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Summary

Introduction. Tibial plateau fractures are a fairly rare but serious event. There are many 
surgical approaches described in the literature, and thus it is very important to choose the 
correct treatment based on the type of fracture in order to reduce the risk of failure.
Materials and methods. A literature search was performed to identify publications on 
therapeutic approaches to tibial plateau fractures and possible causes of failure.
Results. The main surgical approaches to tibial plateau fractures are arthroscopic assisted 
reduction and internal fixation (ARIF), percutaneous reduction and internal fixation (PRIF), 
external fixation (EF), and open reduction internal fixation (ORIF).
Conclusions. Tibial plateau fractures have many treatment options. Each approach has 
specific benefits and risks. It is very important to choose the correct treatment based on the 
type of fracture to reduce the risk of failure.

Key words: tibial plateau, Shatzker, knee fractures, failure, traumatology

Introduction

Tibial plateau fractures are an intra-articular knee fracture that occurs in 1.66% of 
all fractures in adults 1. In approaching these fractures, it is important to restore the 
articular surface and correct mechanical axis, and to stabilize the joint. 
There are many causes of treatment failure for tibial plateau fractures, and the fail-
ure rate increases with the complexity of fracture. In 1974, Shatzker  2 proposed a 
classification of 6 types of fracture based on x-ray evaluation. Nowadays with the 
introduction of CT and tridimensional reconstruction, other classifications have 
been proposed which also consider other characteristics of the fracture. One of the 
main concepts is the tricolumn theory introduced by Liu in 2010 3.

Materials and methods

A review of the literature was performed with a search on Medline through PubMed 
which used the following keywords: (“tibial plateau” [MeSH Terms] OR (“fracture” 
[All Fields] AND “tibia” [All Fields]) OR “proximal tibia” [All Fields] OR (“knee” 
[All Fields] AND “fracture” [All Fields]) AND (“Failure” [All Fields] AND (“tibia” 
[MeSH Terms] OR “knee” [All Fields] OR “tibial plateau” [All Fields])). Inclusion 
criteria were English language, retrospective or prospective studies including rand-
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omized controlled trials, nonrandomized trials, cohort studies, 
case-control studies, systematic review, metanalysis and case 
series providing detailed description of cause and failure rate of 
surgical treatment of tibial plateau fracture. Exclusion criteria 
were not providing information about failure rate or complica-
tions, non-English language, letters to editors, biomechanical re-
ports, ex vivo or cadaveric studies, and editorial commentaries.
Two independent reviewers (AGC and SL) applied the inclu-
sion and exclusion criteria to select pertinent papers. Articles 
were initially selected basing on title and abstract; full text ver-
sions of relevant papers were then acquired and evaluated.
The aim of this study was to analyze and summarize, for each 
surgical technique, the main cause of failure.

Results

Arthroscopic assisted reduction and internal fixation 
(ARIF)
In lower energy tibial plateau fractures, ARIF recently has 
emerged as an interesting treatment. The advantages compared 
to standard ORIF treatment are faster post-operative recovery, 
better clinical function, and possibility to treat intra-articular le-
sions 4. Unfortunately, ARIF requires a long learning curve and 
better results with this technique are related to both arthroscopic 
and traumatological surgical skills. Another cause of failure is 
the incorrect indication for this technique: complex high energy 
articular fractures such as Shatzker type IV-V-IV are not suitable 
for ARIF. The use of this technique on the wrong fracture leads 
to unsuccessful results and the literature agrees that the correct 
indication for ARIF is Shatzker I-III fractures 5. 
In their systematic review, Chen et al.  6 reported  2 cases of 
compartment syndrome ARIF-related: a rare but catastrophic 
complication. 

Percutaneous reduction and internal fixation (PRIF)
Synthesis with percutaneous technique is a suitable option in 
fractures with a single fragment and with the possibility of easy 
reduction. As for ARIF, the wrong indication is the main cause 
of failure. Bone graft associated with this surgical technique is 
often used to address bone defects. 
The most frequent complication of PRIF is loss of reduction 
due to insufficient mechanical support. Screws and eventually 
bone graft do not always guarantee sufficient stability to avoid 
displacement of fragments 7.
In addition, fluoroscopy alone is often not sufficient to obtain 
a good reduction. The association of bone graft to PRIF is still 
debated. Autologous bone remains the gold standard tech-
nique, but other kinds of synthetic grafts also provide compa-
rable results 8.

External fixation (EF)
Bridging external fixation is the gold standard as emergency 

treatment in cases of open fractures to provide easy and quick 
fracture stabilization. Otherwise, circular external fixation can 
be used as a definitive treatment in alternative to ORIF. Cir-
cular external fixation is a technique that requires a difficult 
learning curve to obtain good results. It is difficult to obtain 
good reduction, especially in high energy fractures. An advan-
tage of external fixation devices is the preservation of soft tis-
sue. It must be considered that this device requires high patient 
compliance, and thus treatment failure can be also caused by a 
poor post-operative management 9.

Open reduction internal fixation (ORIF)
ORIF is considered the gold standard treatment in tibial pla-
teau fractures, especially for fracture involving two or three 
columns. There are several causes that can lead to treatment 
failure. Preoperative planning is mandatory to choose the cor-
rect surgical timing, the appropriate approach, and best reduc-
tion and fixation strategy. An appropriate timing allows you to 
preserve soft tissues and decrease risk of wound complications. 
Different approaches are described in the literature. In the 
1980s, for bicondylar tibial fractures the most used approach 
was the anterior one with tibial tubercle osteotomy 10. Only in 
1993 was the medial and lateral extended approach introduced 
by Tscherne and Lobenhoffer 11. Nowadays several approach-
es have been described to obtain the best possible reduction 
for each type of fracture 12. The correct approach consents to 
achieve better reduction and decrease the risk of secondary dis-
placement. Juan Boluda-Mengod et al.  13 in 2021 purposed a 
new algorithm for decision-making approaches in ORIF. 
It is important to choose the correct device to obtain the proper 
stability. In single column fractures, a single plate may be suf-
ficient, while in double or three column fractures two or three 
plates may be needed, especially to obtain good stability of the 
posterior column. The use of an incorrect device or uncorrect-
ed positioning can lead to synthesis failure.
One of the most important causes of ORIF failure is post-op-
erative infection. The overall infection rate in tibial plateau 
fractures is 9.9%, but it is important to consider that there is 
a difference in infection rate between low-grade and high-
grade fractures. In the meta-analysis by Shao et al. in 2017 14, 
it was highlighted that smoking, compartment syndrome, open 
fractures and operative time are all risk factors for infection. 
It must be considered that operative time is a surgeon-related 
risk factor.

Discussion

Tibial plateau fractures are severe injuries that occur rarely and 
which are usually associated with soft tissue complications. In 
high grade fractures (Shatzker V and VI), the rate of compli-
cations can reach 68% 15. It is still debated which treatment is 
associated with the best clinical outcomes. There are several 
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aspects to consider before surgery. First of all, it is important 
classify the fracture pattern and in multifragmentary fractures 
a CT scan is mandatory to appropriately plan treatment. Soft 
tissue conditions must be evaluated to decide surgical timing 
to minimize the risk of wound complications and compartment 
syndrome. 
In literature there is insufficient evidence to ascertain the best 
method of fixation or the best method of addressing bone de-
fects 16. In Shatzker I, II, III, IV fractures, PRIF and ARIF can 
provide similar clinical outcomes with some advantages: less 
invasiveness, soft tissue preservation and faster post-operative 
recovery. In high grade tibial plateau fractures (Shatzker  V 
and VI), ORIF represents the gold standard technique. In high 
grade fractures with severe soft tissue impairment, external 
fixation represents an interesting option. Li et al. in 2020  17 
in their meta-analysis compared circular external fixation to 
ORIF. This study pointed out that circular fixation may offer 
some advantages such as shortened length of hospital stay and 
an early return to pre-injury activity. At the same time, ORIF 
permits more accurate reduction and external fixation is associ-
ated with an increased risk of malunion. Our analysis does not 
allow for definitive clinical recommendations. 
ARIF in Schatzker types  I-III fractures was first described 
by Caspari and Jennings 18. Classical drawbacks of this tech-
nique are higher cost, longer operative time and necessity of 
a skilled surgical equip on traumatology and arthroscopy. Le 
baron et al.  19 in a multicentric retrospective study compared 
clinical and radiological outcomes of two group of Shatzker 
type I-III fractures treated with ARIF or ORIF with a minimum 
follow-up of 2 years. The complication rate was comparable 
between groups: 9% for ARIF and 8% for ORIF. In addition, 
there was no significant difference in clinical outcomes and in 
reduction quality between groups. 
PRIF represents a viable alternative for treatment of low-grade 
tibial plateau fractures. Especially for monocondylar fracture 
with depressed fragment,s good results have been reported 
with this technique. Chen et al.  7 stressed the advantages of 
PRIF in treating monocondylar fractures. It is still debated 
if arthroscopy is superior to fluoroscopy to obtain good out-
comes. Lobenhoffer et al. reported no significant differences 
between these two reduction techniques  20. In contrast, other 
studies reported a higher rate of osteoarthrosis due to worse 
reduction using fluoroscopy.

Conclusions

Accurate classification of the fracture and surgical planning 
are the first step to obtain successful outcomes in treatment 
of tibial plateau fractures. Surgical timing and operative time 
are important to decrease risk of soft tissue complications and 
infections. The pattern of fracture has to be considered when 
choosing the most appropriate approach and synthesis device 
to obtain the best reduction and stabilization.

Acknowledgements
None.

Conflict of interest statement
The Authors declare no conflict of interest.

Funding
This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors.

Authors’ contributions
All Authors contributed in the same way to data collect and 
analysis and to the writing of the paper. GB have been involved 
in revising the paper critically and have given final approval of 
the version to be pubblished.

Ethical consideration
This is a literature review article and does not require an ethics 
committee.

References
1  Li J, Zhang J, Zhao K, et al. Incidence and risk factors for de-

creased range of motion of the knee joint after surgery for closed 
tibial plateau fracture in adults. J Orthop Surg Res 2021;16:549. 
https://doi.org/10.1186/s13018-021-02700-2

2  Shatzker J. Compression in the surgical treatment of fractures of 
the tibia. J Clin Orthop 1974;105:220-239.

3  Luo C, Sun H, Zhang B, et al. Three-column fixation for complex 
tibial plateau fractures J Orthop Trauma 2010;24:683-692. https://
doi.org/10.1097/BOT.0b013e3181d436f3

4  Jiang L, Chen E, Huang L, et al. Arthroscopy-assisted reduction 
percutaneous internal fixation versus open reduction internal fixa-
tion for tibial plateau fracture: a systematic review and meta-anal-
ysis. Orthop J Sports Med 2021;9:23259671211027838. https://
doi.org/10.1177/23259671211027838

5  Barona M, Cermolaccea M, Flechera X, et al. Tibial plateau frac-
ture management: ARIF versus ORIF – clinical and radiologi-
cal comparison. Orthop Traumatol Surg Res 2019;105:101-106. 
https://doi.org/10.1016/j.otsr.2018.10.015.2

6  Chen X, Liu C, Chen Y, et al. Arthroscopy – assisted surgery for 
tibial plateau fractures. J Arthr Relat Surg 2015;31:143-153.

7  Chang H, Yu Y, Ju L, et al. Percutaneous reduction and internal 
fixation for monocondylar fractures of tibial plateau: a systematic 
review. Orthop Surg 2018;10:77-83.

8  Hofmann A, Gorbulev S, Guehring T, et al. Autologous iliac bone 
graft compared with biphasic hydroxyapatite and calcium sulfate 
cement for the treatment of bone defects in tibial plateau frac-
tures: a prospective, randomized, open-label, multicenter study. J 
Bone Joint Surg Am 2020;102:179-193. https://doi.org/10.2106/
JBJS.19.00680

9  Metcalfe D, Hickson C, McKee L, et al. External versus internal 
fixation for bicondylartibial plateau fractures: systematic review 
and meta-analysis. J OrthopTraumatol 2015;16:275-285. https://
doi.org/10.1007/s10195-015-0372-9



G. Bonzanini et al.

24

10  Fernandez DL. Anterior approach to the knee with osteotomy of 
the tibial tubercle for bicondylartibial fractures. J Bone Joint Surg 
Am 1988;70:208-219.

11  Tscherne H, Lobenhoffer P. Tibial plateau fractures. Management 
and expected results. Clin Orthop Relat Res 1993;292:87-100.

12  Kandemir U, Maclean J. Surgical approaches for tibi-
al plateau fractures. J Knee Surg 2014;27:21-29. https://doi.
org/10.1055/s-0033-1363519

13  Mengod JB, Guimera-Garcia V, Olias-Lopez B, et al. A porposal 
of a new algorithm for decision-making approaches in open re-
ducion and internal fixation of complex tibial plateau fractures 
– SOTA algorithm (Spanich Orthopaedic Trauma Association). 
Injury 2021;52S4 S87-S98.

14  Shao J, Chang H, Zhu Y et al. Incidence and risk factors for surgi-
cal site infection after open reduction and internal fixation of tibial 
plateau fracture: a systematic review and meta-analysis. Int J Surg 
2017;41:176-182. https://doi.org/10.1016/j.ijsu.2017.03.085

15  Phisitkul P, McKinley T, Nepola J, et al. Complications of locking 
plate fixation in complex proximal tibia injuries. J Orthop Trauma 
2007;21:83-91. https://doi.org/10.1097/BOT.0b013e318030df96

16  McNamara I, Smith OT, Shepherd K, et al. Surgical fixation 
methods for tibial plateau fractures. Cochrane Database Syst Rev 
2015;9:CD009679.

17  Li Z, Wang P, Li L, et al. Comparison between open reduction 
with internal fixation to circular external fixation for tibial pla-
teau fractures: a systematic review and meta-analysis. PLoS One 
2020;15:e0232911. https://doi.org/10.1371/journal.pone.0232911

18  Caspari RB, Hutton PM, Whipple TL, et al. The role of arthros-
copy in the management of tibial plateau fractures. Arthroscopy 
1985;1:76-82. https://doi.org/10.1016/s0749-8063(85)80035-9

19  Le Baron M, Cermolacce M, Flecher X, et al. Tibial plateau frac-
ture management: ARIF versus ORIF – clinical and radiologi-
cal comparison. Orthop Traumatol Surg Res 2019;105:101-106. 
https://doi.org/10.1016/j.otsr.2018.10.015

20  Lobenhoffer P, Gerich T, Witte F, et al. Use of an injectable calci-
um phosphate bone cement in the treatment of tibial plateau frac-
tures: a prospective study of twenty-six cases with twenty-month 
mean follow-up. J Orthop Trauma 2002;16:143-149. https://doi.
org/10.1097/00005131-200203000-00001


