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Abstract
Background: “Bare aera” at the anterior plateau was existed with anteromedial and/or anterolateral proximal tibial locking plates
�xation in the treatment of hyperextension tibial plateau fractures (HTPF). The aim of this study was to introduce the rim plate
�xation technique and evaluate its clinical effect.

Methods: HTPF patients treated with rim plate combined with proximal tibial locking plate in our hospital between April 2015 and
December 2019 were retrospectively analyzed. All patients were followed up for a minimum of one year. Open reduction and
internal �xation through anteromedial/posteromedial and/or anterolateral approaches was performed for all patients. Surgical
strategies of rim plate �xation were introduced. And Radiographic and Clinical outcomes were assessed.

Results: A total of 13 patients were enrolled. The average follow-up time was 4.3 years. Satisfactory reduction was achieved and
radiographically maintained in all patients. And Satisfactory clinical functions were observed in all patients with a mean HSS
knee score of 96.2±2.0 (range: 90-98). No wound complications and implant breakage were observed in this series.

Conclusion: The combined use of rim plate and proximal tibial plate resulted in an effective �xation con�guration that led to
satisfactory clinical outcomes. 

Background
As computed tomography (CT) and magnetic resonance imaging (MRI) are commonly used approaches for preoperative
evaluation, several authors have used these approaches to describe the mechanisms of tibial plateau fracture [1, 2]. According to
the direction of forces, hyperextension, extension, and �exion types were elaborated in the sagittal plane, varus and valgus in the
coronal plane, rotation and transition in the horizontal plane. The hyperextension tibial plateau fracture (HTPF) is characterized
by an anterior depression or collapse of the medial and/or lateral plateau, whose fracture involves both condyles is more severe.
In their study, Firoozabadi et al showed that the incidence of popliteal artery disruption, peroneal nerve injury, and compartment
syndrome for hyperextension tibial plateau bicondylar fracture was high compared with other bicondylar plateau fractures [3]. In
addition, the clinical outcome of HTPF was also inferior and had worse functional outcomes [4, 5].

For the �xation of the reduced HTPF, anteromedial and/or anterolateral proximal tibial locking plates are usually used. Yet, there
is “bare aera” at the anterior plateau between the two plates (Fig. 1). This area is di�cult to �x because of the shelter of the
patella tendon and the limited space for plate placement. Thus, in our trauma center, we developed the 2.7mm pre-contoured rim
plate to buttress the anterior plateau. Rim plate is mainly used to �x posterolateral plateau due to the existence of “bare area”
and inferior �xation strength to anti-posterior displacement with standard lateral locking plate [6, 7]. To the best of our
knowledge, no previous study reported on its usage for treating HTPF. In this study, we described the surgical strategies of rim
plates for the treatment of HTPF and the preliminary results of a case series.

Methods

Patients and preoperative evaluation
Patients with HTPF treated with rim plates between April 2015 and December 2019 were retrospectively analyzed. All the patients
were minimally followed up for one year. HTPF was de�ned by medial and/or lateral decompression of the anterior plateau with
decreased posterior slope angle (PSA). Patients with pathological and chronic fractures were excluded. Patients with multiple
injuries or with accompanying fractures were also excluded. This study was approved by the ethical committee of Beijing
Jishuitan Hospital.

All the patients were temporarily immobilized with casts, braces, or external �xator at the emergency admission. Preoperative
radiographs and CT scans were taken for all patients to evaluate the morphological characteristics of the fracture. The de�nite
surgical treatment of open reduction and internal �xation was carried out when the soft tissue condition permitted, i.e., when
blister faded and swelling improved, which was evaluated by the surgeon. 
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Surgical technique
For patients whose fractures only involved the medial or lateral plateau, a single anteromedial or anterolateral approach was
used. Also, for patients with bicondylar fracture, anteromedial/posteromedial and anterolateral approaches were most
commonly used. A posterior tension fracture was usually found in patients with bicondylar HTPF, for whom the posteromedial
incision was �rstly made to expose and reduce the posterior fracture, after which it was �xed with a 1/3 tubular plate or
anatomical plate with a short proximal screw to allow minimal transition when elevating the anterior decompression, thus
providing a hinge point. Next, reduction of the anterior depressed articular surface to restore the sagittal and coronal alignments
was performed mainly following the approach described by Firoozabadi et al [3]. Simply, an osteotome or spreader was inserted
to the impaction area of the anterior metaphysis and was elevated until the PSA was restored. Reductions by multiple Kirschner
wires or plates described were also found to be effective methods. For HTPF patients whose fractures only involved medial or
lateral plateau, the reduction was performed in the same way. Once satis�ced reduction was achieved and veri�ed by
intraoperative �uoroscopy, provisional stabilization was performed using Kirschner wires. Structural arti�cial bone augments
(MIIGTM X3 or PRO-DENSETM Injectable, Wright Medical Technology, Inc., Memphis, USA) were used if the anterior defect was >1
cm. 

For the �xation of the anterior reduced plateau, the anteromedial and/or anterolateral locking plates (Synthes GMBH, Oberdorf,
Switzerland) were �rst used. In addition, to further buttress the “bare area” behind and close to the patella tendon, a 2.7mm plate
(Synthes GMBH, Oberdorf, Switzerland) was pre-contoured to adapt to the curve of the anterior plateau, after which it was
inserted behind the patella tendon above the locking plate. Finally, screws of convenient length were inserted at one/each side of
the patella tendon parallel to the articular surface. At least 1 long screw was placed to the posterior fragment or the
uncomminuted medial/lateral fragment to prevent secondary loss of reduction (Figure 2, 3). 

Postoperative management 
Postoperative radiographs and CT scans were obtained. Also, passive and active rehabilitation, including a full range of motion
(ROM), was arranged early after surgery. Usually, non-weight bearing lasted for 4 to 6 weeks and was followed by partial-weight
bearing. Full-weight bearing was only allowed when bone healing was veri�ed by radiographs. The medial tibial plateau angle
(mTPA) and PSA were measured on standard radiographs at immediate post-operation and the last follow-up by two authors
(Zhijian Sun and Changrun Li) . Major complications were recorded, and clinical outcomes were assessed by the hospital for
special surgery (HSS) knee score at the last follow up.

Results
A total of 14 HTPF patients received surgical treatment with rim plates. As 1 patient was lost to follow-up, 13 patients were
�nally analyzed. The average follow-up period was 4.3 ± 1.5 (range: 1.9–6.5) years. The demographic data are shown in Table 1.
There were 6 males and 7 females with an average age of 45.1 ± 16.6 (range: 23–76) years. Bicondylar was involved in 9
patients, medial condylar in 3 patients, and lateral condylar in 1 patient. Schatzker's classi�cation and OTA classi�cation was
illustrated in Table 1. All patients received open reduction and rim plate combined with proximal tibial locking plate �xation. The
average operation time was 101.2 ± 22.2 (range: 60–150) minutes, and the average intraoperative blood loss was 105.4 ± 69.8
(range: 20–250) mL.
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Table 1
The demographic, surgical, and clinical data of patients

Number Gender Age
(year)

Fracture
type

Schatzker
classi�cation

OTA
classi�cation

Surgical
time
(minutes)

Intraoperative
blood loss

Range
of
motion

HSS
knee
score

1 male 39 bicondylar 41-C3 120 100 0-130 98

2 female 23 Lateral
condylar

41-B1 105 100 0-130 98

3 male 58 bicondylar 41-C3 120 250 0-120 97

4 female 34 bicondylar 41-C3 150 100 0-130 98

5 male 42 Medial
condylar

41-B3 90 20 0-125 92

6 female 55 Medial
condylar

41-B3 60 50 0-130 98

7 male 76 bicondylar 41-C3 100 200 0-130 98

8 female 27 Lateral
condylar

41-B3 90 50 0-130 98

9 female 32 bicondylar 41-C3 90 200 5-120 96

10 female 25 bicondylar 41-C3 90 50 0-130 91

11 male 61 bicondylar 41-C3 90 100 0-100 90

12 Female 55 bicondylar 41-C3 120 100 0-130 98

13 male 59 Medial
condylar

41-B3 90 50 0-130 98

OTA, Orthopaedic Trauma Association; HSS, hospital for special surgery

The satisfactory reduction was achieved and radiographically maintained in all patients. mTPA was 86.7°±1.9° (range:
83.9e:90.7e) immediately after surgery and 86.1°±2.7° (range: 82.7°-90.9°) at the last follow-up. The medial PSA and lateral PSA
were 11.8°±4.1°±(range: 4.3°-19.3°) and 12.0°±4.1°(range: 3.0°-16°) immediately after surgery respectively and changed to 6.8°
±4.8° (range: -2.1°-14.6°) and 8.5°±6.4° (range: -2.9°-19.4°) at the last follow up. There was mild secondary loss of reduction
without causing malalignment or articular depression. Satis�ed clinical outcome was observed at the last follow up with a mean
HSS knee score of 96.2 ± 2.0 (range: 90–98).

There was 1 patient with preoperative nervus peroneus communis injury (patient no. 11). Also, a nerve graft was carried out by a
microsurgeon one year later. Ankle dorsi�exion did not signi�cantly improve at the last follow up. However, the patient could walk
without assistance. No wound complication and implant breakage were observed in this cohort of patients.

Discussion
HTPF is a severe type of tibial plateau fracture that has been more commonly associated with injuries and inferior functional
recovery compared to non-hyperextension types [3–5]. In clinical practice, buttressing “bare area” is observed with the only use of
proximal tibial locking plates, which was found to be more likely to cause secondary loss of reduction (Fig. 1) [6]. Herein, we
reported a new method, i.e., the rim plate for supporting the “bare area”, and veri�ed the outcomes in a small case series.

The use of rim plate is not uncommon in the treatment of tibial plateau fracture, considering its su�cient buttressing strength
and relatively small space it occupies. Pires et al [8] reported 9 patients with posterolateral fractures through trans�bular
approach. Rim plate was used to buttress the articular surface with 2.7mm horizontal rafting plate, and 1 patient presented loss
of reduction requiring revision surgery. In their study, Cho et al [9, 10] reported the rim plating of posterolateral fracture through a
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modi�ed anterolateral approach to provide adequate purchase. Moroever, Zhu et al [11] reported a new modi�ed Frosch
approach to �x the posterolateral fracture with “Barrel hoop plate”, which was also a variant type of rim plate. Kumar and
colleagues [12] reported on a case of a patient with posteromedial tibial condyle fracture treated with rim plate. Giordano et al
[13] introduced a new surgical technique for treating posterior bicondylar shear fracture with the “Hoop” plate. Rim plate
osteosynthesis was also reported as minimally invasive under arthroscopic assistance [14].

For the HTPF, the range of articular decompression usually exceeds half of the whole plateau. Also, anterior marginal fragment
or decompression of more than half of proximal tibial circumference could be involved, including the area behind the patella
tendon. The proximal tibial plate cannot achieve support for all of this area. To prevent knee stiffness, early ROM of the knee was
advocated. Under these circumstances, su�cient �xation is mandatory to prevent secondary loss of reduction. The combined
use of a pre-contoured rim plate was a reasonable option to provide extra subchondral support. In our series, mild secondary
reduction loss was observed, yet to an acceptable extent. Further studies are needed to further verify the biomechanical
advantages of the presented approach.

One potential issue related to this new surgical strategy is the plate irritation of the patella tendon; however, the infrapatellar fat
pad might provide buffering. Also, no patient complained of pain in the anterior region of the knee. Another concern was the
biomechanical support strength of the rim plate considering that comminuted fragments were usually existed at the anterior
plateau. Our strategy was to inserted at least 1 long screw on the rim plate to the relatively intact posterior/medial/lateral
fragment.

There were several limitations in the present study. Firstly, no control group was included in this case series; thus, it was
impossible to compare the advantages of rim plate in treating HTPF. In addition, preoperative MRI was not routinely performed,
so the accompanying meniscus and ligament injuries were not evaluated. Finally, a CT scan was not taken regularly during the
follow-up period, and subtle secondary loss of reduction might be ignored in the radiographs.

Conclusion
A new �xation method for treating HTPF, i.e., the rim plate combined with proximal tibial locking plates, provided adequate
support strength to the “bare area”. The case series presented satisfactory clinical outcomes without major complications and
obvious secondary reduction loss during a mean follow-up period of 4.3 years.

Abbreviations
HTPF: Hyperextension tibial plateau fractures; CT: Computed tomography; MRI: Magnetic resonance imaging; PSA: Posterior
slope angle; ROM: Range of motion; mTPA: medial tibial plateau angle; HSS: Hospital for special surgery
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Figures

Figure 1

A 63-year-old male patient with bicondylar HTPF (A-D). Open reduction and anteromedial and anterolateral locking plates �xation
was performed (E, F). Postoperative CT (G, H) showed the buttress “bare area” behind the patella tendon (grey circles).
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Figure 2

A 39-year-old male patient with bicondylar HTPF (A-D). Rim plate combined with proximal tibial locking plates was used (E-H).
The rim plate was inserted behind the patella tendon; screws of the rim plate were placed through lifting both side of the patella
tendon (E, F). Postoperative CT showed that su�cient support of the anterior plateau was provided (I, J).

Figure 3

A 23-year-old female patient with lateral HTPF (A-E). Open reduction and �xation with rim plate combined with anterolateral
locking plate were performed (F-I). Screws of the rim plate were placed by lifting both sides of the patella (F, G). Postoperative CT
showed that su�cient support of the anterior plateau was provided (J, K).


