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ABSTRACT
Introduction: The cardiac cells of neonatal mice, only one day old, exhibit ongoing cell cycle ac-
tivity for a duration of 14 days following parturition. Their hearts have a strong capacity to replace
cardiomyocytes, which disappears in adulthood, in order to respond to injuries sustained during
that time. Numerous studies have been conducted to examine the intrinsic regenerative capacity
of neonatal mice's hearts following a resection of 1 millimeter from the ventricular apex. However,
it should be noted that there is currently a lack of specialized cutting tools designed specifically for
this particular field of research. This absence of appropriate instruments may result in challenges
when attempting to achieve consistent sample cuts, as human error can introduce variability. Fur-
thermore, it is important to acknowledge that larger cutsmay pose a significant risk to the subject's
life. Methods: This project involved the fabrication of a 3D-printed cutter utilizing a negative pres-
sure system. The surgical scalpel blade is affixed to the cutter, enabling the automated removal
of the apex from the heart to the desired diameter, without the need for manual measurements.
The cutter underwent multiple iterations and adjustments prior to reaching its final configuration,
resulting in the inclusion of numerous variables in the subsequent tests. Furthermore, due to tem-
poral constraints, the final experiment is limited to a relatively small sample size of 16 subjects.
Results: The dataset obtained from the experiment was examined in order to draw a conclusion.
It was found that the removal with the cutter has resulted in a relatively stable diameter. How-
ever, the size of the resection is still slightly greater than 1 millimeter, indicating that it has not yet
reached the intended dimension initially desired. Conclusion: The innovative 3D-printed nega-
tive pressure cutter provides amore efficient and automatedmethod for precise apical resection in
neonatal mouse hearts, overcoming the drawbacks of manual procedures and variability in sample
cuts. This study represents an initial endeavor towards refining the cutter for apical resection in the
hearts of neonatal mice, thereby laying the foundation for future advancements in this field.
Key words: Apical resection, cardiac apex, negative pressure cutter, surgical scalpel blade, 3D
printin

INTRODUCTION
Following a myocardial infarction, a considerable
number of cardiomyocytes may undergo irreversible
loss, as the regenerative capacity of adult hearts to
generate new cardiac muscle cells is inadequate1. The
implementation of regenerative technologies in the
context of cardiac rehabilitation has been identified
as a feasible strategy for the treatment of heart fail-
ure2–16. The initial investigations into cardiac re-
generation were carried out on amphibians17 and
newts18. The discovery of evidence regarding the car-
diac regenerative capacity of mammals occurred only
within the past decade19. An intriguing characteris-
tic was discovered during a study on the cardiac re-
generation of rodents: in the event that cytokinesis
is not present, rodent cardiomyocytes undergo a fi-
nal round of DNA synthesis and karyokinesis, leading

to the binucleation of approximately 90-95% of car-
diomyocytes by postnatal day 1420,21. According to
Kikuchi and Poss (2012)22, a significant proportion of
mammalian cardiomyocytes undergo permanent cell
cycle arrest prior to reaching adulthood. The absence
of a robust proliferative response in non-regenerative
adult mammals is a significant characteristic of car-
diac regeneration in neonatal mice that are one day
old23.
The neonatal mouse has been identified as a highly
suitable mammalian model for investigating the
mechanisms underlying mammalian heart regener-
ation24–33. This is primarily due to its remarkable
ability to completely regenerate its heart within a pe-
riod of 21 days following apical resection34. During
the investigation of this subject matter, a segment of
the ventricular apex is excised for the purpose of as-
sessing and contrasting the regenerative capabilities
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across various subjects35,36. However, the cuts are
not consistent, resulting in challenges when attempt-
ing to make comparisons. According to a study con-
ducted by Li et al. (2020)35, certain extensive resec-
tions have the potential to result in the mortality of
the animal.
The mouse heart, similar to numerous mammals, is
enveloped by the pericardium, a dual-layered struc-
ture containing pericardial fluid37. The primary role
of this layer is to protect the heart from infection and
to prevent excessive dilation of the heart38. Accord-
ing to Jaworska-Wilczynska et al. (2016)38, the func-
tion of the pericardial fluid is to provide lubrication to
the heart, therebyminimizing friction during its oper-
ation. The pericardium is composed of resilient con-
nective tissue that exhibits high resistance to rupture,
effectively fulfilling its functional role.
The presence of this protective layer impedes the pro-
cess of heart resection. During the cutting procedure,
the flexible pericardium has the potential to alter the
trajectory of the incision, thereby introducing addi-
tional complexities to the aortic valve replacement
(AR) procedure.
Effective apical excision in newborn mouse hearts
could enhance our understanding of cardiac regen-
eration mechanisms and guide the creation of regen-
erative treatments for heart disease. Precise apical
resection techniques can impact surgical interven-
tions in human patients by providing opportunities
for minimally invasive procedures and better patient
outcomes.
According to Li et al. (2020)35, the current method
for conducting apical resection involves the use of
a thoracotomy incision measuring 1 cm in length,
which allows for visualization of the heart’s location.
The apex is securely held in place using microsurgical
tweezers, and a tiny portion is excised from the apex
through a single incision made with a pair of iridec-
tomy scissors39,40.
In another investigation, Xiong and Hou employed
iridectomy spring scissors to create an incision in
the cardiac apex following the thoracotomy proce-
dure32. The apical resection was performed in a step-
wise manner through the implementation of multiple
incisions prior to the complete excision of a portion
of the cardiac apex32.
The case studies examined demonstrate that the entire
process is carried out manually by individuals, with-
out the involvement of any automated systems. Con-
sequently, thismanual execution leads to variations in
the sizes of the cuts. According to a study conducted

by Li et al. (2020)35, resections that result in an expo-
sure exceeding 1.5 millimeters could potentially im-
pact the rate of heart regeneration and potentially lead
to fatality in certain circumstances.
The primary aim of this study is to develop a precise
incision on the apex of the heart, ensuring a diame-
ter within a range of 1 millimeter. The consideration
of speed is also pertinent, as a high-speed cut can ef-
fectively reduce inaccuracies resulting from the peri-
cardium. Furthermore, the resection should not cause
any heat burn as these factors are not included in the
study of cardiac rehabilitation.

METHODS
Design

Expected specifications and features
Table 1 summarizes the expected specifications and
features thatmust be considered during device design.
The expected characteristics include using neonatal
murine cardiac tissue as experimental specimens, a
circular cutting specimen with polished boundaries,
a cutting sample diameter of 1 millimeter, a level and
uncontaminated resected surface, and an automated
operational procedure with a high cutting velocity.
Furthermore, it is imperative to consider several cru-
cial inquiries to guarantee the successful development
of the apparatus: (i) What measures can be taken to
ensure the secure fixation of the apex of the heart dur-
ing the cutting process? (ii) What strategies can be
implemented to guarantee uniform sample diameters
during the resection process? (iii) Which blade shape
would be the most appropriate choice for the project?
What is the most effective technique for executing the
incision to maximize the excision? What strategies
can be employed to mitigate human error during the
resection process?
Figure 1 shows the research framework, serving as a
visual representation of our methodology and facil-
itating the understanding of the workflow followed
in our research. The diagram provides a comprehen-
sive overview of the research process from device de-
sign to experimental testing and results analysis. The
graphic illustrates two methods to stabilize the apex:
clamping or negative pressure. However, clamping
alone does not guarantee consistent sample shape and
diameter measurements. Conversely, a circular tube
connected to a negative pressure system creates a con-
sistent ”framework” around the heart’s precise cutting
site, allowing the blade to penetrate andmaintain con-
sistent size.
To select the right cutting blade and perform the best
resection, a research study on blade forms is required.
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Table 1: Engineering goal specification

Specification Requirement

Research subject Neonatal mice heart

Shape of the cutting sample Round with smooth edge

Size of the cutting sample 1 millimeter in diameter

Resected surface Flat and clean

Operation Automated
High cutting speed

Place of use Laboratory

Portability Compact, lightweight, portable design

Figure 1: Demonstration of the research process including (1) device design and development, (2) experi-
mental setup, and (3) experimental testing and results analysis.

Experiments on blade positioning are necessary to es-
tablish the best resection procedure.
In order tomitigate potential human errors during ex-
perimental procedures, it is advisable to implement
an automated cutting system. The design of the sys-
tem should incorporate amechanism that initiates the
entire system when a predetermined element is acti-
vated, thereby ensuring the system’s automatic oper-
ation. By integrating an automated system, the likeli-
hood of human error can be significantly reduced.

Mechanical design
Figure 2 displays the functional concept design of
the proposed device, demonstrating its numerous fea-

tures that ensure uniform and consistent resections.
An automated cutting mechanism and a negative
pressure system are crucial to the design. The practi-
cal concept design employs a suction head to control
the size of incisions. The suction head and negative
pressure systemwork in tandem tomaintain the heart
apex in position during cutting. This gadget utilizes
a negative pressure system to minimize cardiac apex
movement, thereby enhancing the precision of resec-
tions.
Figure 3A illustrates the device’s main body, trigger,
latch, and cutter. These components collaborate to
automate the cutting process. The framework offers
stability and supports the apparatus’s various mech-
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Figure 2: Correlations between the functional blocks: The negative pressure system provides negative
pressure to the suction head to secure the apex, and the automatic cutter utilizes spring actuation and
trigger mechanism to move the surgical scalpel blade at high speed to produce the cutting operation on
the secured apex.

anisms. The trigger mechanism initiates the cutting
operation, while the latchmechanism secures the cut-
ter in place throughout the resection. The cutter, be-
ing the main component, performs precise cuts. Fig-
ure 3B reveals the device’s complete structural de-
sign and component configuration. This visual repre-
sentation demonstrates how the main body, trigger,
latch, and cutting components are combined into a
functional device.
Figure 2 and Figure 3 highlight the device’s innova-
tive features and mechanisms, emphasizing the au-
tomation of the cutter and the critical role of the neg-
ative pressure system in ensuring resection precision
and uniformity.

Themain body design
Figure 4 provides a visual representation of the main
frame of the device, which acts as the central com-
ponent responsible for integrating and connecting the
diverse elements into a cohesive and operational en-
tity. The main body of the apparatus encompasses
several essential components, namely: (i) the sliding
slot (a), (ii) the spring position (b), (iii) the fulcrum
for the trigger mechanism, (iv) the fixation points for
the tube, (v) the knobs situated on both sides, and (vi)
the designated position for the suction head. The slid-
ing slot (a) plays a crucial role in facilitating the seam-
less movement of specific components within the de-
vice, thereby enabling the automated cutting process.
The spring position (b) refers to the precise placement
of the spring within the device, which plays a role in
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Figure3: Demonstrationofdifferent viewsof the3Ddesign including (A) front, top, bottom, and sideviews,
and (B) different perspective views.
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determining its overall functionality. The fulcrum,
also referred to as the pivot point, plays a crucial role
in guaranteeing the efficient functionality of the trig-
ger mechanism. The fulcrum serves as a pivotal point
for the trigger, facilitating the initiation of the cut-
ting mechanism. The air pipeline is guided along the
length of the main body by two fixation points con-
sisting of tubes. The inclusion of this feature is essen-
tial for facilitating the optimal circulation of air within
the device, thereby playing a crucial role in its overall
operational effectiveness. The inclusion of knobs on
both sides of the main frame provides ergonomic ad-
vantages, enabling convenient manipulation and reg-
ulation during usage. Furthermore, the designation of
the suction head position refers to the precise location
at which the inlet of the scalp vein set is securely af-
fixed. The positioning of this component guarantees
a reliable and consistent linkage between the suction
head and the vein set, thereby facilitating the optimal
functioning of the negative pressure system.
Figure 5 presents a detailed illustration that elucidates
the precisemeasurements anddimensions of themain
body’s structure, thereby enhancing the comprehen-
siveness of understanding. This comprehensive ar-
chitectural illustration functions as a valuable point
of reference, facilitating the precise construction and
integration of the apparatus. The analysis and discus-
sion of the main body’s characteristics, as depicted in
Figure 4 and Figure 5, shed light on the critical com-
ponents and design considerations involved in de-
veloping a functional and effective device for the in-
tended application.

The cutter design
In Figure 6, the cutter’s cutting frame is detailed.
The cutter secures the scalpel blade. The sliding slot
(a) and two knobs secure the item to its main body.
The cutting device’s cylindrical arm moves within the
main frame’s sliding slot (a). The current design facili-
tates precise placement of the cutting tool throughout
the process. The sliding slots (b), with an acute angle
of 60 degrees, allow for smooth movement of the cut-
ter along the main body’s knobs. This mechanism en-
sures cutting precision and stability. Two pairs of M2
screws and nuts secure the scalpel blade to the under-
side of the cutter. This fastening mechanism main-
tains the blade’s stability and alignment throughout
the cutting process. Detailed measurements and di-
mensions of the cutting frame are presented in Fig-
ure 7, elucidating its structure and size. The detailed
structural schematic assists in the fabrication and as-
sembly of the cutting frame, ensuring accuracy and
precision.

Figure 6 and Figure 7 depict the cutter’s structural
configuration, elucidating its components and their
functions. This analysis explores the connections be-
tween the cutter, main body, and scalpel blade, high-
lighting the complex design principles necessary to
create an efficient and reliable cutting process. Sur-
gical blades are used for maximum quality. The cut-
ter must be sharp enough to pierce tissue. Stain-
less steel scalpels are available for single-use disposal
or multiple uses. Reusable scalpels may have de-
tachable blades or permanently attached blades that
can be sharpened. Each single-use scalpel blade has
a numerical identifier based on its shape and size.
Blade sizes #10, #11, #12, and #20 are prevalent in
Vietnamese medical equipment retailers (Figure 8).
All pieces are made of stainless steel and feature two
ground-edge designs. The cutter’s forward action lim-
its its compatibility to diagonal cutting blades, such as
the #11, or outward-curving blades like the #10 and
#20. After testing, the #20 scalpel blade outperforms
the other two. Blade #10 was too small for the cutter.
The scalpel blade #11’s straight cutting edge tends to
detach from the heart apex, hindering incisions.

The Latch Design

Figure 9 illustrates the structure of the latch mech-
anism. The latch features a cylindrical tube with the
same diameter as the cutter’s arm. This design extends
the arm, facilitating spring compression. A latch is af-
fixed to the cylindrical tube structure to ensure opti-
mal performance. This latch is inserted into the slid-
ing chamber of the main body to connect with the
trigger mechanism and compress the spring as re-
quired. The latch and themain body’s spring positions
(a) are linked by a 10 mm metal spring. This spring
compresses and secures the spring position, aiding the
latch mechanism’s functionality.
Figure 9 provides a detailed view of the latch’s design
and structure. The figure highlights a 2.4-millimeter
aperture that connects the cutting tool’s “male” com-
ponent. The latch also features a 2.7-millimeter sec-
tion for D2 magnets, guaranteeing a robust connec-
tion with the cutter.
Figure 9 and Figure 10 exhibit the latch mechanism’s
intricate components and design elements. This anal-
ysis delves into the round tube structure, latch attach-
ment, spring positioning, and joint securing mech-
anisms to gain a deeper comprehension of how the
latch supports the cutting mechanism’s operation and
synchronization.
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Figure 4: Agraphical depiction of the device’smain framewith various vital elements (i) the sliding slot (a),
(ii) the spring position (a), (iii) the fulcrum for the trigger mechanism, (iv) the fixation points for the tube,
(v) the knobs situated on both sides and (vi) the designated position for the suction head.

Figure 5: Front, Top, and Side views 2D design with detailed dimensions of the main body. The boundary
dimensions are about 160mm x 20mm x 40mm.
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Figure 6: Front, Top, and Perspective views to illustrate the structural design of the cutting framewith slid-
ing slot (b) with an acute angle of 60º, cutting space, M2 hex nuts to secure the cutting blade, cylindrical
armmoving in themain frame’s sliding slot (a), male connector and D2magnet hole.

Figure 7: Front, Top, and Side views 2D design with detailed dimensions of the cutting frame. Overall sizes
are about 90 mm x 20 mm x 40 mm.
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Figure 8: Visual demonstration of different surgical scalpel blades. Blade sizes #10, #11, #12, and #20. Each
item is crafted from stainless steel and features two ground-edge designs.

Figure 9: Top and perspective illustration of the latch mechanism’s structure. By insertion into the sliding
chamber of the main body, this latch establishes a connection with the trigger mechanism and, when necessary,
compresses the spring. 10 mm diameter metal spring is utilized.

Figure 10: Front, Top, and Side views 2D design with detailed dimensions of the latch. The main arm’s cylin-
drical diameter is 10.1 mm, total length is 59 mm.
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Figure 11: Front, Top, and Perspective views to illustrate the structural design of the trigger with latch,
position to attach to the fulcrum, and spring position (b). A 5mmdiameter, 15mm free length spring links
themain body and trigger spring positions (b).

Figure 12: Front, Top, and Side views 2D designwith detailed dimensions of the trigger. Overall dimensions
are roughly 58 mm x 4 mm x 17 mm, bending angle is about 160 degrees.

The Trigger Design

Figure 11 illustrates the 3D visualization, and Fig-
ure 12 shows the detailed structure and dimensions
of the trigger’s Class 2 lever mechanism, as described
by Davidovits in 200841. The fulcrum is attached to
the main frame, and the spring loads the arm down-
ward. The force-applying point is located farther from
the fulcrum than the spring. This arrangement in-
creases mechanical advantage, allowing users to ini-
tiate movements with less force. The arm is flexed at
the fulcrum to maintain parallel alignment between
the latch-holding part and the main body during in-
activity. When compressed, the trigger latch aligns

precisely with the latch design because it is parallel
to the main body (Figure 14A). A 5 mm spring con-
nects the main body and the trigger spring positions
(Figure 14B). Two metal springs were utilized in this
study. The larger one has a 10 mm inner diameter, 50
mm length, and 0.3 mm wire diameter. The smaller
one has a 0.5 mm wire diameter, 5 mm diameter, and
15 mm free length.

Negative Pressure Generation
A negative pressure generator is crucial for building
a system. Therefore, the selection of the best pres-
sure generator takes into careful consideration the
pressure range, the capacity to maintain pressure, the
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power supply, and mobility. Figure 13 illustrates a
small air pump used to create negative pressure. Uti-
lizing a regulating valve to maintain a steady nega-
tive pressure stabilizes the sample and facilitates easier
and more uniform resection. Micro air pumps, also
known as diaphragm pumps or vacuum pumps, are
compact, water-resistant pumps capable of generat-
ing high pressure. The device draws in air through an
air inlet, thereby creating negative pressure. Air can
also be expelled through its outlet. Both openings are
compact, featuring a 4.2-millimeter outside diameter.

Experimental setup
Figure 14 illustrates the operationalmechanismof the
negative pressure cutter. When the apex of the heart is
positioned at the suction head, negative pressure will
draw it in and secure it in place; subsequently, (a) the
cutter is pushed to the left into the compressed posi-
tion. (b) The release of the latch occurs when force
is applied to the trigger located at the arrow position.
(c) The spring exerts force on the latch and the cutter,
causing them to move in the leftward direction. (d)
Subsequently, the trigger returns to its initial position
at high velocity and performs the cutting.
The choice of a sample size of 16 participants was in-
fluenced by difficulties in obtaining appropriate sam-
ples and ethical concerns related to dealing with live
animals. Obtaining neonatal mouse hearts for our re-
search was challenging due to issues such as breed-
ing schedules, housing constraints, and ethical regu-
lations. The availability of neonatal mice within the
necessary age range fluctuated, depending on breed-
ing cycles and litter sizes. To maximize research ef-
ficiency, we sought to utilize the limited number of
neonatal mouse hearts that met our specific require-
ments within a set timeframe. It is essential to find
a balance between the ethical treatment of animals in
research and the need to obtain statistically significant
results.

RESULTS
Prototype and Cutting Results
Figure 15 illustrates the culmination of the design
process, displaying the ultimate outcome of the pro-
posed device. The diagram highlights several com-
ponents, including the adapted scalp vein set, the air
pipe, and the micro vacuum pump. The inclusion
of these elements is crucial for ensuring the device’s
comprehensive functionality and optimal effective-
ness.
The positioning of the suction head’s inlet is a sig-
nificant aspect of the finalized design. As the cut-
ter moves forward, the suction head inlet comes into

contact with the side of the scalpel blade, given that
they are positioned parallel to each other. This ar-
rangement ensures the optimal activation of the nega-
tive pressure system, effectively securing the tissue in
place throughout the cutting process.
Figure 16 presents a visual depiction of cut samples
derived from the experiment. These samples serve as
concrete evidence of the device’s performance and its
ability to achieve precise and consistent cuts as per the
intended specifications.
The outcomes depicted in Figure 15 and Figure 16
demonstrate the effective implementation of the de-
sign, showcasing the seamless integration of diverse
components and their corresponding functionalities.
The final product’s incorporation of the modified
scalp vein set, air pipeline, and micro vacuum pump
exemplifies the device’s proficiency in performing ac-
curate incisions while maintaining tissue stability.
Moreover, the exhibition of excised tissue specimens
acts as a definitive illustration of the device’s ability
to produce reliable and uniform results, thus substan-
tiating its suitability for implementation in research
endeavors pertaining to apical resection in neonatal
murine cardiac studies.

Data Analysis
The data were obtained from a total of 16 samples,
each captured using a camera equipped with a cali-
bration ruler for reference. The captured images were
subsequently converted into a digital format. The
computer was then used to analyze and measure the
diameter of the samples. The data are visually repre-
sented by a histogram, as shown in Figure 17. Ac-
cording to the data presented in the graph, the mean
value (\( \bar{x} \)) is observed to be 1.4736 millime-
ters, while the standard deviation (\( s \)) is measured
at 0.306 millimeters. Utilizing the One-sample T-test
to establish a 95% confidence interval for the differ-
ence, the lower bound is found to be 1.3106 millime-
ters, while the upper bound is 1.6367 millimeters.
The Q-Q plot in Figure 18 illustrates the presence of
skewness in the dataset. Table 2 provides amore com-
prehensive depiction of the data distribution, with a
skewness statistic of 0.563. This indicates that the dis-
tribution exhibits a moderate positive skew, suggest-
ing a rightward skewness. The presence of skewness
is also observable through the Q-Q plot. The kurto-
sis statistic is -0.550, indicating that the distribution
has slightly lighter tails than a normal distribution. In
other words, the kurtosis value signifies a slight devi-
ation from normality.
Table 3 presents the results of applying the Shapiro-
Wilk test in this specific context, with a sample size
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Figure 13: Configurationof thepneumatic system including12VDCpower adapter to supply power, switch
to turn on and off the operation, vacuum pump to produce negative pressure, regulating valve to secure
the pressure at a setting level, and suction head to secure the apex of the heart.

Table 2: Descriptive statistics

Statistic Std. Error

Mean 1.47363 0.076490

95% Confidence Interval Lower Bound 1.31059

Upper Bound 1.63666

5% Trimmed Mean 1.46547

Median 1.43750

Variance 0.094

Standard Deviation 0.305961

Minimum 1.044

Maximum 2.050

Range 1.006

Interquartile Range 0.484

Skewness 0.563 0.564

Kurtosis -0.550 1.091

Table 3: Tests of normality

Shapiro –Wilk

Statistics df Sig.

Diameter 0.949 16 0.474

for Mean
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Figure 14: Motion demonstration of the negative pressure cutter. (A) the cutter is pushed to the left into the
compress position. (B) The release of the latch occurs when force is applied to the trigger located at the arrow
position. (C) The spring exerts a force on the latch and the cutter, causing them tomove in the leftward direction.
(D) The trigger undergoes a return to its initial position at high velocity and performs the cutting.
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Figure 15: Demonstration of the final prototype of the cutter including vacuum pump, connecting tube,
regulating valve, and the device.

Figure 16: Depiction of cutting samples with 1.16 mm, 1.64 mm, 1.43 mm. A camera was utilized to capture
a total of sixteen samples, each of which was accompanied by a calibration ruler for reference purposes.

of 16. The obtained p-value is 0.474. Based on the
Shapiro-Wilk test results, it can be concluded that the
calculated p-value is greater than the predetermined
significance level of 0.05. This suggests that the ob-
served distribution is consistent with the assumption
of normality.

DISCUSSION
Early negative pressure cutters (Figure 19) had the
suction head integrated into the main construction
and were 3D printed along with other elements.
Layer-by-layer 3D printing causes airtightness issues
in the finished goods. Air leakage from the suction
head across the main body has reduced suction force.
The current version fixes this by connecting the suc-
tion head and tiny vacuum pump with a closed, air-
tight connection. This adjustment boosts negative

pressure, thus allowing the blade to pierce dense and
tough cardiac tissue, unlike prior generations.
The scalpel blade incision started cardiac apex mor-
phological change. Air pressure is disrupted by this
change, affecting the heart-suction head contact sur-
face stability. The heart’s apex tends to disengage from
the suction head during stability interruptions, elon-
gating the ”tail”. 3D printed items with rough sur-
faces increase friction between moving parts, causing
sample variance. To reduce friction during operation,
component joints must be spaced apart. The heart’s
connective tissue layers are highly resistant to rup-
ture42; therefore, blade selection should be done care-
fully. A razor blade was used to start the experiment
since its thinness makes it easy to fragment. How-
ever, in tough tissues like heart muscle, razor blades
are ineffective for cutting. During testing, the blade
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Figure 17: Histogramdistribution of thedataset. Themeanvalue ( ) is 1.4736millimeters, and the standard
deviation (s) is 0.306 millimeters. By employing the One-sample T-test, the 95% confidence interval for the
difference yields that the lower bound is 1.3106 millimeters, and the upper bound is 1.6367 millimeters.

Figure18: Illustrationof thepresenceof skewness in the cut samplediameterdatasetwithnormalQ-Qplot.
The skewness statistic of 0.563 inferred that thedistribution is rightward skewedandhas amoderatepositive skew.
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Figure 19: The previous version of the negative pressure cutter. The vacuum head, along with other com-
ponents, was 3D printed and integrated into the main structure. Layer-by-layer 3D printing compromises the
airtightness of the final product. Due to air leakage across the main body from the suction tip, the suction force is
diminished.

often moved from its cutting point, sometimes caus-
ing slight cardiac tissue abrasion and displacing the
heart from the suction apparatus. The surgical scalpel
blade, being sharper than the razor blade, allows it to
penetrate the heart apex; however, it still cuts poorly,
leaving a ”tail”. Thus, cutting velocity, angle, and suc-
tion force must be studied to improve cutting results.
The principal experiment’s suction head was made by
removing the sharp end of a veterinary needle, which
has an inner diameter of 0.838 mm. The experimen-
tal results suggest that this needle is unsuitable for this
study. Scalpel blades can only make superficial in-
cisions and displace the heart. Metallic nozzles pro-
duce poor results as the firm and polished metal sur-
face make vacuum heads hard to close. Following this
finding, a plastic tube was used to make the nozzle.
The elastic and surface qualities of plastic make con-
tact more stable, increasing suction force. This en-
sures the cutting process is exact and meets specifica-
tions. However, the above cutting outcomes show that
a residual ”tail” deviates from the expected cutting
pattern. To improve cutting results, experimentation
with different nozzle diameters and suction pressure
levels is necessary to find the best setup.
The variability in cut size seen in our study has signif-
icant implications for the research results and possi-
ble beneficial uses of our device. This variation might
be ascribed to many aspects, such as tissue charac-
teristics and cutting parameters, which require care-
ful attention for interpreting our results and develop-
ing future applications. From our viewpoint, varia-
tions in tissue characteristics like density, flexibility,
and composition can impact the efficiency of tissue

removal. Different tissues may react distinctively to
cutting forces, resulting in variations in the size of the
cut. Blade sharpness, cutting speed, and cutting an-
gle are attributes that can affect the accuracy and uni-
formity of tissue removal. Using inadequate cutting
criteria can lead to inconsistent or inadequate cuts,
causing variations in the size of the cuts. It is essen-
tial to comprehend the factors that influence the vari-
ation in cut size to enhance the efficiency of our de-
vices and experimental procedures. Identifying and
resolving these parameters would enhance the preci-
sion and consistency of apical resection in neonatal
mouse hearts, thereby improving the validity of our
research outcomes. Our research establishes a foun-
dation for refining cutting techniques and device de-
sign to obtain more consistent and predictable tissue
resection outcomes by examining the relationship be-
tween tissue characteristics, cutting parameters, and
cut size variability.
Challenges arose during the design and testing stages
of our 3D-printed negative pressure cutter, which
warrant further investigation. One major obstacle
was fine-tuning the negative pressure system to guar-
antee accurate management of tissue stability while
cutting. Fluctuations in negative pressure levels and
the risk of leakage hindered the attainment of consis-
tent and dependable outcomes. To address this chal-
lenge, we intend to investigate innovative methods of
pressure regulation and enhance the suction head’s
design to improve sealing and reduce air leakage. Fur-
thermore, including real-time monitoring and feed-
back systems into the device could improve regulation
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and reduce the effects of variations in negative pres-
sure.
The initial investigation’s lack of thorough statistical
analysis restricted the strength of our conclusions and
the applicability of the device’s effectiveness43. In
the future, we aim to perform more thorough statis-
tical analyses, such as comparing studies with current
methods and the incorporation of control groups, to
offer more compelling evidence for the device’s effec-
tiveness and dependability. Increasing the sample size
and including longitudinal research will improve the
statistical power and validity of our results, allowing
for more reliable conclusions.
To enhance the design and functionality of our 3D-
printed negative pressure cutter for apical excision in
neonatal mouse hearts, we will tackle these problems
and employ ways to overcome constraints. We aim to
enhance the field of cardiac regenerativemedicine and
surgery through ongoing research and development,
ultimately leading to better outcomes for patients with
heart disease.

CONCLUSION AND FUTUREWORKS
In summary, this study created and tested a 3D-
printed negative pressure cutter for neonatal mouse
heart apical excision. It addressed the issues of irreg-
ular sample cuts and the lack of specialized cutting de-
vices in the research field.
Successfully developing the proposed device required
iterative design approaches. Advanced features, in-
cluding an automated cutter, a negative pressure sys-
tem, and a suction head, provided precise and con-
trolled resections. The device achieved precise sample
cuts with a clean, uncontaminated resection surface
while being compact and portable for laboratory use.

Although limited by a somewhat larger sample size
than expected, the trial results revealed the device’s
operational efficacy. Despite exceeding the desired
diameter of 1 millimeter by a small margin, the sta-
bility of the resultant diameter showed promising ad-
vances in cutter optimization for apical resection in
neonatal mouse hearts.
The study also examined design factors such as secur-
ing the heart apex during cutting, establishing proto-
cols to ensure consistent sample diameters, selecting
appropriate blade shapes, and optimizing the resec-
tion method to reduce human errors. This technol-
ogy addressed these problems by providing a reliable
and automated cutting mechanism that improved ac-
curacy and reduced variability.
The study has provided useful insights into the devel-
opment and initial evaluation of the 3D-printed neg-
ative pressure cutter for apical excision in neonatal

mouse hearts. However, we recognize limitations re-
lated to sample size and statistical analysis. In the fu-
ture, we will focus on addressing these deficiencies to
enhance the quality and dependability of our research.
We aim to increase the size of our study cohort in
future research to address the restriction posed by
the limited sample size. To enhance the statistical
strength of our findings and achieve better repre-
sentation and heterogeneity within the population of
neonatal mice, we plan to increase the sample size.
This enlargement will enable more comprehensive
conclusions and wider applicability of the device’s ef-
fectiveness and dependability under different experi-
mental conditions.
In addition, we intend to include more advanced sta-
tistical tests in our future studies to overcome the lack
of thorough statistical analysis. These may include
conducting analysis of variance (ANOVA), compar-
ative research with current procedures, and incorpo-
rating control groups or comparisons withmanual re-
section techniques. Wewill enhance the data support-
ing the performance of the 3D-printed negative pres-
sure cutter through a more thorough statistical anal-
ysis and provide a definitive baseline for assessing its
benefits.
We acknowledge the wider ramifications of our re-
search and the potential for future endeavors, in addi-
tion to addressing the current issues. One way to en-
hance the credibility and accuracy of our device is by
working with other researchers or institutions to val-
idate and improve it. By utilizing the knowledge and
resources of partners, we can strengthen the quality of
our study and explore potential uses of the device in
fields like tissue engineering and developmental biol-
ogy.
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