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ABSTRACT

Objectives: Tibial plateau fractures constitute a wide spectrum of severity from simple to complex fracture patterns. Treatment methods such as 
internal fixation and hybrid external fixation are commonly administered with specific limitations. The present study was designed to evaluate 
radiological and functional outcome of tibial plateau fractures managed with internal fixation.

Methods: Thirty-six cases with tibial plateau fractures above 21 years were recruited. All the study cases were managed with open reduction and 
internal fixation. The post-operative follow-up was continued till 6  months with proper clinicoradiological evaluation to check range of motion, 
reduction loss, and fracture union. The functional outcome was assessed by Oxford Knee Society score and operative outcome was assessed by 
modified Rasmussen clinical and radiological criteria.

Results: Functional outcome assessed by Oxford Knee Society score showed both excellent and good outcomes in 91.67% of cases cumulatively. 
Clinical outcome by modified Rasmussen assessment criteria reported excellent outcome in 33.33%, good in 44.44%, fair in 13.88%, and poor in 
8.33%. Radiological outcome was excellent in 16.6%, good in 63.88%, fair in 11.11%, and poor in 8.33%.

Conclusion: The post-operative functional, clinical, and radiological outcomes indicate that open or closed reduction and internal fixation had gained 
excellent results and are effective modalities in the management of tibial plateau fractures.
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INTRODUCTION

Tibial plateau fractures are also articular fractures due to high-energy 
trauma and result in severe functional defect of major weight-bearing 
joint of the body [1]. It accounts for 1% of fractures in adults with male 
predominance (62%) [2]. The prevalence of tibial plateau fractures is 
increasing in elderly cases aged between 40 and 60 years due to low-
energy falls [3]. The optimal treatment option is still ongoing debate 
because inappropriate management can lead to post-operative adverse 
conditions such as non-union, delayed union, infection, arthrosis, and 
dermal necrosis [4-6].

The treatment goals of tibial plateau fractures are to restore anatomic 
reduction of fractured contents while providing stability and range 
of motion, joint stability, and early recovery of joint movements and 
weight-bearing [7,8]. For less to moderate grade fractures, open or 
closed treatment methods are ideal and for severe tibial plateau 
fractures (type  V and type  VI), open reduction and internal fixation, 
closed reduction with percutaneous screw fixation, wire-guided 
cannulated screw, conservative methods, ligamentosis, and minimal 
invasive plating techniques have been suggested [9]. However, external 
fixator often led to permanent joint stiffness due to early range of 
motion and internal fixation leads to devascularization at fracture site, 
thus diminishes the recovery [10]. Even though open reduction and 
internal fixation was widely accepted modality in the treatment of tibial 
plateau fracture. In this regard, the present study was aimed to evaluate 
radiological and functional outcome of tibial plateau fractures managed 
with internal fixation.

METHODS

Thirty-six cases with tibial plateau fractures were recruited for this 
prospective study that conducted at the Department of Orthopaedics, 
Government Medical College and Hospital, Nalgonda, from January2020 

to December 2021. Cases with unstable and closed tibial fractures and 
willing to participate were included in the study. Cases with skeletal 
deformities, open tibial fractures, pathological fractures, fractures to 
femur and foot skeleton, vascular injuries, open growth plate, and not 
willing to participate were excluded from the study. Written informed 
consent was obtained from all the study participants and study protocol 
was approved by the Institutional Ethics Committee. Tibial plateau 
fractures were classified according to Schatzker staging system [11].

Classification of tibial fractures according to Schatzker staging 
system

Fracture 
type

Condition

Type I Wedge‑shaped pure cleavage fracture
Type II Pure cleavage fracture with a depressed component
Type III Pure central depression 
Type IV Medial tibial plateau fracture with depressed component
Type V Lateral and medial tibial plateau fractures
Type VI Discontinuity of metaphysis and diaphysis.

Surgical procedure: The details of general, clinical, and radiological 
examination were obtained. Surgical procedure was conducted under 
C-arm control. All the study cases were managed with open reduction 
and internal fixation. Different methods such as ORIF with buttress plate, 
ORIF with buttress plate and bone grafting, percutaneous cancellous 
screw fixation, and locking compression plate were administered. 
Ipsilateral iliac crest was utilized for bone graft. After operative 
procedure, cases were immobilized with compression bandage and 
advised static quadriceps exercises for 3 weeks. Passive range motions 
were continued for next preceding 3  weeks. The post-operative 
follow-up was continued till 6 months with proper clinicoradiological 
evaluation to check range of motion, reduction loss, and fracture union. 
The functional outcome was assessed by Oxford Knee Society score and 
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operative outcome was assessed by modified Rasmussen clinical and 
radiological criteria [12,13].

Oxford knee society score

Grading Score
Excellent 80–100
Good 70–79
Fair 60–69
Poor <60

Modified Rasmussen’s clinical and radiological criteria

Grading Score
Excellent 28–30
Good 24–27
Fair 20–23
Poor <20

Statistical analysis
Descriptive statistics were used to express categorical variables and 
continuous variables were represented in mean and SD.

RESULTS

Among the 36 cases, majority were between 31 and 50 years (88.89%) 
of age with more male participants (58.33%). Ten cases were managed 
with ORIF with buttress plate, eight cases with ORIF with buttress 
plate and bone grafting, 13 cases with percutaneous cancellous screw 
fixation, and five cases with locking compression plate.

Road traffic accidents (66.67%) were the common cause of injury followed 
by falling from height (27.78%) and injuries due to assault (5.55%). Left-
sided fractures (52.78%) were commonly observed with mean time 
from injury to surgery which was 3.45 days (Tables 1-4). According to 
Schatzker staging system, majority cases had type II fractures (27.70%) 
followed by type V (19.40%) and type I (16.60%) (Graph 1).

DISCUSSION

Management of tibial plateau fractures remains a challenging task for 
orthopedic surgeons concerning to restoration of normal anatomy, 
function, and range of movement [14]. Open reduction and internal 
fixation is effective treatment modalities for successful outcomes 
with few reported flaws [15-17]. The present study included 36 cases 
above 21 years of age. The road traffic accidents were reported to be 
predominant cause of fractures, with mean time from injury to surgery 
which was 3.45 days.

Manidakis et al. found 15.2% of superficial infection rate, 9.6% of deep 
infection, and 3.9% of septic arthritis [7]. Khatri et al. reported superficial 
wound infections in 9.2% and deep infection in 4.6% [14]. Jagdev et al. 
noticed post-operative superficial infection in 8.69% of cases [16]. 
Angelo et al., on tibial fractures managed with internal fixation, reported 
that 5.3% of cases had wound infection [18]. Ahearn et al. reported 13% 
of overall superficial infection rate and 2% of deep infection rate [19]. 
Canadian Orthopaedic Society reported high rate of superficial (17%) 
and deep infection (13.8%) [20]. Ochen et al. reported 20% of overall 
infection rate including superficial and deep [21]. A study by Yu et al. 
reported knee stiffness in 13.84%, varus and valgus deformity in 7.69%, 
and wound infection in 3.07% of cases [22]. Polat et al. reported 5.7% 
superficial wound infection and 3.8% deep infection [23]. Shekhar et al. 
reported 5.6% superficial infection, 5.6% soft-tissue debridement, 3.7% 
deep venous thrombosis, 3.7% non-union, and 3.7% delayed union [24]. 
Ravikumar et al. reported superficial infection in 10% and deep infections 
in 6.6% [25]. Rohra et al. reported knee stiffness in 8.8% and superficial 
wound infection in 5.8% [13]. Similar post-operative complications were 
reported in the present study such as implant irritation in 8.33%, deep 
venous thrombosis (5.55%), superficial infection (5.55%), soft-tissue 
debridement (5.55%), knee stiffness (5.55%), delayed union (2.78%), 
and non-union (2.78%) and varus or valgus deformity was observed 
equally in 2.78% (Table 2).

In the present study, functional outcome assessed by Oxford Knee 
Society score showed both excellent and good outcomes in 91.67% of 
cases cumulatively. Findings were less than Khatri et al. (93.7%) and 
Rohra et al. (94.1%) and similar to the other study findings (Table 5). 
Khatri et al. reported that cases with superficial and deep infections 
were reported low Oxford Knee Society score than cases without 
infection [14].

Assessment of radiological outcome by modified Rasmussen 
assessment criteria reported excellent and good outcome in 80.48% of 

Table 1: Demographic details of study participants

Demographic parameters Total number of cases (n=36)

Frequency Percentage
Age (in years)

21–30 03 8.33
31–40 08 22.22
41–50 15 41.67
51–60 09 25
>60 01 2.78

Gender
Male 21 58.33
Female 15 41.67

Mode of injury
Falling from height 10 27.78
Road traffic accidents 24 66.67
Assault 02 5.55

Side of injury
Right side 17 47.22
Left side 19 52.78

Mean time from injury to surgery 3.45±0.66

Table 3: Functional outcome assessed by Oxford Knee Society 
score

Outcome Frequency (%)
Excellent 20 (55.55)
Good 13 (36.12)
Fair 02 (5.55)
Poor 01 (2.78)

Table 4: Clinical and radiological outcome of study participants

Grading Clinical outcome (%) Radiological outcome (%)
Excellent 12 (33.33) 06 (16.6)
Good 16 (44.44) 23 (63.88)
Fair 05 (13.88) 04 (11.11)
Poor 03 (8.33) 03 (8.33)

Table 2: Associated complications observed during 
post‑operative follow‑up

Complications Total cases

Frequency Percentage
Without complications 20 55.55
Implant irritation 03 8.33
Deep venous thrombosis 02 5.55
Superficial infection 02 5.55
Soft‑tissue debridement 02 5.55
Delayed union 01 2.78
Non‑union 01 2.78
Varus or valgus deformity 01 2.78
Knee stiffness 02 5.55
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cases. The findings were higher than Paleti et al. (80%) and lower than 
other study findings (Table 6).

In the present study, assessment of clinical outcome by modified 
Rasmussen assessment criteria reported excellent outcome in 33.33%, 
good in 44.44%, fair in 13.88%, and poor in 8.33% (Table 4). Sekhar 
et al. reported excellent clinical outcome in 64.8% and good in 35.2% 
of cases [24]. Paleti et al. reported excellent outcome in 47.5%, good in 
40%, fair in 7.5%, and poor in 5% of cases [27].

Khatri et al. concluded that open reduction and internal fixation 
has excellent outcome for appropriately selected type  V and type  VI 
tibial fractures [14]. Similarly, open reduction and internal fixation 
by plate osteosynthesis of closed tibial plateau fractures has 
remarkable radiological and functional outcome with minimal soft-
tissue infection  [25]. Rohra et al. stated that management of high-
energy tibial plateau fractures by open reduction and internal fixation 
gained excellent to good functional outcome with minimal soft-tissue 
complications [13]. Oh et al. reported excellent outcome in 91% of cases 
managed with open reduction and internal fixation [28]. The present 
study has limitations in terms of short post-operative follow-up, lack 
of comparison group, and limited to minimal number of participants. 
Further long-term follow-up studies are required with multiple 
methods comparison.

CONCLUSION

The post-operative functional, clinical, and radiological outcomes 
indicate that open or closed reduction and internal fixation had gained 
excellent results and is effective modalities in the management of tibial 
plateau fractures.

AUTHORS’ CONTRIBUTIONS

Conceptualization, data acquisition, data analysis and interpretation, 
manuscript preparation, revision of manuscript, and approval of final 
version of manuscript: Dr. M. Lakshmi Narayana and Dr. K. Nagaraju.

CONFLICTS OF INTEREST

Nil.

AUTHORS’ FUNDING

Nil.

REFERENCES

1.	 Kawoosa AA, Mantoo SA, Ali N, Dar GN. Clinico-radiological results 
of tibial bicondylar fractures managed with Ilizarov technique with or 
without minimal internal fixation. Malays Orthop J 2022;16:18-27. 
doi: 10.5704/MOJ.2203.004, PMID 35519521

2.	 Elsoe R, Larsen P, Nielsen NP, Swenne J, Rasmussen S, Ostgaard SE. 
Population-based epidemiology of tibial plateau fractures. 
Orthopedics 2015;38:e780-6. doi: 10.3928/01477447-20150902-55, 
PMID 26375535

3.	 Kumar G, Peterson N, Narayan B. Bicondylar tibial fractures: Internal or 
external fixation? Indian J Orthop 2011;45:116-24. doi: 10.4103/0019-
5413.77130, PMID 21430865

4.	 Koval KJ, Helfet DL. Tibial plateau fractures-evaluation and treatment. 
J  Am Acad Orthop Surg 1995;3:86-94. doi: 10.5435/00124635-
199503000-00004, PMID 10790657

5.	 Chang H, Zhu Y, Zheng Z, Chen W, Zhao S, Zhang Y, et al. Meta-
analysis shows that highly comminuted bicondylar tibial plateau 
fractures treated by single lateral locking plate give similar outcomes as 
dual plate fixation. Int Orthop 2016;40:2129-41. doi: 10.1007/s00264-
016-3157-8, PMID 27008456

6.	 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. doi: 10.1007/s00264-
010-1153-y

7.	 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. 
doi: 10.1007/s00264-009-0790-5, PMID 19440710

8.	 Prasad GT, Kumar TS, Kumar RK, Murthy GK, Sundaram N. Functional 
outcome of schatzker Type  V and VI tibial plateau fractures treated 
with dual plates. Indian J Orthop 2013;47:188-94. doi: 10.4103/0019-
5413.108915, PMID 23682182

9.	 Lee TC, Huang HT, Lin YC, Chen CH, Cheng YM, Chen JC. 
Bicondylar tibial plateau fracture treated by open reduction and fixation 

Table 5: Comparison of function outcome status Oxford Knee Society score

Author and year Functional outcome by Oxford Knee Society score

Excellent (%) Good (%) Fair (%) Poor (%)
Present study 55.55 36.12 5.55 2.78
Khatri et al., 2014 [14] 83 10.7 4.6 1.5
Rohra et al., 2016 [13] 70.58 23.52 2.94 2.94
Jagdev et al., 2017 [17] 65.21 26.08 8.71 0
Ravikumar et al., 2018 [25] 40 43.3 10 6.7
Polat et al., 2019 [23] 73.1 13.5 7.7 5.8

Table 6: Comparison of radiological outcome assessed by modified Rasmussen criteria

Author and year Radiological outcome by modified Rasmussen criteria

Excellent (%) Good (%) Fair (%) Poor (%)
Present study 16.6 63.88 11.11 8.33
Rohra et al., 2016 [13] 32.35 61.76 5.88 0
Ravikumar et al., 2018 [25] 30 53.3 16.7 0
Mecharla et al., 2018 [26] 33.33 50 10 6.67
Paleti et al., 2019 [27] 12.5 67.5 12.5 7.5
Angelo et al., 2022 [18] 24.56 61.40 12.28 1.75
Shekhar et al., 2022 [24] 53.8 33.3 12.9 0

Graph 1: Distribution of cases according to Schatzker staging 
system



208

Asian J Pharm Clin Res, Vol 15, Issue 8, 2022, 205-208
	 Narayana and Nagaraju

with unilateral locked plating. Kaohsiung J Med Sci 2013;29:568-77. 
doi: 10.1016/j.kjms.2013.01.006, PMID 24099112

10.	 Chin TY, Bardana D, Bailey M, Williamson OD, Miller R, Edwards ER, 
et al. Functional outcome of tibial plateau fractures treated with 
the fine-wire fixator. Injury 2005;36:1467-75. doi: 10.1016/j.
injury.2005.05.008, PMID 16243333

11.	 Watson JJ, Wiss AD. Rockwood and Green’s Fractures in Adults: 
Fractures of the Proximal Tibia and Fibula. Bucholz RW, Heckman JD, 
editors. 5th ed., Vol. 2. Philadelphia: Lip-pincott Williams and Wilkins; 
2001. p. 1799-839.

12.	 Goh GS, Bin Abd Razak HR, Tay DK, Lo NN, Yeo SJ. Early post-
operative oxford knee score and knee society score predict patient 
satisfaction 2  years after total knee arthroplasty. Arch Orthop 
Trauma Surg 2021;141:129-37. doi: 10.1007/s00402-020-03612-2, 
PMID 33044708

13.	 Rohra N, Suri HS, Gangrade K. Functional and radiological outcome 
of schatzker Type V and VI tibial plateau fracture treatment with dual 
plates with minimum 3  years follow-up: A  prospective study. J  Clin 
Diagn Res 2016;10:RC05-10. doi: 10.7860/JCDR/2016/18732.7855, 
PMID 27437315

14.	 Khatri K, Lakhotia D, Sharma V, Kiran Kumar GN, Sharma G, 
Farooque K. Functional evaluation in high energy (schatzker Type V 
and Type  VI) tibial plateau fractures treated by open reduction 
and internal fixation. Int Sch Res Notices 2014;2014:589538. doi: 
10.1155/2014/589538, PMID 27379323

15.	 Wenger D, Petersson K, Rogmark C. Patient-related outcomes after 
proximal tibial fractures. Int Orthop 2018;42:2925-31. doi: 10.1007/
s00264-018-3920-0, PMID 29627849

16.	 Jagdev SS, Pathak SK, Salunke A, Maheshwari P, Ughareja P, 
Shah S. Functional outcome of schatzker Type V and VI tibial plateau 
fractures managed with open reduction internal fixation using dual 
plates. Int J Res Orthop 2017;3:961-5. doi: 10.18203/issn.2455-4510.
IntJResOrthop20173215

17.	 Prat-Fabregat S, Camacho-Carrasco P. Treatment strategy for tibial 
plateau fractures: An update. EFORT Open Rev 2016;1:225-32. doi: 
10.1302/2058-5241.1.000031, PMID 28461952

18.	 Vasiliadis AV, Poutoglidou F, Metaxiotis D, Mpeletsiotis A. Mid-term 
radiological and functional outcomes of bicondylar tibial plateau 
fractures managed with open reduction and internal fixation using dual 

plates. Sultan Qaboos Univ Med J 2022;22:51-7.
19.	 Ahearn N, Oppy A, Halliday R, Rowett-Harris J, Morris SA, 

Chesser TJ, et al. The outcome following fixation of bicondylar 
tibial plateau fractures. Bone Joint J 2014;96-B:956-62. doi: 
10.1302/0301-620X.96B7.32837, PMID 24986951

20.	 Canadian Orthopaedic Trauma Society. Open reduction and internal 
fixation compared with circular fixator application for bicondylar tibial 
plateau fractures. Results of a multicenter, prospective, randomized 
clinical trial. J  Bone Joint Surg Am 2006;88:2613-23. doi: 10.2106/
JBJS.E.01416, PMID 17142411

21.	 Ochen Y, Peek J, McTague MF, Weaver MJ, van der Velde D, 
Houwert  RM, et al. Long-term outcomes after open reduction 
and internal fixation of bicondylar tibial plateau fractures. Injury 
2020;51:1097-102. doi: 10.1016/j.injury.2020.03.003, PMID 32147141

22.	 Yu Z, Zheng L, Zhang Y, Li J, Ma B. Functional and radiological 
evaluations of high-energy tibial plateau fractures treated with 
double-buttress plate fixation. Eur J Med Res 2009;14:200-5. 
doi: 10.1186/2047-783x-14-5-200, PMID 19541576

23.	 Polat B, Gurpinar T, Polat AE, Ozturkmen Y. Factors influencing the 
functional outcomes of tibia plateau fractures after surgical fixation. 
Niger J Clin Pract 2019;22:1715-21. doi: 10.4103/njcp.njcp_432_18, 
PMID 31793479

24.	 Shekhar S, Pranjal A. Clinical and radiological evaluation of proximal 
tibia fracture fixed with variable angle proximal tibial interlocking 
plate: A  prospective observational study. J  Orthop Dis Traumatol 
2022;5:8-13. doi: 10.4103/jodp.jodp_22_21

25.	 Rajappan R, Ravikumar V, Suhail AP. Functional outcome of tibial 
plateau fractures, schatzker Type V and VI treated surgically with plate 
osteosynthesis. Natl J Clin Orthop 2018;2:35-46.

26.	 Mecharla SS, Poduri VR, Paka VK. A study of surgical management of 
tibial condylar fractures. Med Pulse Int J Orthop 2018;5:13-5.

27.	 Paleti ST, Kumar RN. Assessing the functional and radiological 
outcome in surgically treated closed tibial plateau fractures in adults: 
A case series of 40 cases. Int J Orthop Sci 2019;5:472-6. doi: 10.22271/
ortho.2019.v5.i1i.82

28.	 Oh CW, Oh JK, Kyung HS, Jeon IH, Park BC, Min WK, et al. Double 
plating of unstable proximal tibial fractures using minimally invasive 
percutaneous osteosynthesis technique. Acta Orthop 2006;77:524-30. 
doi: 10.1080/17453670610012548, PMID 16819697


