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Subject review

The paper deals with potential uses of water jet technology and its modification for cutting of bone tissue and bio-materials. It summarises the present state of
the art, defines problems from the technological and surgical point of view in order to increase the quality of treated clients. The paper represents an overview
and the first step towards using water jet technique in orthopaedic surgery, during dissintegration of interface between bone and femoral stem.
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Uporaba tehnologije mlaza vode u ortopedskoj kirurgiji

Pregledni ¢lanak

Rad se bavi moguénosc¢u uporabe tehnologije vodenog mlaza i njegovom preinakom za rezanje koStanog tkiva i bio-materijala. Sazima sadasnje stanje znanja,
definira probleme s tehnoloske i kirurSke tocke gledista, kako bi se povecala kvaliteta lijecenih klijenata. Clanak predstavlja pregled i prvi korak ka uporabi

Kljucne rijeci: ortopedski, potpuna izmjena kosti kuka, vodeni mlaz

1  Introduction

Material machining is a subject in continuous quality
enhancement requiring systematic implementation of new
technologies meeting highly demanding criteria given by
flexible market environment and specific requirements
related to the environment [1]. Nowadays even surgeons
are being confronted with the need to bring the existing
technologies into line with specific biomaterial properties
and new biocompatible materials including titanium alloy,
bone cements utilized in production of total replacements
of hip joints [2, 3, 4, 5]. Water jet represents one out of the
small amount of tools capable to satisfy rigid requirements
even in the field of orthopaedic surgery [6, 7]. Bio-
materials machining is one of the chief aspects of
orthopaedic surgery. Oscillating saws, chisels still remain
to be standard instruments inevitable for bone cutting and
socket generation for endoprostheses [8, 9, 10, 11].
Negative side effects are distinctive heat and deformation
impacts [21]. It is the application of the water jet that offers
eventuality of eliminating the negative mentioned features
[12] of technological process. The purpose of the study is
also a more detailed examination and overall understanding
of the application of the water jet cutting technology being
in question with the application in orthopaedics and thus to
contribute to its development in order to enhance both the
quality of surgical operation [3, 4, 13] and nursing service
for patients/clients (p/c) [14].

2 Related status

Latest knowledge of fundamental research [23, 24,
25] and up-to-date technology has established conditions
[26, 27] and high potentials in the area of conventional
orthopaedic surgical operations as for instance corrections
of wuneven length and deformations of limbs,
osteosynthesis, but particularly in the possibilities of
replacements of worn-out degenerative joints either on the
developing, inflammatory, traumatogenic, metabolic
grounds or in the postoperative states [6, 33].
Replacement of worn-out joints offers new treatment

possibilities [18, 19, 20, 21]. Number of patients suffering
from degenerative joint diseases (osteoarthritis) has been
continually increasing and due to seriousness, therapeutic
complications and frequent patient/client individualization
the disease represents significant medical, economic and
social issue [6, 22].
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Figurel Development of endoprosthetics (primarily) [22]
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Figure 2 Development of methods of the hip joint fixation [22]

Progress being achieved in orthopaedics, specifically
in the sphere of reconstructive surgery, allows partial
even full return of a p/c to normal life. Damaged joint
replacement by the total endoprosthesis represents the
most remarkable advance in the history of bone surgery
[6, 22, 32, 33]. For the patient the successful
re(implantation) of destroyed joint means improvement of
mobility, pain relief and returning back to accomplish
every day activities. Many patients at working age come
back to work after successful surgery of the hip joint.
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Implantation achievement of the total hip joint
replacement and long-term longevity of endoprosthesis
depend on a lot of factors involving correct indication,
patient preparation, properly performed surgical
operation, surgeon’s skills, technical device, operating
theatre conditions and postoperative care in which
rehabilitation plays an important role. Number of the hip
joint total endoprostheses in the world and Slovak
Republic increases yearly (Figs. 1 and 2) [22].

The presented development chart of number of
alloplastic surgical operations of the hip and knee joints in
the territory of the Slovak Republic draws on two sources:
until 2003 it was statistics of the chief expert in orthpedics
of Ministry of Health of the Slovak Republic and since
2003 it has been the Slovak Arthroplasty Register (SAR)
[22]. Gradually, application of the cementless total hip
joint replacements increases [6, 22].

3 Procedure analysis

Technical innovations in the sphere of total
replacement development include multifactor impact on
diverse joint aspects [2 + 7], [28]. New contemporary
techniques of osteotomy procedures allow precise cut
final grinding and thus optimal prosthesis placing in the
bearing axis. The result of this highly exact procedure is a
more precise endoprosthesis fitting, fixation improvement
and longevity [6]. Prior to each surgery related to the total
endoprosthesis of the hip joint a preoperative planning is
to be carried out allowing determining the size of the
endoprosthesis components, their position following the
anchoring in order to retain the centre of rotation of the
total replacement (Fig. 3).
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Figure 3 Dynamic procedural analysis of hip joint replacement in the process of client vs. hospital care - (preoperative examination + diagnostics) —
operative treatment — postoperative care — client monitoring (source: authors archive)

The preoperative planning requires X-ray of the
pelvis in the AP projection and the images of both hip
joints in the axial projection. The planning of the size and
position of the components is carried out using the
templates. The surgery is possible to be performed using
different operative approaches, according to the surgery
type, and surgeon’s usages. As per operative approach the
operative technique and surgery procedure are different.

In standard anterolateral approach following the
preparation of the soft structure the hip joint is being

opened up. Foremost the head with the neck is resected
and then the joint cup of the acetabulum is proceeded to
in order to be machined. The acetabulum is being
machined by the use of special milling cutters in
accordance with the cup being implanted. Into the
prepared socket of the acetabulum either the cemented
cup is anchored using bone cement or the cementless cup
in case of which the polyethylene, metal or ceramic
articulation liner is inserted into the anchoring part.
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Consequently, the femoral channel is prepared in case
of which under the osteotomy line the metaphyseal area is
being extended by means of fenestrated chisel. The chisel
orientation has to retain the planned anteversion of the
femoral component. Using special milling cutters the
marrow cavity is then milled with the milling cutters’ size
increasing in stages. Thereafter the cavity is prepared by
rasps according to the implanted endoprosthesis type. A
plastic head is inserted onto the last rasp size,
displacement is performed, endoprosthesis stability is
tested and the length of the limb is checked [2, 6].

In cemented endoprosthesis the cap made of
polyethylene or spongious bone is inserted into the cavity
below the tip of the femoral component and so is the
drainage which drains haematoma out of distal pole of the
marrow cavity allowing thus bone cement to be pressed
into the marrow cavity [6, 29]. The centralizer of an
adequate size is inserted into the opening of lower part of
the stem. Following the drainage removal the stem is
inserted into the femoral channel filled with bone cement
in desired anteversion. When cement has grown mature
the testing head, later changed into the definite one, is
reinserted. Should the cementless stem be used it is placed
into the prepared socket to provide fixed anchoring.

4 Problems overview

Thanks to respected researchers such Pude [3],
Schmolke [4], Honl [8, 9], Kusnerova [30], Kloc [6] and
Foldyna [31] and more [8-29] and their very valuable
published contributions we are now able to define new
problems dealing with the application of waterjet in
orthopaedic surgery and problems to be solved in order to
successful introduction of that technology to surgical
applications. Present reasons for further rising level of
knowledge are possible to be formulated into the spheres
as follows (Fig. 8):

- insufficient respect of physical and mechanical
parameters of biomaterial with absence of unified
mathematical formulations;

- absence of broad analytical and theoretical basis for
application of the technology in medical practice;

- insufficient respect of physical and mechanical or
stress and deformation integrity of the system:
technological factors — tool — material — surface
quality;

- many disadvantages related to the use of such
instruments, whereas a risk of shattering, cracking and
various other complications related to reimplantation
of total replacement increases [6].

- absence of broad analytical and theoretical basis for
application of the technology in medical practice;

- general fragmentation of interpretations and results of
different research workplaces and thus improper
reciprocal correlation;

- low level of generalization of results acquired at
different workplaces;

- noticeable  absence of unified biomaterial
classification as per capability of being cut by
particular technique.

5 Possible solution

Water jet term includes several modifications of
water jets being differentiated by the individual authors
from various perspectives. Classification of water jets as
per Momber [38] is presented in the following scheme
(Fig. 4). Momber classifies water jets into three basic
groups — low-pressure and high-pressure, continuous-
discontinuous, pure or water jets containing additives.

Liquid jets

[ I ]
Low-pressure jets Continual jets Pure jets
High pressure jets Discontinuous jets Jets containing additives
Abrasive water jets

a) plunger generators
up to 270 MPa

b) hydraulic generators
up to 900 MPa

Discontinuous jets:
a) Mono-effective,
b) Poly-effective,

- cavitation,

Abrasive jets:
a) three-phase
(injection)

b) two-phase

- pulsed, modulated.

(suspension)

Figure 4 Scheme of water jet classification according to Momber [38]

Use of water jet as an instrument for orthopaedic
purposes (Figs. 5, 6, 7), which may create any desired
geometry with high accuracy, is proven in the
experimental part and in several studies of foreign
researchers [3, 4, 5, 8,9, 13].

Figure 5 Athermic cutting of the pig bone by the water jet (ASCR
Ostrava — Poruba)

Figure 6 Cutting of femoral stem with bone cement by abrasive water
jet
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Figure 7 An example of surface created after abrasive water jet cutting
with visible interface between femoral stem and bone cement
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As garnet as the most available abrasive material
cannot be used in medical applications due to insufficient
biocompatibility and biodegradability, the main attention
has recently been paid to searching for abrasive materials
usable in medicine. Requirements related to an abrasive
usable for medical purposes from the view of
biocompatibility and biodegradability of particles and
from the view of cutting performance were described in
works. For medical applications, for instance, sorbitol,
xylitol or sodium chloride (NaCl), may be used (Fig. 5).
Apart from verified abrasives — sorbitol — table salt and
sugar were also used in the experiments [7]. These
abrasives were added to the water jet by specially
adjusted dosimeter and tank. The highest performance of
cutting was confirmed with NaCl. The biggest advantage
of abrasive water jet cutting compared to standard
methods of the bone cutting is a possibility to form
athermic cuts of the bone tissues (Fig. 5).
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Figure 8 Positive feature of abrasive jet cutting technology for application in orthopaedic surgery, requirements for abrasive, new ideas to address
problems identified

Low action of force in technological integrity:
machine — tool — biological material indicates the use of
modern manipulation systems and orthopaedic robots
(Fig. 9). In this ex-vivo experimental study it was proven
that the values of pressure have to be over 100 MPa and a
new technical solution is required, which could provide
for fluent feeding of a biocompatible abrasive to avoid a
risk of potential embolism [3, 4, 7, 13]. Therefore it is
necessary to work with higher pressures in the preparation
of bone tissues and thus increase the amount of
transformed power.

Considering benefits (Fig. 8) of selective cold
removal by the water jet, pure water jet is used for tissue
cutting. At the same time this study deals with a
possibility of utilization of pure water jet and abrasive
water jet as tools during reimplantation of total
replacements. In regard to the removal selectivity it is
possible to use the water jet also with low pressures to
break up the interface formed by bone cement the
physical and mechanical characteristics of which are
diametrically different from those of the bone tissue or
titanium endoprosthesis [8, 9, 29]. Disintegration of the
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surface of bone tissues and other biomaterials by water jet
represents an issue interfering in several branches of
clinical practice [2 + 26]. Standard use of continual water
jet involves surface disintegration, cutting of various
kinds of materials, and removal of surface layers in case
of surface cleaning. It is possible to significantly increase
efficiency of impact of continual fluid jet by its
modulation. Generation of high-frequency pressure
pulsations [11, 35, 36, 37] represents one of the
possibilities of technology efficiency increasing in
medical applications for removal of surface layers,
cleaning, and volume disintegrations of materials, for
instance, bone cement in case of reimplantations of
cemented femoral stems.

Auxiliary devices

)

y

Device console

| |Surgica| table _I

Figure 9 An example of pro-futuro workplace with the on-line control
of surgical resection of the hip joint or reimplantation of total
replacements of hip and knee joints by the abrasive water jet technology

(source: Martina Blichova)

The reason is represented by the fact that due to the
pressure pulsations the water jet flows out from the orifice
as continual jet of water, but due to pulsation it has a
variable axial component of velocity. In a certain distance
from the orifice, this originally continual water jet is
disintegrated to individual bursts of water and the jet
behaves like the pulsating one. Disintegration ability of
such pulsating jet increases significantly due to the fact
that impact pressure generated by impingement of burst of
water onto the material to be disintegrated is markedly
higher than stagnation pressure generated by impingement
of continual jet of equal parameters.

Kinetic energy Ey of the pulsating fluid jet may be
used for destruction of bone cement in case of
reimplantation of total replacements. Considering low
values of mechanical characteristics of bone cement the
jet flow shall cold-create a crack between a cortical part
of bone structure and the stem of the femoral component
without mechanical damage or deformation to
surrounding tissue during process of releasing of the stem
of the component.

6 Conclusion and future direction of research

New technologies are still being introduced even in
orthopaedic practice with a promise of better care of
patients, though often with limited pieces of information.
Therefore hospitals, medical establishments, and surgeons
face a need to evaluate relative advantages of new
technologies to be able to consider possible benefits for
patients. The aim is to decrease costs and potential
undesirable clinical impacts connected with their use.

This scientific research work is based upon possibility to

apply the water jet cutting technology. It comprises

outcomes of exploration and possibilities of utilization of

the water jet technology for the purpose of responsible

and profitable introduction of the technology in

orthopaedic practice. Preferred advantages of the

technology include absence of thermal impact upon

material being machined. Potential benefits are:

— reduction of days in hospital,

— cost reduction,

— quality increasing,

— decrease of patient exposure to anaesthesia,

— replacement of a complex equipment for the
mechanical extraction of the prosthesis,

— minimum X-ray exposure after prostheses
reimplantation.

Yet the scope of further application is not limited.
The sphere in which the technology is still being used on
a small scale is medicine. The stage of the research is
performed in cooperation with the Faculty of Health Care
of University of Presov, J. A. Reiman Teaching Hospital
in PreSov, Institute of Geonics of Academy of Sciences of
the Czech Republic in Ostrava, and the Faculty of
Manufacturing Technologies in PreSov of Technical
University in Kosice.

Adequate medical care is to be based on the latest
available procedures, techniques, and services with the
purpose of quick, reliable and safe recovery of a p/c for
their common life. In this case it is only a relict or habit to
use the notion patient, which in the Latin language means
enduring, suffering. The notion client has not been used at
random but with a purpose. The purpose was not to draw
attention to a detailed description of a p/c nursing care
management after TEP but to centre on feasible
innovative therapeutic techniques using the abrasive water
jet in orthopaedics and orthopaedic nursing.

At the same time the desire was aimed at outlining
the option of multidisciplinary connection in the field of
medicine, nursing, and technical disciplines. The
fundamental idea was a requirement to provide a p/c with
the nursing care based on knowledge of the latest
outcomes of a scientific research. A surgery related to
TEP, utilizing abrasive water jet, represents a viable
instrument for surgery enhancement. In perspective, it
would be suitable, for instance, to work out standards and
audit for complex nursing care of a p/c after TEP surgery
with the application of a new surgical technology,
monitoring of comfort of a surgical field, length of the
surgery, keeping a p/c under anaesthesia, quality of after-
surgical development with a p/c as well as the elimination
of surgical complications due to earlier mobilisation. Last
but not least the focus was directed towards benefits in the
sense of increasing the quality of life of a p/c and thus
related overall social and economic impact. However,
quite a number of studies as well as activities should be
performed aimed at the support and development of
theoretical basis of medical and nursing research with
further implementation in clinical practice. To acquire
knowledge for more detailed description of the process it
is inevitable to define indications and eventual
contraindications in the application of the water jet in
medicine.
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