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ORIGINAL RESEARCH

Application of 3D-Printed Personalized Guide
for Lateral Femoral Positioning in Anterior
Cruciate Ligament Reconstruction of the Knee
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Sizhe Wang, MMed; Caijuan Liu, MMed; Jinyu Wang, MD

ABSTRACT

Objective o This research aims to investigate the
effectiveness of 3D computer-assisted customized guided
positioning of the lateral femoral tunnel compared to
conventional methods for Anterior Cruciate Ligament
(ACL) reconstruction surgery.

Methods » A total of 80 patients with a complete ACL tear
who underwent arthroscopic reconstruction with
autologous tendon transplantation (semitendinosus-
gracilis tendon) were included in this study. The patients
were admitted to our hospital between March 2020 and
January 2022 and were randomly divided into two groups:
the conventional group (n=40) and the personalized
guide group (n=40), based on the positioning method.
The conventional group underwent ACL restoration using
standard surgical techniques, while the personalized guide
group opted for the more precise computer-assisted
personalized guide method. The lateral femoral tunnel
times were compared between both groups. Additionally,
the International Knee Documentation Committee
(IKDC) and Lysholm scores were assessed, and the lateral
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INTRODUCTION

The anterior cruciate ligament (ACL) plays a vital role in
maintaining knee stability.»> ACL injuries are highly prevalent
among articular ligament injuries, with an estimated 100000
to 200 000 cases per year in the United States.* If left
untreated, ACL injuries can result in knee instability,

femoral location was evaluated using X-ray imaging at 2
weeks postoperatively.

Results « After surgery, both groups showed a statistically
significant increase (P <.05) in Lysholm and IKDC scores
compared to their pre-surgery scores. However, the two
groups had no evident difference (P>.05). X-ray evaluation
at 2 weeks post-surgery revealed no significant difference
between the two groups in NL/ML, AL/BL, a, and {3 angles
(P>.05). The preparation time for the femoral tunnel was
significantly shorter in the personalized guide group (6.18
+ 0.92 min) compared to the traditional group (15.94
3.12 min) (P<.05).

Conclusions « The computer-assisted 3D personalized
guide positioning method is more effective in locating the
lateral femoral tunnel for ACL reconstruction of the knee
and can substantially reduce the positioning time. This
study provides valuable insights for clinicians when
selecting surgical methods. (Altern Ther Health Med.
2023;29(7):360-364).

meniscus, and cartilage degeneration and may eventually
lead to serious complications such as osteoarthritis,
significantly impacting the individuals quality of life.”*
Therefore, repairing the damaged ACL and restoring knee
stability is crucial. However, a challenge in ACL repair lies in
accurately locating the femoral tunnel.*"!

3D printing, also known as additive manufacturing, is a
cutting-edge technology that constructs three-dimensional
objects layer by layer based on digital models, enabling
precise and customized fabrication in various fields, including
medicine and surgery.®'® Incorporating 3D printing in ACL
surgery allows for the creation of personalized guides that
enhance surgical accuracy and improve patient outcomes.'*"!
This advancement can transform the process from relying
solely on the operator’s experience in traditional surgery to
implementing computer-assisted precise positioning.
Therefore, this research utilizes 3D printing technology in
ACL restoration surgery, integrating computed tomography
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(CT) and magnetic resonance imaging (MRI) scans to
determine the location of the lateral femoral tunnel precisely.
The following section elaborates on this innovative approach.

MATERIALS AND METHODS
Study Design and Patient Selection

A total of 80 patients admitted to our hospital between
March 2020 and January 2022, diagnosed with a complete
ACL tear, underwent arthroscopic reconstruction with
autologous tendon transplantation (semitendinosus-gracilis
tendon). Based on the positioning method, these patients were
randomly divided into two groups: the conventional group (n
=40) and the personalized guide group (n = 40). The
conventional group comprised 25 males and 15 females, aged
between 19 and 40, with a mean age of 28. On the other hand,
the personalized guide group consisted of 26 males and 14
females, with a mean age of 26 and ages ranging from 19 to 37.

Inclusion and Exclusion Criteria

Inclusion criteria were as follows: (1) Patients diagnosed
with a complete ACL rupture preoperatively using MRI and
demonstrated positive outcomes in the Lachman, anterior
drawer, and pivot shift tests; (2) patients without bone
deformities in other knee-joint examinations, those
hospitalized for more than 1 week after surgery; (3) and those
followed up for a full year were included in the study.
Exclusion criteria: those who did not meet the inclusion
criteria were excluded from this study.

The conventional and personalized guide groups had
similar distributions of gender and age, with no statistically
significant differences observed (P>.05). This study received
ethical approval from the hospital’s Ethics Committee, and all
patients provided informed consent.

3D Printing and Personalized Guide Creation

In the personalized guide group, arthroscopic ACL
reconstruction was performed using a 3D-printed
personalized guide. A 64-row spiral CT scan and MRI were
conducted on the affected knee. The CT and MRI scans were
saved in the “DICOM” format and used in conjunction with
3D reconstruction software (Mimics) to generate a 3D model
of the knee joint, which was saved in “STL” format. Utilizing
the dynamic region generation function of the Mimics
software, a preliminary computer-assisted design 3D model
of the patient’s knee was created. The lateral femoral tunnel
localization points were selected, and the relevant parameters
were measured during this process.

Modeling Using the 3D Printing. The personalized
guide model was designed using 3D-StudioMax software,
and the final model was then exported in “STL” file format.
The modeling process involved using removable molding
plates with a patented fused deposition molding technique to
create personalized guide plates and supporting materials.
Once the 3D printing process was completed, the printed
guide was carefully removed from the working chamber, and
the supporting materials were removed.'>"

Surgical Procedures

The conventional anterolateral anteromedial approach
was used in both groups to access the knee joint. The
ipsilateral semitendinosus and gracilis tendons were
combined into a single bundle of four strands. For tendon
fixation, the Endo button was employed at the external
entrance of the femoral tunnel, while extrusion screw fixation
and portal screw fixation were used for the tibial tunnel.

Personalized Guide Group. In the personalized guide
group, the knee joint was partially cleaned under the
arthroscope, and the preoperatively designed and 3D-printed
personalized guide plate was placed at 90° of knee flexion. A
Kirschner wire served as a guide to drill and position the
femoral tunnel. A tibial guide apparatus was used to drill the
tunnel on the tibial side. The autologous tendon was
smoothed through repeated knee flexion and extension. The
tendon, secured with an Endo button collar plate, was then
fed into the bone tunnel, and traction was applied to the
tendon guideline at the outer tibial tunnel for fixation.

Conventional Group. In the conventional group, the
footprint center method was employed to locate the lateral
femoral tunnel of the ACL during the surgery. The rest of the
surgery was performed similarly to the personalized guide

group.

Postoperative Rehabilitation

Following the surgery, ankle pump exercises were
initiated as soon as the anesthesia wore off on the day of the
surgery. Patients began quadriceps isometric contraction and
straight-leg-raising exercises on the first postoperative day.
Subsequently, the knee was immobilized in the extension
position using a knee brace. Passive knee flexion training
commenced 2 weeks after the surgery, starting at 0°~30° and
increasing by 30° per week until reaching 120°.

Observation Indicators

(1) Lateral femoral tunnel preparation time: The time
taken to prepare the lateral femoral tunnel during the
procedure was meticulously recorded; (2) Postoperative knee
function evaluation: Postoperative knee function was
assessed using the Lysholm Knee Scoring Scale (Lysholm
score) and the International Knee Documentation Committee
(IKDC) score before the surgery and at three, six, and twelve
months following the surgery; (3) Assessment of lateral
femoral tunnel positioning: The positioning of the lateral
femoral tunnel was evaluated using X-ray imaging two weeks
after the surgery.

Measurement Protocol. Several parameters were
determined based on the orthopantomography of the knee:
(1) ML: length of the femoral condyle; (2) NL: distance
between the lateral femoral stop of the reconstructed ACL
and the edge of the lateral femoral condyle; and (3) a: angle
between the horizontal line of the knee joint and the midline
of the lateral femoral tunnel.

On the lateral knee film, (1) BL: length of the Blumensaat
line; (2) AL: distance from the lateral femoral stop of the
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Table 2: The IKDC scores of the two groups were compared
(x * s, points/points).

Table 1. Lysholm score (x + s, points/points) comparison
between the two sets of participants.

3 Months | 6 Months | 12 Months 3 Months 6 Months 12 Months

Before The | After The After The After The Before The | After The After The After The
Groups Surgery Surgery Surgery Surgery Group Surgery Surgery Surgery Surgery
Regular Group [42.23 +2.73| 93.13 £ 1.17 | 93.77 + 1.07 | 94.90 + 0.97 Regular Group | 45.03 + 3.44 | 93.87 £ 1.20 | 94.03 £ 1.25 | 94.87 £ 1.11
Personalized 42,47 £1.94|93.23 £1.22 | 93.83 + 1.15 | 94.60 £ 0.80 Personalized 44.36 +3.50 | 93.77 + 1.30 | 94.17 £ 1.05 | 95.03 + 1.00
Guide Group Guide Group
t 0.38 0.32 0.23 1.31 t 0.45 031 0.45 0.61
P value >.05 >.05 >.05 >.05 P >.05 >.05 >.05 >.05

Note: The “t” value represents the t-test results for independent
samples, while “P” indicates the level of statistical significance.
A P-value greater than .05 indicates no statistically significant
difference between the two groups at each time point.

Note: The “t” value represents the t-test results for independent
samples, while “P” indicates the level of statistical significance.
A P-value greater than .05 suggests no statistically significant
differences between the two groups regarding IKDC scores at
each time point.

reconstructed ACL to the intercondylar fossa of the femur
over the apex of the intercondylar fossa’s line; and (3) the
angle formed by the long axis of the femoral stem and the
centerline of the femoral attempt were measured. The location
of the ACL femoral stop in the orthogonal slice was denoted
as NL/ML, while the lateral slice location was indicated by
AL/BL.™

Reliability of Measurements. Two specialized physicians
measured all indicators for each patient to ensure accuracy
and reliability, and their measurements were then averaged to
obtain the final result. When the difference between the
measurements of the two specialized physicians exceeded
5%, a specialized professor with a senior title was consulted
to perform the measurements, and any discrepancies were
resolved.

Statistical Analysis

The data analysis was conducted using SPSS Statistics
25.0 (IBM, Armonk, NY, USA). Kolmogorov-Smirnov tests
were performed to ensure the homogeneity of data. The t-test
for independent samples (Student’s ¢ test) was employed to
compare the two groups. Normally distributed measurement
values were reported as mean + standard deviation (x + s).

Table 3. Comparison of lateral femoral positioning after the
surgery in the two groups (x * s)

Groups NL/ML AL/BL a/° Br°
Regular Group 0.55+0.02 | 0.32 + 0.02 | 48.09 + 1.56 | 31.50 + 2.24
Personalized 0.56 £0.02 [ 0.32 + 0.01 | 47.97 £ 1.73 | 31.98 + 2.29
Guide Group

t -1.397 -1.303 0. 290 -0.816

P value >.05 >.05 >.05 >.05

Note: The table presents the mean values (x ) and standard
deviations (s) of the lateral femoral positioning parameters
NL/ML, AL/BL, a/°, and B/° for both groups. NL/ML:
represents the measurement of the lateral femoral positioning
of the reconstructed anterior cruciate ligament (ACL)
femoral tunnel in relation to the medial side of the femur;
AL/BL: represents the measurement of the lateral femoral
positioning of the reconstructed ACL femoral tunnel in
relation to the intercondylar fossa of the femur; a/°: represents
the angle formed by the long axis of the femoral stem and the
centerline of the femoral tunnel; B/°: represents the angle
formed by the horizontal line of the knee joint and the
midline of the lateral femoral tunnel.

For categorical data, the chi-squared test (x> test) was utilized,
and the results were presented as [n (%)]. The level of
statistical significance was set at P<.05.

RESULTS
Incidence of Complications

The surgical procedure proceeded smoothly in both
groups, and no intraoperative or postoperative complications
were observed.

Postoperative Evaluation of Lysholm and IKDC Scores

Following the surgery, the Lysholm and IKDC scores of
both groups showed a significant increase compared to the
pre-surgery scores, with a statistically significant difference
(P <.05). However, there was no statistically significant
difference in postoperative scores between the two groups
(P>.05); refer to Tables 1 and Table 2.

Table 4. Comparison of the time required for preparing the
femoral tunnel (x * s)

Time required for preparing
Group the femoral tunnel
Regular Group 15.94 + 3.12
Personalized Guide Group 6.18 +0.92
t 18.94
P value <.05

Note: The table provides the meantime (x ) and standard
deviation (s) taken for preparing the femoral tunnel in both
groups. The “¢” value represents the ¢ test results for
independent samples, while “P” indicates the level of
statistical significance. A P-value less than .05 indicates a
statistically significant difference between the two groups in
terms of the time required for femoral tunnel preparation.
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Evaluation of Lateral Femoral Positioning

At 2 weeks after the surgery, the lateral femoral positioning
of the two groups was assessed using X-ray imaging. There was
no discernible difference in NL/ML and AL/BL angles between
the two groups (P>.05); refer to Table 3.

Time for Femoral Tunnel Preparation

Table 4 demonstrates that the time required for preparing
the femoral tunnel in the personalized guide group (6.18 +
0.92 min) was significantly lower than that of the conventional
group (15.94 + 3.12 min), with a statistically significant
difference (P<.05).

DISCUSSION

Traditional ACL reconstruction is widely regarded as the
standard approach, often referred to as the “gold standard,” due
to its long-standing use and established efficacy.”® Isometric
reconstruction is the preferred technique within traditional ACL
reconstruction as it has been shown to provide improved knee
stability."” However, one important drawback is that it may not
fully address rotational stability* On the other hand, the
anatomic reconstruction of the ACL emphasizes restoring the
ligament graft to its original footprint area with precise diameter
and orientation of the tunnel. It improves the anterior-posterior
and rotational stability, restoring the knee’s normal function.'>'¢

After anatomic reconstruction, ligament repair becomes
faster, more durable, and has the potential to cover a larger
region of the knee’s footprint. This restoration allows for the
re-restoration of the ACLs original starting and ending
points and its original direction, ultimately contributing to
improved knee function.'” Focusing on these aspects of the
reconstruction, anatomic techniques offered the potential for
improved outcomes and better restoration of knee function
compared to traditional approaches.

The 3D printed model offers a comprehensive view of the
fracture status and enables the design of surgical plans to
enhance precision and reduce operative time before surgery.
Scholars have demonstrated effective clinical results in previous
studies using a scale-type 3D-printed guide to assist in cervical
pedicle screw fixation.® Similarly, in patients with initial joint
replacement and lateral femoral extra-articular deformity, 3D
printing technology has been shown to simplify the procedure
and shorten operative time." The successful application of 3D
printing techniques presents new possibilities for precisely
positioning the lateral ACL femoral tunnel.

Our study used a combination of 3D CT and MRI to
create the patient’s knee model on the computer. The reference
point for the ACL femoral stop and the tunnel direction were
determined based on this computer model. Subsequently, a
personalized tunnel guide was designed and 3D printed to
determine the femoral tunnel during the surgery. The surgical
procedures in both groups proceeded smoothly, with no
complications during or after the surgery. Furthermore, the
postoperative results, including the Lysholm score, IKDC
score, and lateral femoral placement data, showed no
statistically significant differences between the two groups.

The group that used personalized guidance exhibited
significantly shorter preparation times for the femoral tunnel.
This improvement in efficiency during surgery is very
beneficial because it reduces the time needed for femoral
tunnel preparation. The application of computer-assisted 3D
printing technology helps avoid the need for repeated tunnel
positioning during surgery, which can occur when relying
solely on the surgeon’s experience in traditional approaches.
Moreover, this technology allows for better control of the
tunnel direction, which helps lower the risk of damaging the
posterior cortex as the tunnel is too close to the lateral
femoral condyle. Consequently, the use of 3D printing
technology contributes to reduced surgical trauma.*® In our
study, the personalized guidance group had a significantly
shorter preparation time for the femoral tunnel, which
improved the surgery efficiency by reducing the time needed
for femoral tunnel preparation.

Our results showed that the personalized guidance group
experienced significantly shorter preparation time for the
femoral tunnel, improving efficiency in surgery. The use of 3D
printing technology allowed for better control of the tunnel
direction, thereby reducing the risk of damaging the posterior
cortex and other complications. These findings support the
application of computer-assisted 3D printing technology as a
promising approach to enhance surgical precision and reduce
operative time in ACL reconstruction, offering new insights
for clinicians in selecting surgical methods.

Study Limitations and Future Implications

The primary limitations of the our study include the
relatively small sample size and the relatively short follow-up
time. These factors may introduce potential bias in the
results, and the generalizability of the findings may be
limited. To address the limitations and expand on the
findings of this study, future research should consider
conducting studies with larger sample sizes and longer
follow-up periods. Implementing a multicenter approach
could enhance the reliability and applicability of the results to
a broader population. By addressing these factors, future
studies can provide more robust evidence and further validate
the effectiveness of computer-assisted 3D printing technology
in ACL reconstruction surgery. It may lead to wider adoption
and application of this technology in clinical settings,
potentially improving surgical outcomes and patient care.

CONCLUSION

In conclusion, using 3D printing technology in ACL
restoration surgery for positioning the lateral femoral tunnel
has proven effective and efficient, resulting in a significant
reduction in positioning time. This study highlights the
potential benefits of incorporating 3D printing technology in
surgical procedures, providing valuable insights for clinicians
and paving the way for further advancements in the field of
ACL reconstruction. The promising results encourage future
research and implementation of this technique to optimize
surgical outcomes and enhance patient care.
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