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ABSTRACT

Background: Tibial plateau fractures, though uncommon,
present significant clinical challenges due to their intra-
arƟcular involvement, variability in fracture paƩerns, and
risk of long-term morbidity. Surgical management aims to
restore joint congruity, alignment, and funcƟon. ObjecƟve:
To assess and compare the funcƟonal and radiological out-
comes of Ɵbial plateau fractures managed surgically using
various fixaƟon techniques at a terƟary care centre. Meth-
ods: This prospecƟve study included 60 paƟents aged 20–70
years with closed, unstable Ɵbial plateau fractures treated
surgically between November 2016 and December 2018.
Fractures were classified using Schatzker’s system. Opera-
Ɵve methods included percutaneous cannulated cancellous
screws (PCCS), open reducƟon and internal fixaƟon (ORIF)
with buƩress plate ± bone graŌ and locking compression
plates (LCP). PostoperaƟve care included standard physio-
therapy and rehabilitaƟon protocols. Clinical and radiologi-
cal outcomes were assessed at 6 months using the Modified
Rasmussen Criteria. Results: The most common fracture
paƩern was Schatzker Type II (33.3%). ORIF with buƩress
plate andbone graŌwas themost commonly used technique
(33.3%). Clinical outcomes were excellent or good in 86.3%,
and radiological outcomes were excellent or good in 87%. A
staƟsƟcally significant associaƟon (p = 0.004) was observed
between radiological and clinical outcomes. PostoperaƟve
complicaƟons included infecƟon and sƟffness in 6.7% each,
and deformity in 3.3%. Conclusion: Surgical management
of Ɵbial plateau fractures yields favourable clinical and radi-
ological outcomes when fixaƟon technique is appropriately
selected based on fracture morphology. Radiological align-
ment strongly correlates with funcƟonal recovery, reinforc-
ing the need for anatomic reducƟon and early mobilisaƟon.

KEYWORDS: Tibial plateau fracture, Schatzker classificaƟon,
Surgical fixaƟon, ORIF, FuncƟonal outcome, Radiological
outcome, Rasmussen criteria

INTRODUCTION

Tibial plateau fractures involve the weight-bearing arƟc-
ular surface of the proximal Ɵbia and account for about
1% of adult fractures. [1, 2] They typically occur from
high-energy trauma resulƟng from from indirect coronal
or direct axial compressive forces. [3] Even a low-energy
falls in osteoporoƟc bone can also cause these injuries. [4]
These fractures consist of different fracture configuraƟons
that involve medial, lateral or both plateaus with variable
range of arƟcular depressions and displacements. [1] Lat-
eral condyle involvement was more common than isolated
medial condyle fracture and bicondylar fractures. [5, 6]

High-energy Ɵbial plateau injuries are frequently accom-
panied by significant soŌ-Ɵssue damage and associated
intra-arƟcular injuries e.g. meniscal tears, ligament rup-
tures, even neurovascular compromise. [5, 7] Intra-arƟcular
involvement makes management challenging, parƟcularly
an inadequate reducƟon or fixaƟon can lead to joint incon-
gruity, malalignment, knee instability, and sƟffness. [3]
Indeed, recent retrospecƟve cohort study found that about
10% of surgically treated Ɵbial plateau fractures progress to
knee replacement within 5–10 years, especially when joint
depression is not fully corrected. [8]

Given these concerns, operaƟve management is usually
indicated for displaced or unstable Ɵbial plateau fractures.
Open reducƟon and internal fixaƟon (ORIF) using plates
and screws (for example, buƩress plates, lateral locking
plates, cancellous screws) has been the standard treatment
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to restore alignment and allow early moƟon [3, 7] and
even using intramedullary nailing and compression bolts
provides good fixaƟon. [9] The goals of surgery are to
achieve anatomic arƟcular reducƟon, rigid fixaƟon, and
limb alignment so that the paƟent can begin rehabilitaƟon
promptly.

Because Ɵbial plateau fractures can have widely varying
paƩerns and outcomes, it is important to evaluate both
radiological healing and funcƟonal recovery. Outcomes are
commonlymeasuredwith scoring systems (e.g. Rasmussen’s
or the Knee Society Score) that incorporate pain, range of
moƟon, stability, and radiographic alignment. [10, 11] Even
with opƟmal fixaƟon, many paƟents never regain enƟrely
normal anatomy or carƟlage, so long-term morbidity (post-
traumaƟc osteoarthriƟs) remains a concern. [8, 12]

In this context, a prospecƟve study was conducted at the
terƟary care center to analyze the surgical management of
Ɵbial plateau fractures. The objecƟves were to compare
funcƟonal outcomes in paƟents with Ɵbial plateau fractures
treated by closed reducƟon and internal fixaƟon (CRIF)
versus open reducƟon and internal fixaƟon (ORIF). and
to correlate the postoperaƟve radiographic results with
funcƟonal outcomes.

MATERIAL AND METHODS

This prospecƟve study was conducted in the Department
of Orthopaedics at a Santhiram Medical College and Gen-
eral Hospital during November 2016 to December 2018. All
consecuƟve paƟents fulfilling inclusion and exclusion crite-
ria were enrolled. Total 60 paƟents with Ɵbial plateau frac-
tures were included during the study period. Fractures were
classified based on the Schatzker classificaƟon system (Types
I–VI). [13, 14]

Inclusion Criteria:

• PaƟents diagnosed with closed, unstable fractures of
the Ɵbial plateau.

• Both sexes and age between 20 to 70 years.

Exclusion Criteria:

• Skeletally immature individuals.
• Fracture-dislocaƟons of the knee.
• Open fractures.
• Associated injuries involving ipsilateral femur, Ɵbia, or

foot.
• Unstable fractures were defined as those with displace-

ment >10 mm, arƟcular depression >3 mm, or instabil-
ity >10◦ on stress radiographs.

Study Procedure:

All enrolled Ɵbial plateau fractures paƟents underwent
surgical management as follow

1. Surgical Management: The operaƟve method was
selected based on fracture type, bone quality, and degree
of displacement. Type I and select Type II fractures were
managed with percutaneous cannulated cancellous screw
fixaƟon. Types II–VI with depression, comminuƟon, or
bicondylar involvement were treated with open reducƟon
and internal fixaƟon using locking compression plates (LCP),
T- or L-buƩress plates, with or without autologous bone
graŌing from the ipsilateral iliac crest. All procedures were
performed under C-arm fluoroscopy.

2. PostoperaƟve Care: PostoperaƟvely, all paƟents
were immobilized in an above-knee posterior slab for three
weeks and received intravenous anƟbioƟcs, later shiŌed
to oral regimens. Quadriceps-strengthening exercises were
iniƟated during the immobilizaƟon period, followed by
progressive range of moƟon exercises and non-weight-
bearing ambulaƟon with crutches for up to six weeks.
ThereaŌer, full weight-bearing was encouraged based on
radiographic union.

3. Follow-Up and Outcome Assessment: PaƟents were
followed at 2 weeks, 6 weeks, 3 months, and 6 months.
Clinical and radiological assessments were conducted at
each visit. Final funcƟonal and radiological outcomes
were evaluated using the modified Rasmussen clinical and
radiological scoring criteria. [11, 15]

Ethical ConsideraƟons:

The study was approved by the InsƟtuƟonal Ethics
CommiƩee. WriƩen informed consent was obtained from
all parƟcipants.

StaƟsƟcal Analysis:

Data were compiled in MicrosoŌ Excel and analyzed using
SPSS version 25.0. Categorical data were expressed as
frequencies and percentages. AssociaƟons between clinical
and radiological outcomes were tested using the Chi-square
test. A p-value <0.05 was considered staƟsƟcally significant.

RESULTS

A total of 60 paƟents with Ɵbial plateau fractures were
surgically managed and followed up. The demographic and
clinical profile is summarised in Table 1.

Majority of paƟents were below 50 years of age. Specifi-
cally, 24 paƟents (40%) were in the 31–40 age group, while
20 paƟents (33.7%) were aged 41–50 years. Only 16.7%
were above 50 years. Majority of them were males (71.7%).
Many paƟents were either businessmen or employees, each
comprising 30% followed by labourers at 23.3% and house-
wives at 16.7%. Road traffic accidentswas themost common
mode of injury, accounƟng for 60%, while falls from a height
and falls on a level surface contributed 23.3% and 16.7%
respecƟvely. The leŌ side was more commonly involved,
seen in 66.7% (n=40) of the paƟents (Table 1).
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Characteris-
Ɵc

Category Number of
PaƟents
(n=60)

Percent-
age
(%)

Age Group
(years)

<30 6 10

31–40 24 40

41–50 20 33.7

51–60 10 16.7

Gender
Male 43 71.7

Female 17 28.3

OccupaƟon

Businessman 18 30.0

Housewife 10 16.7

Employee 18 30.0

Labourer 14 23.3

Mode of
Injury

Road Traffic
Accident

36 60.0

Fall from
Height

14 23.3

Fall on Level
Surface

10 16.7

Side
Involved

LeŌ 40 66.7

Right 20 33.3

Table 1: Demographic and Clinical Profile of PaƟents with
Ɵbial plateau fractures

As shown in Table 2, fractures were classified according
to Schatzker’s system, with Type II being the most common
subtype (33.3%), followed by Type III (23.3%) and Type
I (16.7%). Type IV fractures were least frequently observed
(3.3%).

Regarding treatment modaliƟes, open reducƟon and
internal fixaƟon (ORIF) with buƩress plate and bone graŌ
was the most commonly employed method (33.3%), fol-
lowed by ORIF with buƩress plate alone (30%). PCCS fixa-
Ɵon was used in 20%, and ORIF with locking compression
plate (LCP) in 16.7% of cases. PCCS was mainly used in sim-
pler fracture types (I and II), while locking compression plates
(LCPs) were more frequently employed in complex or com-
minuted fractures such as Types V and VI (Figure 1 for illus-
traƟon).

Table 3 shows the distribuƟon of clinical and radiological
outcomes across different surgical methods according to the
Modified Rasmussen Criteria. Among paƟents treated with
ORIF + BuƩress Plate + BoneGraŌ, themajority showed good
outcomes both clinically (65%) and radiologically (95%).
Similarly, ORIF + BuƩress Plate alone resulted in good clinical
outcomes in 61% and good radiological outcomes in 72% of
paƟents.

Frac-
ture
Type
No.
(%)

PCCS* ORIF* +
But-
tress
Plate

ORIF +
BuƩress
Plate +
Bone
GraŌ

ORIF +
LCP*

Total

Type I 4 (6.7) 2 (3.3) 3 (5.0) 1 (1.7) 10
(16.7)

Type II 5 (8.3) 7 (11.7) 6 (10.0) 2 (3.3) 20
(33.3)

Type
III

2 (3.3) 6 (10.0) 4 (6.7) 2 (3.3) 14
(23.3)

Type
IV

0 1 (1.7) 0 (0.0) 1 (1.7) 2
(3.3)

Type V 0 1 (1.7) 4 (6.7) 1 (1.7) 6
(10)

Type
VI

1 (1.7) 1 (1.7) 3 (5.0) 3 (5.0) 8
(13.3)

Total 12 (20) 18 (30) 20 (33.3) 10
(16.7)

60
(100)

* PCCS: Percutaneous Cannulated Cancellous Screw fixaƟon, ORIF: Open
ReducƟon and Internal FixaƟon. LCP: Locking Compression Plate

Table 2: DistribuƟon of Surgical Management Across
Schatzker Fracture Types in PaƟents with Tibial Plateau
Fractures (n = 60)

Figure 1: Case of Open reducƟon and internal fixaƟon with
plaƟng
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Modi-
fied
Ras-
mussen
Criteria

PCCS
[n =
12(%)]

ORIF +
But-
tress
Plate
[n =
18(%)]

ORIF +
But-
tress
Plate +
Bone
GraŌ
[n =
20(%)]

ORIF
+ LCP
[n =
10(%)]

Total
[n =
60
(%)]

Clinical Assessment

Excel-
lent

3 (25) 4 (22) 5 (25) 2 (20) 14
(23)

Good 6 (50) 11 (61) 13 (65) 8 (80) 38
(63)

Fair 2 (17) 2 (11) 0 0 4 (7)

Poor 1 (8) 1 (6) 2 (10) 0 4 (7)

Radiological Assessment

Excel-
lent

2 (17) 3 (17) 1 (5) 0 6 (10)

Good 7 (58) 13 (72) 19 (95) 7 (70) 46
(77)

Fair 2 (17) 0 0 2 (20) 4 (7)

Poor 1 (8) 2 (11) 0 1 (10) 4 (7)

Note: Percentages have been rounded to the nearest whole number.

Table 3: Clinical and radiological outcomes by treatment
method according to Modified Rasmussen criteria (n = 60)

In the PCCS group, 50% achieved good clinical outcomes
and 58% had good radiological scores. The ORIF + LCP
group had 80% good clinical outcomes and relaƟvely lower
radiological grades.

A staƟsƟcally significant associaƟon was noted between
radiological and clinical outcomes (p = 0.004). PaƟents with
excellent to good radiographic healing (n = 52) predomi-
nantly had favourable clinical recovery, while those with fair
or poor radiological grades were more likely to have poorer
clinical outcomes.

PostoperaƟve complicaƟons were observed in a small
subset of paƟents. InfecƟon and joint sƟffness were
reported in 4 paƟents each (6.7%), and deformity was
observed in 2 paƟents (3.3%) (Figure 2).

DISCUSSION

Tibial plateau fractures pose significant challenges due to
their intra-arƟcular involvement, potenƟal for long-term dis-
ability, and the complexity of restoring anatomical alignment
and knee joint funcƟon. These injuries oŌen result from
high-energy trauma and are commonly encountered in the
young to middle-aged populaƟon. In the present study, the

Radiologi-
cal /
Clinical
Assess-
ment

Excel-
lent

Good Fair Poor Total

Excellent 4
(6.7%)

2
(3.3%)

0 0 6
(10.0%)

Good 9
(15.0%)

30
(50.0%)

4
(6.7%)

3
(5.0%)

46
(76.7%)

Fair 1
(1.7%)

3
(5.0%)

0 0 4
(6.7%)

Poor 0 3
(5.0%)

0 1
(1.7%)

4
(6.7%)

Total 14
(23.3%)

38
(63.3%)

4
(6.7%)

4
(6.7%)

60
(100.0%)

Fisher Exact test, p=0.004.

Table 4: AssociaƟon Between Clinical and Radiological
Outcomes Based on Modified Rasmussen Criteria (n = 60)

Figure 2: Post OperaƟve ComplicaƟons in paƟents with
Ɵbial plateau fractures

majority of paƟents belonged to the 31–50 years age group,
with a mean age of 38.3 years. This aligns with previous
reports that Ɵbial plateau fractures commonly affect indi-
viduals in their third to fiŌh decade due to higher levels of
physical acƟvity and mobility. [1, 3, 5]

Male predominance (71.7%) was also observed in our
study, consistent with other studies’ findings, which
aƩribute this trend to increased exposure to road traffic
and occupaƟonal hazards among males. [5] The most fre-
quent mechanism of injury was road traffic accidents (60%),
followed by falls from height (23.3%) and on level ground
(16.7%). These findings are similar to global and Indian data
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where high-energy trauma remains the main cause of such
injuries. [5, 16–18]

In this study, the choice of fixaƟonmethod was tailored to
the Schatzker fracture type, displacement, soŌƟssue injuries
and bone quality. Type I and selected Type II fractures
withminimal displacementwere treatedusing percutaneous
cancellous screw fixaƟon (PCCS), which allowed stable
fixaƟon with minimal soŌ Ɵssue disrupƟon. Fractures with
arƟcular depression exceeding 3mm, parƟcularly Types II, III,
IV, V, andVI, weremanagedwith open reducƟon and internal
fixaƟon (ORIF) using buƩress plates or locking compression
plates, with bone graŌing when required for defect filling or
comminuƟon. These findings align with standard pracƟces
for surgical management of Ɵbial plateau fractures. [6, 17–
19]

The clinical and radiographical outcomes in various sur-
gical methods shown in this study highlight the importance
of matching the fixaƟon method to the fracture type and
the surrounding soŌ Ɵssue status to achieve opƟmal heal-
ing and funcƟonal results. For example, ORIF with buƩress
plate and bone graŌing demonstrated the highest radiolog-
ical success rate, with 95% of paƟents achieving good out-
comes, although excellent scores were limited.

This individualized strategy aligns with findings from
Biswas et al. [20], who emphasized that fracturemorphology
should guide implant selecƟon, with minimally invasive
methods likeMIPPO offering advantages in simpler paƩerns.
Rana et al. [21] and Jain et al. [17] similarly reported
saƟsfactory outcomes in complex fractureswhen anatomical
reducƟon and stable fixaƟon were achieved. AddiƟonally, a
cohort study by Tahririan MA et al. [22] comparing locking
compression plates with non-locking buƩress plates found
that LCPs provided significantly beƩer clinical scores and
lower postoperaƟve pain at one-year follow-up.

In the present study, a staƟsƟcally significant associaƟon
was observed between radiological and clinical outcomes, p
= 0.004. Of the 52 paƟents with excellent to good radio-
graphic healing, the majority demonstrated favorable clin-
ical outcomes, confirming the impact of anatomical reduc-
Ɵon on funcƟon. Comparable outcomes were reported by
Kayath and Kayathwal [16] who found 92% of their surgi-
cally managed Ɵbial condylar fractures achieved excellent or
good funcƟonal scores. Rana et al. [21] also noted similar
success rates with LCP fixaƟon, emphasizing the importance
of anatomical reducƟon. AddiƟonally, Amin TK et al. [3]
found 96.23% excellent result using periarƟcular proximal
Ɵbia plaƟng and allowing mobilisaƟon of the knee.

Moreover, Liu ZY et al. [23] highlighted that specifically
designed approaches in anterior Ɵbial plateau fractures led
to improved funcƟon, parƟcularlywhen combinedwith early
kneemobilizaƟon protocols. A recent observaƟonal study by
Chowdhury ALM et al. [24] of 37 paƟents treated surgically
for Ɵbial plateau fractures reported excellent or good clinical
outcomes in over 86%of cases, as per the Rasmussen scoring
system. Specifically, 51.4% were classified as excellent and

35.1% as good, closely similar to our own findings of 23.3%
excellent and 63.3% good clinical results. Their results
lend strong external validity to our study, demonstraƟng
consistent outcome paƩerns across different populaƟons
and surgical seƫngs using Modified Rasmussen criteria.
In another study by Hap & Kwek involving 41 surgically
treated Ɵbial plateau fractures, a clear relaƟonship was
observed between the quality of fracture reducƟon and
funcƟonal outcomes. Using WOMAC and SF-36 scores at a
mean follow-up of 19–42months, they reported significantly
beƩer results in Schatzker I–III fractures compared to more
complex fractures (Schatzker IV–VI). [25]

PostoperaƟve complicaƟons in the present study were
noted in a limited subset of paƟents, with infecƟon and
joint sƟffness reported in 4 paƟents each (6.7%), and
postoperaƟve deformity observed in 2 paƟents (3.3%). The
incidence of complicaƟons reported in the literature varies
considerably, influenced by factors such as the type of
fracture, surgical approach, extent of soŌ Ɵssue injury, and
quality of postoperaƟve rehabilitaƟon. The differences in
surgical techniques and follow-up duraƟons across studies
further complicates direct comparison. [6, 11, 16, 20] Hence,
there is a need for long-term, standardised prospecƟve
studies tomore accurately assess and compare complicaƟon
rates associated with different surgical intervenƟons.
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