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Abstract: Introduction: In this retrospective study,
it was aimed to evaluate the correlation between operative treatment results and clinical and radiological findings of tibial plateau fractures.
Patients and Methods: Between 1996 and 2006,
33 knees were operated for tibia plateau fracture of 32
patients. 29 patients were male and 3 were female.
Only 3 cases (9.99%) were open tibial plateau fractures. The mean age was 45 years. Fractures classified
using the Schatzker classification were: 17 (52%) type
1, 12 (12%) type 2, 9 (27%) type 5 and 6 (9%) type 6.
Patients following the period were at least 44 weeks
and maximum 480 weeks (mean 60 weeks).
Results: The results of 33 patients were determined by the clinical and radiological system of Rasmussen. According to clinical findings, 17 cases were
excellent, 9 were good, 6 were medium and 1 was poor. According to the radiological findings, 9 cases were excellent, 16 were good, 6 were medium and 2 were
bad. The difference between clinical and radiological
findings was analyzed with Pearson core analysis and
statistically significant (p < 0.005). Comparison was
made according to the time between injury and operation and no statistically significant difference was found (p > 0.005). The analyzes of the grade of fracture
and the degree of fracture were statistically significant (p < 0.005). 42.4% of all patients had meniscus
injury. Therefore, arthroscopy should be used with
surgery.
Conclusion: Anatomic reduction, rigid fixation
of the joint and early mobilization can reduce complications and improve the function of the knee joint in tibial plateau fractures.
Key Words: Anatomic reduction, tibial plateau
fracture, surgery.
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INTRODUCTION
The knee joint is one of the strongest and important joints of the body and is directly affected by plateau fractures. As these fractures are intra-articular in nature, they affect the alignment, stability, and movement
of the joint. In addition, as the knee is a complex joint
with dense soft tissues,its related injuries are classified
as complex injuries. The mechanism of fracture is mainly due to axial compressive forces with varus or valgus stress and these fractures are produced by high-energy traumas (1). The Schatzker classification, which
was developed in 1979 based on the anteroposterior
(AP) radiographs of a series of 94 patients, has been
still widely used by orthopedic surgeons. This system
classify tibial plateau fractures into six types and lateral plateau fractures typically present with depression,
while medial plateau fractures typically present with
split (2). In addition, these fractures usually lead to arthrosis of the knee joint and total knee arthroplasty is a
usually performed procedure following the arthrosis
after tibial plateau fractures (3, 4).
The main goal of treatment of plateau fractures is
to recover the integrity of the articular surface and to
improve the function of the articular activity with minimal injury. In 1825, Sir Astley Cooper first published
experiences with a series of knee dislocations and treated tibial fractures with compressive bandage and early
passive mobilization, irrespective of the fracture pattern (5). Later in the history, open reduction and plate-screw fixation and osteosynthesis gain popularity
which is still the first-line treatment in tibial plateau
fracture practice (6, 7).
In the present study, we present our experience
with tibial plateau fractures and discuss the treatment
approaches in the light of the literature data.
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PATIENTS AND METHODS
This retrospective study included a total of 33 knees of 32 patients who were operated due to tibial plateau
fractures at No. 1 Orthopedics and Traumatology inpatient clinic of Izmir Tepecik Training and Research Hospital, Izmir, Turkey between 1996 and 2006. A written
informed consent was obtained from each patient. The
study protocol was approved by the Local Ethical Committee. The study was conducted in accordance with the
principles of the Declaration of Helsinki.
According to the Schatzker classification, 17 cases were type I, four cases were type II, nine cases were
type V, and three cases were type VI. Among all fractures, there were three open fractures. The most common
cause was pedestrian accidents.
Seventeen knees were surgically treated with a
percutaneous technique. A lateral and anterolateral incision was made in 13 patients, while an anteromedial
incision was made in one patient. Extensile surgery
was performed in one patient. No parapatellar incision
was used in any of the patients. Grafting was applied in
12 patients. All grafts were spongious and harvested
from the same side of the iliac crest. Postoperatively,
partial weight bearing was allowed at 13 weeks, while
full weight bearing was allowed at 18 weeks.
The modified Rasmussen’s clinical and radiological
criteria were used to evaluate the tibial plateau fractures.
It consists of five categories including pain, walking capacity, extension, total range of motion, and stability. The
total score is the sum of these five items, and the higher
scores indicate the greater function. A score of 0-9 is defined as poor, 10-19 as fair, 20-26 as good, and 27-30 as excellent. In addition, the anatomical score consists of three
categories including depression, condylar widening, and
angulation. A score of 0-5 is defined as poor, 6-11 as fair,
12-17 as good, and 18 as excellent.

Statistical Analysis

to 63) years. The mean follow-up was 65 (range, 11 to
120) months.
According to the Rasmussen’s radiological criteria, the mean score was 13.6 (range, 4 to 18) in all 33
knees. The result was excellent in nine (27.3%), good
in 16 (48.5%), and poor in six (6.0%) cases (Figure 1).
According to the Rasmussen’s clinical criteria, the
mean score was 23.3 (range, 8 to 29). The result was
excellent in 17 (51.5%), good in nine (27.3%), fair in
six (18.2%), and poor in one (3%) cases (Figure 2).
In the radiological evaluation of the final AP and
lateral graphies, the degree of depression, condylar widening, and angulation were calculated. The mean degree of depression was 3.87 mm, the mean condylar
widening was 4.1 mm, and the mean angulation was

Figure 1. Rasmussen’s radiological scores

Figure 2. Rasmussen’s clinical scores

Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS) for Windows
version 10.0 software (SPSS Inc., Chicago, IL, USA). Descriptive data were expressed in mean ± standard deviation
(SD), number and frequency. The Pearson’s correlation
analysis was used for radiological and clinical comparisons. The Kruskal-Wallis test was carried out to compare
radiological and clinical scores according to the Schatzker
classification. The Mann-Whitney U test was used for binary comparisons. A p value of < 0.05 was considered statistically significant with 95% confidence interval (CI).

RESULTS
Of the patients, 29 (87.9%) were males and three
(12.1%) were females. The mean age was 45 (range, 18

Figure 3. Comparison of the Rasmussen’s clinical
and radiological results
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3.7 in favor of valgus. In the final clinical evaluation,
the mean extension loss was 7.3° and the mean range of
motion was 128°. In all patients, the knee was stable at
20° flexion and full extension.
Based on the comparison of the clinical and radiological results, the clinical status of the patients was found to be correlated with the radiological status. In 12
patients (36.4%), the clinical status was better than the
radiological status, while the clinical and radiological
statuses were equivalent in the remaining 19 patients
(57.6%) (Figure 3).
The Pearson’s correlation analysis showed a positive correlation between the clinical scores and radiological scores (r = 0.754, p < 0.001). In addition, according
to the degree of depression (0-5 mm, 6-9 mm, or ³ 10
mm), the mean clinical score was 25.947 and the mean
radiological score was 5.789 in the 0-5 mm group (n =
19). In the 6-9 mm group (n = 10), the mean clinical score was 0.500 and the mean radiological score was 12.4.
Finally, the mean clinical score was 12.500 and the
mean radiological score was 8.250 in the ³ 10 mm group
(n = 4). According to the Kruskal-Wallis test, there was a
significant difference in the clinical and radiological scores among the depression groups, indicating that the clinical and radiological scores decreased, as the degree of depression increased (p < 0.001 for both) (Figure 4).

Figure 4. Clinical and radiological results according
to depression degree

Figure 5. Clinical and radiological results
according to split

According to the degree of cleavage (0-5 mm, 6-9
mm, or ³ 10), the mean clinical score was 24.250 and
the mean radiological score was 15.375 in the 0-5 mm
group (n = 16). In the 6-9 mm group, the mean clinical
score was 24.091 and the mean radiological score was
13.818 (n = 11). Finally, the mean clinical score was
15.833 and the mean radiological score was 9.167 in
the ³ 10 mm group (n = 6). According to the Kruskal-Wallis test, there was a significant difference in
the clinical (p = 0.022) and radiological scores (p =
0.019) among the cleavage groups, indicating that the
clinical and radiological scores decreased, as the degree of cleavage increased (Figure 5).

DISCUSSION
Tibial plateau fractures are complex injuries involving not only the bone structure, but also the other connective tissue components such as the joint cartilage and
meniscus, as they are intra-articular in nature.Considering the risk of osteoarthritis and degeneration, treatment
of these fractures is of utmost importance.
Osteoporosis is a risk factor in tibial plateaufractures. In a case series, Su et al. reported osteoporosis
were seen adult women aged ³ 50 years following the
tibial plateaufractures (8). In our series, however, the
number of female patients is not consistent with the literature with a male ratio of 87.9% and female ratio of
12.1%. This discrepancy can be explained by the fact
that our facility is a complex trauma center.
In the literature, there is no consensus on the surgical treatment of these fractures. Some authors have
recommended conservative treatment, irrespective of
the type of the fracture and advocated that reduction
with conservative treatment yields satisfactory functional outcomes, but not anatomical outcomes (9, 10).
On the other hand, some others have recommended
surgical treatment, except for stable, non-displaced
fractures. Surgery has several advantages including a
smooth reduction of the joint surface, anatomical restoration of the limb axis, and stabile fixation with early
mobilization. It is also indicated in the treatment of
connective tissue and meniscus injuries which majorly
affect the functional and anatomical outcomes (11, 12).
There are studies in the literature that they found
no significant relationship between the depression and
functional outcomes in the majority of cases with ³ 10
mm depression at the final visit (13, 14). However, Singleton et al. found a significant relationship between
the degree of depression and uncorrectable valgus deformity and secondary osteoarthritis (4). In a case series including 60 patients, Blokker et al.achieved satisfactory results in 85% of cases undergoing anatomic
reduction and in 75% of cases in a step of less than 5
mm, although a step of greater than 5 mm was associa-
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ted with unsatisfactory results (15). In our study, we
classified the degree of depression as 0-5 mm, 6-9 mm,
and ³ 10 mm and found poor clinical and radiological
results with increased depression.
Rasmussen found a close relationship between varus
angulation and osteoarthritis and suggested that alignment of the medial condyle, particularly,should be proper
in double condylar fractures. In addition, the author reported that an evident malalignment of the tibial plateau
surface and femoral condyle with uncorrectable tibial
condylar widening was significantly associated with secondary osteoarthritis (16). In our study, good and excellent clinical and radiological outcomes were achieved in
72.7% of the patients. However, poor clinical and radiological results were obtained in one patient and two patients, respectively. In their study, Schatzker et al. also achieved acceptable outcomes in 32 of 94 (78%) surgically
treated patients and suggested that osteoporosis was a
major factor affecting the outcome (2). In another case series involving 95 patients, Waddel et al. applied surgical
treatment to 69 patients and achieved satisfactory results
in 65% of these patients (17). Also, the authors further
claimed that improved results could be obtained with
grafting combined with internal fixation.
In the present study, postoperative complications
were seen in three patients (9.09%) including deep vein
thrombosis in one patient and superficial infection in two
patients. None of the patients experienced compartment
syndrome, heterotopic ossification, or vessel injury. In a
study, Kayiran et al. reported that the most common postoperative complication was heterotopic ossification (18).
In another study, Rockwood found infection to be the major complication following surgery. To prevent infections, duration of surgery should be diminished, extraperiosteal dissection should be avoided, and prophylactic antibiotic therapy should be given (19). In our study population, one patient had a peroneal lesion preoperatively. Although the lesion was intraoperatively explored and released, the nerve function remained impaired. Of note, the
lack of deep vein thrombosis or pulmonary embolism in
any of the patients in our study, which are commonly reported in the literature, can be explained by individual genetic factors and the use of low-molecular-weight heparin
prophylaxis in all patients.
Nonetheless, there are some limitations to this
study. First, the results cannot be generalized to the overall population due to the small sample size and retrospective nature of the study. Second, there are many factors influencing the results of tibial plateau fractures.
In conclusion, clinicians should keep in mind that
good clinical results can be achieved with surgery in tibial
plateau fractures, even if radiological results are poor and,
therefore, evaluation should not be based on radiological
criteria alone. Based on our experience, we suggest ana-

tomical and rigid fixation in the treatment of these fractures to provide early mobilization and to minimize dysfunction. However, further large-scale, long-term studies are
needed to establish a conclusion.
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Case Sample
46 years old male, Car accident, Schatzker Type 6
fracture
Preoperative, early postoperative and 1 year follow up X-rays are shown below
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Uvod: U ovoj retrospektivnoj studi, cilj je bio da
se ispita korelacija izme|u rezultata operativnog tretmana i klini~kih i radiolo{kih nalaza kod preloma platoa tibije.
Pacijenti i metode: U periodu od 1996. do 2006.
godine, 33 kolena su operisana zbog preloma platoa
tibije kod 32 pacijenta. 29 pacijenata su bili mu{kog
pola, a troje je bilo `enskog. Samo 3 slu~aja (9.99%)
je imalo otvoreni prelom platoa tibije. Prose~na starost iznosila pacijenata je bila 45 godina. Prelomi su
klasifikovani koriste}i Schatzker klasifikaciju i pokazali su slede}e rezultate: 17 (52%) imalo je tip 1, 12
(12%) je imalo tip 2, 9 (27%) tip 5 i 6 (9%) imalo je tip
6. Pacijenti su pra}eni u periodu od minimum 44 nedelje, maksimalno 480 nedelja (srednja vrednost je 60
nedelja).
Rezultati: Rezultati 33 operisana kolena su utvr|eni na osnovu klini~kog i radiolo{kog sistema Rasmussen. Prate}i klini~ke nalaze, 17 slu~ajeva se od-
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