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Assessment of the use of an individual tool

for knee arthroplasty
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Objective. On the basis of comparative radiometric analysis, before
and after surgery, to assess the accuracy of the knee arthroplasty
with an individual instrument. Methods. The analysis of knee ar-
throplasty of 26 patients operated with a special instrument was
performed. Age: 50-59 years — 6, 0-69 — 12, 70-79 — 5, 80 and
older — 3 patients. Men — 3, women — 18. Before the operation
performed a computed tomography of the lower extremities, and af-
ter operation radiography of the lower extremities completely with
the vertical positions of the feet. Patient specific instrument made
according to the original method. The results of the analysis were
performed by comparing X-ray parameters before and after ope-
rations: 1) position of the mechanical axis in the frontal plane on
the plateau of the tibia in percent; 2) medial tibial resection angle
to the mechanical axis; 3) the size of the components of the endo-
prosthesis (femoral, tibial and liner height). Results. Deviations in
the values of the medial tibial and of the lateral femoral angles
between the planned and actually obtained value was an average
of 0.7 %, which can be considered a high indicator of the accu-
racy of the implant position. The position of the mechanical axis
of the limb after the operation differed from the planned by a little
more than 0.9 %. The dimensions of the endoprosthesis compo-
nents and the height of the tibial insert fitted to the patients matched
the planning results in 100 % of the cases, with the tibial insert
height being 9 mm in all cases. The use of an individual tool made
it possible to reduce the time of the operation, not to open the bone
marrow canal of the thigh Conclusions. The use of the original indi-
vidual tool for knee arthroplasty provided a high precision to install
the components of the arthroplasty.

Mema. Ha niocmagi nopiensnbno2o penmeeHomempuiHo2o ana-
i3y 00 ma nicis onepayii OyiHUMuU MOYHICMb 6CTNAHOBIEHHSA
eHoonpome3sa KOAHHO20 €yenioda 3a 00NOMO20H0 IHOUBIOYalb-
noeo incmpymenma. Memoou. IIpoananizosano pesynrbmamu
eHOONpome3y8anHs KONiHHO20 cy2n06a 26 nayienmie (8 40106i-
Kie, 18 sicinok), npooneposanux 3a 00NOM02010 iHOUBIOYANLHO2O
incmpymenma. Bix xeopux: 50-59 poxie — 6 ocio, 60—69 — 12,
70-79 — 5, 80 i cmapwe — 3. [lo onepayii nayicnmam uKoHy-
8AIU KOMN TOMEPHY MOMOSPAMY HUIICHIX KIHYIBOK, a nicis nei' —
PEHM2eH02pahito HUNCHIX KIHYIBOK NOGHICIMIO 3 6ePMUKAILHUM
YCMAHOBNIEHHAM NON0dICeHHA cmon. [nousioyanvhutl incmpy-
MeHm 6U20MOGANU 3a OPUSIHATILHOIO MemoouKoio. Ananiz pe-
3yn6Mamie npoGenu WLIAXOM NOPIGHAHHS peHM2eHOMEeMPUUHUX
NOKA3HUKI6 00 Ma niclis onepayii: NoI0MCEHHA MeXaHiunoi oci
HUMNCHBOI KIHYIBKU Y (DPOHMATbHIT NIOWUHT HA NIAMO BEIUKO-
2OMINIKOBOI KicmKU Yy 8I0COMKAX, MeOianbHUll 8eAUKO2OMIIKO-
8ULL KYM CRUNIOBAHHS 00 MEXAHIUHOL OCI; pO3MIpU KOMHOHEHMI8
enoonpomesa (cmezHogull, 6eaUKOLOMIIKOGUL | UCOMA BKAA-
Oouwa). Pezynomamu. BioxunenHns 6 3HAUeHHAX MeOidIbHO2O
6ENIUKO20MINKOB020 MA AMEPATbHO20 CIME2HOB020 KYMIE MIdiC
3anAAHOBANUM | (YAKMUYHO OMPUMAHUM CIMAHOBUNU 6 cepeo-
noomy 0,7 %, wo mModicna e8asicamu GUCOKUM NOKAZHUKOM MOY-
Hocmi pozmawiyganns imnianmamis. Ilozuyia mexaniunoi oci
KiHYi6KU nicisa onepayii 8iOpi3HANACA 8I0 3aNIAHOBANHOT MPOXU
binvwe nioc 1,8 %. Pozmipu komnonenmis endonpomesa ma 6u-
coma 6e1UKo2OMIIKO8020 GKIAOUULA, BCINANOBICHT NaAYicHMam,
cnisnanu 6 100 % eunaoxie i3 pezyromamamu niaHy8anus, npu-
YOMY Y 8CIX 8UNAOKAX BENUKO2OMINKOBA BCNABKA MAA BUCOMY
9 mm. 3acmocysanus inOU8ioyanbHo2o iHcmpymeHma 003601U10
cKopomumu uac onepayii, He I0Kpusamu KiCMKOBOMO3KOBULL
Kauan cmeena. Bucnogox. 3acmocysanns 3anponoHo6ano2o im-
OUBLOYAILHOO IHCMPYMEHMA sl eHOONPOME3YEAHHS KOIIHHO20
cyenoba 3abe3neuuno 8UCOKy MOYHICIb 6CMAHOGNEHHA KOMNO-
Henmie enoonpomesa, npo o CEIOYUMb AHANI3 PEHM2eH02PaM
nicna onepayii. Knouosi crnosa. Koninnuii cyenob, zonapmpos,
nepsunHe eHOONnpPome3y8anHs, iHOUGIOYaIbHULL IHCIMPYMeHm.
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Introduction

Every year the number of knee joint replacement
surgeries grows. Their results are improving due
to the use of new technologies and implants, but at
the same time, the demands and expectations of pa-
tients are increasing. They hope for better motor ac-
tivity and the absence of pain, that is, for a more com-
plete recovery of the function of the lower extremities
[1-4]. Some patients cannot get rid of the feeling
of having a replaced knee joint in their daily life.
According to various studies, the percentage of pa-
tients whose expectations were not fulfilled after
endoprosthetic repair reaches 20.0 % [2, 5, 6]. One
of the significant problems resulting in many unde-
sirable consequences is the mismatch of the position
of the endoprosthesis components to the individual
anatomy of the knee joint, which, according to va-
rious authors, ranges from 20 % to 40 % [3, 7-10].
Today, they are trying to solve this problem with
the help of various methods, in particular, the use
of an individual tool for installing implants and vari-
ous computer navigation systems. The accuracy
of setting endoprosthesis components can affect post-
operative rehabilitation, complete recovery of func-
tion, survival of implants, and patient satisfaction
with the treatment result. Existing approaches to
the installation of a knee joint endoprosthesis differ in
the principles of aligning the axis of the limb and re-
storing the line of the knee joint [7, 11-14]. There are
three main concepts in practice today: mechanical,
anatomical, and kinematic alignment. All these ap-
proaches are based on the reproduction of the desired
frontal axis of the limb and the line of the knee joint.
The debate about the advantages and disadvantages
of these methods continues.

Today, the accuracy of reproduction of any type
of alignment of the knee joint is determined by
the tools and skills of the surgeon in using it to imple-
ment the operation plan, built following radiographic
studies of the lower extremities in the frontal plane.
A computer navigation system is an excellent tool in
the hands of the surgeon, but it does not always allow
to accurately take into account the three-dimensional
shape of the limb. Another direction is a customi-
zed instrument for placement of knee arthroplasty
components, which can provide high accuracy, but
requires a CT scan of the lower extremities before
surgery and has a certain learning curve and is more
suitable for an experienced surgeon. Our clinic has
developed an original method of designing and manu-
facturing an individual tool for knee arthroplasty.

Purpose of the study: on the basis of a comparative
radiometric analysis before and after the operation,
to assess the accuracy of the installation of the knee
joint endoprosthesis with the help of an individual
tool.

Material and methods

Clinical material

The study was approved by the Bioethics Com-
mittee of Zaporizhzhia State Medical University
(Protocol No. 7 of 26.10.2016).

The study presents the results of primary knee ar-
throplasty in 26 patients who were operated on using
individual tools at the traumatology and orthopedics
department of the Motor Sich Clinic. In all cases,
the patients were implanted with the same model
of endoprosthesis Zimmer Biomet, Nex Gen with
replacement of the posterior cruciate ligament. Age
of patients: 50—59 years — 6 subjects, 60—69 — 12,
70-79 — 5, 80 and older — 3. There were 8 men,
18 women. Varus deformity in 25 patients did not ex-
ceed 18°, in one patient there was a valgus deformity
of 8° All patients had stage III-IV primary gonar-
throsis. It was possible to fully examine 21 patients
after surgery, whose radiographic studies were used
for statistical analysis.

Evaluation of treatment outcomes

Before the operation, all patients underwent
a complete CT scan of the lower limbs with the feet
in a vertical position, after the operation, a complete
radiographic examination of the lower limbs was
also performed with the feet in a vertical position. To
evaluate the result, the parameters before and after
the operation were compared: the position of the me-
chanical axis of the lower limb in the frontal plane
on the tibial plateau in percent; medial tibial resec-
tion angle to the mechanical axis; dimensions of en-
doprosthesis components (femoral, tibial, and insert
height).

Statistical processing of the obtained numeri-
cal values was carried out using a computer
and licensed packages Office Excel 2010 and
STATISTICA 13.0 TIBCO Software Inc. (License
JPZ8041382130ARCN10-J).

The method of building an individual tool

Having received a three-dimensional model
of the lower extremities, we planned surgical inter-
vention in the 3DFreeform+ software environment.
The software is used to perform a virtual correction
of the axis of the limb, select the resection planes
of the femur and tibia, as well as the level of resection

(Fig. D).
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Fig. 1. Construction of a three-dimensional model of the lower limb, determination of the mechanical axis of the femur and the level
of resection of the femur and tibia: model of the left limb, anterior (a) and lateral (b) views, radiographic image of the entire leg (c),

setting the axis of the lower limb along the femur (d), correction of leg deformation to the physiological axis by setting the lower leg
in the correct position (e)

Fig. 2. Stages of individual tool modeling: a) femoral template according to the level of resection; b) the model of the femoral template
from the inside is prepared for additive printing; c) tibial template according to the resection level

T
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Fig. 3. A 70-year-old patient D., result of alignment of the right  Fig. 4. The planned lateral femoral angle was equal to 90°, as a result
lower extremity, which was carried out exactly by analogy  of the operation it turned out to be 89.6°. The proximal medial tibial
with the previously operated on left lower extremity. X-ray  angle was planned to be 90°, as a result of the operation, 89.6° was
after surgery on the right knee shows a symmetrical position  obtained. Mechanical axis was planned to be 50 %, after surgery it
of the mechanical axis shifted laterally by 0 %
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To build an individual tool, it is necessary to
know the thickness of the wall of the endoprosthesis,
as well as the features of the conductors for resec-
tion of the femur and tibia. Our proprietary indivi-
dual tool gives a possibility to set the correct position
of the guide pins on which the conductor for bone
resection is fixed in such a position allowing to per-
form the planned cut of the articular end. Fig. 2 shows
the formation of templates for the individual installa-
tion of femur sawing blocks during knee arthroplasty.
At the first stage, we set the position of the installa-
tion plane of the guide pins and combine with it a pre-
viously developed template, the legs of which fully
correspond to the shape of the bone surface.

We measure the sawing thickness and determine
the thickness of the insert. On the individual tem-
plates, we indicate the patient's last name, the thick-
ness of the cuttings, the size of the implants and
the thickness of the insert. We carry out 3D-print-
ing of templates and articular ends of bones. We
print the individual tool using the SLA method on
the Anycubic Photon Mono 4K printer from Violad-
ent Surgical Guide medical resin, which can be steri-
lized by autoclaving. Planning and manufacturing
of an individual instrument after receiving a CT scan
of the lower extremities takes 2-3 days. The method
of construction and use was described by us earlier
[15].

Technique of surgical intervention

After performing a standard arthrotomy, sepa-
rating the femur and tibia, we install an individual
template on the tibia. The correctness of the position
is determined by comparing its position on the bone
and its plastic model, on which the locations of indi-
vidual instruments are pre-marked. We insert guide
pins, remove the template, and put on the pins a con-
ductor for sawing the tibia. Then we repeat the same
procedure on the femur. In 26 patients operated on
by us, the preoperative planning corresponded to
the intraoperative situation, which did not require
additional correction of the resection. Since the indi-
vidual instrument corresponds to the resection blocks
of a conventional prosthetic instrument, the resection
height can be changed if necessary. In a situation
where the axis of the limb does not correspond to
the planned one, it is possible to use a conventional
tool for endoprosthetic repair.

Results and their discussion

All patients underwent radiography of the lower
extremities after surgery, in order to be able to mea-
sure the position of the mechanical axis on the tibial

plateau, as well as the medial tibial and lateral femo-
ral mechanical angles.

Fig. 3 shows radiographic images of the lower
limbs of a 70-year-old patient D. before the operation
on the right knee, the result of the three-dimensional
alignment of the limb, and the radiographic image
after the operation.

Fig. 4 presents the technique of radiometry
of the lower extremity, showing three determined in-
dicators and an example of measurement based on
a model of the extremity with mechanical alignment
and the result of the operation. The results of radio-
metry are given in Tables 1, 2 and Figures 5-7.

After the operation, 21 patients (80.7 % of all ope-
rated on) underwent complete X-ray of the limbs.
Not all patients underwent mechanical alignment —
14 patients underwent anatomical alignment with
reproduction of the medial slope of the knee joint
line. The deviations of the values of the medial tibi-
al and lateral femoral angles averaged 0.7 %, which
can be considered a high indicator of the accuracy
of the implant position. The average value of the rela-
tive error under the conditions of measuring the pro-
ximal medial tibial and distal lateral femoral angles
in the postoperative period was equal to 0.7 % and
0.7 %, respectively, which can be considered a high
level of accuracy of implant placement. There is one
drawback of these measurements: before the operation,
the measurement of the angle was absolutely accurate
according to the three-dimensional model, and after
the operation, we measured the angles with a flat ra-
diography of the entire limb. No matter how accurate
the rotation of the limbs is during such a study, there
is no way to determine these angles strictly in the front
plane, as was done during planning based on CT.

Proximal medial
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Fig. 5. Results of radiometric determination of the proximal
medial tibial angle in patients operated on using an individual
tool
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Table 1
Results of radiometry of the lower extremity
of patients operated on using an individual tool
Patient No. Proximal medial tibial angle, Absolute Relative Distal lateral femoral Absolute Relative
degrees error, ° error, % angle, degrees error, ° error, %
planned result planned result
1 87.0 87.5 0.5 0.6 87.0 88.1 1.1 1.3
2 87.0 88.8 1.8 2.1 87.0 86.5 0.5 0.6
3 90.0 90.3 0.3 0.3 90.0 90.3 0.3 0.3
4 90.0 90.7 0.7 0.8 90.0 90.7 0.7 0.8
5 90.0 90.7 0.7 0.88 90.0 90.4 0.4 0.4
6 90.0 90.4 0.4 0.4 90.0 88.4 1.6 1.8
7 90.0 89.0 1.0 1.1 90.0 89.0 1.0 1.1
8 90.0 89.2 0.8 0.9 90.0 91.2 1.2 1.3
9 90.0 91.5 1.5 1.7 90.0 91.0 1.0 1.1
10 87.0 87.3 0.3 0.3 87.0 86.7 0.3 0.3
11 87.0 86.5 0.5 0.6 87.0 87.5 0.5 0.6
12 87.0 87.5 0.5 0.6 87.0 86.5 0.5 0.6
13 87.0 87.1 0.1 0.1 87.0 86.9 0.1 0.1
14 87.0 87.8 0.8 0.9 8.0 86.2 0.8 0.9
15 87.0 86.9 0.1 0.1 87.0 87.1 0.1 0.1
16 87.0 87.5 0.5 0.6 87.0 86.5 0.5 0.6
17 87.0 87.2 0.2 0.2 87.0 87.6 0.6 0.7
18 87.0 86.1 0.1 0.1 87.0 86.2 0.8 0.9
19 87.0 86.5 0.5 0.6 87.0 86.5 0.5 0.6
20 87.0 86.3 0.3 0.3 87.0 86.7 0.3 0.3
21 87.0 86.5 0.5 0.6 87.0 86.4 0.6 0.7
Average value 88.0 88.2 0.6 0.7 88.0 87.9 0.6 0.7
. e Position of the limb axis
Distal medial tibial angle on the tibial plateau, %
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Fig. 6. Results of radiometric determination of the distal
lateral femoral angle in patients operated on using an
individual tool

This also applies to determining the position
of the mechanical axis of the limb after surgery. Du-
ring its measurement, the average value of the rela-
tive error was 1.8% of the planned values, which con-

Fig. 7. Results of determining the position of the mechanical
axis of the lower limb in patients operated on using an
individual tool

firms the high level of reliability of using this method
in preoperative planning before knee arthroplasty.
The deviation of the position of the mechanical axis
after the operation was on average 1.8 % (Table 2).
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It should be noted that this group included pa-
tients who were operated on at the stage of mastering
the technique. The dimensions of the endoprosthe-
sis components and the height of the tibial insert in-
stalled in the patients coincided in 100 % of the cases
with the planning results, and in all cases the height
of the tibial insert was planned to be 9 mm.

Discussion

The study on three-dimensional modeling of the lower
limbs allowed us not only to design and build an indi-
vidual instrument for primary knee arthroplasty, but
also to correctly assess the axis of the limb before sur-
gery and determine the constitutional axis of the pa-
tient, which is important for performing kinematic
alignment of the limb, being now one of the most
popular and discussed techniques of knee joint re-
placement [12—14]. We paid attention to rotational
deformations of the femur and tibia. Among our pa-
tients, there was none without significant (more than
20°) rotational deformities of the hip and/or lower
leg. That is, all patients had rotational deformities

of the lower limbs. All without exception had dyspla-
sia of the femoral block (types B, C and D according
to Dejour). The analysis of three-dimensional mo-
dels of the lower limbs allows not only to determine
the frontal and sagittal alignment of the leg, but also
to evaluate rotational deformations, to see the posi-
tion of the knee after arthroplasty.

The size of endoprosthetic components planned
before the operation, the height of the insert in
the program coincided with the result. The disadvan-
tage of the technique is the need to master the soft-
ware, acquire skills in using an individual tool, ad-
ditional costs for its preparation and printing, as well
as for CT.

The authors who studied the advantages of the in-
dividual tool also confirm the increase in the accu-
racy of bone resection and implant placement with its
use [10, 16]. Some experts believe that a conventional
tool is not inferior in accuracy in the case of me-
chanical alignment [14, 17]. According to various
data, the accuracy of installing knee endoprosthe-
ses using an individual tool is 0.7-2.5% [10, 16, 18].

Table 2
Results of determining the position of the mechanical axis of the lower extremity
of patients operated on using an individual tool
Patient No. Position of the limb axis on the tibial plateau, % Absolute error, % Relative error, %
planned result
1 49 48 0.0 0.0
2 50 50 0.0 0.0
3 50 47 3.0 6.0
4 50 51 1.0 2.0
5 51 50 1.0 1.9
6 505 48 2.0 4.0
7 50 50 0.0 0.0
8 51 48 3.0 59
9 50 48 2.0 4.0
10 48 49 1.0 2.1
11 47 48 1.0 2.1
12 48 50 2.0 4.2
13 47 48 1.0 2.1
14 49 49 0.0 0.0
15 47 47 0.0 0.0
16 48 48 0.0 0.0
17 47 48 1.0 2.1
18 48 48 0.0 0.0
19 49 50 1.0 2.0
20 49 49 0.0 0.0
21 48 48 0.0 0.0
Average value 48.9 48.7 0.9 1.8
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It is believed that the individual tool simplifies
the performance of surgical intervention for an expe-
rienced surgeon, and also ensures e implementation
of the technique of kinematic alignment of the knee
joint, which contributes to the achievement of the best
functional outcomes [4, 19]. After mastering the de-
scribed software, preoperative planning of knee joint
surgery can be performed taking into account the in-
dividual characteristics of the patient: after assess-
ing the condition of the lower extremities, one should
choose a mechanical, anatomical or kinematic con-
cept of alignment. The next stage is the manufacture
of an individual tool followed by the operation with
high precision of the installation of endoprosthesis
components.

Conclusion

The deviations of the values of the medial tibial
and lateral femoral angles were on average 0.7 %.
The average value of the relative error after measur-
ing the proximal medial tibial and distal lateral femo-
ral angles in the postoperative period was equal to
0.7 % and 0.7 %. Deviation of the position of the me-
chanical axis after the operation from the planned
was on average 1.8 %. X-ray analysis of the use
of the proposed individual tool for knee arthroplasty
showed high accuracy of the installation of the ar-

throplasty components.

Conflict of interest. The authors are developers
of the method of manufacturing and using an individual tool for
installing knee joint endoprosthesis components.
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