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Introduction

Arthroscopic surgery’s development is seen as
a turning point in orthopedic surgery. The origin of the
term arthroscopy comes from the Greek words arthros

Abstract
AIM: Arthroscopic shaver is a widely used surgical single-use cutting tools. Its life and usability are important

parameter for operation quality. In this research, arthroscopic shaver design and operation parameters are shot.

METHODS: The relations between the cutting variables and output parameters are studied to achieve the
recommended design and cutting conditions. The interesting variables are the tooth point angle, cutting speed, and
contact force. Other variables are maintained constant within the range of commercial shavers. The interesting cutting
parameters are stresses on shaver tooth, resection rate, and damage experienced by the teeth. The cut quality is
assessed based on the expertise medical opinion. Special setup is designed and prepared to test re-sectioning of
soft tissues under different operating conditions.

RESULTS: The experimental results show that the cutting tooth angle between 55° to 62° achieved higher resection
(material removal) rates while experiencing less damage and teeth blunting. Additionally, the cutting speed of 14 m/
min increases the material resection by 60% than the lower ones. Where, the resection performance decreases by
approximately 50% every consecutive three minutes test run.

CONCLUSION: These results agree with the previous theoretical work using finite element modeling and simulation.

sheath functions as a two-edged cylindrical blade that
spins within the outer hollow tube [2]. The shape and
geometry of the edges of the inner and outer tube
tips determine the degree of aggression of the blade.
They are available in shaft diameters. They are broadly
divided according to the type of tissue cutting [3].

and scopein, which mean joint and look, respectively.

Recently,

the arthroscopic surgery is the

Blades cut soft tissue

most important developments in orthopedic surgery.

Arthroscopic surgery is considered to be a minimal
invasive surgery that provides a limit need of incisions
size, less time of wound healing, and decreases the
risk of infection, which allows higher degree of clinical
accuracy with low morbidity that provides a controlled
management of the soft tissue and bony resections as
part of reconstructive arthroscopic procedures. Powered
cutter arthroscopic shaver system plays an important
role in arthroscopic surgeries. They are designed for use
in different clinical situations and for specific functions

The oscillation mode at lower speeds of range
188—1200 rpm is a better mode for cutting soft tissue [4].
The level of aggressiveness can be controlled according
tothree designs as shown in Figure 2. Smooth inner tube
and smooth outer tube as shown in Figure 2a represent
the lowest level of aggressiveness. Smooth outer tube
with toothed inner tube shown in Figure 2b represents
a medium level of aggressiveness. Figure 2c shows
the toothed inner and outer tubes which represents the
highest level of aggressiveness.

to cut massive tissue in a short time. However, the
principles of the design remain similar (Figure 1).

The shaver blade consists of an outer hollow
sheath and an inner hollow rotating cannula with
corresponding windows for suction and cutting; a “tube
within a tube” mechanism [1]. The window of the inner

Blades cut bony resection

The forward mode at speed 5000 rpm was
found to be the ideal performance for cutting bony
resection [4].
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Blades cut bony and soft-tissue resection

Inner tube with helical shape allow cutting of
bone, soft tissue, and periosteum without clogging.
Extra coating may be added to reduce blade friction
and allow smooth cutting for both soft tissue and
bone [4].

The most frequently performed arthroscopy
in the knee is a meniscectomy, which usually consists
of cutting a stable rim in a ruptured meniscus to
prevent further tearing [5]. The access portals are
routinely placed at the anterior side of the joint level
medially and laterally from the patella tendon [5],
as presented in Figure 1. The combination of
these limited access points, the complex curvature
of the condyles, and the location of the lesions in
the meniscus cause difficulties in treatment of the
meniscus.

Dried blood, saline, and other deposits inside
the hand-pieces can be a major cause of equipment
malfunction or infection unless cleaned and sterilized
regularly and adequately. Most shaver blades now on
the market are for single use only [4].

Aiming to enhance designs for arthroscopic
shavers and implants used in joint surgery, this study
is concerned with the arthroscopic shaver’s design,
cutting simulation, and experimental verification of the
simulation results. Cutting simulation was presented
in previous publications [6], [7], the experimental

Condyle of

Shaver Performing
Chondroplasty

Femur

Lateral
Meniscus

(laboratory tests) part only is presented within this
article.

Materials and Methods

Three shaver designs with different teeth
point angles; 55°, 62°, and 70°; are manufactured
from stainless steel 304 with two diameters 4 mm and
6 mm. Then, experiments are conducted to test the
designed and manufactured shavers to compare their
performance with the commercial ones. Qualitative
analysis using microscopic images is presented as
well as quantitative analysis for the resection (material
removal) rate. Validity of the finite element (FE) model
results [6], [7], is discussed in light of the conducted
experimental work.

Figure 3 presents the designed test rig, which is
constructed in the biomechanics laboratory at National
Research Centre. Figure 4 shows the control diagram
and components, where a servomotor of 0.4 kW was
driven by high-performance servo driver to maximum
1.27 Nm torque and 3000 rpm. WPL soft software was
used in programming the servo driver. It manages the

Figure 1: Arthroscopic minimally invasive surgery [1]

Figure 3: Laboratory set-up for experiments
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Figure 2: Various types of shaver blades design [1]
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Figure 4: Control unit components and control block diagram

Figure 5: Weighing test specimen

shaver’s rotational speed and cutting direction through
footswitches in continuous and reciprocating modes.

The shaver is supported by specially designed
and manufactured mechanism, which applies a contact
force similarto that applied by the surgeon. The mechanism
has a 2 kg load cell (HX711 Weighing Sensor Module) [8]
to measure the contact force during the tests. A suction

pump, New Aspiret suction pump, 15 lit‘min 0.75 bar [9],
is connected to the shaver holder to clean the debris of
cutting and any lubricating fluids used during experiment
(saline 5%). Test specimens are prepared from fresh
bovine cartilage, using commercial bovine joints that are
cut by a saw to the proper size suitable for experiments.

Usinga KERN precision scale [10] with precision
of 0.01 g (Figure 5), every specimen is weighted before
and every 3 min of shaving. Microscopic images are
taken for the shaver’s teeth before and after 12 min
of cutting for comparison. Figure 6a shows the shaver
during cutting test. Figure 6b and ¢ shows example for
cutting teeth images before and after testing.

Results of contact force, material removal, and
microscopic images of the shaver blades are obtained,
analyzed, and the overall performance is compared to
that obtained from the previous simulation work.

Results

Atotal of 96 experiments are conducted. A test
is carried out for each shaver diameter (4 and 6 mm)
and tooth point angle (55°, 62°, and 70°). For every
design, four cutting speeds (1200, 1500, 1800, and

Figure 6: (a) Shaver with 55° point angle during test and sample
images, (b) before and (c) after testing
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2100 RPM) were tested under pressing load of 5 N.
Every specimen is weighted before and after every
3 min (reading) with total of 12 min (four readings) of
cutting. Figures 7 and 8 compare the removal material
weight every 3 min (in gm) to extract finding of this
study.
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Figure 7: Four millimeter shaver test results indicate reduction of
mass removal using the same shaver for several times

Discussion

The cutting tip should be used carefully to
minimize the risk of unintended tissue or arthroscope
damage. The cutting process has to be smooth that
the shaver should not be forced to produce distraction.
Adequate joint space or distension is necessary during
arthroscopic inspection and arthroscopic shaver use.
Shavers should be used cautious cutting in patients
with stiff joints or ankylosis [4].

Tooth point angles 55° and 62° showed the
highest removal rates whatever the shaver diameter
and cutting speed are. That increasing tooth point
angle may reduce tissue removal rate, this finding
matched theoretical studied that may be referred to
tooth sharpness. The trend of shaver tests followed and
confirmed the validity of the FE model [6], [7] previously
conducted on ANSYS that resulted in suggesting that
the optimal range for shaver teeth should be between
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Figure 8: Six millimeters shaver test results indicate reduction of
mass removal using the same shaver for several times

55° and 62° from the stresses experienced point of
view.

Increasing rotating speed to 1800 rpm and
more may cause sliding of cutting teeth. On the other
hand, the theoretical studies recommended shaving
operation at around 1500 rpm [6], [7] for better
performance (maximum removal rate) that was proved
experimentally within this study. Arthroscopic system
has three working modes including counter-wise,
counter-clockwise, and oscillation. Its rotating speed
is about 100-10,000 rpm. Compared to the other two
working modes, the cutting rate of shaver in oscillation
rotation modes is higher [11].

Wieser et al. [12] tested three shaver systems
and blades; (1) the Karl Storz Power Shaver S2 (Karl
Storz, Tuttlingen, Germany), (2) the Stryker CORE
Shaver System (Stryker, Kalamazoo, MI), and (3) the
Dyonics Power Shaver System (Smith and Nephew,
Andover, MA) to find out best operating conditions. The
optimal revolutions per minute for maximal resection
performance at 5 N were recorded. For the Karl Storz
and Stryker systems, the best performance was
obtained with approximately 2500 rpm. On the other
hand, the Smith and Nephew system provided its best
performance at 1500 rpm. However, with the increase in
speed, this resulted in less resection of tissue [12]. The
obtained finding within this study matched conclusions
by Wieser et al., [12]

Results of microscopic images showed less
damage to the sharp teeth of the shavers at the same
teeth point angles (55° and 62°). The trend of the
removal rate curves could be interpreted as having a
certain range of angles where smaller angles would
result in more penetrating than shearing, while larger
angles result in more shearing than penetrating. Thus,
a compromise for both is made to achieve acceptable
results.

Conclusions

Three shaver designs (three teeth point angles:
55°, 62°, and 70°) were manufactured on two diameters
4 mm and 6 mm. Within this study, these shavers were
tested on bovine articular cartilage specimens with four
different cutting speeds on four consecutive cycles,
as well as controlling the contact force. In addition to
test rig designing and performing shavers tests in a
controlled laboratory environment, this research can
be considered as the experimental validation of the
previous FE model results [6], [7].

Results of the experimental work validated
and confirmed the results of the FE simulation
previously conducted that found cutting speed of
1500 rpm (14 m/min) achieves the highest resection
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rate for all the shaver designs tested (approximately
60% higher).

In addition, confirming that the shavers of teeth
angles between 55° and 62° would experience less
teeth damage, hence suggesting their subjection to less
stresses while cutting as earlier recommended from the
FE model results. Drop in resection performance every
3 min cycle was found to be approximately 50%.
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