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Outcome of angular stable locking plate fixation of tibial 
plateau fractures Midterm results in 101 patients

Sven Märdian, Felix Landmann, Florian Wichlas, Norbert P Haas, Klaus‑Dieter Schaser, Philipp Schwabe

Abstract
Background: Articular reconstruction and stable fixation of tibial plateau fractures and its various subtypes continue to represent a 
surgical challenge. Only few trials have studied results following angular stable plate fixation. The present study aimed to investigate 
the clinical, radiological, functional and quality of life results following tibial plateau fractures using angular stable plate fixation.
Materials and Methods: 101 patients were retrospectively studied using functional (ROM; KSS; VAS), radiographic (osteoarthritis 
score, loss of reduction) and quality of life (WOMAC; Lysholm) scores. There were 46 males and 55 females. The average of 
patients was 51 years (range 22‑77 years). Study groups were assigned according to the AO fracture classification.
Results: Mean followup was 57 ± 30 months. Fracture type distribution revealed a significantly (P < 0.001) increased number 
of type B‑ (62.4%) compared to C‑fractures. Functional assessment showed a significantly better total KSS (84.1 ± 15.6 vs. 
74.7 ± 18.0; P = 0.01) as well as ROM (active: 124°±17° vs. 116°±15°, P = 0.014; passive: 126°±18° vs. 118 ± 14°, P = 0.017) in 
the B‑fracture group. VAS was found to be markedly higher (P = 0.0039) following type C‑fractures. Rating osteoarthritis secondary 
to a tibial plateau fracture as a function of injury severity (r = 0.485; P < 0.001) and relating the loss of reduction to the grade of 
evolving osteoarthritis (r = 0.643; P < 0.001) a positive correlation was found. Quality of life showed significantly improved results 
for Lysholm score (P = 0.004) following B‑fractures with low overall values for the WOMAC score.
Conclusion: Presented data provide sufficient evidence that anatomic restoration of tibial plateau fractures with angular stable 
plate fixation result in decreased loss of reduction and declined incidence of posttraumatic osteoarthritis, thereby providing 
acceptable mid to long term outcome.
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Introduction

Fractures to the articular surface of the proximal tibia are 
serious injuries with a broad range of subtypes. Due 
to the complex anatomy including large cartilaginous 

surfaces, insertions of ligaments, meniscal structures and 
the high level of force transmission that the tibial joint 
surface is subjected during axial loading, its reconstruction 
continues to represent a major surgical challenge.1 Among 

the factors known to determine the outcome, the degree 
of comminution, as well as the severity of accompanying 
soft‑tissue damage, are the most important determinants.2‑4 
Typical mechanisms include a combination of axial loading 
and angular forces, which result in a split/depression of 
the tibial plateau along with metaphyseal impaction and 
comminution.4‑6 Due to the specific anatomy of the knee 
joint and the high axial and varus/valgus forces that any 
biomechanically effective osteosynthesis has to sustain, 
the appropriate fracture treatment is still controversial.6‑9 
Different surgical approaches have been described, and the 
techniques for fracture reduction and fixation have been 
tremendously improved recently.10‑12 Dislocated plateau 
fractures require an open reduction with intraarticular 
exposure of the fracture zone, subchondral bone grafting 
and screw/plate fixation.10 Despite all reconstructive efforts 
osteoarthritis following tibial plateau fractures is reported 
to evolve in 23-44%,8,13‑16 underscoring the prognostic and 
socio‑economic importance of these injuries. Consequently, 
there is an unmet clinical need for the development of 
effective fixation techniques and implants that minimize 
loss of reduction and decrease surgery‑associated 
soft tissue trauma. Increasing the appreciation of the 
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causative factors known to reduce the risk for secondary 
articular incongruence and implant failure has led to 
the development of new fixation techniques that exactly 
address these points and act as internal fixators.10,13,14,17‑23 
Subsequent efforts resulted in the introduction of 
anatomically preshaped angular‑stable plates that allow 
minimal invasive insertion and fixation of reduced articular 
fragments, thereby refraining from additional medial or 
lateral plate fixation.17,24,25 In particular in osteoporotic 
bone these biomechanical advantages of angular‑stable 
implants have been shown to significantly improve the 
outcome.10,26 Although many existing reports describe 
treatment results after tibial plateau fractures (mostly with 
conventional plating),7 very few studies have investigated 
results of tibial plateau fracture fixation using angular‑stable 
implants. The drawbacks of more recent studies are small 
patient numbers6,10 and missing data for functional outcome 
or information about the used implant type.8

Therefore, the present study aimed to investigate the clinical, 
radiological and functional results as well as disease specific 
quality of life following tibial plateau fractures using angular 
stable plate fixation.

Materials and Methods

176 patients underwent open/closed reduction, followed by 
reconstructive angular stable plate fixation for tibial plateau 
fracture between January 1999 and June 2011. The records 
followed the department’s standard protocol (clinical as well 
as radiographic followup at 1 and 6 week(s) as well as 3 and 
6 month after surgery). The followup was 57.4% (15 died; 
not able to complete due to health problems not related 
to the tibial plateau fracture  =  23; unreachable  =  37). 
All patients with an incomplete followup were excluded. 
101 patients were included for statistical analysis (46 male, 
55  female, mean age 51  years  [range 22-77  years]). 
The mean followup was 57.3  ±  30.4  months  [range 
19-154  months]  [Table  1]. Throughout the entire study 
period angular stable implants of only one manufacturer 
were used (less invasive stabilizing system, 3.5 mm locking 
compression plate  [LCP] proximal tibia, 3.5/4.5  mm 
L‑/T‑shaped LCP, Synthes GmbH, Umkirch, Germany). 
Surgical, functional and radiographic data including fracture 
pattern, type of surgical approach local and systemic 
complications, additional use of bone graft for defect filling, 
degree of soft‑tissue damage, presence of compartment 
syndrome including the rate of performed emergency 
fasciotomies, were quantitatively assessed.

Operative procedure
Surgery was performed under general anesthesia on a 
standard radiolucent fracture table. In the case of severe 

soft‑tissue damage or accompanying multiple injuries, a 
temporary knee‑spanning external fixation preceded definitive 
surgery. In patients with G3 closed soft‑tissue damage27 
primary emergency fasciotomy was performed, allowing the 
elevated intramuscular pressure to decline [Table 2].

Timing of surgery, as well as surgical approach, was 
dependent on the severity of concomitant soft‑tissue 
damage and underlying fracture type  [Figure 1]. Most 
type‑C‑fractures that have been associated with a typical 

Table 1: Patients demographics
Variable n=101
Gender

Male 46
Female 55

Mean age in years (range) 51 (22-77)
Followup in month (range) 57.3 (19-154)
Injury mechanism

Motorcycle accident 23
Car/truck accident 7
Bicycle accident 3
Pedestrian accident 13
Skiing accident 13
Simple fall 35
Sport accident 5
Attempted suicide 2

Classification
B1 6
B2 10
B3 47
C1 8
C2 3
C3 27

Closed soft‑tissue damage (Tscherne and Oestern28)
G1 40
G2 51
G3 7

Table 2: Need for primary stabilization and/or fasciotomy
Procedure Yes No Percent of fractures
Need for external fixator

B1 1 5 1
B2 0 10 0
B3 3 47 3
C1 3 3 3
C2 0 3 0
C3 21 6 21

Fasciotomy
B1 1 5 1
B2 0 10 0
B3 0 47 0
C1 1 7 1
C2 0 3 0
C3 5 22 5
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posteromedial fragment requiring articular reduction 
and buttressing were addressed with a posteromedial 
approach first before the lateral pathology was addressed. 
In such cases, two plates were used to stabilize the fracture. 
Exposure of the posterolateral quadrant was reached by 
a posterolateral approach via osteotomy of the fibula 
head according to the description by Lobenhoffer et al.28 
A strict posterior approach according to Trickey29 was 
performed in fracture types with dislocated eminential 
insertion of the posterior cruciate ligament or posterior 
tibial rim avulsions.

Following anatomical reduction, stabilization of the 
articular surface or dislocated metaphyseal cortical 
fragments was done by using multidirectional lag screw 
fixation according to AO/ASIF  (Association for the 
Study of Internal Fixation) principles. In the presence 
of articular impressions with resulting metaphyseal 
defect zones after reduction, defect filling was done by 
the use of homo/autologous bone graft. For angular 
stable fixation either 3.5  mm or 4.5  mm mono  ‑  or 
bicortical locking head screws, were used. Prophylactic 

antibiotics for 24 h (Unacid® (Sultamicillin) (3 × 3 g i.v.) 
and Sobelin®  (clindamycin)  (2  ×  600  mg i.v.) in case 
of penicillin allergy) and mechanical/pharmacological 
prophylaxis  (intermitting pneumatic compression/body 
weight adapted low molecular heparin  (Fraxiparin®)) 
against deep venous thrombosis were given routinely. 
Rehabilitation started at day 2 after surgery, after drain 
removal, with continuous passive motion and walking with 
partial weight bearing (15 kg) for 6-12 weeks depending 
on fracture type, bone quality and radiographic followup. 
Flexion was limited to 60° for the first 3 weeks and to 90° 
for another 3 weeks. Stepwise increase in weight bearing 
was recommended, allowing full weight bearing usually 
not before 6-8 weeks after surgery.

Radiographic assessment
Radiographic evaluation was done by two independent 
observers  (trauma surgeon/radiologist) with longtime 
experience in diagnostic evaluation of radiographs. 
Radiographic studies were performed at the same institution 
throughout the study in order to achieve the same picture 
quality and magnification. Union was defined according 

Figure 1: (a) Plain radiograph anteroposterior and 3D CT reconstructed of proximal tibia of a 46 year old male after a high velocity car accident 
with a type-C-fracture of the tibial plateau (b) Clinical photograph after primary dermatofasciotomy and secondary soft-tissue coverage (c) Plain 
radiographs anteroposterior and lateral views at 12 weeks following fixation showing union with implant in site (d and e) clinical and radiographic 
followup 12 month postoperative showing maintained proximal tibial alignment without any collapse and well covered soft tissue

d

c

b

a

e



Märdian, et al.: Angular stable locking plate fixation of tibial plateau fractures

	 623	 Indian Journal of Orthopaedics | November 2015 | Vol. 49 | Issue 6

to accepted criteria.10 While blinded to the followup data 
of the outcome assessments they evaluated the quality of 
reduction on the early postoperative biplanar radiographs, 
the presence of secondary loss of reduction  (loss of the 
postoperative condylar height of  >  2  mm in the last 
followup radiographs, [Figure 2]) as well as the presence 
of osteoarthritis in the radiographs at the last followup. 
Posttraumatic osteoarthritis  (pO) was assessed and 
graded according to the classification of Kellgren and 
Lawrence [Figure 3].30

Knee function and outcome assessment
The knee society score  (KSS)31 and a visual analog 
scale  (VAS) for pain  ([0-10], 0  =  no pain; 10  =  worst 
imaginable pain) for the rest/loaded condition were 
obtained from all patients during the last consultation. 
Functional outcome was evaluated using the KSS and total 
KSS (mean of the sum of the knee score and functional 
score). A total score of <60 was graded to be poor, 60-70 
as fair, 71-85 as good and 86-100 as excellent.8 For quality 
of life assessment the Western Ontario and McMaster 
Universities  (WOMAC)32,33 and Lysholm et  al.34‑36 scores 
were recorded.

Data analysis
All data were recorded and analyzed using IBM® SPSS® 
Statistics Release 20.0 (IBM Corporation, 1 New Orchard 
Road, Armonk, New York 10504‑1722, United States). The 
assumption of normality and homogeneity of variance was 
tested using the Kolmogorov–Smirnov test. The statistical 
analysis was performed using the Mann–Whitney U‑test 
for comparison of unmatched nonparametric samples 
as well as the t‑test for testing numeric samples. For 
one‑sample testing, the one‑sample bionominal test was 
used. Regarding correlations the Pearson or the Spearman 

coefficient were used about the data scales. Differences were 
considered significant for P < 0.05.

Figure 3: Followup X-rays were assessed for osteoarthritis according 
to the classification of Kellgren and Lawrence (a) Grade I: Subchondral 
sclerosis, no osteophytes, normal joint space; (b) Grade II: Little 
osteophytes, small changes in joint space, beginning irregularity of 
the joint surface; (c) Grade III: Osteophytes, decrease of joint space, 
irregularities of the joint surface; (d) Grade IV: Obvious destruction of 
the joint surface, osteophytes and distinct decrease of the joint space)

dc
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Figure 2: (a) Anteroposterior radiograph of the knee joint showing proximal tibia fracture (b) Immediate postoperative radiograph showing well 
reconstructed joint space and lifted depressed fragment (c) Final followup radiograph showing a loss of reduction of more than 2 mm in the 
condylar height  compared to the initial postoperative radiograph

cba
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Results

The mean hospitalization was 19.5  ±  19  days  [range 
3-125 days]. Fracture type distribution revealed a significantly 
(P < 0.001) increased number of type‑B‑fractures (62.4%) 
when compared to type‑C‑fractures  (37.6%). Grouped 
by age most fractures were found to occur in the 
middle age group with a significant dominance of 
B‑fractures (P = 0.045, [Figure 4]). Patient characteristics 
and the mechanisms of trauma are summarized in Table 1. 
Due to multiple injuries or severe soft tissue damage in 
27.7% of all patients temporary external fixation was 
performed before the final surgery. Dermatofasciotomy 
was performed during initial surgical intervention in 
seven patients  [Table 2]. Analysis of the different types 
of performed surgical approaches showed that the 
standard anterior‑lateral approach was most frequently 
used (n = 81) [Table 3]. The soft‑tissue damage correlated 
positively  (r  =  0.322, P  =  0.001,  [Figure  5]) with the 
osteoarthritis score, indicating a significant functional 
relation. In 69.3% of all patients, mostly B3‑fractures, 

defect filling was necessary. Type of the bone substitute 
used for defect reconstruction did not influence final 
outcome.

Radiographic assessment
The overwhelming majority of the 63 B‑fractures (46.5%) 
have been found to be B3‑fractures. 38 fractures were 
classified as bicondylar type‑C with type‑C3‑fractures in 
most cases [Table 1].

Quantitative analysis of secondary loss of reduction 
more than 2  mm when compared to postoperative 
radiographs was found in 22  (21.8%), while loss of 
reduction did not exceed 2  mm in 12  (11.9%) with an 
unchanged reduction in 67 (66.3%) patients. As expected, 
type B‑fractures [Figure 6] were found to show significantly 
less loss of reduction compared to multifragmentary 
type C‑fractures (0.43 ± 0.79 vs. 1.10 ± 1.28; P < 0.001). 
Further statistical analyses demonstrated a positive 
correlation [Figure  7] between loss of reduction and 
osteoarthritis score (r = 0.643; P < 0.001). Interestingly, 
results of the total KSS and the osteoarthritis score of 
patients who sustained a loss of reduction revealed no 
difference between patients with and without initial 
anatomic reduction.

Figure 4: Fracture type distribution grouped by age, displaying peak 
of fracture incidence during the most active period of life

Figure 5: The risk for posttraumatic osteoarthritis markedly rises as the 
severity of the soft-tissue damage increases. (A significant and positive 
correlation between those parameters could be shown)

Table 3: Surgical approaches
Approach Anterior‑lateral (%) Medial (%) Posterior‑lateral (%) Posterior‑medial (%) Combined medial and lateral (%) Dorsal (%)
B1 5 (83.3) 0 (0) 0 (0) 0 (0) 1 (16.7) 0 (0)
B2 10 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
B3 41 (87.2) 0 (0) 6 (12.8) 0 (0) 0 (0) 0 (1.7)
C1 6 (75) 1 (12.5) 0 (0) 0 (0) 1 (12.5) 0 (9.1)
C2 3 (100) 0 (0) 0 (0) 0 0) 0 (0) 0 (0)
C3 16 (59.3) 1 (3.7) 1 (3.7) 1 (3.7) 0 (0) 8 (29.6)
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Figure 6: 79 year old female after simple fall (a) The preoperative X-ray of knee joint anteroposterior and lateral views showing a type B fracture 
of the lateral tibia plateau (b) Diagnostic CT-scan showing a type B3 fracture (c) Postoperative x-ray of anteroposterior and lateral views showing 
angular stable plating in combination with autologous bone grafting (d) Followup x-rays anteroposterior and lateral views at 54 years showing 
maintained reduction of tibial plateau, joint space, no collapse and implant in situ
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Functional assessment
The results of the total KSS was 80.6 ± 17.1 (KSS knee 
80.5  ±  18.7, KSS functional 80.6  ±  19.6). Regarding 
the defined categories the total KSS was found to be 
excellent in 42.6%, good in 30.7%, fair in 8.9% and poor 
in 16.8%. A significant better total KSS in the B‑fracture 
group than in the C‑fracture group (84.08 ± 15.58 vs. 
74.74  ±  18; P  =  0.01, [Figure 9]) was observed and 
confirmed in the subscores (knee score: 83.87 ± 16.29 vs. 
75 ± 21.27; P = 0.031, functional score: 84.29 ± 17.64 vs. 
74.47 ± 21.24; P = 0.019).

The range of motion (ROM) was measured in degrees (active, 
passive). Consistently to the KSS results, significant better 
results for active ROM in type‑B‑fracture patients than those 
who sustained a type‑C‑fracture were found (124° ± 17° vs. 
116° ±15°; P = 0.014, [Figure 10]). Notably, the passive 

In two patients, a total knee arthroplasty was performed 
due to severe OA. Analysis of evolving OA showed a mean 
score of 1.33 ± 1.32. However, 62.4% of all patients 
showed either no radiographic sign of OA or only grade I. 
Further analysis of the influence of different fracture types 
on incidence of OA displayed a significantly (P < 0.001) 
increased OA rate  (2.21  ±  1.36  vs. 0.79  ±  0.97) 
following type‑C‑fractures. Rating the degree of pO 
following a tibial plateau fracture as a function of injury 
severity showed a positive correlation  (r  =  0.485; 
P  <  0.001,  [Figure  8]). Investigating the relationship 
between postoperative malalignment and OA revealed 
that valgus malalignment resulted in a significantly 
higher osteoarthritis score (2.82 ± 1.24 vs. 1.02 ± 1.12; 
P  <  0.001) as opposed to varus malalignment that 
did not differ significantly (1.9 ± 1.45 vs. 1.26 ± 1.3; 
P = 0,211).

c

b
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Figure 8: The severity of the fracture type correlates positively with the 
results of Kellgren and Lawrence (osteoarthritis) score. This functional 
relationship is most likely reflecting that severe fracture types are either 
more difficult to reduce, and end up in decreased quality of primary 
anatomic reduction, or are more susceptible to early, secondary loss of 
the initial reduction–ultimatively leading to a higher risk of posttraumatic 
osteoarthritis

The overall complication rate in the series was 
15.8% (n = 16). In 7.9% (n = 8) of the patients, a deep 
venous thrombosis was diagnosed. Deep infections 
were seen in six  (6%) patients. They were successfully 
treated either with local wound care/antibiotics or surgical 
debridement/antibiotics. One patient had a prolonged 
course (125 days) due to a deep joint infection after open 
fracture, which could be managed by programmed and serial 
revision surgeries and long term intravenous‑antibiotics. No 
implants had to be removed due to persistent infection. In 
2% (n = 2) mechanical complications (loose screws) were 

Figure 7: The higher the results of Kellgren and Lawrence 
(osteoarthriris) score the higher the amount of loss of reduction. This 
observation is underscored by the positive and significant correlative 
relationship indicating the tremendously prognostic importance of 
anatomic reduction and stable fixation

ROM showed similar results  (126° ±18° vs. 118 ± 14°; 
P = 0.017, [Figure 10]). The VAS results demonstrated 
low scores: 1.52 ± 1.59 (rest) and 2.78 ± 2.23 (loaded). 
In a subgroup analysis significant higher rest pain scores 
following type‑C‑fractures were found when compared to 
B‑fractures (1.95 ± 1.59 vs. 1.27 ± 1.54; P = 0.0039). 
Regarding the obtained life quality scores significant 
better results for the B‑fracture group regarding the 
Lysholm (75 ± 23 vs. 60 ± 25; P = 0.004) were observed. 
Considering the WOMAC the series resulted in low scores 
(pain: 9.5 ± 15.3 vs. 10.7 ± 11.2; stiffness: 13.3 ± 18.5 vs. 
19.8 ± 17.7; daily activity: 11.9 ± 17.3 vs. 23.8 ± 21.9) 
without significant differences regarding the study groups.

Figure 10: The findings of functional assessment demonstrate a 
significant better range of motion (active and passive) in the B-type 
fracture group and are in line with corresponding functional and 
radiographic results

Figure 9: A significant difference between the studied groups could 
be shown regarding the total knee score (as defined in the text) with 
C-type fractures resulting in lower score values
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revised, and screws either replaced or removed. Statistical 
analysis showed a significant higher infection rate in the 
C‑fracture group (P = 0.027).

Discussion

The present study provides sufficient evidence that the 
treatment of tibial plateau fractures using angular‑stable 
plate fixation results in 73.3% excellent to good functional 
outcome. These findings are underscored by the encouraging 
results of the quality of life assessment. Since a positive 
correlation between injury severity, incidence of OA and 
function could be demonstrated, increasing injury severity 
appears to remain the most predictive factor for poor 
outcome. These findings are underlined by a positive 
correlation between the loss of reduction and the severity 
of resulting OA. The current study reinforces the results of 
previous investigations showing that particularly the degree 
of intraarticular comminution in tibial plateau fractures 
seems to result in high risk for poor outcome.37,38

Treatment strategies and specific indications for surgery 
of tibial plateau fractures continue to be a controversy.10 
Different treatment options have been established in the 
last decades.4,6‑8,10,21 Nonoperative treatment options are 
restricted to undisplaced fractures that allow early partial 
weight bearing and functional exercise.11 Various clinical 
and experimental studies have clearly pointed out that the 
extent of anatomic reduction and degree of the articular 
congruency, determines the final outcome.7,39 In addition 
to anatomic reduction, preservation of surrounding 
soft‑tissue has shown to improve functional outcome and 
reduce periosteal microvascular dysfunction. Therefore, 
implant systems and techniques that allow minimal 
invasive application are expected to provide preconditions 
for undisturbed fracture healing. Prior to the availability 
of angular‑stable systems, loss of articular reduction was 
prevented by either additional medial/lateral plating or 
external fixation. However, these methods require additional 
surgical exposure or transcutaneous pin placement.

The fact that the current body of literature is confusing 
regarding the outcome of surgically treated tibial fractures 
is most likely due to the heterogeneous inclusion criteria, 
different classification systems and fixation techniques 
or even missing functional outcome data.37 There is 
little controversy about the fact that open anatomic 
reduction followed by stable internal fixation remains the 
gold standard for intraarticular fractures.22 However, if 
high‑energy fractures are selected for independent analysis, 
previous studies report unsatisfactory results in 20-50%.40 
To decrease the risk for loss of reduction, some authors 
have advocated the use of external fixators as a standalone 

procedure or in combination with minimal invasive 
screw fixation.6,22,39,41 But for high‑energy trauma with 
comminuted intraarticular fractures this methods tolerate 
a significantly reduced range of knee motion varying from 
85° to 107°.39,42,43 Therefore, these discouraging results of 
tibial plateau fractures have been questioned by different 
authors. Experimental and clinical evidence24,44‑46 suggests 
that the external fixation as the definitive fixation method 
causes soft‑tissue problems and is associated with an 
increased loss of reduction while conventional plate fixation 
causes marked damage to the vascular periosteal supply, 
profoundly delaying and impairing fracture healing.18,19,47

Outcome studies of tibial plateau fractures treated with 
angular‑stable implants are currently rare. Relevant 
investigations that analyze these implants and their results 
are missing. Most of the studies on angular‑stable plate 
fixations for tibial plateau fractures are not comparable 
due to the use of different scoring systems and fracture 
classifications. Until date, there are no studies available, 
which report radiographic and corresponding functional 
midterm results of intraarticular tibial fractures depending 
on the underlying fracture type. In the present study a mean 
loss of reduction rate in 21.8% using angular‑stable implants 
was seen, whereas majority of reviewed studies shows up 
to 80% of reduction loss.45,48,49

Singh et al. reported outcome results of 22 patients treated 
with a combination of lateral angular‑stable plating and 
medial external fixation of bicondylar fractures with a good 
ROM. Similarly, Stannard et al. have demonstrated outcome 
data with a mean followup of 21 months and were able to 
show a mean knee ROM of 128°. In this series, the authors 
did not report on the incidence of secondary loss of reduction 
or pO. Regarding postoperative complications they noted 
an infection rate of 6% and hardware problems in 18% 
of the patients. In the present study, a significantly better 
ROM in type‑B‑fractures compared to type‑C‑fractures was 
found. These results are comparable to previously published 
data.40,50 In the current analysis initial and mild signs of 
osteoarthritis were found in 62.4% with a mean osteoarthritis 
score of 1.33 ± 1.32 which is a comparatively satisfactory to 
a good outcome. These data are further unique in view of 
the fact that up to now no other study has related individual 
quality of initial articular reduction, of the radiographic 
result to the functional and osteoarthritis outcome. In the 
contrary to other data51 the present data are indicative of 
a significantly higher osteoarthritis score in patients with 
a postoperative valgus malalignment. This is supported 
by the positive correlation between loss of reduction and 
osteoarthritis score as the majority of tibial plateau fractures 
affect the lateral plateau. While radiographic changes are 
reported with a variance of 17-83%,8 functional outcome 
data using the KSS were presented by Manidakis et al. with 
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69% good, 24% fair and 7% poor results. Other authors 
report good/excellent scores in up to 65-89%,49,51,52 which 
are confirmed by the current data. The complication rate 
of the present study is comparable to previously reported 
data (3-32%).46,48 Type C‑fractures were found to result in 
a worse outcome regarding the incidence, the severity of 
osteoarthritis and the functional scores.

The limitations of the study. First, is that it is of a retrospective 
character with known restrictions. Moreover, mean followup 
period was  <10  years which rather represents midterm 
results.

We conclude that anatomic restoration of tibial plateau 
fractures and consecutive angular‑stable fixation results 
in minimized rate of implant failure, effective decrease on 
loss of reduction and declined incidence of posttraumatic 
arthritis, thereby providing acceptable midterm functional 
outcome.

References

1.	 Papagelopoulos  PJ, Partsinevelos  AA, Themistocleous  GS, 
Mavrogenis AF, Korres DS, Soucacos PN. Complications after 
tibia plateau fracture surgery. Injury 2006;37:475‑84.

2.	 Gardner MJ, Yacoubian S, Geller D, Pode M, Mintz D, Helfet DL, 
et  al. Prediction of soft‑tissue injuries in Schatzker II tibial 
plateau fractures based on measurements of plain radiographs. 
J Trauma 2006;60:319‑23.

3.	 Berkson EM, Virkus WW. High‑energy tibial plateau fractures. 
J Am Acad Orthop Surg 2006;14:20‑31.

4.	 Eggli  S, Hartel  MJ, Kohl  S, Haupt  U, Exadaktylos  AK, 
Röder C. Unstable bicondylar tibial plateau fractures: A clinical 
investigation. J Orthop Trauma 2008;22:673‑9.

5.	 Karunakar MA, Egol KA, Peindl R, Harrow ME, Bosse MJ, Kellam JF. 
Split depression tibial plateau fractures: A biomechanical study. 
J Orthop Trauma 2002;16:172‑7.

6.	 Babis GC, Evangelopoulos DS, Kontovazenitis P, Nikolopoulos K, 
Soucacos PN. High energy tibial plateau fractures treated with 
hybrid external fixation. J Orthop Surg Res 2011;6:35.

7.	 Barei DP, Nork SE, Mills WJ, Coles CP, Henley MB, Benirschke SK. 
Functional outcomes of severe bicondylar tibial plateau 
fractures treated with dual incisions and medial and lateral 
plates. J Bone Joint Surg Am 2006;88:1713‑21.

8.	 Manidakis N, Dosani A, Dimitriou R, Stengel D, Matthews S, 
Giannoudis  P. Tibial plateau fractures: Functional outcome 
and incidence of osteoarthritis in 125  cases. Int Orthop 
2010;34:565‑70.

9.	 Barei  DP, Nork  SE, Mills  WJ, Henley  MB, Benirschke  SK. 
Complications associated with internal fixation of high‑energy 
bicondylar tibial plateau fractures utilizing a two‑incision 
technique. J Orthop Trauma 2004;18:649‑57.

10.	 Nikolaou  VS, Tan  HB, Haidukewych  G, Kanakaris  N, 
Giannoudis PV. Proximal tibial fractures: Early experience using 
polyaxial locking‑plate technology. Int Orthop 2011;35:1215‑21.

11.	 Bono CM, Levine RG, Rao JP, Behrens FF. Nonarticular proximal 
tibia fractures: Treatment options and decision making. J Am 
Acad Orthop Surg 2001;9:176‑86.

12.	 Schütz M, Südkamp NP. Revolution in plate osteosynthesis: 
New internal fixator systems. J Orthop Sci 2003;8:252‑8.

13.	 Rademakers MV, Kerkhoffs GM, Sierevelt IN, Raaymakers EL, 
Marti RK. Operative treatment of 109 tibial plateau fractures: 
five to 27‑year followup results. J Orthop Trauma 2007;21:5‑10.

14.	 Lansinger  O, Bergman  B, Körner L, Andersson  GB. Tibial 
condylar fractures. A twenty‑year followup. J Bone Joint Surg 
Am 1986;68:13‑9.

15.	 Ebraheim  NA, Sabry  FF, Haman  SP. Open reduction and 
internal fixation of 117 tibial plateau fractures. Orthopedics 
2004;27:1281‑7.

16.	 Honkonen  SE. Degenerative arthritis after tibial plateau 
fractures. J Orthop Trauma 1995;9:273‑7.

17.	 Cole PA, Zlowodzki M, Kregor PJ. Less Invasive Stabilization 
System (LISS) for fractures of the proximal tibia: Indications, 
surgical technique and preliminary results of the UMC Clinical 
Trial. Injury 2003;34 Suppl 1:A16‑29.

18.	 Collinge C, Sanders R, DiPasquale T. Treatment of complex 
tibial periarticular fractures using percutaneous techniques. 
Clin Orthop Relat Res 2000;375:69‑77.

19.	 Collinge CA, Sanders RW. Percutaneous plating in the lower 
extremity. J Am Acad Orthop Surg 2000;8:211‑6.

20.	 Egol  KA, Su  E, Tejwani  NC, Sims  SH, Kummer  FJ, Koval  KJ. 
Treatment of complex tibial plateau fractures using the 
less invasive stabilization system plate: Clinical experience 
and a laboratory comparison with double plating. J Trauma 
2004;57:340‑6.

21.	 Krupp RJ ,  Malkani  AL ,  Roberts  CS ,  Se l igson D, 
Crawford CH 3rd, Smith  L. Treatment of bicondylar tibia 
plateau fractures using locked plating versus external fixation. 
Orthopedics 2009;32:559‑566.

22.	 Marsh JL, Smith ST, Do TT. External fixation and limited internal 
fixation for complex fractures of the tibial plateau. J Bone Joint 
Surg Am 1995;77:661‑73.

23.	 Schütz M, Kääb MJ, Haas N. Stabilization of proximal tibial 
fractures with the LIS‑System: Early clinical experience in Berlin. 
Injury 2003;34 Suppl 1:A30‑5.

24.	 Gosling  T, Schandelmaier  P, Muller  M, Hankemeier  S, 
Wagner  M, Krettek  C. Single lateral locked screw plating 
of bicondylar tibial plateau fractures. Clin Orthop Relat Res 
2005;439:207‑14.

25.	 Lee  JA, Papadakis  SA, Moon  C, Zalavras  CG. Tibial plateau 
fractures treated with the less invasive stabilisation system. 
Int Orthop 2007;31:415‑8.

26.	 Baumgaertel F, Buhl M, Rahn BA. Fracture healing in biological 
plate osteosynthesis. Injury 1998;29 Suppl 3:C3‑6.

27.	 Tscherne  H, Oestern  HJ. A  new classification of soft‑tissue 
damage in open and closed fractures  (author’s transl). 
Unfallheilkunde 1982;85:111‑5.

28.	 Lobenhoffer P, Gerich T, Bertram T, Lattermann C, Pohlemann T, 
Tscheme  H. Particular posteromedial and posterolateral 
approaches for the treatment of tibial head fractures. 
Unfallchirurg 1997;100:957‑67.

29.	 Trickey EL. Rupture of the posterior cruciate ligament of the 
knee. J Bone Joint Surg Br 1968;50:334‑41.

30.	 Kellgren  JH, Lawrence  JS. Radiological assessment of 
osteo‑arthrosis. Ann Rheum Dis 1957;16:494‑502.

31.	 Insall  JN, Dorr  LD, Scott  RD, Scott  WN. Rationale of the 
Knee Society clinical rating system. Clin Orthop Relat Res 
1989;248:13‑4.

32.	 Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW. 
Validation study of WOMAC: A health status instrument for 



Märdian, et al.: Angular stable locking plate fixation of tibial plateau fractures

	 629	 Indian Journal of Orthopaedics | November 2015 | Vol. 49 | Issue 6

measuring clinically important patient relevant outcomes to 
antirheumatic drug therapy in patients with osteoarthritis of 
the hip or knee. J Rheumatol 1988;15:1833‑40.

33.	 Stucki G, Meier D, Stucki S, Michel BA, Tyndall AG, Dick W, et al. 
Evaluation of a German version of WOMAC (Western Ontario 
and McMaster Universities) Arthrosis Index. Z  Rheumatol 
1996;55:40‑9.

34.	 Lysholm  J, Gillquist  J. Evaluation of knee ligament surgery 
results with special emphasis on use of a scoring scale. Am J 
Sports Med 1982;10:150‑4.

35.	 Lysholm J, Tegner Y. Knee injury rating scales. Acta Orthop 
2007;78:445‑53.

36.	 Wirth B, Liffert F, de Bruin ED. Development and evaluation 
of a German version of the Lysholm score for measuring 
outcome after anterior cruciate ligament injuries. Sportverletz 
Sportschaden 2011;25:37‑43.

37.	 Stevens DG, Beharry R, McKee MD, Waddell JP, Schemitsch EH. 
The long term functional outcome of operatively treated tibial 
plateau fractures. J Orthop Trauma 2001;15:312‑20.

38.	 Yu B, Han K, Ma H, Zhang C, Su J, Zhao J, et al. Treatment of 
tibial plateau fractures with high strength injectable calcium 
sulphate. Int Orthop 2009;33:1127‑33.

39.	 Kumar  A, Whittle  AP. Treatment of complex  (Schatzker 
Type  VI) fractures of the tibial plateau with circular wire 
external fixation: Retrospective case review. J Orthop Trauma 
2000;14:339‑44.

40.	 Stannard JP, Wilson TC, Volgas DA, Alonso JE. The less invasive 
stabilization system in the treatment of complex fractures 
of the tibial plateau: Short‑term results. J  Orthop Trauma 
2004;18:552‑8.

41.	 Mahadeva D, Costa ML, Gaffey A. Open reduction and internal 
fixation versus hybrid fixation for bicondylar/severe tibial 
plateau fractures: A systematic review of the literature. Arch 
Orthop Trauma Surg 2008;128:1169‑75.

42.	 Gaudinez RF, Mallik AR, Szporn M. Hybrid external fixation 
of comminuted tibial plateau fractures. Clin Orthop Relat Res 
1996;328 203‑10.

43.	 Stamer DT, Schenk R, Staggers B, Aurori K, Aurori B, Behrens FF. 

Bicondylar tibial plateau fractures treated with a hybrid 
ring external fixator: A preliminary study. J Orthop Trauma 
1994;8:455‑61.

44.	 Partenheimer  A, Gösling T, Müller M, Schirmer  C, Kääb M, 
Matschke  S, et  al. Management of bicondylar fractures of 
the tibial plateau with unilateral fixed‑angle plate fixation. 
Unfallchirurg 2007;110:675‑83.

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

46.	 Young MJ, Barrack RL. Complications of internal fixation of 
tibial plateau fractures. Orthop Rev 1994;23:149‑54.

47.	 Farouk  O, Krettek  C, Miclau  T, Schandelmaier  P, Guy  P, 
Tscherne  H. Minimally invasive plate osteosynthesis: 
Does percutaneous plating disrupt femoral blood supply 
less than the traditional technique? J Orthop Trauma 
1999;13:401‑6.

48.	 Boszotta H, Helperstorfer W, Kölndorfer G, Prünner K. Long 
term results of surgical management of tibial head fractures. 
Aktuelle Traumatol 1993;23:178‑82.

49.	 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.

50.	 Singh  S, Patel  PR, Joshi  AK, Naik  RN, Nagaraj  C, Kumar  S. 
Biological approach to treatment of intraarticular proximal 
tibial fractures with double osteosynthesis. Int Orthop 
2009;33:271‑4.

51.	 Honkonen  SE. Indications for surgical treatment of tibial 
condyle fractures. Clin Orthop Relat Res 1994;302 199‑205.

52.	 DeCoster TA, Nepola JV, el‑Khoury GY. Cast brace treatment of 
proximal tibia fractures. A ten‑year followup study. Clin Orthop 
Relat Res 1988;231:196‑204.

How to cite this article: Mardian S, Landmann F, Wichlas F, 
Haas NP, Schaser KD, Schwabe P. Outcome of angular stable 
locking plate fixation of tibial plateau fractures Midterm results in 
101 patients. Indian J Orthop 2015;49:620-9.

Source of Support: Nil, Conflict of Interest: None.




