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Abstract  
Background: Distal femur fractures that involve severe metaphyseal and articular comminution (AO 33-C3) remain a major 

therapeutic challenge. The distal fragment’s short bone stock, frequent osteoporotic bone in older patients, and the 
complexity of intra-articular fracture patterns increase the risk of loss of reduction, varus collapse and nonunion when 
fixation is inadequate. Lateral locked plating is widely used and often effective, but in fractures with medial column 
deficiency or large medial condylar (Hoffa) fragments the lateral construct may behave as a cantilever and be prone to 
mechanical failure. Contemporary biomechanical and clinical series suggest that adding a medial locking plate 
restores a two-column support, increases construct stiffness and may reduce mechanical complications in selected, 
high-risk fractures.

Hypothesis: For skeletally mature patients with AO 33-C3 distal femur fractures and/or clear medial column deficiency, 
supplementing lateral locked plating with a medial distal femoral locking plate will improve mechanical stability, 
increase the likelihood of timely radiographic union and reduce rates of varus collapse or implant failure, without an 
unacceptable rise in wound or soft-tissue complications. When combined with meticulous surgical technique and 
structured rehabilitation, dual-column fixation should permit safer early joint motion and improved patient-centred 
functional recovery.

Clinical importance: Identifying fractures that truly lack medial support and applying targeted medial augmentation can 
meaningfully change outcomes — converting a fragile single-sided construct into a balanced dual-column fixation. 
For surgeons, the practical benefits are fewer mechanical revisions, more reliable maintenance of alignment, and a 
better platform for early mobilization. These advantages must be weighed against longer operative time, added 
implant cost and the need for careful soft-tissue handling to limit wound problems.

Future research: Larger matched-cohort or randomized studies are needed to define precise thresholds of medial bone loss or 
fragment size that justify medial plating, to compare dual plating with other augmentation strategies, and to analyze 
cost-effectiveness and standardized rehabilitation protocols.
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Background
Fractures of the distal femur present a difficult problem for 
trauma surgeons because they combine an anatomically 
complex articular surface with often poor bone quality and 
limited distal bone stock. The injury shows a bimodal 
distribution — high-energy fractures in younger adults and 
low-energy osteoporotic fractures in older patients — and 
accounts for a small proportion of overall fractures but a 
disproportionate burden of disability when healing or 
alignment fails [1–4].
Treatment goals are consistent: restore articular congruity, 
correct alignment and rotation, preserve limb length, and 
enable early knee motion. Historically, treatment ranged from 
conservative management to a variety of internal fixation 
solutions including blade plates and intramedullary devices; 
modern locked plating technology gave surgeons a fixed-angle 
option that improved fixation in osteoporotic bone and allowed 
percutaneous (biologic) techniques in many cases [5–7]. 
Despite this progress, complex intra-articular injuries with 
metaphyseal comminution (AO 33-C3) and fractures with 
medial column deficiency remain at risk for mechanical failure 
after lateral locking plate fixation alone. Problems such as varus 
collapse, screw toggle, plate breakage and nonunion have been 
reported when medial support is absent [8–11].
Biomechanical studies show that constructs which provide a 
medial buttress — either by adding a medial plate or combining 
a lateral plate with an intramedullary device — markedly 
increase axial stiffness and reduce displacement under cyclic 
loading compared with a lone lateral plate in comminuted 
models [12–14]. Clinically, several retrospective series and 
single-centre reports describe improved union rates and fewer 
revisions when a medial plate is added for clearly indicated 
fractures, although the level of evidence remains limited [11, 15, 
16].
Surgeons weigh the mechanical advantage of a second plate 
against concerns about increased soft-tissue dissection, 
operative time, cost and theoretical risks to fragment 
vascularity. Anatomical and cadaveric work suggest that a 
medial approach can be performed safely when respecting 
anatomic safe zones and using minimally invasive techniques 
where appropriate; vascular compromise does not appear to be 
a frequent clinical problem when medial fixation is applied 
judiciously [17–19].
Practical indications emerging from the literature include: large 
medial condylar (Hoffa) fragments, medial supracondylar 
bone loss, peri-prosthetic distal femur fractures, nonunion after 
failed lateral fixation, severe metaphyseal comminution (AO 
33-C3) and poor bone quality. In these situations medial 
augmentation functions as a buttress that offloads the lateral 
plate and converts a cantilever construct into a dual-column 
support, which improves survivorship under physiologic 
loading [15, 20–22].
The present single-centre retro-prospective study reviewed 20 

skeletally mature patients with AO 33-C3 distal femoral 
fractures treated with combined lateral locked plate and medial 
distal femoral locking plate between October 2019 and 
October 2021. Outcomes recorded through one year included 
radiographic union, knee range of motion, HSS knee score, SF-
36, time to weight-bearing and complications. Results in this 
cohort (high union rate, no plate failure, manageable wound 
issues and a majority achieving good knee ROM and HSS/SF-
36 scores) mirror the positive signals seen in other dual-plating 
series and reinforce the rationale for selective medial 
augmentation in complex distal femur injuries [1, 11, 16, 23].

Hypothesis and rationale 
Primary hypothesis: In skeletally mature patients with AO 33-
C3 distal femur fractures and/or medial column deficiency, 
supplemental medial locking-plate fixation added to a lateral 
locked plate produces improved mechanical stability that 
translates into higher union rates, fewer mechanical failures 
(varus collapse, plate/screw breakage), and at least equivalent 
— if not superior — functional outcomes compared with 
expectations from lateral plating alone.

Why this should be true
1. Mechanics. With an absent medial buttress a lateral plate 
functions as an unsupported cantilever and concentrates 
bending load on the lateral implant and its distal screws. A 
medial plate restores the second column and shares axial and 
bending loads: biomechanical work consistently demonstrates 
increased axial stiffness and less displacement for dual-plate 
constructs in comminuted models [12–14].
2. Biology and function. Rigid anatomic fixation that resists 
collapse permits early controlled knee motion and protects 
articular reduction. W here lateral fixation alone risks 
progress ive  var us  or  f ragment  subsidence,  medial 
augmentation allows safe rehabilitation, which is a key 
determinant of long-term knee mobility and patient-centred 
outcomes [22, 24].
3. Targeted, not routine, use. Dual plating is not proposed as the 
default for all distal femur fractures. Its benefit is greatest where 
medial stability is clearly compromised: medial Hoffa 
fragments, peri-prosthetic fractures, nonunion after failed 
lateral fixation, wide metaphyseal bone loss, or severe 
osteoporotic comminution (AO 33-C3). Carefully selecting 
cases maximizes gain and minimizes extra soft-tissue exposure 
[15, 16, 21].

Operational hypotheses for the cohort
• Radiographic union by 12–24 weeks in the majority, with 
overall union rates comparable to or better than published 
series of similarly comminuted fractures treated without medial 
augmentation.
• Low mechanical failure rate (expectation: plate/screw 
breakage or varus collapse will be uncommon).
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• Functional recovery (knee ROM, HSS and SF-36) will be 
satisfactory in most patients when coupled with structured 
rehabilitation.
• Complications (wound discharge, superficial infection, and 
stiffness) will occur but remain manageable without routine 
implant removal [1, 11, 16, 23].
Endpoints and thresholds
• Primary: clinical and radiographic union at 52 weeks without 
mechanical failure.
• Secondary: knee ROM at serial intervals, HSS knee score and 
SF-36 at one year, time to full weight-bearing, and rates of 
complications requiring reoperation or prolonged wound care. 
These endpoints combine mechanical success with outcomes 
that matter to patients [1,23].

Discussion 
The cohort of 20 patients treated with medial plus lateral 
locking plates demonstrated encouraging outcomes: the large 
majority achieved radiographic union within expected 
timeframes, knee ROM of ≥100° in most patients at one year, 
favorable HSS and SF-36 scores for the cohort, no implant 
breakage and a modest rate of wound-related complications and 
stiffness. These findings are consistent with prior clinical 
reports that reserve medial augmentation for severely 
comminuted or medial-deficient fractures [16,  23,  24].
Why might dual plating work clinically? Mechanically it 
reduces bending stresses on the lateral plate and distributes load 
across both columns; biologically it allows more reproducible 
maintenance of articular reduction and alignment, enabling 
earlier controlled motion that reduces stiffness. Biomechanical 
and cadaver studies support these mechanics, and accumulated 
clinical series suggest fewer catastrophic fai lures in 
appropriately selected patients [12–14,  20].
However, limitations require emphasis. The present study is a 
small, non-randomized, retro-prospective series without a 
matched lateral-only comparator; thus selection bias is inherent 
— surgeons tended to choose medial augmentation for 
fractures judged most unstable. This limits causal inference 
about superiority. Also, sample size restricts precise estimation 
of complication rates. Published literature is similarly 
dominated by retrospective series and biomechanical work; 
randomized data are scarce [9,  20].

Practical lessons for surgeons follow:
• Select patients carefully. Reserve medial augmentation for AO 
33-C3 fractures with clear medial column deficiency, large 
medial condylar (Hoffa) fragments, peri-prosthetic fractures, 
nonunion after failed lateral plating, and severe osteoporotic 
metaphyseal comminution. Routine dual plating where not 
indicated adds exposure without clear benefit [15,  16,  21].
• Respect soft tissues. A single longitudinal medial incision or 
minimally invasive medial plate insertion reduces soft-tissue 
morbidity compared with extensive dissection. Anatomical 

studies define safe zones; strict surgical technique and gentle 
handling of soft tissues reduce wound complications [17, 18].
• Stage rehabilitation. Encourage early controlled knee motion 
but delay unprotected full weight-bearing until radiographic 
consolidation (bridging on at least three cortices). 
Individualize protocols for elderly/osteoporotic patients. 
Structured physiotherapy mitigates long-term stiffness [22, 
24].
• Plan for cost and time. Dual plating increases implant use and 
OR time; however, if it reduces the need for costly revisions, it 
may be cost-effective for high-risk fractures — a question for 
formal health-economic study [20,  25].
From a research standpoint, the field needs larger comparative 
cohorts or randomized trials to determine thresholds of medial 
bone loss or fragment size where medial augmentation 
meaningfully changes outcomes. Biomechanical refinements 
(optimal plate placement and screw strategies in osteoporotic 
bone) and standardization of postoperative protocols would 
also enhance evidence-based practice [12,  25].

Clinical importance 
For pract is ing or thopaedic surgeons:  medial  plate 
augmentation is a practical option when the medial column is 
compromised. It restores a mechanical buttress, decreases 
bending load on the lateral implant, and can reduce the risk of 
varus collapse and nonunion in AO 33-C3 and other high-risk 
patterns. Appropriate case selection, careful soft-tissue 
technique (or minimally invasive medial insertion), and a 
rehabilitation plan that encourages early controlled motion but 
delays full weight-bearing until radiographic healing produce 
the best outcomes. The technique should be seen as a targeted 
adjunct in a surgeon’s toolkit rather than as routine for all distal 
femur fractures [15,  17,  22].

Future directions
Priority research includes multicentre, matched-cohort or 
randomized comparisons of lateral-only versus lateral+medial 
fixation for comparable AO 33-C3 fractures, cost-effectiveness 
analyses, and biomechanical work to optimize plate placement 
and screw patterns for osteoporotic bone. Registry data for peri-
prosthetic fractures and standardized rehabilitation trials 
would also clarify best practice and help develop evidence-
based algorithms for when to add medial fixation [20,  25].
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