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Development and evaluation of a portable, wireless endoscopic
shaving system for minimally invasive orthopedic surgery
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Abstract

Objective: Due to the shortcomings of large size, operational complexity, infection risks,
and high costs, traditional endoscopic shaving systems are limited in complex surgical
procedures and primary healthcare settings. To address these limitations, this study
proposes the design of a portable endoscopic surgical shaving system as an alternative to
traditional systems. Methods: Wireless operation was achieved by integrating the control,
power supply, and sensing modules into a detachable handle unit, thereby eliminating
dependence on external host devices and cables while reducing the cost of fabrication.
Additionally, the system performance was systematically evaluated and compared with
thereby eliminating clinical products. Results: Experimental results suggest that the
system meets clinical requirements in terms of power output, mechanical characteristics,
noise emission, and cutting efficiency of the shaving head. While achieving the functional
equivalence to conventional systems, it effectively addresses their inherent limitations.
In addition, the cleaning efficiency is significantly improved by the modular detachable
design, thereby reducing infection risk. The wireless connection function realized by
Bluetooth technology can be linked with the tablet device for real-time speed adjustment
and performance monitoring, which greatly improves the intelligence level of the system.
Conclusion: The portable endoscope shaving system proposed in this paper, through
portable engineering design, achieves structural innovation, cost reduction, and infection
risk control. Its properties are comparable to the clinical products, which meet the needs
of minimally invasive orthopedic surgery, and show a good clinical application prospect.

Keywords: Minimally invasive surgery, Endoscopic shaving systems, Detachable struc-
ture, Wireless operation, Portable design

Highlights

e This work presents the development of a portable endoscopic shaving system by integrating the control, power supply, and sensing
modules within the handle, thereby achieving a lightweight design free of an external host unit, foot pedal, or connecting cables.

e The innovative detachable design significantly simplifies cleaning and sterilization procedures, minimizes the risk of infection,
and substantially lowers both manufacturing and maintenance costs.

e This device demonstrates parameters and performance comparable to those of existing clinical products, making it suitable for
primary care, mobile, and emergency medical settings.
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1 INTRODUCTION

With the widespread adoption of minimally invasive surgery
and the rapid development of microsurgery, endoscopic sur-
gery has become the mainstream method of surgical treatment
[1]. This technique usually makes a 5-10 mm incision near the
joint, and uses a visualization system and a shaving device to
achieve precise resection, repair, and debridement of bone and
soft tissue [2]. Owing to remarkable advantages, including
invasiveness, high safety, reduced postoperative pain, and rapid
recovery, this technique has been widely used in the treatment
of orthopedic-related diseases [3].

As a power system for surgical operations, the endoscopic
shaving system is an important medical device in endoscopic
surgery by providing mechanical force to complete tissue
resection [4]. At present, the traditional endoscope shaving sys-
tem is mainly composed of a host, handle, planing cutter head,
pedal switch, and multiple cables [5]. Although these tradition-
al devices have high power density and stable performance,
there are still some limitations in clinical applications [6]. The
traditional system adopts a heavy configuration and consists of
multiple interconnected components. The handle, the host, and
the pedal switch need to be physically connected through the
cable, which is prone to winding [7]. This structural design not
only limits the operational flexibility in surgery but also
increases the risk of equipment interference, especially in nar-
row cavity surgery [8]. In addition, the complex structures
affect portability, making it unsuitable for mobile clinics, out-
patient surgery centers, and emergency medical services. This
has hindered the promotion of endoscopic surgery in primary
medical institutions. Other studies have pointed out that about
70% of endoscopic devices cannot be thoroughly cleaned due
to their complex structure [9-11]. This results in bacterial infec-
tion on the surfaces of commonly used endoscopes, making
them the main sources of infection in medical devices [12, 13].
At the same time, in order to reduce infection, traditional sys-
tems must adopt high-temperature and high-pressure steriliza-
tion processes, which in turn requires the incorporation of heat-
resistant precision-engineered motors and main control boards
[14]. This requirement significantly increases manufacturing
costs, ultimately imposing a heavier economic burden on the
patients. With the advancement of surgical technology, medical
devices are increasingly intelligent, wireless, and portable [15].
This evolution is particularly significant in the endoscopic
shaving system, which not only streamlines the clinical work-
flow of doctors but also reduces infection risks and enhances
surgical safety [16]. Furthermore, this development helps to
reduce manufacturing costs and overall surgical expenses.
Therefore, there is an acute need to develop a portable endo-
scopic shaving system with a simple structure and flexible
operation, which can meet the clinical needs and replace the
traditional system.
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2 METHODS

To address the aforementioned clinical challenges, this study
proposes a portable endoscopic shaving system as an alterna-
tive to traditional clinical equipment. The portable device
adopts an integrated wireless structure, in which the control,
power supply, and sensing modules are incorporated into the
handpiece, thereby eliminating dependence on a traditional
console, foot pedal, and connecting cables, and realizing fully
wireless operation. The device is equipped with a removable
safety-lock connector, facilitating rapid disassembly and effec-
tive sterilization after use, thereby effectively reducing the risk
of bacterial contamination. In addition, the device incorporates
a real-time tissue impedance analysis system, whereby shaving
parameters are adaptively adjusted at millisecond level via the
microprocessor. The device connects the tablet computer
through Bluetooth to realize parameter configuration, mode
switching, and real-time monitoring. This innovative technol-
ogy enables physicians to perform precise and complex shaving
operations without the host and cables, and promotes the devel-
opment of minimally invasive surgery in primary medical and
field medical settings. This study creates a new paradigm of
surgical instruments with precision, flexibility, and wireless
operation characteristics, and provides a new solution for the
development of mobile intelligent surgical instruments in the
future.

3 EXPERIMENTAL SECTION

3.1 Assembly process of the portable endoscopic shaving
system

The overall structural design of the system is reasonable, and
the assembly process is simple. We encapsulate the main con-
trol board and the motor in the drive unit shell to form the drive
unit of the system. Then, the entire drive unit is placed in a
disposable handle and matched with the buttons on the handle.
Subsequently, the suction pipe is connected to the suction port
at the end of the handle, which is connected to the internal suc-
tion channel to ensure that the channel is smooth. The back
cover of the handle is opened, and the rechargeable battery is
put into the handle to supply power to the device (Figure 1).

3.2 Performance testing
3.2.1 No-load speed testing

In order to measure the speed range of the product, we connect
the rotating parts of the product to the tachometer. After the
operator starts the equipment, the change range of the product’s
set no-load speed is recorded by adjusting the no-load speed
button, and then the speed accuracy is verified. During the test,
the operating voltage is set to a rated value and kept within £2%
to ensure voltage stability. The accuracy measurement is car-
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Figure 1. Component units of the portable endoscopic shaving
system.

ried out at the three positions of the maximum value, the mid-
point value, and the minimum value in the speed adjustment
range. The actual no-load speed directly reads the tachometer.
Each measurement was repeated three times, and the average
value was taken as the final result.

Let n, represent the preset no-load speed, n, the measured no-
load speed, and A, the deviation between the preset and actual
values. When ng>1,000 rpm, the relative error was calculated as
A,=(n,-n,)/n;x100%; when n<1,000 rpm, the absolute error
was defined as A,,=n,-n..

3.2.2 No-load reciprocating frequency testing

After device activation, the operator adjusted the no-load recip-
rocating frequency control to determine the adjustable range
and evaluate its accuracy. During the test, the operating voltage
was maintained within £2% of the rated value, while the
no-load speed was set at 1,000 rpm. Accuracy measurements
were performed at the maximum, midpoint, and minimum fre-
quency settings. The actual reciprocating frequency was
directly read from the reciprocating frequency tester. Each
measurement point was tested three times, and the average
value was calculated. Let v, represent the preset no-load recip-
rocating frequency, v, the measured no-load reciprocating fre-
quency, and A, the deviation. When v;>100 cycles/min, the
relative error was calculated as A,=(v,-vy)/v,x100%; when
v,<100 cycles/min, A,=v,-v;.

3.2.3 Mechanical characteristics testing

A hysteresis dynamometer was used to evaluate the load char-
acteristics of the device. The device was operated at a constant
voltage (£2% of the rated value) with a preset speed at 3,000
rpm. Load torque was sequentially applied at 0, 10, 20, 30, and
45 mN-m, followed by gradual increase to the rated load value,
while the corresponding rotational speed at each torque level
was recorded. Based on these parameters, the overload protec-

https://doi.org/10.61189/717024hgfqnu

Qietal

tion function was tested by applying a load torque to 1.6 times
the rated torque. The response of the device was observed to
determine whether the overload protection mechanism was
activated within 5 seconds to stop the torque output.

3.2.4 Flow rate testing of suction channel

We connected the suction channel of the handle to the electric
suction device. After the operator started the device, the volt-
age stability was controlled within £2%. Then the aspirator
was turned on to adjust the negative pressure to -70 kPa+10
kPa. Then we opened the suction pipe control valve, and placed
the planing cutter head in water for suction. The operator
recorded the volume (V) and duration (t) of the suction liquid,
and calculated the flow rate (L) by the formula L=V/t.

3.2.5 Noise testing

We used a sound level meter to measure the noise level of the
equipment. After the product was started, its speed was set to
5000 rpm. Subsequently, the operator recorded noise values in
all directions at a distance of 1 meter from the product.

3.2.6 Electromagnetic compatibility testing

This section conducted patient leakage current, casing leakage
current, and withstand voltage tests on the product in accor-
dance with the GB 9706.1-2020 [17].

3.2.7 Electrical safety testing

According to the YY 9706.102-2021 standard, we used the
measurement receiver, the fixed attenuator, and the 3-meter
anechoic chamber to test the electrical safety of the product
[18].

3.2.8 Planing cutter head testing

The planing cutter head was connected to the pointer dyna-
mometer, ensuring the test force was applied at the specimen’s
mechanical axis or its extension line. We applied stress,
observed the force exerted on the cutter head, and recorded the
reading.

3.3 Comparison with clinical products

This experiment utilized tissue from animals that had already
been sacrificed, rather than live laboratory animals, and there-
fore did not require animal welfare ethics review. We used
fresh pork hooves to evaluate the shaving performance of the
device. Fresh pork hooves were placed in deionized water to
clean. After that, the surface moisture was removed and the
hooves were positioned on the table. The portable device and
clinical products were activated, set to the same rotational
speed, and used to shave the surface of the pork hooves for 2

180


https://doi.org/10.61189/717024hgfqnu

Progress in Medical Devices 2026; 4 (3): 178-186.

Host

//
M’ Pedal switch

I M

Figure 2. Schematic diagram of conventional endoscopic shaving
systems.
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Figure 3. Schematic diagram of portable endoscopic shaving sys-
tems.

minutes. Photographs of the pork hooves were taken, and the
area of the shaved regions was statistically measured.

4 RESULTS

4.1 Composition and structure of the endoscopic shaving
system

As a commonly used medical device, the endoscopic shaving
system can efficiently remove diseased tissues and alleviate
orthopedic-related diseases. The traditional endoscopic shav-
ing system is bulky in structure and has many components. It is
mainly composed of a host, a pedal switch, and a handle con-
nected by cables (Figure 2). The traditional structural design
makes it difficult to transport and disinfect the equipment,
which limits its wider clinical application.
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In response to this clinical pain point, this work innovatively
developed a compact, safe, and portable endoscopic shaving
system to replace traditional systems (Figure 3). The portable
system can be divided into three parts: drive unit, handle, and
planing cutter head. Each component realizes convenient
installation, disassembly, and cleaning through the snap-on
connection mechanism. The compact design facilitates porta-
bility and simplifies intraoperative handling.

From a structural perspective, the detachable handpiece and
shaver blade are the components exposed to the surgical envi-
ronment, which are designed as disposable units, reducing the
risk of bacterial contamination. The detachable handpiece
housing incorporates a negative-pressure suction channel and
three control buttons, which control the operational state of the
shaver blade for effective tissue removal. Simultaneously, the
suction channel generates localized negative pressure to facili-
tate continuous removal of tissue debris during the shaving
process.

As the core power module, the drive unit is enclosed within the
handpiece to prevent exposure to the external environment.
Therefore, there is no need for a sterilization, which improves
operational efficiency. In addition, this design eliminates the
need for high-temperature-and high-pressure-resistant elec-
tronic components, reducing manufacturing costs. Finally, the
assembled device can be wirelessly connected to a tablet com-
puter via Bluetooth, enabling functional parameter configura-
tion and real-time operational monitoring.

4.2 Performance testing

As a critical core module, the drive unit provides mechanical
energy required for the endoscopic shaving system. Therefore,
systematic performance testing was first conducted on the
drive unit. The rotational speed was measured via a tablet inter-
face. The adjustable speed range for both forward and reverse
rotation was 1,000-6,000 rpm, while the reciprocating rotation-
al speed range was 1,000-3,500 rpm. Subsequently, the accu-
racy of preset no-load rotational speeds was evaluated. At pre-
set speeds of 1,000 rpm, 3,000 rpm, and 6,000 rpm, the
corresponding deviations (A,) were 2.5%, 2.25%, and 1.07%,
all below 10%, meeting clinical requirements (Figure 4A).
Furthermore, the adjustable range of no-load reciprocating fre-
quency was tested, providing discrete frequency settings of 60
times/min (1 s), 67 times/min (0.9 s), 75 times/min (0.8 s), 86
times/min (0.7 s), 100 times/min (0.6 s), 120 times/min (0.5 s),
150 times/min (0.4 s), and 200 times/min (0.3 s). Accuracy
evaluation demonstrated that the mean deviations (A,) at 60,
86, and 200 times/min were 2.1%, 2.2%, and 1.6%, respective-
ly, all within the allowable error threshold (<10%) and meet the
clinical application standards (Figure 4B).

The team conducted a systematic test of its mechanical proper-
ties. At a speed of 3,000 rpm, gradually increasing the load
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Figure 4. Performance and safety testing of the drive unit and handpiece. (A) Accuracy of preset no-load speed; (B) Accuracy of preset no-
load reciprocation frequency; (C) Mechanical characteristics testing; (D) Flow rate of the suction channel; (E) Noise levels of the system; (F)
Electromagnetic compatibility testing; (G) Withstand voltage testing; (H) Enclosure leakage current testing; (I) Patient leakage current testing.

torque from O to the rated value of 45 mN-m revealed a notice-
able increase in motor power output, while the device main-
tained a rotational speed of about 3,000 rpm. The product can
provide continuous and stable output to meet the needs of prac-
tical applications. Due to the existence of the over-protection
system, once the load torque exceeds the rated value, the sys-
tem will close the entire circuit system within 5 s, stop the out-
put, and ensure the safety of users and patients (Figure 4C).
The experimental results in this section show that the drive unit
exhibits excellent performance indicators in all parameters,
and its parameter range design is reasonable, which meets
clinical requirements and renders it suitable for further
experimentation.
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In the handle unit test, the operator can start the planing cutter
head by pressing any of the three buttons on the handle to con-
trol its forward, backward, and reciprocating rotation motion.
When the planing cutter head rotates, pressing any button can
immediately stop the power output, indicating that the handle is
flexible in operation and reliable in performance. Flow rate
testing results also show that the suction channel produces a
negative pressure of -70 Pa during operation, and the flow rate
can reach 600 mL/min, far exceeding the standard of 400 mL/
min, which can effectively remove debris (Figure 4D).

In the noise test, under normal working conditions, the envi-
ronmental noise generated by the device is 40.6 dB, and the
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4.3 Comparison with clinical products

Testing project

Performance parameters

No-load rotating speed
Accuracy of the no-load rotating speed
Accuracy of the no-load reciprocating frequency

Rated load torque 45 mN-m
Flow rate 600 mL/min
Maximum noise 40.6 dB
Electromagnetic compatibility <50 dBpV/m
Withstand voltage characteristics 4,000 V
Leakage current 0 mA
Connection strength 37N

1,000-6,000 rpm
2.5%, 2.25%, 1.07%
2.1%, 2.2%, 1.6%

In this chapter, we compare the clinical firstline
equipment with the portable device to discuss
whether the device has clinical alternative value
(Table 2). There are obvious differences in the
appearance and structure between the two. The tra-
ditional equipment is mainly composed of the host,
the handle, and the pedal switch connected in turn
by wires. The portable product adopts a detachable
structure design, integrates all modules into a dis-
posable handle, eliminates cable links, simplifies
the overall structure of the device, and facilitates

maximum noise is less than 65 dB (Figure 4E). The noise out-
put complies with standards and will not affect patients or oper-
ators. Through systematic experimental testing and data analy-
sis, our group confirmed that the handle unit has the advantages
of convenient operation, smooth fluid flow, and low noise, and
can be applied to subsequent clinical trials.

In the electromagnetic compatibility test, the device can pro-
duce stable power output under normal conditions, and the gen-
erated signal is less than 50 dBpV/m, which will not cause elec-
tromagnetic interference to the surrounding environment and
will not interfere with the operation of other surgical instru-
ments (Figure 4F). In addition, the product also shows excel-
lent electrical safety. In the withstand voltage experiment, the
equipment can still operate stably under the extreme voltage
of 4,000 V, and has strong withstand voltage characteristics
(Figure 4G). The leakage current detection results show that
the device will not produce leakage current in any state, which
fundamentally prevents the occurrence of electrical accidents
and ensures the safety of doctors and patients (Figure 4H, 41).

In order to test the planing cutter head, our team used a pointer
dynamometer to measure the connection strength after the final
assembly. With the increase of the pulling force, the planing
cutter head remains stable and does not fall off, and it can with-
stand a 37 newton pulling force. After the tension test, the tool
head and the handle are perfectly fused, and the operation is
normal, and there is no abnormal phenomenon of sticking. This
confirms the stability of the system connection and can effec-
tively prevent the occurrence of shedding accidents during use.

Following comprehensive and systematic experimental testing,
the parameters of the product’s drive unit, handle, and planing
cutter head are summarized in Table 1. The results demon-
strate that the product is well-designed and suitable for applica-
tion in orthopedic surgical scenarios. In addition, the product
adopts a wireless structure design, which simplifies the product
structure and solves the clinical application shortcomings of
traditional instruments, such as difficulty in transportation,
infection, and high cost. Consequently, the product has broad
clinical application prospects.
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the operation and transportation of the device. In
the speed adjustment range, the speed range of traditional
equipment is 800-8,000 rpm with an error of less than 10%,
which can only accept specific speed settings and cannot
achieve continuous adjustment. The speed range of this product
is 1,000-6,000 rpm with an error of less than 10%, which is
lower than that of clinical products, but it can achieve continu-
ous speed adjustment, which can better meet the actual surgical
scene.

In terms of load characteristics, there are also certain differ-
ences between the two products. Comparison reveals that the
rated load torque of the traditional product is 116.7 mN-m,
while this product’s rated load torque is 45 mN-m, lower than
the traditional product but still meeting clinical standards. In
the design of the suction pipe, the flow rate of the traditional
product can reach more than 400 mL/min, while the flow rate
of the product is 600 mL/min. Both of them have the same per-
formance and can quickly remove the tissue debris generated
by the operation. At the same time, the noise generated by the
product is less than 65 dB in the working state, which is consis-
tent with the clinical product and reduces the interference of
noise to patients and operators. In addition, in terms of water-
proof performance, the traditional equipment has a waterproof
level of IPXO0, which cannot resist the interference of tissue
fluid on the instrument during the operation, and has certain
safety hazards. The product adopts a waterproof process, and
the waterproof level reaches IPX1, which avoids the interfer-
ence of tissue fluid and has high safety.

We used a fresh pig’s hoof as a human tissue simulant to com-
pare the planing performance of the two products. The red box
is a portable product planing, and the black box is a clinical
product planing position. It can be observed that after continu-
ous planing, both products can produce holes on the pig’s hoof,
and the depth morphology of the two products is basically the
same (Figure 5A). After that, we used a ruler to measure the
void area produced by planing. This product can produce a
shaving area of 18 square centimeters, slightly higher than the
16 square centimeters of the clinical product, which can effi-
ciently shave cartilage tissue (Figure 5B).
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Portable device

Clinical products

Structure composition

Drive unit, handpiece, tablet interface

| {
|
y
Host, handpiece, foot pedal

Field of application Resection of bone tissue

No-load rotating speed 1,000-6,000 rpm 800-8,000 rpm
Accuracy of the no-load rotating speed <+10%

Accuracy of the no-load reciprocating frequency <£10%

Rated load torque 45 mN'm

Flow rate 600 mL/min >400 mL/min
Maximum noise <65 dB

Waterproof level IPX1 1PX0

(A) s

(3}
1

Portablé device Clinical ;I)roducts

Figure 5. Evaluation of shaving performance. (A) Representative photographs after shaving; the red dashed box indicates the shaving result
for the portable device; the black dashed box indicates the shaving result for the clinical product; (B) Quantitative analysis of the shaving area.

Combined with the above data, it can be concluded that the
product eliminates the dependence of the device on cables
through a unique structural design, realizes wireless operation,
facilitates transportation, and reduces the risk of infection. At
the same time, the parameters of the product are basically con-
sistent with the clinical first-line equipment, and it has great
potential for clinical substitution.

5 DISCUSSION

Through the discussion of the above chapters, we demonstrate
that this device exhibits excellent planing performance,

https://doi.org/10.61189/717024hgfqnu

mechanical properties, and safety, consistent with clinical
products. This portable instrument has reached the clinical
standard and is very suitable for minimally invasive orthopedic
surgery, possessing significant clinical application potential.
The detachable structure of the product greatly optimizes the
volume of the equipment, reduces the manufacturing and trans-
portation costs of the product, and meets the needs of tempo-
rary emergency surgical treatment. In addition, the detachable
structure makes the equipment get rid of cable dependence and
avoids the problems of mechanical winding and limited opera-
tion caused by the cables. At the same time, after the product is
disassembled, it can be thoroughly cleaned and fully disinfect-
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ed to avoid the generation of incomplete cleaning and greatly
reduce the risk of bacterial infection.

In addition, orthopedic arthroscopic surgery, as a minimally
invasive surgery, often has a small section, and doctors often
choose multiple surgeries to perform continuously, which has
extremely high requirements for cleaning and disinfection effi-
ciency. Through the detachable design, the product replaces the
disposable planing cutter head and the disposable handle shell
in time, saves the post-operative disinfection time, improves
the operation efficiency, and releases valuable medical resourc-
es. In contrast, traditional clinical equipment needs to be disin-
fected with high temperature and high pressure after surgery,
which makes it difficult to clean and disinfect for a long time,
affecting the efficiency of surgery. At the same time, the steril-
ization conditions of high temperature and high pressure have
higher requirements for its drive unit, which relies heavily on
high-end motor components and increases the cost of equip-
ment manufacturing. Through the detachable design, the prod-
uct uses a disposable handle to wrap the drive unit inside with-
out additional sterilization, which reduces the dependence on
high-end motors and reduces the production cost.

Aiming at the clinical pain points of traditional products, this
paper gives the product the advantages of strong portability,
stable performance, and low cost by virtue of its exquisite
structural design, which not only reduces the complexity of
endoscopic surgery but also improves the efficiency of surgery,
but also greatly broadens the application scenarios. At the same
time, the design also fundamentally solves the problems of bac-
terial infection in the operation process and improves the safety
of the operation. Finally, the product gets rid of the dependence
on expensive motors, greatly reduces the cost of treatment, is
conducive to the popularization of clinical application, and will
benefit more patients in the future.

6 CONCLUSION

Aiming at the clinical pain points of traditional endoscopic sys-
tems, such as poor transportability, easy infection, and high
cost, this paper creatively proposes and designs a portable
endoscopic shaving system for the treatment of minimally
invasive orthopedic surgery. Through innovative structural
design, all modules are integrated into a disposable handle
unit, achieving compact size, wireless functionality, and
high security. In addition, the performance test data and com-
parison with clinical products show that the performance of
each unit of the product has been basically the same as that of
clinical products, all of which have reached the clinical stan-
dard, but at the same time, it avoids the problems existing in the
practical application of traditional products, has a very high
clinical replacement value, and also provides a new research
direction for the future research and development of surgical
instruments.
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