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Abstract
Objective: To compare the extended anterolateral approach with the Frosch approach in the treatment of
Schatzker type II tibial plateau fractures involving the posterolateral column.

Methods: A retrospective case-control study was conducted to compare the general information,
intraoperative and postoperative situations, HSS score and Rasmussen radiology score, TPA, and PSA
immediately after the operation and at one-year follow-up.

Results: There was no statistical difference between the two groups in general information, which was
comparable. The operation time in the Frosch group was slightly higher than those in the control group,
while the HSS score and Rasmussen radiology score were better than those in the control group.

Conclusion: In the case with simple posterolateral fragments, the extended anterolateral approach and
the Frosch approach can both achieve better outcomes. While in the case of complex posterolateral
fragments, the Frosch approach can provide more accurate reduction and better biomechanical stability.

Introduction
With the popularization of CT and MRI, the incidence of tibial plateau fracture with posterolateral
depression has proved not as low as previously considered, which can be even as high as 15% - 44.2% of
all tibial plateau fracture and 50.35% of Schatzker Type II fracture(1).

Radiographic studies showed that the area of posterolateral fragment accounts for 15% - 30% of the
tibial plateau area and the average displacement is more than 3 mm(2). When the step-off reaches 3 mm,
the stress will increase by 75%, which is one of the surgical criteria.

The most direct approach for PLCF is the posterior approach. Although the results of these different
approaches with posterior plating fixation are satisfactory so far, in further studies, the risks and
shortcomings of the posterior approach are gradually realized(3), especially the iatrogenic injury of
normal structures(4). Besides, there is also limited exposure of tibial plateau structures, lack of reference
for reduction, the di�culty in internal �xation removal, and so on(5, 6).In order to reduce the damage to
blood supply and nerves, the posterior reversed L-shaped approach was adopted, but the awkward
position and limited exposure for vision could not be avoided during the operation(7, 8). It was reported
that the femoral condyle osteotomy approach, the lateral �bular head osteotomy approach, the
anterolateral �bular head approach, or the extended anterolateral approach all could improve the
exposure(9-11). However, the disadvantage is also that the normal lateral collateral ligament and other
structures are iatrogenically injured, which increases the risk of further knee instability and the common
peroneal nerve injury.

The anterolateral approach is the primary approach for the treatment of tibial lateral plateau fractures,
and it is also the most familiar approach for traumatologists. However, it can only expose 1 / 3 of the
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lateral plateau. When it comes to PLCF involved, it is more complicated. However, there have been some
reports of standard or extended anterolateral approach for the treatment of PLCF, and excellent results
have been achieved(12, 13). Frosch(14)treated this kind of fracture through a single incision and double
space approach and also received excellent results. There is still controversy on the choice of the
approach. In this study, two groups of patients were compared.

Materials And Methods
Inclusion and exclusion criteria

Inclusion criteria:  Schatzker type II fresh closed tibial plateau fracture involving posterolateral column
within two weeks after injury;  sagittal width of the involved posterolateral tibial plateau articular surface
> 1.5cm;  no injury of nerves, blood vessels,no severe injury of head, chest, abdomen, nor other critical
functional organs;  the affected knee joint can walk normally before the injury, without apparent
osteoarthritis and trauma history. Exclusion criteria:  open tibial plateau fracture;  accompanying
neurovascular injury;  multiple fractures of lower limbs, in�uencing rehabilitation;  no rehabilitation
treatment after operation;  unable to follow up on schedule or follow-up time < 1 year.

General information

According to the inclusion and exclusion criteria, the data of 23 patients with tibial plateau type II fracture
involving the posterior column from January 2014 to January 2018 were collected, including 16 males
and 7 females, aged 26-69 years.

Classi�cation

All cases were Schatzker type II. According to the three-column classi�cation of Luo (14), the
posterolateral column of the tibial plateau was involved. 

Treatment

(1) Preoperative planning

The affected limb was �xed with plaster or calcaneal traction. Before the operation, routinely X-ray, CT
scan, and 3D reconstruction were performed, while MR examination taken if necessary, and operation
was performed after ‘wrinkle sign’appeared.

(2) Surgical technique

The extended anterolateral approach group Group A (12): First, the limb was slightly �exed. An
approximately 15- cm-long S-shaped incision with Gerdy’s tubercle as the center was made to expose
iliotibial band and anterolateral calf fascia. The iliotibial band was split in the middle along the direction
of the �bers and sharply elevated from Gerdy’s tubercle anteriorly and posteriorly. The fascia incision was
extended downward, and about 5 mm fascia �ap was left for further repair. The dissection was extended
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posteriorly by taking down the extensor muscles from the lateral surface of the lateral plateau to the point
in front of the �bular collateral ligament (FCL). Then, the knee joint was �exed up to 90° to relax the
�bular collateral ligament and the common peroneal nerve. Then, with the FCL retracted posterolaterally,
the posterolateral surface of the lateral plateau was exposed by dissecting loose soft tissues between
them. Last, we opened the joint capsule and retracted the lateral meniscus superiorly to expose the joint
surface. After that, we reduced the fragments and used Kirschner wires for temporary �xation. The lateral
locking plate (Synthes GMBH, Zuchwil, Switzerland) was placed as posteriorly as possible, and the
transverse arm stretched to the supra-�bular-head space. In an excellent situation, two rafting screws
supported the articular surface of the posterolateral column.

Frosch approach group Group B  (13): First proposed Frosch, a single lateral incision without �bula head
osteotomy was used to treat the anterolateral and posterolateral plateau fractures at the same time. The
treatment of anterolateral platform fracture is the same as the previous anterolateral approach. However,
at the same time, it enters the exposed posterolateral platform between the lateral head of gastrocnemius
muscle and soleus muscle, to achieve an incision treatment of tibial platform fracture involving both the
lateral column and the posterolateral column.

Compared to the original Frosch approach, a little modi�cation was made in this practice. The
anterolateral fracture was treated in the interval of the anterior tibial muscle. The �bula starting point of
the soleus muscle was sharply dissected downward along the �bula, and it was pulled to the
posteromedial together with the lateral head of the gastrocnemius muscle to reveal the posterolateral
fragments instead of through the interval between the lateral head of the gastrocnemius muscle and the
soleus muscle. However, there was no essential difference from the Frosch approach.

Postoperative management

Postoperative drainage routinely continued for 48h, and also the antibiotic use. Low molecular weight
heparin was used to prevent deep venous thrombosis of the lower limbs, according to the Caprini Score.
Early ROM and non-weight bearing movements were emphasized. Passive joint function activity was
performed immediately after the operation, and continuous passive motion exercises were initiated on the
second day postoperatively. Three days later, the patients were encouraged to participate in active motion
rehabilitation without weight-bearing under the guidance and supervision of the surgeons. Partial weight-
bearing was allowed after the second postoperative week(12), but not the loaded squat. The time to full
weight-bearing depended on the radiographic evidence of fracture healing and callus formation.

Data collection and follow-ups

General information of patients was collected before the operation, as well as medical complications.

The operation time, blood loss, fracture healing time, fracture reduction, the American Hospital For
Special Surgery (HSS) score(15), knee range motion, tibial plateau angle(TPA), posterior slope angle(PSA)
and postoperative complications were noted. According to the standard clinical and radiological criteria
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to judge the healing time of the fracture, the Rasmussen score(16) system was used to evaluate knee
joint function in the 12th month. Patients were followed-up every month until The radiographic evidence
showed fracture healing and callus formation. Then patients were followed-up every three months for at
least 12 months in total.

Statistical analysis

The operation time, blood loss, fracture healing time, knee HSS and Rasmussen score, and range motion,
and other quantitative data were compared between group A and group B by the independent t-test, while
categorical data compared by the chi-square test (Fisher’s exact test). P < 0.05 was considered statistical
signi�cant. Graphpad prism 8.02 (GraphPad Software Inc. San Diego) was adopted to record and analyze
the study results.

Results
The general information of the two groups are comparable. (shown in Table 1).

There are operation time, Rasmussen Radiology Score, HSS Score with statistical signi�cance in the two
groups. Both groups have one case suffering from fat liquefaction without reoperations (detailed as in
Table 1, two typical cases in Fig1 and Fig2).

Discuss
The injury mechanism of the posterolateral tibial plateau fracture is an axial force with the knee in flexion
or semi-�exion state, so that the lateral femoral condyle collides with the posterolateral tibial plateau (17).
Three-dimensional reconstruction of CT scans is strongly recommended to be performed before injury
assessment and treatment(18). The posterolateral approach of the tibial plateau can expose a relatively
small area but also be obstructed by the �bular head. There are common peroneal nerve and blood
vessels, which increases operative risk.

Approach

The anterolateral approach widely used in tibial plateau fracture can not directly get to the collapse in the
posterolateral tibial plateau. According to the articles(19), the Surgical Procedures of standard
anterolateral approach are not only tricky in operation but also, the average joint surface step-off is up to
5.5mm. Therefore, some scholars have proposed an expanded anterolateral approach(8), which solves
the problems well if a simple posterolateral fragment involved but not with complex or comminuted
fragments.

The posterior medial approach reveals the posterior structure of the knee joint through the posterior
inverted “L” skin incision and the medial interval between the gastrocnemius and soleus muscles(20). An
advantage of this approach is that it gives an excellent vision, but it is di�cult to fully expose the
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posterolateral articular surface, especially in patients with strong muscles. Therefore, a combined
posteromedial and anterolateral approach under a �oating position is often necessary, which increases
surgical trauma. Moreover, it is challenging to �x the posterolateral fragment through this approach
above the �bular head. However, the direct posterolateral approach (Carlson approach)(21) can
reconstruct the posterolateral rim and �x it with a plate directly. However, through this approach, direct
vision can not be made to the articular surface, so when the lateral platform involved in a wide area, it will
appear inadequate.

The lateral approach of �bular osteotomy is specially designed for the treatment of such fractures.
Although some researchers reported the superiority of this approach, some patients have complications
such as lateral instability of knee joint, injury of the common peroneal nerve, and nonunion of the
�bula(22).

The Frosch approach(23) has the advantages of both the anterolateral approach and posterolateral
approach in the treatment of Schatzker Type II tibial plateau fractures involving the posterolateral
column. Two surgical operation windows through one skin incision are used to cooperate: the
posterolateral window is used to treat the posterolateral wall and place the supporting plate; the lateral
window is equivalent to the extended anterolateral approach, with an excellent operative vision, which
can reduce the articular surface and plating. Monitored through the anterolateral window, the reduction of
the posterolateral fragments can be completed in the posterolateral window. One thing should be paid
attention to that the posterior tibial blood vessels and nerves go down between the lateral head of the
gastrocnemius and soleus muscle at the medial side of the posterior tibial plateau, and the peroneal
artery and vein come out at 5cm from the articular which limits the extension of the incision. In our study,
a little improvement was made in clinical practice. The anterolateral plateau fracture was operated in the
tibialis anterior intermuscular interval. The �bula starting point of the soleus muscle was sharply
dissected along the �bula and pulled to the posteromedial side together with the lateral head of the
gastrocnemius muscle. However, there was no essential difference from the Frosch approach. In this
study, the operation time was slightly prolonged, the blood loss increased, but the number of
intraoperative �uoroscopies decreased.

Biomechanics and internal �xation

Zhang(24) Compared four different �xation methods, found that the posterolateral supporting plate had
the best biomechanical stability. The anatomic study showed that(25) the anteroposterior distance of the
lateral tibial plateau was about 38 mm. In the traditional anterolateral approach, posterior screws were at
least 16 mm from the rim of the posterolateral plateau, and about 40% of the posterolateral articular
surface remains unsupported by current plate systems (4). In the extended anterolateral approach, the
posterolateral fragment can be �xed with two screws by placing the plate posteriorly and crossing over
the �bular head, in which the mechanical stability is signi�cantly increased(24), but improvement needs
to meet those prerequisites: 1) the position of the plate and screw is excellent; 2) the posterior fragments
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cannot be too comminuted. Some scholars designed a “magic screw” to increased biomechanics
stability(3) but still did not consider the situation of posterior fracture comminution.

Considering the limited space and occlusion of the �bular head, the 2.7 mm or 2.4mm distal radius T-
shaped plate might have biomechanical and anatomical advantages:  For its small size, it is more
suitable to be placed on the posterolateral side, and even can ride over the �bula head;  the plate is
placed close to the joint surface and has excellent angular stability;  4-5 locking screws can be �xed
under the joint surface, which has a better rafting effect, and the screw length can be as long as 35 mm; 
The suture holes can be used to repair the posterior meniscus and joint capsule. There is no direct
evidence of biomechanics stability by the present. However, according to the existing studies(26), Ao 2.4
mm distal radius volar locking plate can carry a maximum load of more than 1500N. According to the
past rehabilitation experience, patients with tibial plateau fractures should not have full weight knee
�exion(3) before fracture healing. Even during weight �exion and extension, the maximum load of the
knee joint is about four to �ve times the weight of patients, and the ratio of the medial compartment to
lateral is about 1.7 times(27). Based on the rough estimation of a 60kg-weighted patient, the requirement
of the posterior plate is about 1100N at maximum load, which is no more than the maximum load of 2.4
system. In our study, there was no rapture of plate and loss of reduction during the follow-up. It also
showed that the scores of HSS and Rasmussen radiology are slightly better than the control group. The
poor postoperative scores of the extended anterolateral approach group in the case of the comminuted
posterolateral fragment might also be the reason why the scores were lower in the extended anterolateral
approach group. Besides, some scholars have further proposed new strategies to fix posterolateral
depression in tibial plateau fractures using “Barrel hoop plate” technique(23).

Summary

In general, as for a simple posterolateral fragment, both the extended anterolateral approach and the
Frosch approach can obtain good �xation. The extended anterolateral approach may have higher
requirements for techniques of reduction and plating, but it is of convenience in anatomy and �xation
removal. While comminuted posterolateral fragments concerned, the Frosch approach can provide more
accurate reduction and �rm �xation. This study is a retrospective study, and there are some
disadvantages, such as no random method, the bias in selection, small sample.
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  Extended Anterolateral
Group

Frosch Group t/χ2 p

Age 51.4±13.0 52.6±13.6 -0.219 0.828

Gender(χ2) F4/M8 F3/M8 0.100 0.752

Operation Time(Min) 149.7±19.9 164.8±12.2 2.169 0.042

Blood Loss(mL) 240.4±39.2 272.7±46.6 1.804 0.086

Follow-Up Time(Months) 22.9±6.3 23.4±6.2 -0.206 0.839

Intraoperative
Fluoroscopy(Times)

10.8±3.2 10.9±2.6 0.062 0.951

Healing Time(Months) 12.6±1.5 12.5±1.2 0.066 0.948

Full Weight-Bearing (Months) 17.7±2.8 16.4±3.1 0.988 0.334

Knee Flexion(°) 125.4±5.4 124.1±5.8 0.560 0.578

Knee Extension(°) 2.3±2.3 2.0±1.9 0.380 0.708

HSS Score 91.2±3.1 93.9±2.6 -2.206 0.039

TPA-Postoperative(°) 85.7±4.4 86.3±3.4 0.329 0.746

TPA-12 Months(°) 86.0±3.5 85.0±4.1 -0.655 0.520

PSA- Postoperative (°) 8.4±1.7 8.7±1.2 0.447 0.659

PSA-12 Months(°) 9.9±1.4 9.2±1.3 -1.236 0.230

Rasmussen Radiology Score 13.8±2.2 15.6±1.7 2.183 0.041

Complication One fat liquefaction One fat
liquefaction

   

Figures
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Figure 1

A 63-year old female, injured in a tra�c accident. Preoperative X-ray(A, B) and CT(C, D, E) showed lateral
plateau fracture and posterolateral fracture with a relatively simple fragment. Postoperative X-ray(F,
G)showed that the fracture was anatomically reduced and �xed by a lateral locking plate with rafting
screws.
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Figure 2

A 49-year old female injured in a tra�c accident. Preoperative X-ray(A, B) and CT(C, D, E) showed lateral
plateau fracture and posterolateral fracture with comminuted fragments. Postoperative X-ray(F,
G)showed that the fracture was anatomically reduced and �xed by a lateral locking plate and a 2.7mm
distal radius locking plate. The patient suffered from fat liquefaction postoperatively but resulted in
delayed healing without a reoperation


