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Abstract
Objective  Unicompartmental knee arthroplasty (UKA) has shown significant clinical effectiveness in treating medial 
compartment knee degeneration, but postoperative periprosthetic fractures and persistent pain remain common and 
challenging complications. Tibial vertical cutting errors are considered an important factor influencing postoperative 
biomechanics. This study aims to investigate the biomechanical effects of tibial vertical cutting errors(referring to the 
deviation between the actual vertical cutting plane and the ideal vertical resection plane during UKA)on the proximal 
tibia after UKA and to reduce the risk of fractures and improve postoperative outcomes through surface modification 
designs (chamfering and filleting).

Methods  In this study, a three-dimensional model of the tibia was constructed from CT and MRI data of a 26-year-
old male volunteer. Finite element analysis (FEA) was used to simulate different vertical cutting errors (1 mm, 3 mm, 
5 mm, 7 mm, and 9 mm). The study included models with varying cutting errors and two surface modification 
designs. During the simulation, stress and strain distribution on the proximal tibia were analyzed to assess the impact 
of cutting errors on the risk of periprosthetic fractures. Additionally, the fracture risk was quantified using the Risk of 
Fracture(ROF) index, and statistical data analysis and comparison were performed.

Results  The results showed that as the vertical cutting error increased, the equivalent stress and fracture risk value 
beneath the tibial prosthesis significantly increased. Notably, in the 5–9 mm cutting error models, the fracture risk was 
markedly higher. The chamfering and rounding designs effectively reduced stress concentration beneath the tibial 
prosthesis, lowering the stress peaks and significantly decreasing the fracture risk. In the ROF calculation, when the 
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Introduction
UKA has become a common method for treating medial 
compartment knee degeneration. Its excellent clinical 
outcomes and well-established surgical procedures have 
gained increasing popularity among orthopedic sur-
geons [1, 2]. However, postoperative complications such 
as periprosthetic tibial fractures and persistent proximal 
tibial pain after UKA are severe complications that pose 
a significant trauma to the knee joint and present con-
siderable challenges in treatment and management [3]. 
Currently, most clinical cases of periprosthetic fractures 
occur either intraoperatively or within the first few weeks 
postoperatively. The main causes include improper sur-
gical techniques, early postoperative weight-bearing, 
osteoporosis, or reduced bone density [4, 5]. Due to the 
increasing number of UKA procedures performed annu-
ally, longer life expectancy, the rise in osteoporosis cases, 
and increased patient activity, the absolute number of 
patients facing fracture risk and persistent knee pain is 
on the rise [3, 6, 7]. Studies have shown that high stress 
and strain on cortical bone can impair bone remodel-
ing, leading to bone degeneration [8, 9]. This abnormally 
high bone strain may be related to the geometry of the 
resection angle on the cutting surface. In UKA stan-
dard procedures, the current surgical technique involves 
using an extramedullary cutting guide to create orthogo-
nal resection surfaces through vertical and horizontal 
cuts. This requires orthopedic surgeons to make precise 
cuts at right angles by hand with a bone saw, without 
the assistance of surgical robots, external navigation, or 
limiters. However, vertical cutting errors are common, 
especially when the resection is performed by inexperi-
enced surgeons [10]. Current studies on tibial osteotomy 
have explored various aspects. Houskamp investigated 
the relationship between the depth of medial tibial pla-
teau resection and the average maximum failure load, 
concluding that a resection depth exceeding 5.82  mm 
results in a significantly lower average failure load [11]. 
Stoddart, through the establishment of a finite element 
model, studied the risk of tibial eminence avulsion in 

bicompartmental knee arthroplasty [12]. Dai, by estab-
lishing finite element models with varying tibial compo-
nent angulations, studied the factors influencing stress 
distribution on the proximal tibia after UKA [13]. How-
ever, there is currently no clear research on the biome-
chanical effects of different extended vertical cuts on 
the tibia. In this study, we hypothesize that tibial verti-
cal cutting errors affect the strain on the proximal tibia, 
and modifications to the surgical technique can prevent 
such extended vertical cutting errors. Furthermore, we 
established different geometries of resection angles on 
the cutting surface and analyzed, through finite element 
modeling, the impact of resection surface geometry 
on the interaction between the proximal tibia and the 
prosthesis.

Methods
Construction of the tibial 3D model
A healthy 26-year-old male volunteer (weight 70  kg, 
height 170 cm) was selected for the study. CT and MRI 
scans of the knee joint were performed, and model con-
struction was carried out using the CT and MRI data. 
After scanning, the raw data from the machine were 
exported in DICOM format. To obtain a complete tibial 
structure, the data were imported into the Mimics 22.0 
software (Materialise NV, Leuven, Belgium) for model 
preprocessing. Combining human anatomical data of 
the knee joint, the tibial structure was delineated in the 
software to create a complete tibial model. The generated 
tibial model was then imported into the medical reverse 
engineering software Geomagic Wrap 2021.0 (3D Sys-
tems, America), following the principle of maintaining 
the original physiological structure. After processing, the 
final NURBS surface was generated, and the STP format 
file was exported. This file was then imported into the 
finite element preprocessing software HyperWorks 21.0 
(Altair, USA) for mesh generation and contact setting. 
The mesh diameter was set to 1.0 mm, and to better sim-
ulate the biomechanics of the tibia, the cortical and can-
cellous bones of the tibia were assigned common nodes.

vertical cutting error exceeded 5 mm, the ROF value significantly exceeded the critical value, indicating a substantial 
increase in fracture risk. Compared to the standard osteotomy method, both surface modification designs effectively 
reduced the fracture risk.

Conclusion  Tibial vertical cutting error is a significant risk factor for periprosthetic fractures and pain after UKA. The 
greater the vertical cutting error, the faster the fracture risk and bone degeneration progress. Specifically, when the 
vertical cutting error exceeds 5 mm, the fracture risk increases significantly. The surface modification design proposed 
in this study effectively mitigates the negative biomechanical effects of cutting errors on the tibia and reduces 
the risk of postoperative complications. Future research should further explore the impact of other factors, such as 
osteoporosis, activity level, and muscle strength, on UKA outcomes, and incorporate advanced surgical navigation 
technologies to improve surgical precision and reduce errors.

Keywords  UKA, Vertical cutting error, Surface modification, ROF
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Establishment of the tibial prosthesis finite element model 
and material assignment
The tibial dimensions were measured, and the tibial 
model was processed according to the standard tibial 
osteotomy procedure for a medial unicompartmental 
knee prosthesis with a fixed platform. A suitable tibial 
prosthesis was then selected [1, 14]. The mainstream 
Oxford medial fixed-platform unicompartmental knee 
prosthesis was selected for 3D modeling. The model 
includes the tibial prosthesis and polyethylene insert. 
After scanning the prosthesis using a 3D scanner, the 
data were imported into Geomagic Wrap 2021. Using 
the reverse engineering function, a 3D model of both the 
polyethylene insert and tibial prosthesis was generated. 
The tibial prosthesis was then moved upward by 1 mm to 
create a gap for filling with bone cement. The complete 
tibial and tibial prosthesis model was saved in STL for-
mat and imported into HyperWorks 21.0 for mesh gen-
eration. Using its mesh function, contact definitions and 
common node assignments were established. The finite 
element model of the tibia and tibial prosthesis was then 
completed and exported in INP format for further analy-
sis. Referring to previous finite element studies on knee 
biomechanics, material properties were assigned to the 
tibial cortical bone, cancellous bone, tibial prosthesis, 
insert, and bone cement. The elastic modulus and Pois-
son’s ratio for each structure were validated through 
existing literature [15–17]. (Table 1)

Establishment of the tibial extended vertical cutting model 
and surface modification model
Based on the tibial and tibial prosthesis models, a verti-
cal cutting surface was simulated using a reciprocating 
saw with a width of 0.9 mm. Vertical cutting errors were 
set at 1 mm, 3 mm, 5 mm, 7 mm, and 9 mm, and corre-
sponding models were created. Following the finite ele-
ment modeling method for the tibial and tibial prosthesis 
models, different tibial extended vertical cutting models 
were established for analysis. For the surface modifica-
tion models, two approaches were used: Chamfering: A 
chamfer was applied at the intersection of the vertical 
and horizontal planes, where the chamfer profile was an 
isosceles right triangle. The length of the right-angle sides 
was set to 1 mm, 2 mm, 3 mm, 4 mm, and 5 mm. Fillet-
ing: A fillet was applied at the intersection of the vertical 

and horizontal planes, with different radii set at 1  mm, 
2 mm, 3 mm, 4 mm, and 5 mm. Once the models were 
established, mechanical analysis was performed by apply-
ing a 1000 N load to the knee joint based on the load dis-
tribution between the medial and lateral compartments 
of the knee and the gait cycle. This load was used to sim-
ulate the forces acting on the knee joint during typical 
motion [18, 19]. (Fig. 1)

Calculation of fracture risk around the tibial prosthesis and 
statistical data analysis
Data collection primarily included the elastic limit strain 
and maximum principal strain beneath the tibial pros-
thesis. To calculate the fracture risk around the tibial 
prosthesis, the ROF standard was used. ROF refers to 
the maximum principal strain (ε) in the bone divided by 
the elastic limit strain value. In this study, under com-
pressive load conditions, a higher ROF value in localized 
regions indicates a higher fracture risk. The formula for 
calculating ROF is as follows: ROF = ε/0.0073 if tensile 
and ε/0.0104 if compressive [12, 20]. Regions of interest 
(ROIs) Setting: To quantitatively assess the maximum 
principal strain and elastic limit strain, four ROIs were 
defined on the medial proximal tibia. ROI 1 was located 
at the innermost part of the proximal tibia, while ROIs 
2 to 4 were progressively offset outward by 10 mm inter-
vals, with ROI 4 situated slightly outside the center of the 
knee joint. These regions were selected as ROI because 
they represent common fracture sites, especially in cases 
with significant vertical cutting errors. This approach 
allows us to analyze the stress distribution on the tibial 
surface under different conditions and its impact on 
fracture risk. For each model, the von Mises stress and 
maximum principal strain at the nodes of ROIs 1 to 4 
were collected, ROF was calculated, and the results were 
compared with the statistical values of the standard UKA 
osteotomy method. Statistical data processing was per-
formed using IBM SPSS (x64 for Windows, version 22.0). 
Continuous data were expressed as x ± s. For data that 
followed a normal distribution, a one-sample t-test was 
used; for non-normally distributed data, a one-sample 
rank sum test was applied. A p-value of < 0.05 was con-
sidered statistically significant.

Knee joint model validation
To validate whether the established model can be used 
for further research, this finite element model was pri-
marily validated using two methods based on previous 
studies: Method 1: The finite element model, subjected 
to the same loading conditions, was compared by iden-
tifying the high-risk fracture locations beneath the tibial 
prosthesis and comparing them with typical clinical frac-
ture sites under tibial prostheses [3](Pandit et al., 2007). 
Method 2: The maximum ROF in the areas surrounding 

Table 1  Material parameters of the tibia and unicompartmental 
prosthesis
Items Young's modulus Poisson's
Cortical bone 17,000 0.3
Methacrylate 1940 0.4
Polyethylene (PE) 850 0.4
Cancellous bone 350 0.25
Cobalt-chromiummolybde-num alloy 210,000 0.29
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the prosthesis was compared with the failure load 
reported by Clarius et al. [20, 21](Clarius et al., 2010). 
Method 3: The stress in the cancellous bone beneath the 
tibial prosthesis was compared with previous studies 
[15].

Results
Finite element model validation
Based on previous classic studies, the tibia was loaded 
using the same loading conditions described, and a high 
ROF region was observed in ROI 4. Under the maximum 
fracture load, ROI 4 formed a high-risk fracture line 
extending into the tibial cortex (Fig.  2), which matched 
the fracture path observed clinically, confirming the 
validity of the model. The average failure load reported 
by Clarius et al. for the tibia with normal standard oste-
otomy was 3.9 KN [21]. Under this loading condition, the 
maximum ROF value was 5.2, and the failure element 
volume was 128 mm³. When these values were exceeded, 
the fracture risk significantly increased. The correspond-
ing maximum ROF value beneath the tibial prosthesis in 
our finite element model was 5.3, with a failure element 
volume of 132 mm³, which is close to the values reported 
in previous studies, demonstrating the model’s applica-
bility. When comparing the stress values beneath the tib-
ial prosthesis, in a study by Ma, under a 1000 N loading 

condition, the stress on the upper surface of the cancel-
lous bone beneath the prosthesis was approximately 
0.5-1  MPa, which is similar to the stress values of 0.6–
1.1 MPa obtained in our model, confirming the model’s 
usability [15].

Variation of equivalent stress in different rois under the 
tibial prosthesis
To study the variation of equivalent stress in differ-
ent ROIs, models with vertical cutting errors of 1  mm, 
3 mm, 5 mm, 7 mm, and 9 mm were analyzed. For ROI 
1–3, the significance was greater than 0.05. However, for 
ROI 4, the results are shown in the table (Table  2). For 
further comparison, the equivalent stress of the first 20 
nodes in ROI 4 was analyzed. It increased from 6.83 MPa 
to 10.55 MPa, showing a gradual increase. The maximum 
stress occurred at the vertical cutting edge. Analysis 
of the change pattern reveals that the equivalent stress 
increased significantly when the vertical cutting error 
changed from 5 mm to 7 mm, while the change was not 
significant from 1 mm to 5 mm (Fig. 3).

For the chamfer design models with 1  mm, 2  mm, 
3 mm, 4 mm, and 5 mm, no significant differences were 
observed in ROI 1–4 across all nodes. However, when 
selecting nodes from the commonly fractured region 
in ROI 4, the equivalent stress of 20 randomly selected 

Fig. 1  Complete Finite Element Analysis Process, including image data collection, model modification, model construction, and mechanical analysis
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nodes at the same location was further compared. The 
equivalent stress decreased from 5.65 MPa to 5.58 MPa, 
showing a gradual reduction. Analysis of the change pat-
tern indicates that the equivalent stress values decrease 
as the chamfer size increases (Fig. 4). For the fillet design 
models with 1 mm, 2 mm, 3 mm, 4 mm, and 5 mm, no 
significant differences were observed in ROI 1–4 across 
all nodes. However, when selecting nodes from the com-
monly fractured region in ROI 4, the equivalent stress 
of 20 randomly selected nodes at the same location was 
further compared. The equivalent stress decreased from 
5.65  MPa to 5.62  MPa, showing a gradual reduction. 

Analysis of the change pattern indicates that the equiv-
alent stress values decrease as the fillet size increases 
(Fig. 5).

Maximum principal strain / Elastic limit strain ratio in ROI
For the study of the ROF values of different ROIs, consid-
ering that the common fracture site is ROI 4, and no sig-
nificant abnormalities were observed in ROIs 1–3 when 
calculating the equivalent stress values of different ROIs, 
the ROF values for ROI 1–3 were not further compared. 
For models with vertical cutting errors of 1, 3, 5, 7, and 
9 mm, when selecting nodes from the common fracture 
region in ROI 4, we further compared the ROF of 20 ran-
domly selected nodes at the same locations. These were 
compared with the original model, and the results are 
shown in the figure. The highest ROF is located at the 
vertical cutting site and distributes towards the distal 
tibia. (Fig. 6). For the models with chamfer designs of 1, 
2, 3, 4, and 5 mm, as well as the models with fillet designs 
of 1, 2, 3, 4, and 5 mm, the 20 maximum principal strain 
values in the ROI 4 area were taken, and their ROF values 
were calculated. These were compared with the original 
model. The maximum principal strain values gradually 

Table 2  In ROI 4, models with vertical cutting errors of 1mm, 
3mm, 5mm, 7mm, and 9mm were analyzed, and the results are 
shown in the table

N Mean SD t p
Original 1678 3.2 1.43

R014-1 4700 3.33 1.44 -3.267 0.001
R014-3 4674 3.34 1.47 -3.38 0.001
R014-5 4615 3.33 1.49 -3.196 0.001
R014-7 4591 3.36 1.54 -3.852 0
R014-9 4754 3.38 1.59 -4.435 0

Fig. 2  Typical Fracture Model under Tibial Prosthesis
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decreased, and the ROF values followed a similar down-
ward trend. Furthermore, as the diameter of the modi-
fied cutting surface increased, the rate of decrease slowed 
down. The results are shown in the figure. (Figures 7 and 
8).

Discussion
The excellent clinical outcomes of unicompartmental 
knee arthroplasty (UKA) have been widely recognized 
by orthopedic surgeons and patients [1, 2, 22]. How-
ever, chronic pain and periprosthetic fractures caused by 
tibial degeneration after UKA have significant impacts. 
This study used finite element methods for knee joint 

Fig. 4  Variation Trend of Equivalent Stress in the ROI 4 Area for the First 20 Nodes in Models with Different Chamfer Designs

 

Fig. 3  Variation Trend of Equivalent Stress in the ROI 4 Area for the First 20 Nodes in Models with Different Vertical Cutting Errors
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modeling. After validating the model’s effectiveness, 
different vertical tibial cutting errors and surface modi-
fications were simulated to assess their impact on UKA 
outcomes. The study concluded that tibial vertical cut-
ting errors are high-risk factors for increasing fracture 
risk and accelerating bone degeneration. The larger the 
vertical cutting error, the higher the fracture risk and the 
faster the bone degeneration. When the tibial vertical 
cutting error exceeds 5 mm, the fracture risk beneath the 

tibial prosthesis significantly increases. However, modifi-
cations to the vertical and horizontal cutting surfaces can 
reduce these risks.

All UKA procedures require the creation of an 
L-shaped space for the tibial component, which neces-
sitates both horizontal resection and vertical cuts by 
the orthopedic surgeon. The tibial osteotomy module is 
a crucial component for creating this L-shaped space. 
This module is fixed to the front of the tibia and provides 

Fig. 6  Variation Trend of ROF in the ROI 4 Area for the First 20 Nodes in Models with Different Vertical Cutting Errors

 

Fig. 5  Variation Trend of Equivalent Stress in the ROI 4 Area for the First 20 Nodes in Models with Different Fillet Designs
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accurate guidance for horizontal cuts while also limiting 
the vertical cut. However, it does not provide restriction 
at the posterior region during vertical cutting. In UKA, 
orthopedic surgeons need to perform osteotomy. Limited 
posterior visibility makes it difficult to identify the depth 
of the cut during surgery, often leading to vertical cutting 
errors, which is the focus of this study. In a study involv-
ing 100 bone specimens, 18% of the cases exhibited ver-
tical cutting errors greater than 4.0  mm, and 3% of the 
cases had vertical cutting errors greater than 8.0  mm 
[10]. Therefore, we created different vertical cutting 
errors to study their impact on UKA.

Beneath the tibial prosthesis, the cortical bone bears 
most of the load transmitted by the tibial tray relative 
to the cancellous bone, as its elastic modulus is much 
higher than that of cancellous bone [23]. The abnormally 
high equivalent stress and strain in the medial proximal 
cortical bone beneath the tibial prosthesis are important 
causes of persistent pain after UKA [24]. When loading 
the UKA models with different vertical cutting errors, 
a noticeable increase in equivalent stress and strain 
beneath the tibial prosthesis was observed as the cutting 
error increased. A significant rise in equivalent strain was 
seen in ROI 4, with the highest equivalent strain in the 

Fig. 8  Variation Trend of ROF in the ROI 4 Area for the First 20 Nodes in Models with Different Fillet Designs

 

Fig. 7  Variation Trend of ROF in the ROI 4 Area for the First 20 Nodes in Models with Different Chamfer Designs
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medial proximal cortical bone beneath the tibial pros-
thesis reaching 26,070 µε, which occurred in the 9  mm 
cutting error model. This is an extreme equivalent strain 
value. In our study, the compressive equivalent strain val-
ues in ROI 4 of the normal knee joint model were mostly 
in the range of 1500–4500 µε. However, for the vertical 
cutting error models, the compressive equivalent strain 
values in ROI 4 were significantly higher, and the ROF 
also showed a marked increase. Our findings are consis-
tent with Clarius’ research, which indicated that extended 
sagittal cuts in the tibia (greater than 8  mm) lead to a 
notch effect. The increased notch tension peaks weaken 
the bone’s load-bearing capacity and result in fractures 
beneath the medial prosthesis. Furthermore, in their 
study, 18% of the cases with vertical cutting errors greater 
than 4.0 mm occurred with inexperienced surgeons [10, 
21]. According to previous studies, a critical damage 
strain threshold of tensile equivalent strain greater than 
2500 µε and compressive equivalent strain greater than 
4000 µε may reduce bone remodeling capacity, leading 
to bone degeneration. On the other hand, stress shielding 
effects, where bone strain falls below 100 µε, can induce 
disuse mode remodeling and result in bone loss [25, 26].

This study did not consider osteoporosis as a fac-
tor. However, if unicompartmental knee arthroplasty 
is performed on patients with osteoporosis, it is likely 
to be accompanied by higher equivalent strains and an 
increased risk of fractures [27]. High equivalent strain at 
the bone-metal interface is considered one of the main 
factors leading to screw loosening and failure. Lewis’ 
finite element model shows that when the equivalent 
strain in the region surrounding the metal exceeds 4000 
µε, it significantly increases the risk of loosening and 
pain [28]. Abnormal strain values have become one of 
the causes of postoperative pain. As the vertical cutting 
error increases, there is a significant rise in equivalent 
stress and strain at the cut surface, with the highest val-
ues occurring at the deepest part of the cut. This not only 
leads to pain but also increases the risk of fractures. In 
the study by Pegg et al., the fracture risk standard pro-
posed by Schileo et al. was referenced. This standard cal-
culates the ROF value based on the ratio of maximum 
principal strain to elastic limit strain. The ROF thresh-
old is 1, indicating that the strain has reached the elas-
tic limit. When stress exceeds this threshold, local tissue 
may enter the plastic deformation region. When the ROF 
value exceeds 1, it indicates that the stress/strain in the 
local region has exceeded the bone’s load-bearing capac-
ity, and the fracture risk begins to increase. Additionally, 
it was pointed out that when the ROF value reaches 5, the 
local stress in the tibia significantly increases, indicating 
that the bone is under a higher risk of failure. Areas with 
stress exceeding this value show clear stress concentra-
tion, which may lead to localized fractures [20, 29].

The flawless execution of surgical techniques on 
patients has always been both a challenge and an achieve-
ment. The precision and complexity of the surgery place 
high technical demands on the surgeon, especially dur-
ing the bone cutting process, where precise control over 
the vertical and horizontal cutting angles and depths is 
require [30].

A study by Chang suggested that compared to sharp 
right-angle orthogonal geometries, the radial angle fea-
tures on the resection surface play a role in reducing 
strain and preventing bone degeneration. Their designed 
radial angle models can avoid extended bone cuts and 
reduce stress [24]. In our study, whether using chamfer-
ing or filleting designs, as the diameter of the chamfer 
or fillet increased, the equivalent stress decreased com-
pared to the vertical osteotomy model, and consequently, 
the fracture risk also decreased. In a study by Clarius 
on how slight varus placement of the tibial component 
affects the keel-cortex distance and the incidence of tib-
ial plateau fractures, the tibia was cut perpendicular to 
the tibial axis and compared with slight varus alignment 
using a new osteotomy guide. Postoperative 3D CT scans 
assessed the pre- and postoperative keel-cortex distance 
and the origin of the fracture line. The study ultimately 
concluded that a longer keel-cortex distance and slight 
varus alignment of the tibial component reduced the 
risk of postoperative tibial fractures [3]. There are many 
other studies focusing on ways to reduce the risk of peri-
prosthetic fractures after UKA. In research comparing 
cemented and uncemented UKA, Hiranaka’s study sug-
gested that if preoperative X-rays indicate the need for 
a very small prosthesis or if the condyle is excessively 
prominent, cemented tibial fixation should be used [31]. 
A study by Seeger, which is similar to the aforementioned 
research, concluded that the load-bearing capacity of the 
tibial component in uncemented prostheses is signifi-
cantly reduced. For patients with extended sagittal bone 
cuts, particularly those with poor bone quality, UKA car-
ries a higher risk of periprosthetic tibial fractures [32].

However, this study also has certain limitations. First, 
the impact of osteoporosis on postoperative outcomes 
of UKA was not considered. Osteoporosis is common 
among patients and may exacerbate the risk of fractures 
and alter the biomechanical results, thereby affecting 
the generalizability of the study [33, 34]. Additionally, 
the finite element model used in this study was based 
on the tibial geometry of a 26-year-old male volunteer, 
which may not represent patients of different ages, body 
types, or health conditions. As such, the generalizability 
of the results is limited. Furthermore, the study primar-
ily focused on vertical cutting errors and surface modi-
fication designs but did not consider other important 
factors that could affect postoperative outcomes, such as 
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the patient’s activity level, muscle strength, and the use of 
surgical navigation technologies [35, 36].

Moreover, although the study used finite element 
analysis for simulations, it lacks clinical validation, and 
the simulation results may differ from actual surgeries 
due to the absence of clinical data support. Finally, the 
study did not explore in depth how variations in bone 
quality across different regions of the tibia affect stress 
and strain distribution, which could influence fracture 
risk and postoperative outcomes. Therefore, while this 
study holds certain theoretical value, a comprehensive 
understanding of the effects of vertical cutting errors and 
surface modifications on UKA still requires clinical vali-
dation and consideration of additional influencing factors 
[37, 38].

Conclusion
This study investigated the biomechanical effects of tibial 
vertical cutting errors on the proximal tibia after UKA 
and explored the use of surface modification designs to 
reduce fracture risk. The results showed that as cutting 
errors increased, the stress and fracture risk beneath the 
tibial prosthesis significantly increased, particularly when 
the cutting error exceeded 5 mm, at which point the frac-
ture risk increased sharply. The modified cutting surface 
designs effectively reduced stress concentration and low-
ered postoperative fracture risk. Although the findings 
provide valuable insights into the impact of cutting errors 
on postoperative complications of UKA, some limita-
tions remain. Future research should further explore the 
effects of other factors, such as osteoporosis, activity 
level, and muscle strength, on UKA outcomes and vali-
date the results with clinical data.
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