MelynmpocTop M HpOMEHa yria
m3meljy TpaHcTHOHjaTHe U TpaHCPEeMOopaTHe oce.
Pe3yaratm Pesynratuma je mokasaH Behu CTemeH
¢nekcuje xon IIC y ognocy Ha LIP enmomporese.
Takolje, pe3y/aTaTi MOKa3yjy 3aHEMapJbUBE BPEIHO-
ctu MJI Tpancnanuje, natepansor mehynpocropa u
MeujaHor Mel)ynpocropa ko 06a Tuma eHa0npoTe-
3a. Kopumhemem Hemapamerpujckor Wilcoxon tec-
Ta, MOTBpheHa je CyIITHHCKA Pa3uKa y IIPOMEHH yIia
mMel)y TpaHCTHOMjalHE W TpaHC(pEeMopaiaHe oce,
onmHOCHO y ctenieHy (iekcuje LIP u [1C nporesa.
3akpyuyak CTyadjoM je TOKa3aHO Aa HE IOCTOjH
Benmka pasiuka y kopumhewmy [1C wmm P enmo-
nporese. bobe MoHaIame U OIcer oKpeTa y 3100y
KoJieHa ce mnoctmwke yrpaiamom [IC engonporese.
OBaj 3aKkJby4YaK je MOTBPHEH CYIITHHCKOM Pa3IHKOM
y creneHy ¢uiekcuje 3rioda KoJieHa W Io3ulirjama
TpaHCBep3aTHUX oca Gemypa u THOHje.

KibyuHe peun: AHanmsza xona, KuHemaTnka Xoja,
lonaprposa, Ennonporesa ca 3aIFOM
crabuimzanujom, EHonporesa ca o4yBaHUM 3a/IHHM
YKPIITEHUM JINTAMEHTOM

The basic role of knee arthroplasty is pain relief, restoration of knee joint motion

range and stability [1]. Therapy success of implanted endoprostheses is most commonly

defined by clinical and radiographic methods and tests based on the subjective feeling of
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patients about their pain and everyday functioning, such as the Knee Society Score (KSS),
Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) and EQ-5D [2,
3, 4, 5]. Functional comparisons of different implanted endoprostheses are difficult because
of many subjective factors related to patients and their various postoperative expectations [6].
Therefore, examiners had a demanding task related to the application of the
innovative objective methods for determining the level of physical activity, that is, the
evaluation of operation success. The aim of this study is a simultaneous examination of
motion analysis in both knees where due to gonarthrosis, a posterior-stabilized, that is, a
cruciate-substituting endoprosthesis was implanted in one knee, and a cruciate-retaining

endoprosthesis was implanted in the other.

METHODS
Patients

The examination was conducted at the Clinical Center of Kragujevac (Serbia). The
selection of patients was done based on the following criteria:

The patient suffers from gonarthrosis that was diagnosed based on -anamnesis, clinical
examination, and the analysis of radiographic records with the application of Kellgren-
Lawrence (KL) classification [7, 8];

Based on the KL classification, gonarthrosis belongs to the third or fourth -stage of the
disease;

All affected knees had a varus deformity with -deviation of the axis of 5-15°;

All the knee joints that were analyzed preoperatively had a flexion deformity of less
than 10°;

The PS endoprosthesis was implanted in one knee joint, and -the CR endoprosthesis

was implanted in the other;
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The patient does not suffer from neurological, rheumatological, or similar diseases,
that is, diseases that may affect the disruption of -walking pattern.

In the examination, there were 35 patients who suffer from gonarthrosis (mean value
of years 68,79 + 5,98, mean value of weight 81,5£16,18 kg, and mean value of height 167,86
+ 8,51 cm). The patients were familiarized with the procedure of examination to which they
voluntarily agreed. Gait analysis was done six months after the second arthroplasty. All the
patients signed an agreement for participating in the study.

This study was done in accord with standards of the institutional Committee on

Ethics.

Implant system

In the study, two endoprosthesis designs were used. The PS endoprosthesis was
implanted in one knee (NexGen Complete Knee Solution Legacy Posterior Stabilized Knee,
Zimmer, Warsaw, IN, USA), and -the CR endoprosthesis was implanted in the other
(DEPuySynthes, SIGMA, Primary Knee System, Cruciate Retaining design,

DePuyQrthopaedics;.Inc, Warsaw, IN, USA).
Clinical evaluation

All knee arthroplasties were done with a standard medial parapatellar incision. After
the performed operation, verticalization and early rehabilitation were performed at the clinic.

All the performed operations were done by the same group of surgeons.

Instrumentation and protocol
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Srp Arh Celok Lek 2021 | Online First May 27, 2021 | DOI: https://doi.org/10.2298/SARH200706046P 5

Kinematic data was collected using a 3D OptiTrack system (Natural Point, Inc.,

Oregon, www.naturalpoint.com). This system consists of 6 infrared cameras (V100:R2) all

with a resolution of 640%480 pixels and a frame rate of 100fps.

Using the afore-mentioned system, the tracking of positions of the 8 fluorescent
markers (10 mm diameter) in space was done. The markers were placed on anatomic
positions [9,10] of the lower extremities to allow for repeatability of the examination, in the
area of the great trochanter, on the medial and lateral femoral epicondyle, medial and lateral
tibial epicondyle, on the center of the ankle joint and on the diaphysis-of the femurand tibia
(Figure 1).

Visualization was done using ARENA Software (Natural Point, Inc., Oregon,

www.naturalpoint.com).

During the tracking protocol, patients moved without shoes at their own speed along a

straight line (length 3m) towards the cameras. The tracking was repeated at least twice.

Kinematic data
The obtained data from the ARENA Software was extracted to a standard VICON
.c3d recording format. Furthermore, data processing was done using the MATLAB program

(The MathWorks, Inc, USA, www.mathworks.com), that is, an evaluation of the following

parameters was made: flexion angle, ML translation, medial gap, lateral gap, and the change
between the transfemoral and transtibial axes. Depending on the implant, the processed data
was divided into the PS or CR group. The kinematic analysis was based on the principles of a
three-dimensional body.

The mean value and standard deviation calculated for every observed parameter,

while a comparison was made using the non-parameter Wilcoxon test.
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RESULTS

The results for the examined prostheses (PS and CR) were shown using the mean
values of -change in the observed parameters for the stance phase and the swing phase
(flexion angle, ML translation, medial gap, lateral gap, change between transfemoral and
transtibial axes) listed in -Table 1 and using movement curves shown in -Figure 2. The'values
of the observed parameters were approximately equal.

The flexion angle (Figure 2a,b) shows that a patient’s leg is slightly bent in the stance
phase, and that it stays in that position until the swing phase starts. Also, Figure 3b shows that
the flexion angle in the stance phase is more expressed in the PS endoprosthesis design
(Table 1).

There is relatively little ML translation (Figure 2¢,d, Table 1) in both endoprosthesis
designs. However, in the first 30% of the gait cycle for both types of prostheses, it can be
noticed that there is a slight medial motion and that with the beginning of the swing phase,
the lateral motion starts, and at the end of this phase the medial motion starts again.

The lateral gap (Figure 2e,f, Table 1) is between -1 and 1 mm. These movements in
the knee joint occur in the stance phase and are completely eliminated when the swing phase
starts. With the CR endoprosthesis design, a gap increase is noticeable in the first 10% of the
gait cycle, while in the PS design, the gap increase occurs in the first 30%. The medial gap
(Figure 2g,h, Table 1) is almost constant. Its changes are very little, and their values represent
hundredths of a millimeter.

The angle that the transtibial and transfemoral axes form (Figure 2i,j, Table 1)
remains constant during the entire gait cycle in both endoprosthesis designs.

Figure 2. Graphic representation of the parameters: a) Degree of flexion-CR, b)
Degree of flexion-PS, ¢) ML translation-CR, d) ML translation-PS, e) Lateral gap-CR, f)

Lateral gap-PS, g) Medial gap-CR, h) Medial gap-PS, i) Angle change between the transtibial

DOI: https://doi.org/10.2298/SARH200706046P Copyright © Serbian Medical Society
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and transfemoral axes-CR, and j) Angle change between the transtibial and transfemoral
axes-PS

The non-parameter Wilcoxon test (Table 2) determines that there is no statistically
substantial difference in the ML translation, and lateral and medial gap in the PS and CR
prostheses. However, a substantial difference is determined in the angle change between the
transtibial and transfemoral axes, that is, the flexion angles in the CR and PS prostheses. This
change is not accidental — it occurs under the influence of systematic or experimental factors
with a statistical significance of p = 0.01, a possible error of p < 0.01 and certainty of P>

99%.

DISCUSSION

The analysis of the success of knee arthroplasty using various endoprosthesis designs
has been a topic of many examinations that are usually based on the use of subjective tests
and the matching of patients with different types of endoprostheses [2, 11-16]. In our
examination, an objective index of the gait pattern was used after knee arthroplasty in the
same patient with, in one knee joint, an implanted endoprosthesis with sacrifice of the
posterior cruciate ligament, and in the other, an endoprosthesis with a preserved posterior
cruciate ligament.

Over the past years, the design and technology of implanted endoprostheses has been
significantly improved, and many producers have placed various implant designs on the
market. The choice of implants, in the majority of cases, depends on a surgeon's personal
experience. Apart from the surgeon's experience, the implantation of the CR or PS
endoprosthesis designs depends on the pathoanatomic change of the knee joint and on

ligament stability [11, 17, 16].
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Currently, there are disagreements regarding the sacrifice or retention of the posterior
cruciate ligament in total knee prosthesis implantation. Marczak D. et al. suggest that the
proprioception property of patients shows better results with the PS endoprosthesis compared
to the CR implant [12]. Additionally, there are similar claims by Vanlauwe J. et al, who
suggest that the implantation of the PS endoprosthesis design shows slight flexion instability,
slight clinical, radiologic laxity, greater freedom of movement; as well as slight
complications after the implantation compared to the CR implant [13]. A complete knee
arthroplasty with retention of the posterior cruciate ligament (CR) has its.own advantages
compared to implantation of the total knee endoprosthesis with'sacrifice of the posterior
cruciate ligament (PS). The advantages are, firstly, it is based on a natural rollback of the
femoral condyle during extension in the knee, as well as low osteotomy of the distal femur
[11]. The disadvantage of implantation of such an endoprosthesis design is poor balance of
soft tissue, which can lead to loosening of the implant. There are certain indications when it is
necessary to place an implant with posterior stabilization that replaces the posterior cruciate
ligament (PCLY) function, such as a lack or insufficiency of the PCL, contraction of the
posterior capsule that demands release, as well as noticeable flexion contractures of the knee.

Considering the divided opinions among examiners and clinicians, and in order to
obtain-objective results about the behavior of the knee joint, after implantation of the CR and
PS endoprostheses, kinematic data were collected using the 3D OptiTrack system. A similar
methodology of 3D gait analysis was used by Bytyqi D. et al. and Prodanovic N. et al, who
analyzed deformity of the gait pattern of the knee joint with degenerative change using the
afore-mentioned methodology [14, 15]. The methodology has proved to be an excellent mode
for diagnosing lesions of the anterior and posterior cruciate ligament, shown by Mati¢ A. et

al. and La Prade R.F. et al. in their examinations [18, 19].
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The method of establishing contact between implant elements has a direct influence
on the functionality and durability of implants. As already mentioned, there are disputes
about the placement of PS and CR implants. However, various studies have shown that there
is no substantial difference in their use [20, 21]. Koga Y. belongs to the group of examiners
who think that better reduction in knee joint rotation is achieved through the use of the’'CR
implant type because of the increased tension in the PCL [22]. Global analyses on the range
of knee joint flexion have shown that rejection of the PCL increases the flexion angle by 2%
[20]. Our results in Table 1 show that an increase in the degree of flexion occurs in the stance
phase, while in the swing phase, the degree of flexion remains‘equal with the CR and PS
prostheses. Similar results were obtained by Murakami K. et al. who analyzed the walking
pattern after bilateral arthroplasty of the knee joint using a treadmill with radiographic
supervision and a flat panel detector [23]. Victor J. etal. examined the comparison of motion
range in both endoprosthesis designs and showed that there is a statistically greater range of
motion after knee endoprosthesis implantation with sacrifice of the posterior cruciate
ligament [24,25].

With the use of the computational model and simulation of real conditions, potential
conclusions of implant application can be drawn. With this model, Smith CR et al. showed
potential behavior of the PS endoprosthesis. Based on their results, it was shown that the use
of this type of implant does not influence contact stresses, however it does affect ML
distribution of the stress [26]. An examination of CR prosthesis behavior in vivo was
conducted by Li C. et al. Their results showed that, compared to the osteoarthritis (OA) joint,
there is an increase in ML translation. With the increase of this translation, a change in the
knee mechanics occurs, e.g., there is a change in the distribution of force and stress in the
knee [27]. Stress distribution is closely related to the realized contact [22], which our results

showed. The ML translation is more noticeable with the use of the PS prosthesis rather than
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the CR implant. As the movement is more frequent in the gait cycle, contact is achieved on a
greater surface, which influences the increased stress distribution in the ML direction.

The results show that there is a greater range of motion with the use of the PS implant.
Similar results were obtained by Jiang C. et al. They think that these results can be connected
to the removal of the PCL and a better balancing of the soft tissue [28].

In the gait analysis, we performed an examination of the medial and lateral gap.'/An
increased gap occurs on the lateral side with the use of both types of endoprostheses, while
the medial gap is non-existent. These gaps are noticeable in the stance phase (extensive and
lateral gap). Christoph S. et al. proved that PCL resection doesnot influence the gap size.
They analyzed the influence of PCL resection after knee arthroplasty [29].

In total arthroplasty of the knee joint, it'is recommended that the transtibial and
transfemoral axes be parallel [30], shown by the results in Figure 4e. There is a slight
deviation for both endoprosthesis designs in.the first 40% of the gait cycle due to the lateral
gap occurring at the same moment.

This study has several shortcomings that must be considered. The main weakness of
our research is that surgeries were done in two separate procedures, therefore the period from
operation to movement recording is not identical for both knees. Secondly, the use of optical
systems for gait analysis is not such a precise procedure as dynamic radiographic
examination, however, compared to the afore-mentioned procedure, it is superior due to the

possibility of 3D analysis and the ultimate safety of the patient (i.e., through lack of x-rays).

CONCLUSION
In this study, we examined the kinematic behavior of the knee joint with the
application of objective methods after knee joint arthroplasty when the same patient was

implanted using a PS endoprosthesis design on the one knee, and a CR on the other. The
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purpose of this surgical intervention is to restore the original knee joint kinematics and
eliminate patients’ discomfort. Even though there is no substantial difference between these
two designs, better behavior and range of motion in the knee joint were achieved with the
implantation of the PS endoprosthesis. This was confirmed by the substantial difference
(shown using the Wilcoxon test) in the degree of flexion in the knee joint, and in the position

of the transversal axes of the tibia and femur.
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Table 1. Values of the observed parameter values

Posterior cruciate ligament

Cruciate ligament retaining

transtibial axes, °

Parameter : )
Stance Swing Stance Swing

Flexion angle, ° 13.98+1.66 | 18.52 +7.67 11.35+0.97 18.85+7.21

Medio-lateral 019+018 | 012+031 | -001+018 | -0.02+0.34
translation, mm
Lateral gap, mm -0.19+£0.33 0.03+0.12 -0.11 £ 0.35 0.02+0.12
Medial gap, mm 0.01 +£0.04 0.01+0.03 0.01+0.02 -0.01 +0.03
Change between
transfemoral and 0.06 £0.04 0.03+0.01 0.11 £0.02 0.08.+£0.01
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Table 2. Wilcoxon test

stabilized

Compared groups Value
Flexion angle degree cruciate ligament retaining vs. Flexion angle degree N o
. - sig. = 0.00
posterior-stabilized
Medio-lateral translation cruciate ligament retaining vs. Medio-lateral .
. . i X sig. = 0.837
translation posterior cruciate ligament
Lateral gap cruciate ligament retaining vs. Lateral gap posterior- N
i sig. =0.945
stabilized
Medial gap cruciate ligament retaining vs. Medial gap posterior- . g
- sig. = 0.623
stabilized
Change between transfemoral and transtibial axes cruciate ligament
retaining vs. Change between transfemoral and transtibial axes posterior= sig. = 0.00 **
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Figure 1. Clinical anatomical position of markers on e
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Figure 2. Graphic representation of the parameters: a) Degree of flexion-CR, b) Degree of
flexion-PS, ¢) ML translation-CR, d) ML translation-PS, e) Lateral gap-CR, f) Lateral gap-
PS, g) Medial gap-CR, h) Medial gap-PS, i) Angle change between the transtibial and

transfemoral axes-CR, and j) Angle change between the transtibial and transfemoral axes-PS
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