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Background

Bicondylar tibial plateau fractures are complex injuries that frequently involve a
posteromedial fragment and carry a high risk of post-traumatic osteoarthritis. However,
long-term outcome data on dual locking-plate fixation are limited, particularly in
Southeast Asian populations.

Objective

The aim of this prospective study was to evaluate longitudinal clinical and imaging
outcomes of bicondylar tibial plateau fractures managed with anterolateral and
posteromedial locking plates via two mini-incisions.

Methods

This prospective study included 55 patients treated with open reduction and dual
locking-plate fixation via anterolateral and posteromedial mini-incisions. Outcomes
included radiographic parameters, clinical function and complications.

Results

The mean age was 45.4 = 12.4 years; 60% of patients were male and motorcycle accidents
accounted for 90.9% of injuries. Forty-five patients (81.8%) completed the 60-month
assessment. Lateral plateau depression was reduced from 5.25 mm preoperatively to 1.00
mm postoperatively and was 2.17 mm at 5 years. KSS Knee peaked at 12 months (83.4 *
8.2) and was 78.9 £ 8.8 at 5 years; the Rasmussen clinical score followed a similar
trajectory. The overall complication rate was 23.6%, with a single deep infection (1.8%).
Kellgren—Lawrence grade > 2 increased from 14.5% of injured knees at 12 months to
53.3% at 60 months. Schatzker VI was associated with smaller Rasmussen clinical
improvement than Schatzker V (-2.09; p = 0.023).

Conclusions

Dual locking-plate fixation through two mini-incisions provides favorable clinical and
functional outcomes up to 5 years for bicondylar tibial plateau fractures; however,
progressive post-traumatic osteoarthritis remains a long-term concern warranting
surveillance.

INTRODUCTION reviews indicating TKA rates of roughly 5-10% overall and
higher in bicondylar fractures.>

Bicondylar tibial plateau fractures are complex, high-en- The core treatment objective is reconstruction of the ar-
ergy injuries that endanger both the joint surface and the ticular surface, restoration of limb alignment, and stable
mechanical axis of the knee. Even with anatomical recon- fixation that permits early mobilization to minimize stiff-
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data with regular serial clinical and radiographic assess-
ment are scarce. The aim of this prospective study was to
evaluate longitudinal clinical and imaging outcomes of bi-
condylar fractures managed with anterolateral and postero-
medial locking plates via two mini-incisions.

MATERIALS AND METHODS

STUDY DESIGN AND SETTING

This prospective study was conducted at the Hospital for
Trauma and Orthopaedics, Ho Chi Minh City, a tertiary or-
thopaedic referral center serving Southern Vietnam. Con-
secutive patients meeting the inclusion criteria between
January 2018 and December 2020 were enrolled and fol-
lowed prospectively until December 2025, yielding a mini-
mum potential follow-up of 60 months. The study protocol
was approved by the Biomedical Research Ethics Commit-
tee of Pham Ngoc Thach University of Medicine (No. 238/
HDDD-DHYKPNT), and all participants provided written
informed consent before enrolment.

STUDY POPULATION

Inclusion criteria were: (i) age > 18 years; and (ii) closed
tibial plateau fracture classified as bicondylar on plain radi-
ographs and computed tomography (CT). Exclusion criteria
were open fractures, pathological fractures, concomitant
popliteal artery injury, previous ipsilateral knee surgery or
fracture, and inability to provide informed consent.

PREOPERATIVE MANAGEMENT

Upon admission, patients underwent systematic clinical as-
sessment for neurovascular status, soft-tissue condition
(Tscherne classification), and impending compartment syn-
drome. Standard anteroposterior and lateral radiographs of
the knee and CT scans were obtained in all cases. Definitive
surgery was performed once the soft-tissue envelope was
judged safe (“wrinkle sign”).

SURGICAL TECHNIQUE

All operations were performed under spinal or general
anesthesia with the patient supine on a standard radiolu-
cent table. A thigh tourniquet was applied, and image in-
tensification was available throughout. A sequential two-
stage fixation was followed in every case.

Stage 1 - Posteromedial mini-incision: A 6-8 cm longitu-
dinal skin incision was made along the posteromedial bor-
der of the proximal tibia, beginning at the medial joint line.
The pes anserinus was identified and preserved. The medial
collateral ligament (MCL) was inspected, when ruptured,
was repaired with high-strength non-absorbable suture and
reattached to bone after definitive fixation. The postero-
medial fragment was directly visualized, reduced and pro-
visionally stabilized with Kirschner wires. A pre-contoured
3.5-mm locking reconstruction or small-fragment T-shaped
plate was applied as an antiglide along the posteromedial
cortex.

Stage 2 - Anterolateral mini-incision: A 7-10 cm antero-
lateral incision was made. The joint capsule was opened
and the lateral meniscus was tagged with a single retention
suture for retraction. Lateral plateau depression was ele-
vated, and bone graft was performed if needed. The lateral
fragment was reduced onto the medial column and com-
pressed with a large pointed reduction clamp. A pre-con-
toured proximal-tibia locking compression plate (LCP) was
then tunneled submuscularly in a minimally invasive plate
osteosynthesis fashion and fixed first with a distal cortical
screw, followed by subchondral raft locking screws and di-
aphyseal locking screws. Reduction and implant position
were confirmed in two planes under fluoroscopy. Meniscal
tears were repaired with all-inside or outside-in sutures;
bony avulsions of the anterior cruciate ligament were re-
anchored with suture fixation before lateral compression.
The tourniquet was deflated, distal pulses were confirmed,
and a knee splint was applied.

POSTOPERATIVE PROTOCOL

Intravenous cephalosporin antibiotic prophylaxis was con-
tinued for 72 hours, followed by oral antibiotics for one
week. Passive and active-assisted knee range of motion
(ROM) exercises were initiated on the second postoperative
day. Partial weight-bearing began at 6 to 8 weeks, and full
weight-bearing was permitted once radiographic union was
evident, typically at 12 weeks.

OUTCOME ASSESSMENT AND FOLLOW-UP

Patients were assessed preoperatively (T0), on the first
postoperative day (T1), and at 6 weeks (T2), 3 months (T3),
6 months (T4), 12 months (T5), 24 months (T6), and 60
months (T7). Clinical assessments were performed by an in-
dependent orthopaedic surgeon who was not involved in
the operation.

Radiographic parameters measured on standard antero-
posterior and lateral views included lateral and medial
plateau depression (mm), antero-posterior (AP) and lateral
plateau widening (mm), posterior slope angle (PSA, °) and
tibiofemoral angle deviation (°) versus the contralateral
limb. Radiographic PTOA of the injured knee was graded
with the Kellgren-Lawrence (KL) classification from T5 on-
ward; the contralateral uninjured knee was graded at T5
as an internal reference. Antero-posterior and varus—valgus
knee stability were evaluated clinically from T4 onward and
graded on a three-level scale. Functional outcomes com-
prised the Visual Analogue Scale (VAS) for pain, knee flex-
ion ROM, the Knee Society Score with separate Knee and
Functional sub-scores, and the Rasmussen clinical and ra-
diographic scores (RCS and RRS).

STATISTICAL ANALYSIS

Continuous variables are reported as mean * standard de-
viation (with range where applicable) and categorical vari-
ables as frequency and percentage. Within-patient changes
between baseline and follow-up time points were assessed
graphically and with paired t-tests when indicated. To ex-
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plore baseline factors associated with the five predefined
improvement outcomes at 60 months, separate univariable
ordinary least-squares linear regression models were fitted.
Results are reported as mean differences (MDs) with 95%
confidence intervals (CIs) and two-sided p-values. As these
were exploratory analyses involving approximately 100
tests without adjustment for multiplicity, statistically sig-
nificant findings are reported as hypothesis-generating. P-
values < 0.05 were considered statistically significant. All
analyses were performed using R statistical software ver-
sion 4.4.3.

RESULTS

A total of 55 patients were enrolled, and the baseline char-
acteristics are presented in Table 1. The mean age was
45.4 £ 12.4 years (range 21-68), and 33 patients (60.0%)
were male. Motorcycle vehicle accidents accounted for the
vast majority of cases (90.9%). Regarding fracture classifi-
cation, 36 patients (65.5%) had Schatzker V fractures and
19 (34.5%) had Schatzker VI fractures. Associated soft-tis-
sue injuries were frequent (52.7%), the most common being
lateral meniscus tears (29.1%), MCL ruptures (12.7%), and
ACL injuries (9.1%).

Forty-five patients (81.8%) completed the 60-month as-
sessment (T7), while 10 patients were lost to follow-up af-
ter T6. No patient developed nonunion or required revision
osteosynthesis. The mean time to radiographic union was
4.2 £ 0.7 months (range, 3-6). Metaphyseal bone grafting
was performed in 23 patients (41.8%). Anatomical, clinical,
and functional outcomes at each follow-up time point are
detailed in Table 2 and Figure 1.

Open reduction markedly improved articular congruity
and alignment. Preoperatively, the mean lateral plateau de-
pression and AP plateau widening were 5.25 * 4.29 mm and
10.93 £ 5.88 mm, respectively, which decreased to 1.00 *
1.17 mm and 1.52 # 1.65 mm at T1. The mean PSA was
7.80 + 2.48° postoperatively and was 9.07 * 2.54° at T7.
Over time, a small but progressive loss of reduction was
observed: at 60 months, lateral plateau depression and AP
widening increased to 2.17 = 1.50 mm and 3.11 + 1.75 mm,
respectively. Accordingly, the mean RRS decreased from
15.05+1.03 at T1 to 13.18 = 1.40 at T7 (Table 2; Figure 1).

Pain and knee function improved markedly during the
first postoperative year and remained stable thereafter
(Table 2, Figure 1). The mean VAS score decreased from
6.67 £1.32 at T1 to 1.13 £ 0.94 at the prespecified 12-month
endpoint (T5) and was 1.67 * 1.35 at 60 months. Knee flex-
ion recovered from 30.25 # 7.72° at T1 to 118.67 = 11.39°
at T5 and 114.84 = 8.91° at T7. The KSS Knee score peaked
at 12 months (83.4 + 8.2), whereas the KSS Function score
reached its highest mean value at 24 months (T6); both
showed only a modest decline at 60 months (78.9 £ 8.8 and
76.6 £ 11.9, respectively). The RCS followed the same tra-
jectory, rising from 16.78 * 1.77 at 6 weeks to a peak of
23.25 £ 2.34 at T6 before settling at 21.47 + 2.87 at T7. Clin-
ical antero-posterior and varus—valgus instability greater
than 5 mm or 5° was observed in 15.6% and 11.1% of knees,
respectively, at the 5-year assessment.

Table 1. Baseline characteristics.

Characteristic Total (N =55)
Age (years) 454 +12.4(21;
68)
Sex, female 22 (40.0)
BMI (kg/m?) 242+3.3
Smoking 10(18.2)
Comorbidity
Diabetes 5(9.1)
Hypertension 3(5.5)
Osteoporosis 6(10.9)
Cause of injury
Motorcycle accidents 50(90.9)
Labor accident 3(5.5)
Daily activity 2(3.6)
Affected side, right 31(56.4)
Schatzker classification
\Y 36 (65.5)
\ 19(34.5)
Presence of posteromedial fragment 28(50.9)
Fibular head fracture 13(23.6)
Tscherne classification
Grade O 21(38.2)
Grade 1 21(38.2)
Grade 2 9(16.4)
Grade 3 4(7.3)
Associated soft-tissue injuries
Lateral meniscus tear 16 (29.1)
Medial meniscus tear 1(1.8)
ACL tibial avulsion fracture 4(7.3)
ACL rupture 1(1.8)
MCL rupture 7(12.7)
Preoperative radiographic
parameters
Lateral plateau depression (mm) 5.3+4.3
Medial plateau depression (mm) 1.0+£25
Plateau widening, AP view (mm) 10.9+5.9
Plateau widening, lateral view 1.1+2.2
(mm)
Posterior slope angle (°) 82+22
Tibiofemoral angle deviation
Grade 0 (0°) 48(87.3)
Grade 1(1-5°) 4(7.3)
Grade 2 (6-10°) 3(5.5)
Grade 3 (>10°) 0(0.0)

Data are n (%) or mean * SD, with range where shown

Thirteen patients (23.6%) experienced a postoperative
complication: superficial wound infection (n=4, 7.3%),
malunion (n=4, 7.3%), transient peroneal nerve neuropraxia
(n=3, 5.5%), deep infection (n=1, 1.8%), and deep vein
thrombosis (n=1, 1.8%). The deep infection resolved with
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Table 2. Anatomical and clinical outcomes at baseline and during follow-up.

Variable TO T1 T2 T3 T4 T5 Té6 T7
(N= (N= (N= (N= (N=55) (N =55) (N= (N=
55) 55) 55) 55) 55) 45)
Anatomical (radiographic) outcomes
Lateral plateau 525+ 1.00 = 1.08 = 1.25=% 1.39+ 146+ 1.80+ 217+
depression (mm) 4.29 1.17 1.24 1.25 1.26 1.27 1.40 1.50
Medial plateau 0.96 + 0.24 + 0.28 + 041+ 0.53+ 0.55+ 0.72+ 0.98+
depression (mm) 2.52 0.46 0.50 0.53 0.53 0.53 0.52 0.57
Plateau widening, AP 10.93 152+ 1.67 + 192+ 215+ 229+ 2.60+ 311+
view (mm) +5.88 1.65 1.64 1.68 1.67 1.69 1.75 1.75
Plateau widening, 1.09+ 0.24+ 0.28+ 040+ 051+ 052+ 075 0.98
lateral view (mm) 2.18 0.38 041 0.48 0.50 0.50 0.53 0.50
PSA () 8.17 % 7.80+ 7.92+ 8.07 822+ 8.30 8.63+ 9.07 +
2.21 2.48 2.48 2.48 2.50 2.50 2.47 2.54
Tibiofemoral angle deviation, n (%)
Grade 0 (0°) 48 42 41 40 37 37 35 29
(87.3) (76.4) (74.5) (72.7) (67.3) (67.3) (63.6) (64.4)
. 8 9 10 13 13 15 10
Grade 1(1-5°) 407.3) (145)  (164) (182) (23.6) (23.6) (27.3) (22.2)
Grade 2 (6-10°) 3(5.5) 3(55  3(55) 3(55) 3(55) 3(55) 3(5.5) 511 1)
Grade 3 (>10°) 0(0.0) 2(3.6) 2(3.6) 2(3.6) 2(3.6) 2(3.6) 2(3.6) 1(2.2)
Functional outcomes
VAS score _ 6.67 = 3.58+ 244+ 175+ 113+ 129+ 167+
1.32 157 1.33 1.29 0.94 1.18 1.35
88.24
Knee flexion (°) _ 30.25 + 111.27 117.44 118.67 119.53 114.84
+7.72 " +9.20 +10.11 +11.39 +9.08 +8.91
11.50
KSS.KS _ _ 50.44 70.18 7793+ 83.36 82.95 78.89
: +7.23 +7.13 7.00 8.21 +7.48 +8.84
KSS.FS _ _ 41.64 64.18 73.18+ 7745+ 78.27 16'56
: +8.17 +7.98 8.01 8.71 +7.71 o
11.91
RCS _ _ 16.78 21.29 2235+ 2271+ 23.25 21.47
+1.77 +2.29 2.30 2.73 +2.34 +2.87
RRS _ 15.05 14.95 14.65 1453+ 13.98 + 13.31 13.18
+1.03 +0.93 +1.35 1.25 1.25 +1.15 +1.40
Kellgren-Lawrence grade, n (%) — injured knee (contralateral knee at 12 months follow-upt)
36 24 16
Grade 0 (65.5)1 - - - - (43.6) (29.1) 4(8.9)
15 23 23 17
Grade 1 (27.3)+ - - - - (41.8) (41.8) (37.8)
4 12 17
Grade 2 3t - - - 7(127) (21.8) (37.8)
0
Grade 3 (0.0t — - - — 1(1.8) 3(5.5) 4(8.9)
0
Grade 4 (0.0t — — - — 0(0.0) 1(1.8) 3(6.7)

Antero-posterior stability, n (%) — assessed from T4 onward

33 44 48 38
Grade 1(<5mm) - - - - (60.0) (80.0) (87.3) (84.4)
Grade 2 (5-10 mm) — — — - (2??6.4) (1108.2) 5(9.1) (715.6)
Grade 3 (>10 mm) - - - - 2(3.6) 1(1.8) 2(3.6) 0(0.0)

Varus-valgus stability, n (%) — assessed from T4 onward
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Variable T0 T1 T2 T3 T4 T5 T6 T7
(N= (N= (N= (N= (N =55) (N=55) (N= (N=
55) 55) 55) 55) 55) 45)
o 34 45 45 40
Grade 1(<5°) - - - - (61.8) (81.8) (81.8) (88.9)
. 17 9
Grade 2 (5-10°) - - - - (30.9) 6(10.9) (16.4) 4(8.9)
Grade 3 (>10°) - - - - 4(7.3) 4(7.3) 1(1.8) 1(2.2)

T Contralateral knee KL grades assessed at 12 months are shown as a comparator, whereas injured-knee KL grades were assessed from T5 onward. Abbreviations: KSS.FS, Knee Soci-
ety Score functional score; KSS.KS, Knee Society Score Knee score; RCS, Rasmussen clinical score; RRS, Rasmussen radiographic scores.

Figure 1. Functional and radiographic outcomes at each follow-up timepoint
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Figure 1. Functional and radiographic outcomes at each follow-up time point

debridement and intravenous antibiotics without implant
removal.

Radiographic PTOA progressed steadily over time. The
prevalence of KL grade > 2 in the injured knees was 14.5%
(8/55) at 12 months and rose to 53.3% (24/45) at 60 months,
compared with only 7.3% (4/55) in the contralateral unin-
jured knees at the 12-month reference assessment. Severe
PTOA (grade 4) developed in 3 injured knees (6.7%); al-
though TKA was indicated, all three patients declined the
procedure.

In univariable analyses, Schatzker VI was associated
with smaller RCS improvement compared with Schatzker V
(MD -2.09, 95% CI -3.88 to -0.31, p = 0.023). MCL injury
was also associated with greater RCS improvement (MD
2.58, 95% CI 0.02 to 5.13, p = 0.048), although this finding
should be interpreted cautiously given the small subgroup
size and multiple univariable comparisons. Diabetes melli-

Orthopedic Reviews

tus was associated with poorer KSS Knee improvement (MD
-13.42, p = 0.044) and greater VAS improvement (MD 2.66,
p =0.035). None of the remaining variables showed a statis-
tically significant association with the five long-term out-
comes at 60 months.

DISCUSSION

The present study reports the outcomes of open reduction
and internal fixation (ORIF) in 55 patients with bicondylar
tibial plateau fractures prospectively followed up to 60
months. The mean age of 45.4 # 12.4 years and the male
predominance (60%) are consistent with recent reports.l
89 A distinctive feature of our cohort is that motorcycle
accidents accounted for 90.9% of cases - markedly higher
than reported by Worku (67%) and Babu (60%) - indicating
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Table 3. Univariable linear regression of baseline factors associated with outcomes at T7 (n = 45).

Loss of reduction VAS improvement KSS Knee KSS Function RCS improvement
improvement improvement
Predictor MD p- MD p- MD p- MD p- MD p-
(95 % value (95 % value (95%Cl) value (95 % ClI) value (95 % Cl) value
cl) Cl)
Sex (male vs. -0.36 0.337 0.47 0.382 0.15 0.959 1.24 0.721 -0.60 0.511
female) (-1.12; (-0.60; (-5.57; (-5.73; (-2.43;
0.39) 1.54) 5.86) 8.22) 1.23)
Aget 0.00 0.785 0.00 0.939 0.01 0.964 -0.09 0.522 -0.06 0.095
(-0.03; (-0.05; (-0.23; (-0.37; (-0.13;
0.04) 0.04) 0.24) 0.19) 0.01)
BMI# 0.00 0.931 0.03 0.692 -0.48 0.246 -0.16 0.751 0.10 0.452
(-0.11; (-0.13; (-1.30; (-1.18; (-0.17;
0.12) 0.19) 0.34) 0.86) 0.37)
Schatzker (VI vs 0.39 0.322 -0.61 0.270 -2.34 0.424 -4.33 0.224 -2.09 0.023
V) (-0.39; (-1.71; (-8.20; (-11.42; (-3.88;
1.17) 0.49) 3.51) 2.76) -0.31)
Tscherne classification
Grade O Ref Ref Ref Ref Ref
Grade 1 0.06 0.896 -0.28 0.629 -0.11 0.971 -0.28 0.941 -1.22 0.229
(-0.80; (-1.43; (-6.26; (-7.87; (-3.24;
0.91) 0.88) 6.04) 7.32) 0.80)
Grade 2 0.54 0.347 0.88 0.255 -2.38 0.562 -7.82 0.127 -0.76 0.572
(-0.61; (-0.66; (-10.60; (-17.96; (-3.46;
1.68) 2.42) 5.84) 2.33) 1.94)
Grade 3 0.11 0.907 217 0.097 12.83 0.067 -8.89 0.297 -2.83 0.213
(-1.81; (-0.41; (-0.92; (-25.87; (-7.36;
2.03) 4.75) 26.59) 8.09) 1.69)
Posteromedial 0.09 0.814 0.53 0.316 3.10 0.267 -6.02 0.075 0.87 0.334
fragmentT (-0.67; (-0.53; (-2.46; (-12.67; (-0.93;
0.84) 1.59) 8.67) 0.64) 2.67)
Diabetes T -0.52 0.567 2.66 0.035 -13.42 0.044 -7.50 0.367 -3.24 0.135
(-2.35; (0.20; (-26.48; (-24.09; (-7.54;
1.30) 5.12) -0.36) 9.09) 1.05)
Smokingt 0.46 0.353 0.36 0.607 0.98 0.791 1.17 0.796 -0.88 0.455
(-0.52; (-1.04; (-6.40; (-7.86; (-3.24;
1.43) 1.75) 8.35) 10.19) 1.48)
Osteoporosis T -0.27 0.678 -0.50 0.593 -4.20 0.394 5.85 0.331 -0.11 0.945
(-1.60; (-2.37; (-14.03; (-6.14; (-3.30;
1.05) 1.37) 5.64) 17.85) 3.08)
Lateral meniscus -0.60 0.128 0.57 0.313 -3.03 0.307 -2.50 0.492 0.50 0.602
tear (-1.38; (-0.55; (-8.95; (-9.78; (-1.42;
0.18) 1.69) 2.88) 4.78) 2.42)
Fibular fracture 0.64 0.151 0.31 0.624 -2.86 0.397 -6.00 0.142 -2.06 0.054
(-0.24; (-0.97; (-9.59; (-14.10; (-4.15;
1.53) 1.60) 3.88) 2.10) 0.03)
MCL injury t 0.19 0.729 -0.72 0.358 3.09 0.454 231 0.648 2.58 0.048
(-0.92; (-2.27; (-5.16; (-7.82; (0.02;
1.30) 0.84) 11.34) 12.44) 5.13)
ACLinjury T 0.68 0.257 -1.07 0.201 4.25 0.340 1.50 0.784 2.03 0.155
(-0.51; (-2.74; (-4.64; (-9.48; (-0.80;
1.86) 0.59) 13.14) 12.48) 4.85)
Bone graft -0.18 0.633 -0.38 0.482 0.95 0.740 1.94 0.577 0.51 0.578
(-0.95; (-1.45; (-4.76; (-5.02; (-1.32;
0.58) 0.70) 6.65) 8.91) 2.34)
Lateral plateau -0.03 0.845 0.13 0.558 1.45 0.210 -0.23 0.870 -0.04 0.906
depression at (-0.34; (-0.31; (-0.85; (-3.10; (-0.80;
T1¥ 0.28) 0.57) 3.75) 2.63) 0.71)
PSAatT1t 0.09 0.231 -0.08 0.454 -0.77 0.175 -0.20 0.776 0.06 0.742
(-0.06; (-0.30; (-1.90; (-1.61; (-0.31;
0.24) 0.14) 0.36) 1.21) 0.43)
Tibiofemoral 0.14 0.613 0.53 0.159 -1.92 0.337 -3.86 0.111 -0.64 0.323
malalignment at (-0.40; (-0.22; (-5.92; (-8.66; (-1.92;
T1# 0.68) 1.28) 2.07) 0.93) 0.65)
RRS at T1¥ — — 0.34 0.194 0.70 0.618 0.73 0.672 0.30 0514
(-0.18; (-2.12; (-2.73; (-0.61;
0.87) 3.53) 4.19) 1.20)

Each cell reports a separate univariable OLS model. Bold p-values are statistically significant at o = 0.05. Improvement scores were defined as follows: KSS Knee and KSS Function
improvement = T7 - T2; Rasmussen clinical improvement = T7 - T2; VAS improvement = T1 - T7; Loss of reduction = Rasmussen radiographic T7 — T1.
Abbreviations: CI, confidence interval; MD, mean difference; Ref, reference; {, Yes versus No; 1, per 1-unit increase.

Orthopedic Reviews



Long-term outcomes of dual locking-plate fixation for bicondylar tibial plateau fractures via two mini-incis...

Figure 2. A 41-year-old woman with a S.VI tibial plateau fracture sustained in a motorcycle accident. (A) Initial
knee radiographs and (B) 3D CT reconstruction. (C) Postoperative radiographs. (D) Radiographs and (E) clinical

photographs at the 5-year follow-up.

a high-energy injury profile in our population.810 The pro-
portion of posteromedial fragments was 50.9% - within the
range reported (28-74%) - supporting the contemporary
view that three-column assessment with CT and an ex-
tension of the traditional Schatzker classification are war-
ranted.2411-13 Agsociated soft-tissue injuries were present
in 52.7% of cases (lateral meniscus tears in 29.1%, MCL
ruptures in 12.7%, and ACL tibial-eminence avulsions in
7.3%), comparable to the report of Huang and colleagues,
who described ACL avulsions combined with anterior
meniscal root tears in up to 31% of posterior condyle frac-
tures,14 underscoring the role of preoperative MRI assess-
ment.

Immediate postoperative reduction was good, lateral
plateau depression decreased from 5.25 mm to 1 mm, AP
plateau widening from 10.93 mm to 1.52 mm. However,
we observed a mild progressive loss of reduction over time
(lateral plateau depression 2.17 mm and AP widening 3.11
mm at 60 months), accompanied by a decline in the RRS
from 15.05 to 13.18. This pattern is consistent with the
“mismatch” between favorable clinical outcomes and de-
teriorating radiographic findings described by Bormann,’
and suggests that long-term radiographic surveillance re-
mains necessary even when patients are functionally satis-
fied. The late subsidence may reflect irreversible subchon-
dral cartilage damage, mild residual axial malalignment,
and secondary degenerative changes.

The mean VAS score decreased from 6.67 in the early
postoperative period to 1.13 at 12 months and remained at
1.67 at 60 months. Knee flexion recovered to 118.67° at 12
months and 114.84° at 5 years - exceeding the 110° func-
tional threshold required for activities of daily living. The

KSS Knee score peaked at 83.4 + 8.2 at 12 months and the
KSS Function score peaked at 78.3 = 7.7 at 24 months, com-
parable to the dual-plating groups of Saodekar (KSS 85.9/
80.5),6 Sinha (KSS 85.4/81.0),7 Prasad,!5 and clearly supe-
rior to the single-plate groups in Saodekar and Sinha (KSS
Knee 73.4 and 70.9, respectively). Our findings are also con-
sistent with other posteromedial-plating cohorts report-
ing similar mid-term KSS scores.16-18 The RCS peaked at
23.25 at 24 months and then declined modestly to 21.47
at 60 months, remaining within the “Good” category. The
early peak followed by a modest late decline in the KSS
Knee score reflects the natural history of these injuries:
after early functional recovery, progressive osteoarthritic
changes gradually affect knee function — in line with the
long-term surveillance recommendations of Schatzker and
Kfuri.4

A key procedural feature that may have contributed to
these outcomes is the use of two mini-incisions rather than
a single extensile midline or extended anterolateral expo-
sure. The historical single-midline approach has been as-
sociated with deep infection rates as high as 23-87% be-
cause it requires wide soft-tissue stripping over a region
already compromised by high-energy trauma; in our cohort,
the two-window strategy limited the cumulative skin inci-
sion and produced only a single deep infection (1.8%), com-
parable to recent dual-incision series and well below the
historical benchmark.3:¢.7:19 The supine “floating” position
adapted from Chang and colleagues allowed both the pos-
teromedial approach and the anterolateral approach to be
performed in a single setup without intra-operative repo-
sitioning, shortening operative time and avoiding the air-
way and pressure-injury hazards of a prone-to-supine tran-
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sition.20 Direct visualization of the posteromedial fragment
through the Lobenhoffer interval,17 providing adequate ex-
posure for the near-coronal posteromedial fracture plane
as confirmed by the cadaveric mapping of Krause and col-
leagues,2! enabled accurate reduction and buttress fixa-
tion with a pre-contoured 3.5-mm LCP, the construct with
the highest load-to-failure among posteromedial fixation
options in recent biomechanical testing and endorsed by
current expert review.22223 The lateral plateau was sub-
sequently addressed through a separate anterolateral mini-
incision using minimally invasive plate osteosynthesis of
a pre-contoured LCP, with subchondral raft locking screws
supporting the elevated articular surface and diaphyseal
locking screws restoring the mechanical axis.07-24

The overall complication rate of 23.6% lies within the
range reported in the literature - higher than Bhangale
(16.67%) and Arya (10%),19:25 but comparable to Manikan-
dan and Jati,1-26 and consistent with the complication spec-
trum summarized by Galvez-Sirvent.3 No patient developed
nonunion or required revision osteosynthesis during the
5-year follow-up. By contrast, post-traumatic osteoarthritis
was observed in 14.5% of injured knees at 12 months and
increased to 53.3% at 60 months, compared with only 7.3%
of contralateral uninjured knees at the 12-month reference
assessment. This high rate is consistent with the 32.5% os-
teoarthritis rate reported by Jati over a shorter follow-up
and with the warning issued by Van den Berg regarding
the long-term consequences of high-energy intra-articular
knee fractures.!»2

Univariable analysis showed that Schatzker VI fractures
were associated with a smaller RCS improvement than
Schatzker V fractures (MD -2.09; p = 0.023), supporting
the hypothesis that fracture complexity directly influences
long-term functional recovery. Diabetes mellitus was asso-
ciated with poorer KSS Knee improvement (MD -13.42; p
= 0.044), but the sample size was very small (only 2 dia-
betic patients reached T7) and the finding should be inter-
preted with caution. Conversely, concomitant MCL injury
was associated with greater RCS improvement (MD +2.58;
p = 0.048) - a paradoxical finding that may reflect early
recognition and treatment of ligamentous injury, or simply
chance, given that approximately one hundred tests were
performed without correction for multiplicity.

The principal strengths of the study are the 5-year
prospective follow-up with eight comprehensive radi-
ographic, clinical, and functional assessment time points,
together with a contralateral-knee reference group that al-
lowed the isolated effect of injury on subsequent PTOA to
be quantified. Limitations include the single-center design,
the modest sample size, the 18% loss to follow-up at 5

years, and the use of univariable analyses without correc-
tion for multiple testing.

CONCLUSION

ORIF using a dual-plating strategy through combined an-
terolateral and posteromedial mini-incisions, with bone
grafting when indicated and a controlled rehabilitation pro-
gram, achieves favorable and durable clinical and func-
tional outcomes up to 5 years for bicondylar tibial plateau
fractures. Nevertheless, progressive PTOA remains a clin-
ically meaningful challenge that warrants long-term sur-
veillance and should be a target for future preventive
strategies.

ACKNOWLEDGEMENTS

None
CORRESPONDING AUTHOR:

Ngoc Quyen Le, Orthopedics, Trauma, and Rehabilitation
Department, School of Medicine, University of Medicine
and Pharmacy at Ho Chi Minh City, Vietnam

Email: ngocquyenbs76@ump.edu.vn

Tel: +84903818438

AUTHORS’ CONTRIBUTIONS

* Ngoc Quyen Le: Conceptualization, Investigation,
Data curation, Writing — review & editing, project ad-
ministration.

» Khac Xuan Hoang: Conceptualization, Investigation,
Data curation, Writing-original Draft.

e Trong Xuan Cuong Tran: Formal analysis, Visualiza-
tion, Writing — review & editing.

CONFLICTS OF INTEREST
The authors declare no conflicts of interest.
FUNDING

This research did not receive any specific grant from fund-
ing agencies in the public, commercial, or not-for-profit
sectors.

Submitted: May 28, 2026 EDT. Accepted: July 24, 2026 EDT.
Published: August 10, 2026 EDT.

Orthopedic Reviews 8


mailto:ngocquyenbs76@ump.edu.vn

Long-term outcomes of dual locking-plate fixation for bicondylar tibial plateau fractures via two mini-incis...

REFERENCES

1. Jati S, Champawat V. A midterm analysis of tibial
plateau fractures: functional outcome and incidence
of osteoarthritis in 240 cases. Orthop ] MP Chapter.

2017;23(2):16-21. doi:10.4103/0]MPC_20172302_16

2. Van den Berg JD, Quintens L, Zhan Y, Hoekstra H.
Why address posterior tibial plateau fractures? Injury.
2020;51(12):2779-2785. doi:10.1016/
j.injury.2020.09.011

3. Galvez-Sirvent E, Ibarzdbal-Gil A, Rodriguez-
Merchéan EC. Complications of the surgical treatment
of fractures of the tibial plateau: prevalence, causes,
and management. EFORT Open Rev.
2022;7(8):554-568. doi:10.1530/EOR-22-0004

4. Schatzker J, Kfuri M. Revisiting the management of
tibial plateau fractures. Injury. 2022;53(6):2207-2218.
doi:10.1016/j.injury.2022.04.006

5. Menghi A, Mazzitelli G, Marzetti E, Barberio F,
D’Angelo E, Maccauro G. Complex tibial plateau
fractures: a retrospective study and proposal of
treatment algorithm. Injury. 2017;48(suppl 3):S1-Sé6.
doi:10.1016/S0020-1383(17)30649-6

6. Saodekar H, Agrawal K. Fixation of posterior tibial
plateau fracture and its outcome: a comparative
study. Int ] Med Biomed Stud. 2020;4(1):231-234.
doi:10.32553/ijmbs.v4i1.904

7. Sinha S, Singh M, Saraf SK, Rastogi A, Rai AK,
Singh TB. Fixation of posterior tibial plateau fracture
with additional posterior plating improves early
rehabilitation and patient satisfaction. Indian |
Orthop. 2019;53(3):472-478. doi:10.4103/
ortho.I[JOrtho 295_18

8. Worku AB, Kebede MA, Abate AD, et al. Clinical
outcomes and management of tibial plateau fractures
in Ethiopia: a prospective cohort study. PLoS One.
2025;20(5):€0323956. doi:10.1371/
journal.pone.0323956

9. Bormann M, Bitschi D, Neidlein C, et al. Mismatch
between clinical-functional and radiological outcome
in tibial plateau fractures: a retrospective study. J Clin
Med. 2023;12(17):5583. doi:10.3390/jcm 12175583

10. Babu CJ, Reddy TM, Sathya AM. A study of tibial
plateau fracture management by surgical methods
and their functional and radiological evaluation in
tertiary care hospital. Perspect Med Res.
2025;13(2):85-91. doi:10.47799/pimr.1302.25.16

11. Barei DP, O’Mara TJ, Taitsman LA, Dunbar RP,
Nork SE. Frequency and fracture morphology of the
posteromedial fragment in bicondylar tibial plateau
fracture patterns. J Orthop Trauma.
2008;22(3):176-182. doi:10.1097/
BOT.0b013e318169ef08

12. Pan S, Peng AQ, Hu YN, Wang S, Zhang YL, Wang
Y. Injury pattern simulation and mapping of complex
tibial plateau fractures that involve the posterior
plateau with three-dimensional computed
tomography. Ann Transl Med. 2021;9(4):302.
doi:10.21037/atm-20-5043

13. Van den Berg J, Reul M, Nunes Cardozo M, et al.
Functional outcome of intra-articular tibial plateau
fractures: the impact of posterior column fractures.
Int Orthop. 2017;41(9):1865-1873. doi:10.1007/
$00264-017-3566-3

14. Huang FT, Lin KC, Lin CY. Simultaneous
occurrence of anterior cruciate ligament avulsion and
adjacent anterior meniscal root tear not uncommon
in patients with tibial posterior condyle fracture,
particularly those with a long vertical split.
Orthopedics. 2025;48(4):215-222. doi:10.3928/
01477447-20250619-01

15. 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(2):188-194.
doi:10.4103/0019-5413.108915

16. Sundaramoorthy R, Arumugam S, Ramabadran P.
A prospective study of functional outcome of
posteromedial plating in the management of complex
tibial plateau fractures. Int J Orthop Sci.
2018;4(3):242-245. doi:10.22271/0ortho.2018.v4.i3e.41

17. Unnikrishnan J, Chandan K, Bindulal VA.
Posteromedial tibial plateau fractures - functional
outcome of posteromedial buttress plating with
precontoured locking plate using modified
Lobenhoffer approach. J Orthop Dis Traumatol.
2022;5(3):180-184. doi:10.4103/jodp.jodp_22 22

18. Patel N, Baria RP, Mittal PS, Rohra N. A study on
outcomes of posteromedial buttress plating in tibial
plateau fractures. Natl J Clin Orthop. 2020;4(3):8-11.
doi:10.33545/orthor.2020.v4.i3a.226

19. Arya MK, Bhartiya RK, Singh SK, Sharma P.
Supplementary posteromedial plating for the fixation
of complex tibial plateau fractures: a prospective
study. Cureus. 2023;15(1):€33797. doi:10.7759/
cureus.33797

Orthopedic Reviews


https://doi.org/10.4103/OJMPC_20172302_16
https://doi.org/10.1016/j.injury.2020.09.011
https://doi.org/10.1016/j.injury.2020.09.011
https://doi.org/10.1530/EOR-22-0004
https://doi.org/10.1016/j.injury.2022.04.006
https://doi.org/10.1016/S0020-1383(17)30649-6
https://doi.org/10.32553/ijmbs.v4i1.904
https://doi.org/10.4103/ortho.IJOrtho_295_18
https://doi.org/10.4103/ortho.IJOrtho_295_18
https://doi.org/10.1371/journal.pone.0323956
https://doi.org/10.1371/journal.pone.0323956
https://doi.org/10.3390/jcm12175583
https://doi.org/10.47799/pimr.1302.25.16
https://doi.org/10.1097/BOT.0b013e318169ef08
https://doi.org/10.1097/BOT.0b013e318169ef08
https://doi.org/10.21037/atm-20-5043
https://doi.org/10.1007/s00264-017-3566-3
https://doi.org/10.1007/s00264-017-3566-3
https://doi.org/10.3928/01477447-20250619-01
https://doi.org/10.3928/01477447-20250619-01
https://doi.org/10.4103/0019-5413.108915
https://doi.org/10.22271/ortho.2018.v4.i3e.41
https://doi.org/10.4103/jodp.jodp_22_22
https://doi.org/10.33545/orthor.2020.v4.i3a.226
https://doi.org/10.7759/cureus.33797
https://doi.org/10.7759/cureus.33797

Long-term outcomes of dual locking-plate fixation for bicondylar tibial plateau fractures via two mini-incis...

20. Chang SM, Wang X, Zhou JQ, Huang YG, Zhu XZ.
Posterior coronal plating of bicondylar tibial plateau
fractures through posteromedial and anterolateral
approaches in a healthy floating supine position.
Orthopedics. 2012;35(7):583-588. doi:10.3928/
01477447-20120621-03

21. Krause M, Kriiger S, Miiller G, Piischel K, Frosch
KH. How can the articular surface of the tibial plateau
be best exposed? A comparison of specific surgical
approaches. Arch Orthop Trauma Surg.
2019;139(10):1369-1377. doi:10.1007/
$00402-019-03200-z

22. Kalem M, Baltaci G, Acar Hi, Uslan Y, Perdeci EN,
Sahin E. Biomechanical evaluation of fixation
techniques for posteromedial tibial plateau fractures:
a cadaveric model. Jt Dis Relat Surg.
2025;36(3):620-629. doi:10.52312/jdrs.2025.2373

23. Twinprai N, Twinprai P, Sripaduangkul S, et al.
Biomechanical analysis of posteromedial tibial
plateau fracture fixation in fresh cadaveric bone.
Injury. 2024;55(3):111316. doi:10.1016/
j.injury.2024.111316

24. Elsenosy AM, Yousef AS, Hassan E, Al-Alawi M,
Abdelfatah AM, Delewar RA. Early versus delayed
weight-bearing following tibial plateau fracture
surgery: a systematic review and meta-analysis.
Cureus. 2025;17(10):e95185. doi:10.7759/
cureus.95185

25. Bhangale Y, Wandile K, Roy S, Patidar B, Rekhate
S, Badole CM. Dual plating in bicondylar proximal
tibia fractures and its functional outcomes. Cureus.
2026;18(2):103803. doi:10.7759/cureus.103803

26. Manikandan N, Saravanakumar KP. A study on
functional and radiological outcome of complex tibial
plateau fractures by posteromedial plating. Int ] Res
Orthop. 2019;5(2):223-226. doi:10.18203/
issn.2455-4510.IntJResOrthop20190055

Orthopedic Reviews

10


https://doi.org/10.3928/01477447-20120621-03
https://doi.org/10.3928/01477447-20120621-03
https://doi.org/10.1007/s00402-019-03200-z
https://doi.org/10.1007/s00402-019-03200-z
https://doi.org/10.52312/jdrs.2025.2373
https://doi.org/10.1016/j.injury.2024.111316
https://doi.org/10.1016/j.injury.2024.111316
https://doi.org/10.7759/cureus.95185
https://doi.org/10.7759/cureus.95185
https://doi.org/10.7759/cureus.103803
https://doi.org/10.18203/issn.2455-4510.IntJResOrthop20190055
https://doi.org/10.18203/issn.2455-4510.IntJResOrthop20190055

	Long-term outcomes of dual locking-plate fixation for bicondylar tibial plateau fractures via two mini-incisions: A prospective study
	Background
	Objective
	Methods
	Results
	Conclusions
	Introduction
	Materials and Methods
	Study design and setting
	Study population
	Preoperative management
	Surgical technique
	Postoperative protocol
	Outcome assessment and follow-up
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	Corresponding author:
	Authors’ contributions
	Conflicts of interest
	Funding

	References


