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Transarticular external fixation is primarily used for open fractures involving the joint.
However, its biggest drawback is the potential forjoint dysfunction. The article reports a
successful case with complex open tibial plateau fracture treated using locked plate
external fixation technique during bone callus formation stage to replace transarticular
external fixation. We present a case of a 55-year-old male who sustained a complex open
fracture of the tibial plateau. In addition, he also suffered from multiple rib fractures, a
fibula fracture, a clavicle fracture, hemorrhagic shock, and lung contusion. The patient
has occurred tibial bone infection after undergoing open reduction and transarticular
external fixation for fracture management. Our team skillfully applied locked plate
external fixation technique during bone callus formation stage to replace transarticular
external fixation. Ultimately, the approach not only successfully controls infection and
achieves fracture healing but also preserves knee joint function after five years of
follow-up. In conclusion,the application of locked plate external fixation technique
during bone callus formation stage to replace transarticular external fixation is a valuable
approach that orthopedic clinicians should consider and learn from when managing

complex intra-articular fractures.

INTRODUCTION

The process of bone healing is typically divided into two
ways: primary healing and secondary healing,! with sec-
ondary healing being the most common clinical method
of fracture healing.2The secondary healing process consists
of four stages: acute inflammatory response, fibrocartilagi-
nous formation, bone callus formation, and bone remod-
eling. Acute inflammatory response typically occurs in the
first few days after the fracture, fibrocartilaginous forma-
tion usually takes place between 5 to 10 days after the
fracture, bone callus formation generally occurs around 4
weeks after the fracture, and bone remodeling typically
takes several months to a year to complete.3 During the
acute inflammatory response stage, there is a significant
presence of hematoma and inflammatory cells at the frac-
ture site. The fracture fragments are unstable. In the fibro-
cartilaginous formation stage, there is a large amount of
fibroblasts, osteoblasts, chondroblasts at the fracture site,

and the fracture fragments directly connect and unite as a
whole. In the bone callus formation stage, there is a carti-
laginous callus at the fracture site, providing basic mechan-
ical stability.*

Locked plate external fixation has been applied in clini-
cal practice since the 19th century.> Previous studies have
primarily focused on the application of locking plate exter-
nal fixation in the management of open fractures, bone in-
fections, nonunion, and other related conditions.6 Com-
pared to traditional external fixation, locked plate external
fixation does offer several advantages.10:11 The most signif-
icant advantage is the ability to provide more stability and
support by allowing for the placement of multiple screws in
fractures involving joint surfaces. Additionally, locked plate
external fixation is known for its convenience in daily life.

In the present case, locked plate external fixation was
appliedduring bone callus formation stage to replace the
traditional external fixation for the treatment of a complex
open tibial plateau fracture. The approach not only success-
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Figure 1. (A) photographs of the body after injury. (B,C) preoperative anterolateral radiograph of the right lower

leg.

fully achieves fracture healing but also preserves knee joint
function.

CASE PRESENTATION

A 55-year-old male patient was admitted to the hospital
due to a construction collapse, which resulted in pale face,
cold limbs, and continuous bleeding from the right lower
leg for 7 hours. The initial diagnosis at another hospital
suggested amputation, but the patient and his family re-
fused and transferred him to our hospital.

During the preoperative examination,the patient exhib-
ited a pale face and cold extremities, accompanied by ab-
normal movement in his right lower leg. There were two
large wounds that were continuously bleeding, with ex-
posed bone. The affected area also displayed swelling, ten-
derness, and positive percussion pain (Figure 1A). The dor-
salis pedis artery pulses were weak in the injured limb.X-ray
examination conducted at the another hospital revealed a
fracture of the right tibia and fibula, with severe comminu-
tion of the tibial plateau. The fracture extended to the mid-
dle and lower tibia (Figure 1B, 1C).

ETHICAL CONSIDERATIONS
We present a case report that doesn’t require ethical review
or approval. We ensure that the patient has already been

informed and consented to the protocol management and
publication in Orthopedic Reviews Journal.

MANAGEMENT AND OUTCOMES

The patient underwent four surgeries in total.

During the first surgery, the patient received blood
transfusion to correct the state of shock and underwent
repair of the right anterior tibial artery. Thorough wound
debridement was performed, along with external fixation
using transarticular joint external fixator. Additionally,
vacuum-assisted closure was implemented(Figure 2A,2B).

During the second surgery, the right fibula fracture was
reduced and internally fixed with Kirschner wires. The right
tibia fracture was partially reduced and internally fixed with
Kirschner wires as well. The external fixator of the right
lower limb was adjusted, and the wound was thoroughly de-
brided and closed(Figure 3A,3B).

During the third surgery, which took place one month af-
ter the second surgery, a sinus tract with purulent discharge
was observed in the anterior aspect of the right lower leg.
The wound secretionculture results indicated an infection
caused by Staphylococcus aureus. The patient underwent
treatment with Masquelet technique for the tibial bone in-
fection. The infected area was meticulously debrided and
subsequently filled with antibiotic bone cement that had
been mixed with vancomycin. Instead of using a transartic-
ular joint external fixator, a tibial locked plate external fix-
ation was utilized ( Figure 4A, 4B, 4C, 4D).

During the fourth surgery, which took place eight weeks
after the first stage of Masquelet technique, a second stage
of Masquelet technique was performed. The external locked
plate fixation was not replaced. The patient underwent au-
togenous bone grafting from the bilateral posterior iliac
crest and the right anterior iliac crest. The harvested auto-
genous bone was then mixed with four packets of allograft
bone and implanted into the defect area (Figure 5A, 5B, 5C,
5D).

At 1-year postoperative follow-up, the fracture ends
have healed, and external fixation plate are stable in po-
sition (Figures 6A, 6B). At 5-year postoperative follow-up,
the tibial defect has completely healed, but there is narrow-
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Figure 3. (A,B) postoperative anterolateral radiograph of the right lower leg after the second surgery.

ing of the knee joint space (Figures 6C, 6D).The right knee
joint has a clinical score of 95 points according to the Keen
Society Score, and a functional score of 50 points (Figures
6E).

DISCUSSION

The principles of trauma orthopedic injury control treat-
ment state that the priorities are as follows!2: saving lives,
salvaging limbs, preserving limb function. The patient pre-
sented with hemorrhagic shock upon admission, therefore
the primary focus was on saving their life. Emergency
surgery was performed to address the fracture, and tempo-

rarytransarticular joint external fixation was applied to sta-
bilize the fracture ends. Additionally, vascular and neural
exploration was conducted to assess and address any po-
tential damage to blood vessels and nerves in the area. The
wound was then closed with vacuum-assisted closure.
Lower limb fracture reduction standardsrequire that the
angular deformity be less than 10° and the displacement
distance of the fracture ends be less than 0.5cm in adult.13
Additional, anatomic reduction is required for fractures in-
volving the articular surface.l4The initial postoperative X-
ray of the patient showed that the angular deformity was
greater than 10°, the displacement of the fracture ends
exceeded 0.5cm, and the articular surface was irregular.
Therefore, neither the lower limb fracture reduction stan-
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Figure 4. (A) the condition of the bone infection. (B) The bone defect area was filled with antibiotic-loaded bone
cement. (C,D) postoperative anterolateral radiograph of the right lower leg after the third surgery.

Figure 5. (A) Masquelet induction membrane.(B) The defect area was filled with both autograft and allograft
bone.(C,D) postoperative anterolateral radiograph of the right lower leg after the fourth surgery.

dards nor the articular surface anatomic reduction stan-
dards were met.Considering the current issues with the pa-
tient, there are several factors to take into account. Firstly,
the tibial plateau fracture is severely comminuted, making
it difficult to achieve the desired outcome even with open
reduction and internal fixation using plates. Secondly, tib-
ial plateau fracture in the case is an open fracture, which
significantly increases the risk of infection when internal
fixation is performed. Lastly, if long-term transarticular
joint external fixation is performed, the knee joint function
will be compromised.

Regarding the above issues that exist after the first
surgery, our team has decided to forgo anatomical reduc-
tion of the tibial plateau articular surface. In the event
of post-traumatic arthritis, joint replacement surgery can
be considered as a remedial option. To address the issue
of long-term knee joint dysfunction caused by prolonged
transarticular external fixation, our team has devised a so-
lution. After 4 weeks of external fixation, during the bone
callus formation stage when the tibial plateau bone frag-
ments have formed a solid callus and are connected to-
gether, we will utilize the locking plate external fixation
technique to replace the transarticular external fixation.
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Figure 6. (A,B) postoperative anterolateral radiograph of the right leg taken one year after the bone grafting
procedure. (C,D) postoperative anterolateral radiograph of the right leg taken five years after the bone grafting
procedure. (E) Functional photograph of the affected limb taken five years later.

This approach not only reduces the risk of infection but
also preserves partial joint function. Additional, for frac-
ture alignment and angular correction, a simple fixation
with Kirschner wires can be used after reduction.

Based on previous research findings, the estimated in-
cidence of postoperative infection in open tibial plateau
fractures treated with internal fixation is approximately
8%.15The patient in this case developed a bone infection
in the tibia one month after the injury, and the identified
pathogen responsible for the infection was Staphylococcus
aureus. Bone infection at this stage presents a tremendous
challenge in terms of treatment for the patient. Given the
severe fragmentation of the tibial plateau and the inability
to satisfy the requirements for the Ilizarov technique at the
proximal end,6 our team ultimately decided to utilize the
Masquelet technique for the treatment of tibial bone in-
fection. Regarding the choice of fixation devices, following
the principles mentioned earlier, our team applied locked
plate external fixation technique during bone callus forma-
tion stage to replace transarticular external fixation.

CONCLUSION

After the diligent efforts of our team, the patient ultimately
achieved satisfactory results. The application of locked
plate external fixation technique during bone callus forma-
tion stage to replace transarticular external fixation for the
treatment of this complex tibial plateau fracture is the em-
bodiment of precision medicine technology. The approach
is worth considering and learning from for orthopedic clin-
icians when treating complex intra-articular fractures.
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