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of forces, encompassing hyperextension, extension, and 
flexion types; the coronal plane involves varus and val-
gus forces, while the horizontal plane includes rotation 
and transition. Hyperextension tibial plateau fractures 
(HTPF) exhibit an anterior depression or collapse of the 
medial and/or lateral plateau, with more severe involve-
ment when both condyles are fractured [3]. Firoozabadi 
et al. [4], in their study, demonstrated a high incidence 
of popliteal artery disruption, peroneal nerve injury, and 
compartment syndrome in hyperextension tibial plateau 
bicondylar fractures compared to other bicondylar pla-
teau fractures, which was further verified by later studies 

Background
Computed tomography (CT) and magnetic resonance 
imaging (MRI) are frequently employed for preopera-
tive assessment, and numerous authors have utilised 
them to elucidate the mechanisms of tibial plateau frac-
tures [1, 2]. The sagittal plane elaborates on the direction 
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Abstract
Background The existence of a “bare area” at the anterior plateau has been observed in cases where anteromedial 
and/or anterolateral proximal tibial locking plates are used for fixation in the treatment of hyperextension tibial 
plateau fractures (HTPF). The objective of this study is to introduce the rim plate fixation technique and evaluate its 
clinical efficacy.

Methods A retrospective analysis was conducted on HTPF patients who underwent treatment with a combination of 
rim plate and proximal tibial locking plate at our hospital between April 2015 and December 2019. All patients were 
followed up for a minimum of one year. Open reduction and internal fixation were performed using anteromedial/
posteromedial and/or anterolateral approaches for all cases. The surgical strategies employed for rim plate fixation 
were introduced, and both radiographic and clinical outcomes were assessed.

Results Thirteen patients were enrolled in the study, with an average follow-up time of 4.3 years. Satisfactory 
reduction was achieved and radiographically maintained in all cases. Additionally, all patients exhibited satisfactory 
clinical functions, as evidenced by a mean hospital for special surgery (HSS) knee score of 96.2 ± 2.0 (range: 90–98). 
Furthermore, no wound complications or implant breakage were observed in this series.

Conclusion The combination of the rim plate and proximal tibial plate proved to be an effective fixation 
configuration, resulting in satisfactory clinical outcomes.

Keywords Tibial plateau fracture, Hyperextension, Rim plate

Rim plate in the treatment of hyperextension 
tibial plateau fracture: surgical technique 
and a series of cases
Zhijian Sun1, Ting Li1*, Yabo Liu1, Yujiang Mao1, Weihua Li1, Qi Guo1, Shaoliang Li1 and Changrun Li1

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12891-023-06786-z&domain=pdf&date_stamp=2023-8-16


Page 2 of 6Sun et al. BMC Musculoskeletal Disorders          (2023) 24:655 

[5, 6]. Furthermore, the clinical outcome of HTPF was 
found to be inferior, with worse functional outcomes [7, 
8].

The fixation of reduced HTPF commonly involves the 
use of anteromedial and/or anterolateral proximal tibial 
locking plates. However, there exists a challenging “bare 
area” at the anterior plateau between these two plates 
(Fig. 1). This region poses difficulties for fixation due to 
the shelter of the patella tendon and limited space for 
plate placement. To address this issue, our trauma cen-
ter developed the 2.7  mm pre-contoured rim plate to 
buttress the anterior plateau. The rim plate is primarily 
employed for fixing the posterolateral plateau, as it offers 
better fixation strength against anti-posterior displace-
ment than the standard lateral locking plate [9, 10]. Nota-
bly, no prior study has reported on the usage of rim plates 
for treating HTPF. In this study, we present the surgical 
strategies involving rim plates for HTPF treatment and 
the preliminary results of a case series.

Methods
Patients and preoperative evaluation
Patients diagnosed with HTPF and treated with rim 
plates between April 2015 and December 2019 were 
subjected to a retrospective analysis. All patients were 
followed up for a minimum of one year. HTPF was char-
acterized by the medial and/or lateral depression of the 
anterior plateau along with a reduced posterior slope 
angle (PSA). Patients with pathological and chronic frac-
tures were excluded from the study, as were those with 
multiple injuries or accompanying fractures. The ethical 

committee of Beijing Jishuitan Hospital approved this 
study (Approval No. 202111-13).

Upon emergency admission, all patients underwent 
temporary immobilization using casts, braces, or exter-
nal fixators. Subsequently, preoperative radiographs and 
CT scans were obtained for all patients to assess the mor-
phological characteristics of the fracture. The definitive 
surgical treatment, involving open reduction and internal 
fixation, was performed when the soft tissue condition 
allowed, indicated by the fading of blisters and improve-
ment in swelling, as evaluated by the surgeon.

Surgical technique
Patients with fractures solely involving the medial or lat-
eral plateau underwent a single anteromedial or antero-
lateral approach. For those with bicondylar fractures, the 
most common approach involved anteromedial/postero-
medial and anterolateral approaches. Bicondylar HTPF 
patients typically presented with posterior tension frac-
tures, wherein the posteromedial incision was initially 
made to expose and reduce the posterior fracture. Sub-
sequently, a 1/3 tubular plate or anatomical plate with a 
short proximal screw was utilized to facilitate minimal 
transition during the elevation of the anterior decom-
pression, creating a hinge point. Next, reduction of the 
anterior depressed articular surface to restore the sagit-
tal and coronal alignments was performed mainly fol-
lowing the approach described by Firoozabadi et al. [4]. 
This involved inserting an osteotome or spreader into the 
impaction area of the anterior metaphysis and elevating it 
until the PSA was restored. The use of multiple Kirschner 
wires or plates for reduction was also found to be an 

Fig. 1 A 63-year-old male patient presented with bicondylar HTPF (A-D). Subsequently, open reduction and fixation using anteromedial and anterolat-
eral locking plates were performed (E, F). Postoperative CT scans (G, H) revealed the “buttress bare area” behind the patella tendon (indicated by grey 
circles)
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effective method. The same reduction procedure was 
applied for HTPF patients with fractures solely involving 
the medial or lateral plateau. Once satisfactory reduction 
was achieved and verified by intraoperative fluoroscopy, 
provisional stabilization was performed using Kirschner 
wires. Structural artificial bone augments (MIIG™ X3 
or PRO-DENSE™ Injectable, Wright Medical Technol-
ogy, Inc., Memphis, USA) were employed if the anterior 
defect exceeded 1 cm.

For the fixation of the anteriorly reduced plateau, we 
initially employed anteromedial and/or anterolateral 
locking plates (Synthes GMBH, Oberdorf, Switzerland). 
Furthermore, to reinforce the “bare area” located behind 
and in close proximity to the patella tendon, a 2.7  mm 
plate (Synthes GMBH, Oberdorf, Switzerland) was pre-
contoured to adapt to the curve of the anterior plateau. 
This plate was then inserted behind the patella tendon, 
above the locking plate. Subsequently, screws of suitable 
length were inserted on one or each side of the patella 
tendon, parallel to the articular surface. Additionally, 
at least one long screw was positioned in the posterior 

fragment or the uncomminuted medial/lateral fragment 
to prevent any secondary loss of reduction (Figs. 2 and 3).

Postoperative management
Postoperative radiographs and CT scans were obtained 
to assess the surgical outcome. Early after surgery, pas-
sive and active rehabilitation, including a full range of 
motion (ROM), was initiated. Typically, non-weight bear-
ing was maintained for 4 to 6 weeks, followed by partial-
weight bearing. Full-weight bearing was permitted only 
after radiographs confirmed bone healing. The medial 
tibial plateau angle (mTPA) and PSA were measured on 
standard radiographs at both immediate post-operation 
and the last follow-up by two authors (Zhijian Sun and 
Changrun Li). Major complications were recorded, and 
clinical outcomes were evaluated using the hospital for 
special surgery (HSS) knee score at the last follow-up.

Fig. 3 A 23-year-old female patient presented with lateral HTPF (A-E). Subsequently, open reduction and fixation were carried out using a combination 
of the rim plate and anterolateral locking plate (F-I). The screws of the rim plate were strategically placed by lifting both sides of the patella (F, G). Post-
operative CT scans demonstrated the successful provision of sufficient support to the anterior plateau (J, K)

 

Fig. 2 A 39-year-old male patient presented with bicondylar HTPF (A-D). To address this, a combination of the rim plate and proximal tibial locking plates 
was employed (E-H). The rim plate was strategically inserted behind the patella tendon, with screws placed through lifting both sides of the patella (E, 
F). Subsequent postoperative CT scans revealed adequate support provided to the anterior plateau (I, J)
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Results
A total of 14 patients with HTPF underwent surgical 
treatment with rim plates. However, one patient was 
lost to follow-up, leaving 13 patients for the final analy-
sis. The average follow-up period was 4.3 ± 1.5 (range: 
1.9–6.5) years. The demographic data are presented in 
Table 1, comprising 6 males and 7 females with an aver-
age 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 classifica-
tion and OTA classification was illustrated in Table 1. All 
patients received open reduction and rim plate combined 
with proximal tibial locking plate fixation. 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.

All patients achieved satisfactory reduction, which 
was radiographically maintained throughout the follow-
up period. The medial tibial plateau angle (mTPA) mea-
sured 86.7°±1.9° (range: 83.9°-90.7°) immediately after 
surgery and 86.1°±2.7° (range: 82.7°-90.9°) at the last fol-
low-up. Likewise, 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. Although there was a mild 
secondary loss of reduction, it did not lead to malalign-
ment or articular depression. At the last follow-up, a sat-
isfying clinical outcome was observed with a mean HSS 
knee score of 96.2 ± 2.0 (range: 90–98). No patients com-
plained infrapatellar pain and all the patients could kneel 
painlessly.

One patient (patient no. 11) presented with preop-
erative nervus peroneus communis injury. A nerve 
graft was performed by a microsurgeon one year later, 
but ankle dorsiflexion did not significantly improve at 

the last follow-up. Nevertheless, the patient was able to 
walk without assistance. Throughout this patient cohort, 
no wound complications or implant breakages were 
observed.

Discussion
HTPF represents a severe form of tibial plateau frac-
ture, often linked to more frequent combined injuries 
and inferior functional recovery when compared to non-
hyperextension types [4–8]. In clinical practice, the “bare 
area” is observed when only proximal tibial locking plates 
are used, which has been associated with a higher likeli-
hood of secondary loss of reduction (Fig.  1) [9]. In this 
study, we present a novel approach utilizing the rim plate 
to support the anterior “bare area” and achieved satisfac-
tory results in a case series.

The use of rim plates in the treatment of tibial plateau 
fractures is not uncommon, owing to their adequate but-
tressing strength and relatively small space occupation. 
Pires et al. [11] reported on 9 patients with posterolateral 
fractures treated through a transfibular approach, where 
rim plates were utilized to buttress the articular surface 
with a 2.7 mm horizontal rafting plate. Cho et al. [12, 13] 
described rim plating of posterolateral fractures using 
a modified anterolateral approach to achieve sufficient 
purchase. Zhu et al. [14] reported a new modified Frosch 
approach, using the “Barrel hoop plate” as a variant type 
of rim plate to fix the posterolateral fracture. Kumar and 
colleagues [15] presented a case of a patient with postero-
medial tibial condyle fracture treated with a rim plate. 
Giordano et al. [16] introduced a new surgical technique 
for treating posterior bicondylar shear fractures using the 
“Hoop” plate. Furthermore, rim plate fixation could also 
be carried out minimally invasively with arthroscopic 
assistance [17].

Table 1 The demographic, surgical, and clinical data of patients
Number Gender Age 

(year)
Fracture type Schatzker 

classification
OTA 
classification

Surgi-
cal time 
(minutes)

Intraopera-
tive blood 
loss

Range of 
motion

HSS 
knee 
score

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

2 female 23 Lateral condylar I 41-B1 105 100 0-130 98

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

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

5 male 42 Medial condylar IV 41-B3 90 20 0-125 92

6 female 55 Medial condylar IV 41-B3 60 50 0-130 98

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

8 female 27 Lateral condylar II 41-B3 90 50 0-130 98

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

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

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

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

13 male 59 Medial condylar IV 41-B3 90 50 0-130 98
OTA, Orthopaedic Trauma Association; HSS, hospital for special surgery
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In cases of HTPF, the extent of articular decompres-
sion typically covers more than half of the entire plateau. 
Additionally, anterior marginal fragment or decompres-
sion could be also involved, which includes the area 
behind the patella tendon. The standard proximal tibial 
plate alone may not offer adequate support for this entire 
region. Hence, the combined use of a pre-contoured rim 
plate serves as a reasonable option to provide extra sub-
chondral support. In our series, we observed mild sec-
ondary reduction loss, which was nevertheless within an 
acceptable range. Further studies are required to verify 
the biomechanical advantages of the approach presented 
here.

One potential concern associated with this novel sur-
gical strategy is the possibility of plate irritation on the 
patella tendon. However, the infrapatellar fat pad may 
serve as a buffering agent, and notably, no patients 
reported experiencing pain in the anterior region of the 
knee. Another aspect of concern was the biomechanical 
support strength of the rim plate, particularly consider-
ing the presence of comminuted fragments at the ante-
rior plateau. To solve this problem, at least 1 long screw 
on the rim plate was inserted targeting the relatively 
intact posterior, medial, or lateral fragment. This addi-
tional reinforcement aimed to enhance the overall stabil-
ity and support of the fixation.

The present study had several limitations. Firstly, a con-
trol group was not included in this case series, making it 
necessary for a comparative study to be performed in the 
future to verify its advantage. Additionally, a preopera-
tive MRI was not routinely performed, so the accompa-
nying meniscus and ligament injuries were not evaluated. 
Moreover, regular CT scans were not taken during the 
follow-up period, potentially resulting in the oversight of 
subtle secondary loss of reduction on radiographs.

Conclusion
A novel fixation method for treating HTPF, the rim plate 
in combination with proximal tibial locking plates, pro-
vided adequate support strength to the anterior “bare 
area”. The presented case series demonstrated satisfac-
tory clinical outcomes, with no major complications 
and minimal observable secondary reduction loss over 
a mean follow-up period of 4.3 years. However, rigorous 
designed comparative studies were still needed to further 
evaluate its effect.
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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

Acknowledgements
Not applicable.

Author contributions
Sun Z wrote the manuscript. Sun Z and Li C did the measurements. Li T 
introduced the surgical strategy and Liu Y, Mao Y, Li W and Guo Q helped to 
modify the procedure. Sun Z and Li S collected the data. All authors reviewed 
the manuscript.

Funding
This study received support from grants of the “Subject New Star” Program of 
Beijing Jishuitan Hospital (XKXX202102).

Data Availability
The data and materials can be obtained by contacting the corresponding 
author via email.

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval and consent to participate
This study received approval from the ethical committee of Beijing Jishuitan 
Hospital (Approval No. 202111-13). All experiments were conducted following 
pertinent guidelines and regulations, including adherence to the Declaration 
of Helsinki. Written informed consent was obtained from all patients 
participating in the study.

Consent for publication
Not applicable.

Received: 14 June 2023 / Accepted: 7 August 2023

References
1. Hua K, Jiang X, Zha Y, Chen C, Zhang B, Mao Y. Retrospective analysis of 514 

cases of tibial plateau fractures based on morphology and injury mechanism. 
J Orthop Surg Res. 2019;14(1):267.

2. Xie X, Zhan Y, Wang Y, Lucas JE, Zhang Y, Luo C. Comparative analysis of 
Mechanism-Associated 3-Dimensional Tibial Plateau fracture patterns. J Bone 
Jiont Surg Am. 2020;102(5):410–8.

3. Yao X, Hu M, Liu H, Tang J, Yuan J, Zhou K. Classification and morphology of 
hyperextension tibial plateau fracture. Int Orthop. 2022;46(10):2373–83.

4. Firoozabadi R, Schneidkraut J, Beingessner D, Dunbar R, Barei D. Hyperexten-
sion Varus Bicondylar Tibial Plateau fracture pattern: diagnosis and treatment 
strategies. J Orthop Trauma. 2016;30(5):e152–7.

5. Bu G, Sun W, Lu Y, et al. Complications associated with hyperextension bicon-
dylar tibial plateau fractures: a retrospective study. BMC Surg. 2021;21(1):299. 
https://doi.org/10.1186/s12893-021-01215-1.

6. Lin KC, Tarng YW. A strategy to prevent complications of hyperextension type 
tibial plateau fracture. Eur J Orthop Surg Traumatol. 2021;31(1):71–8.

7. Gonzalez LJ, Lott A, Konda S, Egol KA. The Hyperextension Tibial Pla-
teau fracture pattern: a predictor of poor outcome. J Orthop Trauma. 
2017;31(11):e369–74.

8. Wu K, Huang J, Lin J, Wang Q. Diagnosis and treatment of Anterior Tibial 
Plateau Fracture-Dislocation: a Case Series and Literature Review. J Knee Surg. 
2017;30(2):114–20.

9. Kim Y, Yoon YC, Cho JW, et al. Rim plate augmentation of the Posterolateral 
Bare Area of the Tibial Plateau using a 3.5-mm Precontoured Locking Com-
pression plate: a cadaveric study. J Orthop Trauma. 2018;32(5):e157–60.

10. Zhang BB, Hu H, Zhan S, Mei J, Zhu Y, Luo CF. Biomechanical analysis of “Bar-
rel hoop plate” technique for the posterolateral fragments of tibial plateau 
fractures with different displacement tendency. Injury. 2020;51(11):2465–73.

11. Pires R, Giordano V, Wajnsztejn A, Oliveira SEJ, Pesantez R, Lee MA, et al. 
Complications and outcomes of the transfibular approach for posterolateral 
fractures of the tibial plateau. Injury. 2016;47(10):2320–5.

https://doi.org/10.1186/s12893-021-01215-1


Page 6 of 6Sun et al. BMC Musculoskeletal Disorders          (2023) 24:655 

12. Cho JW, Samal P, Jeon YS, Oh CW, Oh JK. Rim Plating of Posterolateral fracture 
fragments (PLFs) through a modified Anterolateral Approach in Tibial Plateau 
Fractures. J Orthop Trauma. 2016;30(11):e362–8.

13. Cho JW, Kim J, Cho WT, Kim JK, Samal P, Gujjar PH, et al. Approaches and 
fixation of the posterolateral fracture fragment in tibial plateau fractures: a 
review with an emphasis on rim plating via modified anterolateral approach. 
Int Orthop. 2017;41(9):1887–97.

14. Zhu Y, Sun H, Zhang B, Tang J, Shi H, Mei J, et al. A new strategy to fix 
posterolateral depression in tibial plateau fractures: introduction of a new 
modified Frosch approach and a “Barrel hoop plate” technique. Injury. 
2020;51(3):723–34.

15. Kumar P, Agarwal S, Kumar D, Rajnish RK, Jindal K. Rim plating for a rare 
variant of posteromedial tibial condyle fracture; partial coronal split, akin to 
Hoffa’s fracture, associated with multi-ligament injuries and central depres-
sion. Trauma Case Rep. 2019;20:100174.

16. Giordano V, Schatzker J, Kfuri M. The “Hoop” plate for posterior Bicondylar 
Shear Tibial Plateau Fractures: description of a New Surgical technique. J 
Knee Surg. 2017;30(6):509–13.

17. Delcogliano M, Marin R, Deabate L, Previtali D, Filardo G, Surace MF, et al. 
Arthroscopically assisted and three-dimensionally modeled minimally 
invasive rim plate osteosynthesis via modified anterolateral approach for 
posterolateral tibial plateau fractures. Knee. 2020;27(3):1093–100.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	Rim plate in the treatment of hyperextension tibial plateau fracture: surgical technique and a series of cases
	Abstract
	Background
	Methods
	Patients and preoperative evaluation
	Surgical technique
	Postoperative management

	Results
	Discussion
	Conclusion
	References


