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Introduction
Tibial plateau fractures account for 1% of all 
fractures. These fractures require anatomic reduction 
as soon possible to obtain the best functional 
results [1,2]. Fractures of the tibial plateau result 
from direct axial compression after a fall or motor 
vehicle accidents [3]. Many classifications on the 
basis of the degree and type of displacement have 
been applied and the one used the most is Schatzker’s 
classification [4]. Nondisplaced or minimally 
displaced fractures are treated by conservative 
measures. Displaced fractures, if not managed in 
the proper manner on an anatomical and functional 
basis, will lead to harmful late complications for the 
patients. The most common indications for surgical 
treatment are for impacted articular fragments 
that cannot be dislodged by traction alone and 
articular depression more than 2 mm and unstable 
joints [5]. Studies on the use of arthroscopy in the 
surgical treatment of displaced medial and lateral 
tibial plateau fractures have increased since 1980, 

but are not advised for bicondylar fractures, which 
require more soft tissue dissection [6]. Most studies 
encourage the use of arthroscopy for better anatomic 
reduction and less soft tissue dissection, with better 
functional results expected[7,8]. The arthroscopically 
assisted percutaneous fixation technique has been 
best adapted to type I–III fractures in the Schatzker 
classification [9]. The benefits of this technique are 
saving the soft tissues, adjusting fracture reduction, and 
good evaluation of any associated lesions [10].

For more complex tibial plateau fractures, Schatzker 
types V and VI, arthroscopy will enable evaluation 
of articular fracture reduction without the need for 
extensive arthrotomy. In these fractures, arthroscopy 
must be combined with rigid fixation by a plate or 
an external device [11]. The current study focuses 
on the functional results of percutaneous fixation by 
cannulated cancellous screws of displaced tibial plateau 
fractures.
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Background
Tibial plateau fractures are a common injury that require anatomic reduction to obtain the best 
functional results. Assisted arthroscopy seems to be more satisfactory in reducing the risks of 
open reduction and internal fixation.
Aim of the study
This study evaluated the functional results of percutaneous fixation of displaced tibial plateau 
fractures assisted by arthroscopy.
Patients and methods
The study was carried out between July 2012 and June 2013 in Suez Canal University Hospitals. 
This was a prospective study and 20 patients were included, 16 men and four women, mean 
age 40 years (range 21–72 years) at the time of surgery. Patients with closed tibial plateau 
fractures type I–IV according to the Schatzker classification were included in the study with 
step-off of the articular surface more than 3 mm and condylar widening more than 5 mm. All 
patients underwent preoperative and postoperative clinical and radiological assessment, and 
the outcomes were scored by the Rasmussen system.
Results
The results of the current study showed a significant difference between preoperative and 
postoperative Rasmussen scores. For the postoperative Rasmussen score, the median clinical 
score at the 1-year follow-up was 28 (range 22–30) and the median radiological score was 9 
(range 6–10). According to clinical and radiological assessments, we found that 95% of the 
patients had satisfactory results. All fractures were united and no permanent complications 
developed.
Conclusion
Percutaneous fixation of displaced tibial plateau fractures with assisted arthroscopy is a safe 
and effective procedure with excellent results and early mobilization.
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Patients and methods
Study sample
According to the standard ethics drawn by the Suez 
Canal University Ethical Committee for human 
researches, a prospective study was carried out on 20 
patients attending the Suez Canal University Hospitals 
between July 2012 and June 2013. After the purpose 
and procedures of this study were explained to the 
patients, their verbal informed consent was obtained 
and full assessment of history was performed for each 
patient with a recent displaced fracture tibial plateau 
with a follow-up for 1 year. There were 16 men and 
four women, mean age 40 years (range 21–72 years) at 
the time of surgery.

The fractures were classified according to the 
Schatzker classification [4]. Type I–IV Schatzker 
closed tibial plateau fractures were included in this 
study with step-off of the articular surface more than 
3 mm and condylar widening more than 5 mm. Types 
V and VI were excluded because they require open 
reduction and extensive soft tissue exposure. Also, 
open fractures were excluded from the study because 
they require debridement of soft tissues and late 
rehabilitation.

Preoperative evaluations of fracture tibial plateau were 
performed on standard anteroposterior and lateral knee 
radiography taken in the Emergency Unit as well as on 
computed tomography images to evaluate the fractures 
displacement. MRI was also performed to detect any 
concomitant severe soft tissue ligamentous injuries, 
and were excluded from the study as they would have 
affected the functional results.

A clinical and radiological evaluation was carried out 
using the modified Rasmussen clinical and radiological 
criteria [12]. The clinical evaluation depends on pain, 
walking capacity, knee extension, and range of motion, 
stability, and power of quadriceps muscles (Table 1). 
Radiological assessment depends on the evaluation 
of articular depression, condylar widening, varus and 
valgus angulation, and osteoarthritis (Table 2).

Surgical technique
Under tourniquet and C-arm control for reduction of 
the displaced fracture, assisted arthroscopy with lateral 
parapatellar portal is performed for all patients, and the 
portal should be 2–3 cm above the joint level to have a 
good view of the joint.

For split fracture lateral and medial condyle types I 
and IV (12 patients), any entrapped soft tissue was 
removed and reduction of the fragment was performed 
by a Kirschner-wire (K-wire) from the outside under 

C-arm control and maintained with a large pointed 
reduction forceps and arthroscopic assistance. Then, 
two guide wires were inserted across the fracture site 
and parallel to the joint line under C-arm control, and 
cannulated screws 7 mm with washers were inserted 
over the guide wires and reduction was assisted 
arthroscopically.

For types II and III (eight patients) tibial plateau 
fractures, the depressed fragment was reduced by 
inserting a 2 mm K-wire into its center and confirmed 
by the C-arm. The point of entry of the K-wire was just 
distal to the depressed fragment, which aids elevation 
of the depression. A small window in the cortex was 
created and a cannulated impactor was introduced over 
the guide wire with elevation of the depressed fragment 
and bone graft was used to maintain reduction in all 
eight patients. As described before in split fracture, 

Table 1 Modified Rasmussen criteria for clinical assessment
Pain Points

None 6
Occasional 5
Stabbing pain in certain positions 3
Constant pain after activity 1
Significant rest pain −3
Walking capacity

Normal walking capacity for age 6
Walking outdoors (>1 h) 5
Walking outdoors (15 min–1 h) 3
Walking outdoors (<15 min) 1
Walking indoors only 0
Wheelchair/bedridden −3

Knee extension
Normal 4
Lack of extension (<10°) 2
Lack of extension (>10°) 0
Lack of extension (>20°) −2

Total range of motion
Full 6
At least 120° 5
At least 90° 3
At least 60° 1
<60° −3

Stability
Normal stability in extension and 20° flexion 6
Abnormal stability in 20° flexion 4
Instability in extension (<10°) 2
Instability in extension (>10°) 0

Power of quadriceps
Grade 5 2
Grade 3–4 1
Grade <3 2

Maximum score 30
Excellent 28–30
Good 24–27
Fair 20–23

Poor <20
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7 mm cannulated cancellous screws were inserted to fix 
the fracture under image control and restoration of the 
articular surface was checked by assisted arthroscopy.

After fixation, the knee was examined to check stability 
and a suction drain was placed in all cases for 1 day and 
the wound was covered by sterile dressing and crepe 
bandage. A knee brace was applied and continuous 
passive motion was started, with a progressive 
increase to full range of motion. Nonweight bearing 
was maintained for 6 weeks and at 10 weeks, partial 
weight bearing with the brace was allowed; the brace 
was removed at 12 weeks. Clinical and radiological 
evaluation was performed for scoring of the results.

Statistical analysis
Collected data were subjected to statistical analysis 
using the SPSS 16 program (SPSS Inc., Chicago, 
Illinois, USA). For the qualitative variables, a Pearson 
c2-test was carried out and the significance level 
retained was P value less than 0.05.

Results
The mean duration of hospital stay was 4 days (range 
2–10 days). During arthroscopy, we examined five 
patients with meniscal tear; three patients had a lateral 
meniscal tear and partial meniscectomy was performed, 
and two patients had a medial meniscal tear, one with 
a bucket handle, and meniscal repair was performed; 
for the second patient, partial meniscectomy was 
performed.

Percutaneous fixation under C-arm control using 
two cancellous screws with washers was performed 
in all patients, except in two patients (type IV); three 
cancellous screws were used to add stability.

The clinical assessment preoperatively and 
postoperatively at 1 year according to the Rasmussen 
score showed highly significant results as the 
total median score was -7 preoperatively and 28 
postoperatively, with excellent results (Table 3).

The radiological evaluation, including anteroposterior 
and lateral views of the knee joint, was performed 
preoperatively, immediately postoperatively, and 
every 6 months. All fractures united with an average 
time of 10 weeks (range 8–14 weeks). There was 
a significant difference between the radiological 
results preoperatively and postoperatively as the 
range of fracture depression preoperatively was 
6–18 mm, and at the 1-year follow-up, the range of 
fracture depression was 0–2 mm. There was a highly 
significant difference between preoperative and 

postoperative results as the total median score was 2 
preoperatively and 9 postoperatively, with excellent 
results (Table 4).

Table 3 Preoperative and postoperative modified Rasmussen 
score for clinical criteria
Criteria Preoperative MRS Postoperative MRS

Pain Median: −3Range: −3 to 1 Median: 5Range: 5–6
Walking 
capacity

Median: −3Range: −3 to 0 Median: 5Range: 5–6

Knee 
extension

Median: 2Range: 0–2 Median: 4Range: 2–4

Total range 
of motion

Median: −3Range: −3 to 1 Median: 6Range: 5–6

Stability Median: 2Range: 0–4 Median: 6Range: 4–6
Power of 
quadriceps

Median: −2Range: −2 to 1 Median: 2Range: 1–2

Total score Median: -7Range: −11 to 9 Median: 28Range: 22–30

MRS, modified Rasmussen score.

Table 4 Preoperative and postoperative modified Rasmussen 
score for radiological criteria
Criteria Preoperative MRS Postoperative MRS

Articular 
depression

Median: 0Range: 0–1 Median: 3Range: 2–3

Condylar 
widening

Median: 1Range: 0–2 Median: 2Range: 2–3

Varus/valgus 
angulation

Median: 1Range: 0–2 Median: 3Range: 2–3

Osteoarthritis Median: 0Range: −1 to 1 Median: 1Range: 0–1

Total score Median: 2Range: −1 to 6 Median: 9Range: 6–10

MRS, modified Rasmussen score.

Table 2 Modified Rasmussen criteria for radiological 
assessment
Articular depression Points

None 3
<5 mm 2
6–10 mm 1
>10 mm 0
Condylar widening

None 3
<5 mm 2
6–10 mm 1
>10 mm 0

Varus/valgus angulation
None 3
<10° 2
10–20° 1
>20° 0

Osteoarthritis
None/no progress 1
Progression by 1 grade 0
Progression by >1 grade −1

Maximum score
Excellent 9–10
Good 7–8
Fair 5–6

Poor <5
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Figure 1 shows a patient with a depression fracture of 
the lateral tibial plateau (Schatzker type III). Reduction 
was performed with insertion of an iliac bone graft 
under C-arm control and arthroscopy, and the fracture 
was fixed by two cancellous screws.

Two patients had superficial infections; they were 
managed by frequent dressing and showed improvement. 
No screw loosening or deep infection was observed on 
follow-up, and no patients developed late complications.

Discussion
The major aims of treatment of tibial plateau fractures 
are to reduce the articular surfaces, achieve stable 
fixation and early motion, and to manage all soft tissue 
lesions [13]. Therefore, successful results depend on the 
quality of reduction, ligament stability, preservation 
of soft tissue envelope, with good evaluation of the 
articular surface, and minimal dissection [14].

Honkonen [5] recommended in his study that all 
fractures with step-off over 3 mm in the articular 
surface, a condylar widening up to 5 mm, or a lateral tilt 
exceeding 5° should be surgically corrected. The risks of 
open reduction and internal fixation of tibial plateau 
fractures increase the need for the use of arthroscopy-
assisted surgical treatment and has gradually become 
more popular. Lemon and Bartlett [15] were the first 
to report an arthroscopic technique for the reduction 
of a displaced intra-articular fracture of the femoral 
condyle and tibial plateau.

Hung and colleagues [16–18] have recommended 
the use of arthroscopy for fixation of displaced tibial 

plateau fractures as the articular surface can be easily 
observed after an evacuation of hemoathrosis and any 
fracture debris without detaching the menisci, and the 
intra-articular structures can be examined thoroughly 
while fragments are fixed with minimal soft tissue 
dissection.

Suganuma and Akutsu [19] also reported that an 
arthroscopic-assisted technique is less invasive 
than open techniques, and reduces the period of 
rehabilitation. They advised arthroscopic-assisted 
reduction when displacement of the fractured site on 
radiographs is at least 5 mm or there is at least 3 mm 
step-off on the articular surface.

In another study, Chan et al. [14] recommended surgical 
reduction in patients with tibial plateau fractures with 
step-off equal to or exceeding 3 mm. This corresponds 
with the indications in the current study as closed 
tibial plateau fractures were included with step-off of 
the articular surface more than 3 mm and condylar 
widening more than 5 mm.

Fowble et al. [9] compared the results of the 
arthroscopic technique and the open method and 
reported more accurate reduction and rapid recovery 
in cases managed by the arthroscopic technique. In 
addition, many authors reported that the fractures 
treated arthroscopically healed faster with better 
ranges of motion and with fewer degenerative changes 
than patients treated with extensive surgical exposure 
[6,20,21]. This is in agreement with the results reported 
by Jensen et al. [22], who compared the treatment of 
tibial plateau fractures by assisted arthroscopy in a 
first group of patients and open reduction in a second 
group; 85% reduced anatomically in the first group in 
comparison with 55% in the second group, in addition 
to faster and smoother postoperative rehabilitation in 
the first group.

In a laboratory study comparing the stability and 
ultimate strength of three standard fixation techniques, 
first using three 6.5 mm cancellous lag screws with 
washers, second two 6.5 mm cancellous lag screws with 
washers and an additional antiglide 4.5 mm cortical 
screw with washer, and third six holes with an L-shaped 
buttress plate for split-type lateral tibial plateau 
fractures, the results showed that the use of an antiglide 
screw or a buttress plate did not offer an advantage over 
lag screw fixation alone for the treatment of split-type 
lateral tibial plateau fractures [23].

Many authors used arthroscopy-assisted percutaneous 
fixation as the treatment of choice in Schatzker types 
I, II, III, and IV fractures with optimal reduction 
and stable fixation with early mobilization, and 

(a) Preoperative radiograph. (b) Arthroscopy showing depression 
fracture. (c) Postreduction under arthroscopy. (d) Fixation of fractures 
by two cancellous screws.

Figure 1
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they confirmed that cannulated screws are the most 
reliable method of fixation [11,24]. This is comparable 
with the results of Chan et al. [14] who reported 
that arthroscopic percutaneous fixation remains the 
standard for Schatzker type I–IV tibial plateau fractures 
despite the appearance of osteoarthritis, which remains 
less extensive than in open surgery. This is in agreement 
with the results in the current study on the safety and 
fewer complications in comparison with the use of 
other techniques.

Hung and colleagues [16,25–27] have reported 
excellent and good results of assisted arthroscopy for 
fixation of tibial plateau fractures ranging from 80 to 
95%. Chan et al. [14] reported, on the basis of the 
Rasmussen system score, satisfactory (good to excellent) 
results in 96% of cases at the 2- to 10-year follow-up. 
In addition, Chiu et al. [28] reported in another series 
that 92% of patients showed excellent clinical and 
radiological results according to the Rasmussen score. 
This is similar to the results obtained in the current 
study as we achieved satisfactory clinical (good to 
excellent) results in 95% of patients and fair results in 
5% of patients, and no poor results, and satisfactory 
radiological results in 95% of patients and fair results 
in 5% of patients, and no poor results.

Conclusion
This study confirmed that arthroscopy enables an 
evaluation of fractures reduction without an extensive 
arthrotomy incision and also enables optimal treatment 
of accompanying lesions. The benefits of assisted 
arthroscopy are optimal when stable percutaneous 
fixation is followed by early mobilization.

Acknowledgements
Conflicts of interest
There are no conflicts of interest.

References
  1	 Cassard X, Beaufils P, Blin JL, Hardy P. Osteosynthesis under 

arthroscopic control of separated tibial plateau fractures. 26 case reports. 
Rev Chir Orthop Reparatrice Appar Mot 1999; 85:257–266.

  2	 Guanche CA, Markman AW. Arthroscopic management of tibial plateau 
fractures. Arthroscopy 1993; 9:467–471.

  3	 Segal D, Mallik AR, Wetzler MJ, Franchi AV, Whitelaw GP. Early weight 
bearing of lateral tibial plateau fractures. Clin Orthop Relat Res 1993; 
294:232–237.

  4	 Schatzker J, McBroom R, Bruce D. The tibial plateau fracture. The Toronto 
experience 1968–1975. Clin Orthop Relat Res 1979; 138:94–104.

  5	 Honkonen SE. Indications for surgical treatment of tibial condyle fractures, 
Clin Orthop Relat Res 1994; 302:199–205.

  6	 Jennings JE. Arthroscopic management of tibial plateau fractures. 
Arthroscopy 1985; 1:160–168.

  7	 Perry CR, Hunter RE, Ostrum RF, Schenck RC Jr American Academy of 
Orthopedic Surgeons. Fractures of the proximal tibia. Instr Course Lect 
1999; 48:497–513.

  8	 Kiefer H, Zinvaljevic N, Imbriglia JE. Arthroscopic reduction and internal 
fixation (ARIF) of lateral tibial plateau fractures. Knee Surg Sports 
Traumatol Arthrosc 2001; 9:167–172.

  9	 Fowble CD, Zimmer JW, Schepsis AA. The role of arthroscopy in the 
assessment and treatment of tibial plateau fractures. Arthroscopy 1993; 
9:584–590.

10	 Hannouche D, Duparc F, Beaufils P. The arterial vascularization of the 
lateral tibial condyle: anatomy and surgical applications. Surg Radiol Anat 
2006; 28:38–45.

11	 Burdin G. Arthroscopic management of tibial plateau fractures: surgical 
technique. Orthop Traumatol Surg Res 2013; 99:S208–S218.

12	 Rasmussen PS. Tibial condylar fractures. Impairment of knee joint stability 
as an indication for surgical treatment. J Bone Joint Surg Am 1973; 
55:1331–1350.

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

14	 Chan YS, Chiu CH, Lo YP, Chen AC, Hsu KY, Wang CJ, Chen WJ. 
Arthroscopy-assisted surgery for tibial plateau fractures: 2- to 10-year 
follow-up results. Arthroscopy 2008; 24:760–768.

15	 Lemon RA, Bartlett DH. Arthroscopic assisted internal fixation of certain 
fractures about the knee. J Trauma 1985; 25:355–358.

16	 Hung SS, Chao EK, Chan YS, Yuan LJ, Chung PC, Chen CY, et al.. 
Arthroscopically assisted osteosynthesis for tibial plateau fractures. J 
Trauma 2003; 54:356–363.

17	 Lubowitz JH, Elson WS, Guttmann D. Part II: arthroscopic treatment 
of tibial plateau fractures: intercondylar eminence avulsion fractures. 
Arthroscopy 2005; 21:86–92.

18	 Gill TJ, Moezzi DM, Gates KM  Slerett WI. Arthroscopic reduction and 
internal fixation of tibial plateau fractures in skiing. Clin Orthop Relat Res 
2001; 383:243–249.

19	 Suganuma J, Akutsu S. Arthroscopically assisted treatment of tibial 
plateau fractures. Arthroscopy 2004; 20:1084–1089.

20	 Asik M, Cetik O, Talu U, Sozen YV. Arthroscopy-assisted operative 
management of tibial plateau fractures. Knee Surg Sports Traumatol 
Arthrosc 2002; 10:364–370.

21	 Levy BA, Herrera DA, Macdonald P, Cole PA. The medial approach 
for arthroscopic-assisted fixation of lateral tibial plateau fractures: 
patient selection and mid- to long-term results. J Orthop Trauma 2008; 
22:201–205.

22	 Jensen DB, Rude C, Duus B, Bjerg-Nielsen A. Tibial plateau fractures. A 
comparison of conservative and surgical treatment. J Bone Joint Surg Br 
1990; 72:49–52.

23	 Karunakar MA, Egol KA, Peindl R, Harrow ME, Bosse MJ, Kellam JF. 
Split depression tibial plateau fractures: a biomechanical study. J Orthop 
Trauma 2002; 16:172–177.

24	 Siegler J, Galissier B, Marcheix PS, Charissoux JL, Mabit C, Arnaud JP. 
Percutaneous fixation of tibial plateau fractures under arthroscopy: a 
medium term perspective. Orthop Traumatol Surg Res 2011; 97:44–50.

25	 Chan YS, Yuan LJ, Hung SS, Wang CJ, Yu SW, Chen CY, et al.. 
Arthroscopic-assisted reduction with bilateral buttress plate fixation of 
complex tibial plateau fractures. Arthroscopy 2003; 19:974–984.

26	 Van Glabbeek F, van Riet R, Jansen N, D’Anvers J, Nuyts R. 
Arthroscopically assisted reduction and internal fixation of tibial plateau 
fractures: report of twenty cases. Acta Orthop Belg 2002; 68:258–264.

27	 Oz H, Adar E, Rzetelny V. Arthroscopic management of tibial plateau 
fractures. J Bone Joint Surg Br 2000; 82:235.

28	 Chiu CH, Cheng CY, Tsai MC, Chang SS, Chen AC, Chen YJ, Chan YS. 
Arthroscopy-assisted reduction of posteromedial tibial plateau fractures 
with buttress plate and cannulated screw construct. Arthroscopy 2013; 
29:1346–1354.


