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Accurate fixation of complicated comminuted femur fracture with
customized LCP referencing a life-size 3D-printed model: a case
report
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Abstract: Fixation of a comminuted mid-distal femur fracture is challenging in clinical practice due to a
high degree of comminution and malformation. Here we describe a procedure involving a series of steps for
accurate fracture fixation in a patient diagnosed with comminuted mid-distal femur fracture. Emergency
traction of the tibia tubercle was initially performed using a large distractor for temporary external fixation
to maintain the femoral force line and to reduce intraoperative fractures. A three-dimensional printed model
was then used as a preoperative simulation tool to preshape the customized locking plate, reducing the
operation difficulty and improving surgical accuracy. Finally, the comminuted femur fracture was treated with
the minimally invasive percutaneous plate osteosynthesis technique for maximum protection of bone fracture
fragments and the surrounding blood supply. No postoperative complications were observed at the 3-year
follow-up when the plate was removed. This procedure offers new possibilities for orthopedic surgeries and

should be considered as an option for accurate fixation of comminuted mid-distal femur fractures.
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Introduction deformity, and complications related to bed confinement (5).

The fixation of comminuted mid-distal femur fracture is External fixation is potentially complicated by needle

challenging in clinical practice, mainly due to the high infection and limited functionality (6). The application

L . f interlocking intramedullary nail may experien n
degree of comminution and malformation caused by of interlocking intramedullary nail may experience bone

traction of the attached muscles (1,2). Notably, there is a union linked to difficulties in the anatomical reduction of
lack of mechanical support on the medial side of the fracture

when the medial cortex is pulverized. This condition is

comminuted fracture (7). Meanwhile, open reduction and
internal fixation (ORIF) with an anatomical plate requires

more prone to complications such as valgus deformity,
fracture nonunion, and internal fixation failure (3).
Although various treatments such as skin and bone
traction, external fixation, interlocking intramedullary
nails, and anatomical plates have been attempted, some
complications remain unresolved (4). For instance, long-
term skin and bone traction may cause joint stiffness,
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reduction of the fracture fragment by periosteum removal
over a large area, which may lead to delayed bone healing (8).

A lateral locking compression plate (LCP) has recently
been recommended for comminuted femur fracture
fixation for its excellent mechanical characteristics (9).
Maximum protection of bone fracture fragments and the
surrounding blood supply can be achieved by minimally
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Figure 1 Preoperative X-ray images. (A) Pelvis; (B,C) anterior view (B) and lateral view (C) of the left femur.

invasive percutaneous plate osteosynthesis (MIPPO)
technology. These provide a good biological environment
for fracture healing, thereby reducing bone graft rate and
the occurrence of nonunion (10). However, this surgical
procedure is still limited by poor alignment correction and
insufficient bone fragment reduction (11).

Here we report the application of three-dimensional 3D)
computed tomography (CT) scanning to print a life-size 3D
model of a patient’s contralateral femur using a mirroring
technique. The 3D-printed model served as a preoperative
tool for preshaping the customized LCP and simulating
implantation. The preshaped LCP was consistent with the
femoral anatomy, which was beneficial for fracture fragment
reduction and ligament correction. The MIPPO technique
was then used to treat the multisegment comminuted femur
fracture, with the patient achieving good clinical recovery.
The combination of these approaches should be considered
for the treatment of comminuted femoral fractures.

Case presentation

The study was conducted in accordance with the principles
outlined in the Declaration of Helsinki, and was approved
by the Ethics Committee of the Second Hospital of Jilin
University (No. 2019025). The patient provided written,
informed consent to participate. Data were kept anonymous
to protect the patient’s privacy.

A 35-year-old male was admitted to the hospital with
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high fall injury. Physical examination revealed obvious
external rotation and deformity (shortening) of the left
lower extremity, with tenderness and longitudinal throbbing
pain as well as bone squeaking and rubbing. Subcutaneous
ecchymosis was visible on the lateral side of the greater
trochanter and buttock. This patient denied previous
illness and surgery history, and family members have no
inherited diseases. X-ray (Figure 1) and 3D CT (Figure 2)
reconstruction revealed that the patient had multiple
fractures including a left acetabular double column fracture
with quadrilateral body displacement to the medial side (AO
classification: C1.3), combined with left iliac wing and right
pubic fractures. There were multiple comminuted fractures
in the left femur with significant displacement, and several
irregular fracture lines were detected between the lateral
femoral condyle and intercondylar fossa with no obvious
displacement. A left tibia avulsion fracture of the posterior
cruciate ligament (PCL) was also observed.

The diagnosis and treatment flow chart of the patient,
as shown in Figure 3. The 3D CT scan confirmed that
even the longest available 14-hole LCP was insufficient
for fracture fixation (Figure 44). A customized 17-hole
LCP (length =400.0 mm, with a 4.5-mm cortical screw and
5.0-mm locking screw) was designed and fabricated. A
resin model was 3D-printed based on the contralateral
femur using the mirror principle (Figure 4B,C), and was
used to preshape the LCP and simulate screw implantation.
The simulation showed that the self-designed plate could
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Figure 2 Preoperative 3D CT reconstruction. (A) Pelvis; (B,C,D) anterior view (B), posterior view (C), and lateral view (D) of the left

femur.

Diagnosis: Left femur multiple comminuted

fractures and pelvis fractures

Customized locking plate design and fabrication

------ Large distractor for temporary external fixation

------- Internal fixation for pelvis fractures treatment

——————— 3D-printed model to pre-shape customized plate

Figure 3 Diagnosis and treatment flow chart of the patient.

attach perfectly to the outer side of the 3D-printed femur
model after preshaping and that 4 to 5 locking screws were
sufficient for distal and proximal fixation (Figure 4D,E).
Emergency traction of the left tibia tubercle was performed
and a large distractor was fixed across the knee joint for
temporary external fixation to maintain the positions of
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MIPPO technique for femur multiple comminuted
fractures fixation by customized plate

Implant removal

bone fragments (Figure 5) and gain time for the fabrication
of a customized bone plate, and to reduce the size of
the fracture prior to surgery. Two weeks later, the pelvis
fractures were fixed by ORIF and after 1 week, the femur
fracture and tibia avulsion fracture of the PCL were treated
simultaneously. This article focuses on the treatment of
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Figure 4 Determination of LCP placement. (A) 12- and 14-hole LCPs were placed on the lateral side of femur; (B,C) a 3D-printed resin

model and custom-designed 17-hole LCP were fabricated; (D,E) preoperative simulation of plate preshaping and screw implantation.

multisegment comminuted femur fracture by customized
LCP using the MIPPO technique.

With the patient in the supine position, the left lower
extremity was externally rotated by 30° and elongated by
0.5 cm based on the preoperative X-ray. Accordingly, the
stretcher was rotated and shortened by the same angle to
correct the deformity. A 3.5-cm longitudinal incision was
then made at the center of the lateral femoral condyle by a
distal approach. A proximal incision was made by the original
approach for the pelvis operation (after removing 5.0 cm
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Figure 5 Temporary fixation of a large distractor across the knee joint to maintain the positions of bone fragments.

of suture), and the lateral femoral muscle was partially cut
at the insertion point of the greater trochanter to expose
the proximal femur. The plate was inserted (Figure 64)
and temporarily fixed with Kirschner wires (Figure 6B,C),
and the free bone fragment in the middle was fixed with
3 screws (Figure 6D). The fracture line and plate position
were confirmed by fluoroscopy (Figure 74,B). A locking
screw was fixed at each end (Figure 7C,D). Finally, 4 and
3 locking screws were placed at the distal and proximal ends,
respectively (Figure 7E,F). After internal fixation, passive
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Figure 6 Surgical procedure. (A) Distal incision and insertion of the LCP; (B,C) both ends of the plate were temporarily fixed with

Kirschner wires through the distal and proximal incisions; (D) the middle free bone fragment was fixed with 3 screws.

Figure 7 Intraoperative fluoroscopy of the fracture force line and plate position. (A,B) Temporary plate fixation with Kirschner wires; (C,D)

fixation of the two ends with 2 locking screws; (E,F) fixation of the free bone fragment with 3 screws after adjusting the alignment, followed

by final fixation of the plate ends.

exercises were performed on the patient under anesthesia.
Postoperative 3D CT confirmed that the left femur line was
basically restored, with the internal fixation in a good position
(Figure 8). On day 3 after surgery, positive and passive flexion
and extension exercises of the knee joint were started. After
6 weeks, partial weight-bearing walking was achieved and at
3 months, total weight-bearing walking was recommended.
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An X-ray examination at 5 months showed no displacement
at the fracture end, and the fracture line was blurred by the
formation of a large amount of callus (Figure 94). X-ray
examination at 1 year showed good lower limb alignment and
complete plasticity of the bone structure (Figure 9B). The plate
was removed 3 years after the surgery (Figure 9C,D), at which
time the patient showed good limb function (Figure 10).

Ann Transl Med 2020;8(7):505 | http://dx.doi.org/10.21037/atm.2020.03.115



Page 6 of 9 Liu et al. Fixation of a comminuted femur fracture with customized LCP

Figure 9 X-ray examinations at follow-up. 5 months (A), 1 year (B), and 3 years (C) post-operation, and after plate removal (D).
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Figure 10 Lower limb function 3 years post operation. (A,B) Standing position; (C) squatting position; (D) lying flat in the supine position;
(E,F,G,H) lower limb flexion (E), external rotation (F), internal rotation (G), and stretch (H).

Discussion

Subjecting the femoral shaft to high-impact injury can lead
to comminuted fracture (12). Successful surgery depends on
effective reduction and internal fixation of the fracture with
maximal preservation of the blood supply at the fracture
site (13). The locking mechanism of the LCP has good
angle stability, and the screws and plate are combined into
an internal fixation bracket. The plate can be inserted into
the incision with the MIPPO technique and attached to
the periosteal channel, with 4 to 6 screws installed at the
fracture ends. The bone surface does not need to be in
close contact with the plate; the fracture end is not exposed,
and the blood supply is preserved as much as possible, thus
protecting local tissue and creating an environment that
promotes bone healing (14). However, it was reported that
a lateral LCP is associated with a relatively high rate (up
to 30%) of complications including nonunion, delayed
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union, and implant failure, mainly due to poorly reset
fracture fragments, uncorrected lower limb alignment, and
periosteal stripping during surgery (15).

The reason for the distal end of the large distractor
crossing the knee joint is that a femoral condyle fracture
has limited fixation strength, which affects implantation
of the bone plate and increases the risk of infection of the
distal incision. The rationale for using a large distractor was
to restore and maintain the femoral force line and length;
in the process of pelvic and acetabular fracture reduction
and fixation, this allowed traction and rotation without
secondary damage.

A plate with insufficient supporting length is presumed
to be the main cause of fracture nonunion and internal
fixation fracture (16). However, it has also been suggested
that the lateral LCP has unstable eccentric fixation due
to inadequate support on the medial side when subjected
to longitudinal load. This causes significant strain at the
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fracture end, which affects callus formation and delays or
prevents healing. At the same time, stress is concentrated in
the lateral plate over a prolonged period, which can induce
internal fixation failure (17). Life-size 3D-printed models
that reflect the actual size and structure of fractures have
been widely used in the field of trauma surgery in recent
years as a reference for designing surgical schemes and for
preoperative simulation (18). The use of 3D-Printed model
in this study obviously reduced the operation difficulty and
improved surgical accuracy, which can further prevent the
internal fixation failure to some degree (19).

The customized LCP had several advantages. (I) The
retractor effectively restored the femoral alignment line
and limb length, and helped to adjust the position of bone
fragments during the operation. (II) The bone plate was
well designed and pre-bent according to the 3D-printed
resin model. (III) The effective fixation of multiple bone
segments was completed at one time under minimally
invasive conditions, allowing functional exercises to be
performed soon after surgery. However, this case also had
the following limitations. (I) The femoral alignment line
was not fully adjusted and the lower limb had a slight valgus
deformity. (I) The bone plate should have had a lag screw
near the fracture line at the distal end that could correct the
valgus deformity and increase the fixation strength of the
femur. (III) The large free bone fragment at the proximal
end was not reset; the use of percutaneous bundling wire
can achieve superior resetting. (IV) An eccentrically
fixed elongated bone plate experiences significant strain
and stress, thereby increasing the probability of fatigue
fractures.

Conclusions

A novel strategy was developed for the treatment
of multisegment comminuted femur fracture with a
customized LCP that involved the MIPPO technique along
with a 3D-printed model. The patient showed good limb
function at the 3-year follow-up without any complications.
Therefore, this procedure is worth considering as an option
for accurate fixation of comminuted mid-distal femur
fractures.
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