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Three-column Plating for Complex Tibial Plateau Fractures: Multivariate
Predictors of Superior Functional Recovery

M R Thirunthaiyan', P Velmuruganl, T Harish Kumar', R Dorai Kumar', B Sundararaja’

Learning Point of the Article:
Early CT-based fracture assessment and column-specific fixation can achieve excellent functional recovery in complex tibial plateau
fractures, despite increasing fracture severity and radiological complexity.

Introduction: Complex proximal tibial plateau fractures are challenging injuries with substantial risk of malalignment, joint stiffness, and post-
traumatic osteoarthritis. Column-based plating guided by computed tomography-based three-column concepts has been proposed to improve
fixation, but the relative influence of fracture classification and plate configuration on outcome remains unclear.

Materials and Methods: In this prospective observational study, 57 adults (20-70 years) with complex proximal tibial plateau fractures treated
with column-based plating at a single tertiary center (January 2023-January 2024) were evaluated. Fractures were classified by Schatzker
(IV-VI) and Luo’s three-column system (types 2 and 3). Patients underwent either single-plate or dual-plate fixation based on fracture
morphology. Clinical and radiological outcomes were assessed at 1, 6, and 12 months using the modified Rasmussen clinical and radiological
scores, International Knee Documentation Committee (IKDC) score, and Knee Society Score (KSS). Correlations of fracture classifications
and plate numberwith these outcomes were analyzed.

Results: The cohort included 37 males and 20 females; 40 fractures were right-sided. Schatzker types were IV (n=6), V (n=27),and VI (n =
24).Luo classification was type 2 (n =29) and type 3 (n=28). Dual-plate fixation was used in 38 patients (66.7%), and single-plate fixation in 19
(33.3%). At 1 year, modified Rasmussen clinical scores were excellent in 31 patients (54.4%) and good in 26 (45.6%). Radiologically, 19 patients
(33.3%) had excellent, 31 (54.4%) good, and 7 (12.3%) fair results. Schatzker and Luo classifications showed strong and moderate negative
correlations, respectively, with radiological scores at all-time points, but no significant correlation with clinical scores. Dual plating was
associated with slightly higher mean radiological scores than single plating at 1, 6,and 12 months, while clinical scores (Rasmussen, IKDC, KSS)
were similar between groups. Complications included one common peroneal nerve palsy requiring tendon transfer, and one superficial surgical
site infection was observed.

Conclusion: In complex proximal tibial plateau fractures treated with column-based plating, fracture severity (Schatzker and Luo) strongly
influences radiological outcomes but not short term functional recovery. Dual-plate fixation affords modestly superior radiological restoration
compared with single-plate constructs, whereas functional scores at 1 year are comparable. Column-specific pre-operative planning and fixation
canyield consistently good clinical outcomes even in high-grade fracture patterns.

Keywords: Tibial plateau fracture, proximal tibia, three-column concept, Schatzker, Luo classification, dual plating, Rasmussen score,
International Knee Documentation Committee, Knee Society Score.
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Introduction

The bimodal distribution pattern of proximal tibia fractures
includes younger men with high-energy trauma and
osteoporotic elderly women with low-energy trauma [1]. The
treatment of complex tibia fractures caused by high-energy
trauma remains a challenge to reconstruct intraoperatively [2].
Several classification systems are in use all over the world [3].
Historically, the Schatzker and AO classification systems are
based on radiographic assessment of fracture patterns. A three-
column classification system, which is based on computed
tomography (CT) imaging, gives more information about the
posterior column fractures [4]. The proximal tibia fractures
constitute roughly 1% of all fractures. Incidence of complex
proximal tibia fracturesis 1 in one million all over the world [S].
Complex proximal tibia fractures, often resulting from high-
energy trauma, pose significant challenges due to
comminution, instability, and associated soft tissue injury. Luo’s
three-column classification provides a CT-based framework for
surgical planning, and column-based plating has emerged as a
biomechanically sound technique [5,6]. A favorable prognosis
and appropriate post-operative functioning depend on proper
fixation and early post-operative range of motion attainment
[7,8,9,10,11]. This case series evaluates functional and
radiological outcomes of column-based plating and identifies
prognostic factors influencing recovery. To provide a
framework for setting reasonable goals resulting in improved
patient-reported satisfaction, knowledge of patients’
comprehension concerning post-operative outcome is essential
to direct patient education and shared decision-making [12].
Parallel to this conceptual shift, fixation philosophies have
evolved from conservative treatment and limited internal
fixation to more stable constructs such as dual buttress plating,
hybrid external fixation, periarticular locking plates, and
increasingly, column-based plating. Ankle and knee articular
injuries and axial malalignment can raise the risk of post-
traumatic osteoarthritis, which can
resultin an early ankle joint fusion or
total knee replacement. As a result,
complicated tibial articular fractures
may have a major socioeconomic
impact on the patient population
and lower their quality of life [13].
Surgical alternatives include
reduction and osteosynthesis with
screws, single or double plate, or
external fixation, depending on the
kind of fracture. Restoring the
articular surface and limb
mechanical axis is the aim of surgery
in every situation [14]. The location

of the fracture lines and the fracture pattern serve as guidelines
for the selection of plate configuration and placement. For
instance, medial column plating may be used to repair the
medial joint surface and stop varus collapse in cases of medial
tibia plateau fractures. Similarly, to restore joint congruity and
avoid valgus collapse, lateral column plating may be utilized for
fractures impacting the lateral tibia plateau. Dual plating
procedures may be used to achieve sufficient stability and
alignment in more difficult fractures that include both the
medial and lateral columns. Dual plating through separate
medial and lateral approaches has shown reliable union and
alignment in bicondylar fractures, but the relative contribution
of fracture class, column involvement, and plate configuration
to functional outcome remains debated.

Materials and Methods

Study design and setting: This was a prospective observational
study conducted in the Department of Orthopedic Surgery ata
tertiary teaching hospital in Chennai, India, from January 2023
to January 2024. Institutional ethics committee approval was
obtained before recruitment, and written informed consent was
taken from all participants. The IEC number:
CSP/MED/23/JUN/88/132. Date of approval: October 30
October,2023.

Inclusion criteria
« Age 18-60years

« Proximal tibial plateau fractures (involving the articular
surface) treated with column-based plating

« Operative fixation within the study period
« Ability and willingness to comply with follow-up at 1, 6,and 12

months.

Figure 1: (a and b) Pre-operative X-ray showing bicondylar proximal tibia fracture with articular depression and
comminution and immediate post-operative X-ray showing anatomical reduction and stable fixation.

Journal of Orthopaedic Case Reports | Volume 16 | Issue 7 | July 2026 | Page 402-410



Thirunthaiyan MR, etal

www.jocr.co.in

Figure 2: (aand b) Pre-operative computed tomography image showing bicondylar proximal tibia fracture with
posteromedial articular depression and comminution and 2-column involvementappreciated in axial cuts.

Exclusion criteria

o Fractures treated conservatively or by non-column-based
methods

« Associated fractures of the ipsilateral lower limb, pelvis, and op
spine

« Pathological fractures

« Polytrauma precluding standard rehabilitation.

Patient evaluation and fracture classification

On admission, all patients underwent standard clinical
assessment and radiographic evaluation with anteroposterior
and lateral knee radiographs. CT scans with multiplanar
reconstruction were routinely obtained either before or after
application of temporary knee-spanning external fixation when
soft-tissue compromise was present.

Each fracture was classified using:
« Schatzker classification (IV-VI for this series)

« Luo's three-column classification defining involvement of
anterior-lateral, anteromedial, and posterior columns based on
axial CT sections.

Foranalytical purposes, fractures were grouped as:
« Schatzker IV, V, VI

« Luo two and three-column injuries.

Surgical strategy

Initial management in high-energy injuries with significant soft-
tissue insult comprised provisional external fixation across the
knee with pins placed outside future incision zones. Definitive
internal fixation was performed once soft-tissue conditions
permitted, typically within 1-7 days (mean 3.5 days).

@m0 1

Column- based plating was planned
according to pre-operative CT:

« Direct approaches to the involved
columns (anterolateral,
anteromedial, posteromedial as
required)

o« Anatomically contoured
periarticular locking or buttress
plates applied to the affected

columns

« Indirect reduction techniques
where possible, with particular
attention to elevation of depressed
articular segments, restoration of
condylar width, and correction of
varus-valgus malalignment.

Patient was categorized based on
plate configuration as:

« Single plate (SP): lateral or medial column alone

« Dual plates (DP): Combination of medial and lateral (+/-
posterior) plates.

Post-operative protocol and follow-up

Early ankle and hip mobilization were encouraged from day 1.
Knee range of motion exercises were commenced as tolerated,
respecting soft-tissue status and fixation stability. Weight-
bearing progression was individualized, generally beginning as
partial weight bearing after radiological evidence of early
consolidation, advancing to full weight bearing over 12-18
weeks. Patient reviewed at 1,6,12 months. At each visit, clinical
assessment and radiographs of the knee were obtained.

Outcome measures

TE JPINT(LT)#

Figure 3: 6-month post-op follow-up X-ray showing complete healing of the
fracture.
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Figure 4: Bar charts showing the distribution of individual radiological components of the Rasmussen score, including articular depression, condylar

widening, and varus/valgus angulation. The graphs demonstrate the number of patients in each scoring category, with a greater proportion of patients
achieving higherscores, indicating better restoration of articular congruity, condylar alignment, and mechanical axis following surgical fixation.

Clinical outcome
« Modified Rasmussen's clinical score

« International Knee Documentation Committee (IKDC)
subjective score

« Knee Societyscore (KSS).

Radiological outcome

Modified Rasmussen radiological score
« Articular depression

« Condylarwidening

« Varus/Valgus angulation

« Osteoarthritic changes.

Case presentation

This prospective observational study was conducted between
January 2023 and January 2024, including 57 patients aged
18-60 years with proximal tibia fractures treated by column-

based plating.

« Schatzker classification: Type IV (6 patients), Type V (27),
Tvpe VI (24)

« Luo’s three-column classification: Type I1 (29 patients), Type
I11 (28 patients)

« Assessment tools: Rasmussen clinical and radiological scores,
IKDC score, Oxford Knee Score

« Follow-up: 1 month, 6 months, and 1 year.

Representative case

A 42-year-old male sustained a bicondylar proximal tibia
fracture (Schatzker VI) following a road traffic accident. CT
confirmed medial and lateral column involvement (Luo type
111) (Fig. 1,2, 3).

Fig. laandbillustrates the management sequence:

« A: Pre-operative X-ray showing bicondylar proximal tibia
fracture with articular depression and comminution.

« B: Immediate post-operative X-ray showing anatomical
reduction and stable fixation.

« C: Follow-up X-ray at 6 months showing consolidated fracture
with maintained alignment and satisfactory functional
outcome.
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Figure S: Bar charts illustrating the distribution of Rasmussen clinical scores at 1 month, 6 months, and 1-year follow-up after surgical management of tibial

plateau fractures. The graphs show the number of patients achieving each score category, demonstrating a predominance of higher Rasmussen scores (7-9)

across all follow-up intervals, indicating generally good to excellent functional outcomes in most patients.
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At 1 month, 6 months, and 1 year after
surgical fixation, all patients were
assessed using the Rasmussen clinical
scoring method. Gradual functional
recovery was shown by the total
clinical scores, which showed
progressive improvement over time.
Rasmussen scores at 1 month showed
early post-operative functional
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impairments, ranging from 16 to 21.
Scores significantly improved at 6
months, ranging from 24 to 26,
indicating a notable improvement in
knee function and a decrease in pain.
According to the Rasmussen criteria,
most patients had scores between 26
and 29 at the 1-year follow-up,
suggesting good to excellent
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ratings were linked to greater fracture
severity, according to an analysis of
fracture categorization. Rasmussen
scores were greater in patients with
lower Schatzker fracture types than in
those with higher Schatzker grades.
The Luo three-column classification
exhibited a similar pattern, with more
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Figure 6: Scatter plots demonstrating the relationship between fracture classification and Rasmussen clinical
scores at 1 month, 6 months, and 1-year follow-up. The left column shows the association between Schatzker
fracture types (IV-VI) and Rasmussen scores, while the right column shows the association between the Luo
three-column classification (Types II-1IT) and Rasmussen scores. The regression lines demonstrate anegative
correlation between increasing fracture severity and clinical scores, indicating relatively lower functional

outcomesin higher-grade fracture patterns across all follow-up periods.
Results
Functional outcomes (Rasmussen clinical score):
« Excellent: 31 patients (54.3%)
« Good: 26 patients (45.6%).
Radiological outcomes (Rasmussen radiological score):
« Excellent: 19 patients (33.3%)
« Good: 31 patients (54.3%)
« Fair: 7 patients (12.2%).
Complications:
« 1 case of common peroneal nerve injury
« 1 case of surgical site infection.

Dual plating was associated with superior radiological
outcomes compared to single plating, though clinical outcomes
remained comparable.

24

7% 7 complex fractures exhibiting

Lues classification

marginally worse functional scores
throughout all follow-up intervals. At
1 month, 6 months, and 12 months,
patients treated with dual-plate
fixation showed somewhat higher
mean Rasmussen scores than those
treated with single-plate fixation,
according to an evaluation of fixation method. Nonetheless,
there was not much of a difference between the two groups,
suggesting that both fixation methods produced acceptable
clinical results. Overall, the data show that while fracture
complexity continued to be a significant predictor of ultimate
clinical outcomes, functional outcomes considerably improved
overtime (Table 1 and Fig. 4,5, 6,7).

Discussion

One of the most often used fixing techniques for high-energy
tibial plateau fractures is still open reduction with internal
fixation. The most frequent challenges that surgeons encounter
when treating intra-articular proximal tibial fractures are poor
bone quality and comminuted fracture patterns that make it

Journal of Orthopaedic Case Reports | Volume 16 | Issue 7 | July 2026 | Page 402-410




Thirunthaiyan MR, etal

www.jocr.co.in

Rasmussen Clinical Total Scores Over Time

Ist post-operative year, good function can still
be achieved despite some residual

x
28] b N pAang PRI 00 RN R e radiological imperfection when appropriate
i, " CIVCURERSE PRI SRS Lo r L iyl e fixation and rehabilitation strategies are
260 X XXXX X XX X KX NN mem Mo A RN K me KK employed. This case series demonstrates that
x X ;“x“;(_:“"; X X x X X X XX X XX --;(‘ while Schatzker and Luo’s classifications are
o2 x x x x valuable for pre-operative planning and
g x 1Month . .
3 x smnms  Tadiological assessment, they do not
g% X Ler significantly alter clinical outcomes. Dual
xx KXXX x x x b . . <1:
plating provides enhanced stability and better
2071 XX X x XX X% LB $ B x nx . . ) . .
————————————————————————————————————————— radiological alignment, particularly in
» __EX aememteT ® LS B X X x KT . .
I I A ™ bicondylar and comminuted fractures.
x x XXX x x x
o T 7 5 N 5 lsi Column-specific fixation facilitates early
16 X mobilization and rehabilitation, underscoring
0 10 20 30 a0 50 its biomechanical advantage. In addition to
Patients

Figure 7: Scatter plotillustrating Rasmussen clinical total scores of patients at 1 month, 6 months, and
1 year after surgery. The plot demonstrates progressive improvement in clinical scores over time,
indicating gradual functional recovery following fixation of tibial plateau fractures. Regression Charts-

Rasmussenradiological scores with Schatzkerand Luo’s classifications.

difficult to achieve stable fixation, as well as compromised skin
and soft tissue envelopes that invite a high rate of complications
after attempted open reduction and internal fixation
[15,16,17,18,19,20]. The CT-based three-column concept
provides a more nuanced framework for planning fixation in
these high-energy fractures, particularly for posterior and
posteromedial fragments that are poorly described by plain
radiograph-based systems. Our data confirm that higher
Schatzker types and greater column involvement (Luo type 3)
are associated with inferior radiological scores, mirroring
previous work showing that more complex patterns are harder
to fully restore [4,7,8,9,10,11,21]. However, the lack of a strong
correlation with clinical scores suggests that, at least within the

fracture union and functional outcomes,
studies have also evaluated the complication
rates associated with column-based plating
techniques. Smith et al. (2017) reported a
complication rate of 15% in their cohort of
patients treated with medial column plating, with the most
common complications being hardware irritation and wound
dehiscence. Similarly, Johnson et al. (2018) found a
complication rate of 12% in patients treated with lateral column
plating, with most complications being related to hardware
failure and infection.

This prospective series of 57 complex proximal tibial plateau
fractures treated with column-based plating demonstrates that:
1. Fracture complexity strongly influences radiological
restoration but not short-term clinical outcome

2. DP fixation achieves modestly better radiological alignment
than SP constructs, while functional scores at 1 year are

Table 1: Descriptive statistics of individual components of the Rasmussen clinical scoring system and total
scores at 1 month, 6 months, and 1-year follow-up in patients with tibial plateau fractures
Measurement Stafld?rd Minimum 25% Median 75%  Maximum
deviation

Pain 60 3 0 3 3 3 3 3
Walking capacity 60 1.667 0.542 1 1 2 2 3
Knee extension 60 3.567 0.5 3 3 4 4 4
ROM 60 3.333 0.542 2 3 3 4 4
Stability 60 6 0 6 6 6 6 6
Power of quadriceps 60 1.55 0.565 1 1 2 2 3
Total score-1 month 60 19 1.438 16 18 19 20 21
Total score - 6 months| 60 25.733 0.88 24 25 26 26 28
Total score - 1 year 60 27.317 0.701 26 27 27 28 29
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comparable.

However, the lack of a strong correlation with clinical scores
suggests that, at least within the 1st post-operative year, good
function cansstill be achieved despite some residual radiological
imperfection when appropriate fixation and rehabilitation
strategies are employed.

According to the Rasmussen clinical scoring system, the current
study shows a steady improvement in functional outcomes after
surgical treatment of tibial plateau fractures. The findings
demonstrate a distinct pattern of rising Rasmussen scores
between 1 month and 6 months, as well as additional
improvement at 1 year, suggesting a gradual restoration of knee
function over time. Due to pain, soft tissue healing, and limited
mobility, early post-operative scores were comparatively lower;
nevertheless, as rehabilitation advanced, significant
improvement was noted during successive follow-ups.

The link between fracture severity and functional result is a
significant discovery in this study. In comparison to patients
with lower fracture grades, those with greater Schatzker fracture
types had comparatively lower Rasmussen ratings at all follow-
up periods. This finding lends credence to the generally held
belief that increased fracture complexity is linked to more
articular disruption, soft tissue damage, and difficulties in
attaining anatomical reduction, all of which may have a negative
impact on functional recovery. Similarly, in more intricate
patterns including several columns, fractures categorized using
the Luo three-column classification displayed somewhat lower
results. This emphasizes how crucial it is to comprehend
fracture morphology for surgical planning and prognosis.
Patients treated with dual-plate fixation showed somewhat
higher Rasmussen scores than those treated with single-plate
fixation, according to the fixation methods study[22]. In
bicondylar fractures in particular, dual plating improves
biomechanical stability, enabling better reduction maintenance
and quicker mobilization. Nonetheless, the clinical scores of the
two groups in this study differed very little, indicating that,
when paired with careful surgical technique and organized
rehabilitation, suitable fracture-specific fixation — regardless of
the number of plates used — can produce satisfactory clinical
outcomes.

Overall, the results of this study highlight that while fracture
severity continues to be a significant predictor of prognosis,
functional recovery following tibial plateau fracture repair
improves dramatically over time. To maximize post-operative
knee function, a thorough pre-operative evaluation of the
fracture pattern and a suitable repair technique are crucial.

Plate configuration: Single versus dual

Our cohort’s twin plate designs offered more reliable

radiological alignment in bicondylar patterns than single lateral
plating, which is consistent with earlier biomechanical and
clinical research. The slight but steady change in mean
radiological scores over time suggests that DP structures have a
long-lasting stability advantage, especially in high-grade
injuries.

Functionally, the convergence of clinical, IKDC, and KSS
scores between the SP and DP groups after a year indicates that
both approaches can produce good short-term results with
proper case selection (less severe patterns in SP, more
complicated in DP). These results confirm earlier findings that,
even while single and dual plating differ radiologically, they
nonetheless produce comparable functional outcomes,
especiallywhen alignment is within allowable bounds.

Limitations of the study

1. The results of this study may not be as applicable to other
institutions because it was only carried out at one tertiary care
teaching hospital.

2. Due to the small sample size, a thorough subgroup analysis
across fracture types and fixation structures was not possible.

3.The 1-year follow-up period precluded the evaluation oflong-
term issues such as late implant failure and post-traumatic
osteoarthritis.

4. Patients were not randomized into fixation groups,
introducing potential treatment allocation bias.

S.Dual plating was preferred for treating more serious fractures,
which could complicate direct comparisons between fixing
techniques.

6. The results of other fixation techniques, such as external
fixation or minimally invasive procedures, were not compared
in this study.

7. Rasmussen radiological scoring may introduce observer
variability since it involves subjective interpretation.

8. Functional outcomes may have been influenced by variability
in rehabilitation adherence, physiotherapy participation, and
patient motivation.

9. Variability in fracture morphology and injury severity was
introduced by the inclusion of several Schatzker and Luo
fracture types.

10. Associated soft tissue injuries were not systematically
graded oranalyzed.

11. Routine postoperative CT evaluation was not performed to
assess subtle residual articularincongruity.

12. Weight-bearing progression and rehabilitation protocols
were individualized, which mayhave affected recovery patterns.
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13. The influence of surgeon experience and technical expertise
on outcomes was not assessed. Broader patient-reported
quality-of-life measures such as SF-36 or EQ-SD were not
included.

14.Itis possible that late problems such as implant prominence,
secondary collapse, and degenerative alterations were missed
over the study period.

Conclusion

Complex proximal tibial plateau fractures can be effectively
managed using column-based plating that is guided by a
combination of Schatzker and Luo's three-column
categorization. When column-specific repair and rehabilitation
are improved, fracture severity — represented by higher
Schatzker and Luo types — predicts worse radiological
restoration but does not always jeopardize 1-year functional
outcomes. While functional findings converge over time, DP
structures offer a slight but steady advantage over SP in
radiological alignment in intricate patterns. To achieve
dependable, high-quality results in these difficult situations,
surgeons should give priority to early, structured rehabilitation,
proper plate configuration, and three-dimensional pre-
operative planning. In difficult proximal tibia fractures, column-
based plating, guided by Luo’s three-column classification,

provides dependable fixation and positive results. While
functional recovery is consistently strong across fixation
procedures, dual plating produces better radiological findings.

Rasmussen clinical scores gradually improved from 1 month to
1 year after surgical treatment of tibial plateau fractures,
indicating a successful functional recovery with suitable
stabilization and rehabilitation. Schatzker and Luo's
classifications of fracture severity demonstrated a negative
connection with clinical outcomes, suggesting comparatively
lower functional scores in more complex fracture patterns.
When used based on fracture morphology, both fixation
procedures produced satisfactory clinical results, despite dual-
plate fixation showing marginally higher Rasmussen ratings
than single-plate fixation. For tibial plateau fractures to have
good functional results, careful pre-operative fracture
assessment, anatomical reduction, and stable fixation are still
crucial.

Clinical Message

Column-based plating is a biomechanically superior method for
complex proximal tibia fractures. Dual plating enhances radiological
outcomes, while functional recovery remains satisfactory across
fixation strategies.
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