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Spectrum of Fractures



Spectrum of Soft Tissue Injury



Mechanism of Injury
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Recent History
• “These results suggest that 

patients with comminuted tibial 
plateau fractures requiring 
either two buttress plates or a 
single plate with additional 
interfragmentary lag screws 
would probably be better 
managed by either non-
operative treatment or limited 
internal fixation.”

– Young MJ, Barrack RL: Complications of internal fixation of 
tibial plateau fractures. Orthop Rev. 1994 Feb;23(2):149-
154.





Outcomes after fracture malreduction
• 5-27 yr. follow-up
• Union in 95%, ROM 135°
• 31% developed arthritis
• Arthritis developed in:

– 27% with >5° varus/valgus 
alignment

– 9% with <5° varus/valgus 
alignment.

– Rademakers MV, Kerkoffs GM, Sierevelt IN, 
Raaymakers EL, Marti RK: Operative treatment 
of 109 tibial plateau fractures: five- to 27-year 
follow-up results. J Orthop Trauma 2007; 21:5-
10.



Plate Evolution
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Current Issues
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History of Spanning Fixators
• “The complication rate in operated patients was 19%, much of 

which was due to infection.” 
– Moore TM, Patzakis MJ, Harvey JP: Tibial plateau fractures: definition, demographics, treatment 

rationale, and long-term results of closed traction management or operative reduction. J Orthop 
Trauma. 1987;1(2):97-119.

• “A temporary spanning external fixator was used in 17 (41.5%) 
fractures to allow for further assessment, demarcation, and 
improvement of the anterior soft tissues.” 
– Bolhofner BR: Indirect reduction and composite fixation of extraarticular proximal tibial fractures. 

Clin Orthop Relat Res. 1995 Jun;(315):75-83.



When do we delay internal fixation?
• Fractures treated with external 

fixation: “at the discretion of the 
operating surgeon”.
– General condition of the patient
– Associated injuries
– Amount of limb shortening
– Amount of deformity
– Subluxation of the joint
– Condition of the soft tissues
– Compartment syndrome

Barei DP, Nork SE, Mills WJ, Henley MB, 
Benirschke SK: Complications associated with 
internal fixation of high-energy bicondylar tibial 
plateau fractures utilizing a two-incision 
technique. J Orthop Trauma. 2004 Nov-
Dec;18(10):649-57.



What fractures should be treated initially with 
external fixation?

• Fractures classified as high energy:
– Schatzker VI tibial plateau fractures
– Significant mechanism of injury
– Comminution with significant fracture 

displacement
– Open fractures
– Blood filled blisters

Egol KA,Tejwani NC, Capla EL, Wolinsky PL, Koval KJ: Staged management of high-
energy proximal tibia fractures (OTA types 41): the results of a prospective, standardized 
protocol. J Orthop Trauma. 2005 Aug;19(7):448-455.



Fixator Mechanics
• Temporizing frame.
• Balance stability vs. time vs. cost.



Recycle fixators?
• University of Iowa used to use refurbished parts until their attorneys started 

asking questions.
• Refurbishing company refused to indemnify the surgeons or the hospital.

– Marsh JL: Invited Commentary. J Orthop Trauma. 2008 Feb;22(2):130-131.



Knee Immobilizers?
• Advantages:

– Fast application without surgery.
– No metallic artifact during studies.
– Cost

• Disadvantages
– Maybe unable to stabilize injury.
– Subsequent displacement can go unrecognized.
– Leg is completely covered and unexamined.

• Indicated if:
– There is no significant joint subluxation or fracture 

related shortening that could be better stabilized with 
external fixation.



Timing of Definitive Fixation
• Average 8.5 days.

– Bolhofner BR: Indirect reduction and composite fixation of extraarticular proximal tibial fractures. 
Clin Orthop Relat Res. 1995 Jun;(315):75-83.

• Average 14 days (3-40).
– Barei DP, Nork SE, Mills WJ, Henley MB, Benirschke SK: Complications associated with internal 

fixation of high-energy bicondylar tibial plateau fractures utilizing a two-incision technique. J Orthop 
Trauma. 2004 Nov-Dec;18(10):649-57.

• Mean 15 days – median 9 days.
– Egol KA,Tejwani NC, Capla EL, Wolinsky PL, Koval KJ: Staged management of high-energy 

proximal tibia fractures (OTA types 41): the results of a prospective, standardized protocol. J 
Orthop Trauma. 2005 Aug;19(7):448-455.



Timing of Definitive Fixation

• Reduction in edema
• Reepithelialization of fracture 

blisters
• Return of skin wrinkles

– Egol KA,Tejwani NC, Capla EL, Wolinsky PL, Koval KJ: Staged 
management of high-energy proximal tibia fractures (OTA types 41): 
the results of a prospective, standardized protocol. J Orthop Trauma. 
2005 Aug;19(7):448-455.

– Barei DP, Nork SE, Mills WJ, Henley MB, Benirschke SK: 
Complications associated with internal fixation of high-energy 
bicondylar tibial plateau fractures utilizing a two-incision technique. J 
Orthop Trauma. 2004 Nov-Dec;18(10):649-57.



Early definitive fixation
• Many bicondylar fractures can 

be safely treated very early.
• Indications for spanning fixators 

and delay:
– Circumferential blisters
– Extensive contusion or necrosis
– General condition of patient
– NOT “skin fold sign”

– Unno F, Lefaivre KA, Osterhoff G, et al: Is early 
definitive fixation of bicondylar tibial plateau fractures 
safe? An observational cohort study. J Orthop Trauma 
2017;31:151-157.
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What about the minimally displaced fracture?
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Nonsurgical Treatment of Tibial Plateau Fractures

• Minimal fracture displacement 
do well: 
– 59% with good/excellent results.

• Minimal displacement:
– <2mm articular incongruence
– <5mm condylar widening
– <5° varus/valgus instability
– No preexisting OA
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Nonsurgical Treatment of Tibial Plateau Fractures

• Medical factors do poorly 
(p=0.002).

• SMFA:
– Minimal displacement = 13.2
– Surgical treatment = 12.0
– Surgery precluded = 38.8

– Pean CA, Driesman A, Christiano A, et al: 
Functional and clinical outcomes of nonsurgically
managed tibial plateau fractures. J Am Acad
Orthop Surg 2017;2:375-380. 
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Soft tissue injury
• 77% ligament injury (ACL, 

PCL, MCL, LCL).
• 91% lateral meniscal tears.
• 44% medial meniscal tears.
• 68% had posterior lateral 

corner tears.
– Gardner MJ, Yacoubian S, Geller D, Suk M, Mintz D, 

Potter H, Helfet DL, Lorich DG: The incidence of soft 
tissue injury in operative tibial plateau fractures: a 
magnetic resonance imaging analysis of 103 
patients. J Orthop Trauma 2005;19:79-84.



Soft tissue injuries associated with tibial plateau fractures

• 73% had at least one soft-
tissue injury.

• Only 2% ever had an 
associated soft-tissue surgery.

– Warner SJ, Garner MR, Schottel PC, et al: The effect of 
soft tissue injuries on clinical outcomes after tibial 
plateau fracture fixation. J Orthop Trauma 2018;32:141-
147.
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Technique
• Anterolateral “hockey-stick” 

incision.
• Posteromedial straight 

incision.
• Blisters!!!!!!!

Patella

Lateral

Medial



Technique
• Anterolateral incision:

– Universal distractor!
– Elevate the anterior compartment off 

of the tibia only as needed.
– Incise coronary ligaments under the 

lateral meniscus for visualization.
– Work through the fracture.
– Drive K-wires all the way through to 

stabilize before screws.
– Use locking plates in unstable 

bicondylar fractures.



Technique
• Posteromedial incision:

– Straight incision.
– Retract medial gastrocnemius 

posterior.
– Careful dissection around 

posterior tibia.
– Stabilize with buttress/anti-glide 

type plates (anatomic, one-third 
tubular or pelvic reconstruction 
plates).



What about the metaphyseal defect?
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Calcium Phosphate
• Use injectable calcium 

phosphate to fill bone void 
under comminuted plateau.

• Since it is injected, it fills 
bone defects.

• It has significant 
compressive strength –
greater than that of 
cancellous bone.



Bone graft vs. Ca3(PO4)2

• 120 tibial plateau fractures 
autogenous graft vs. 
Ca3(PO4)2.

• Higher rate of articular 
subsidence (p = 0.009) in 
the bone graft group. 

– Russell TA, Leighton RK, Alpha-BSM Tibial plateau 
Fracture Study Group: Comparison of autogenous 
bone graft and endothermic calcium phosphate 
cement for defect augmentation in tibial plateau 
fractures. A multicenter, prospective, randomized 
study. J Bone Joint Surg 2008; 90-A: 2057-2061.



Three-column theory
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Three-column theory
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Three-column theory
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Poor outcomes
• Risk of infection:

– Open fractures
– Smoking
– Compartment syndrome
– Two incisions with two plates

– Morris BJ, Unger RZ, Archer KR, et al: Risk factors of 
infection after ORIF of bicondylar tibial plateau fractures. 
J Orthop Trauma 2013;27:e196-e200.
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Poor outcomes
• Risk for reoperation:

– Open fracture
– Bicondylar fracture
– Associated tibial shaft
– Surgery performed on 

evening/weekend
– Surgery performed after 

midnight

– Henry P, Wasserstein D, Paterson M, et al: Risk factors 
for reoperation and mortality after the operative 
treatment of tibial plateau fractures in Ontario, 1996-
2009. J Orthop Trauma 2015;29:182-188.
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Summary
• Reestablish the mechanical axis
• Carefully select between one-

stage and two-stage procedures
• Set expectations for 

nondisplaced fractures
• Rehabilitate hard after surgery 

to reduce knee stiffness
• Set expectations of associated 

soft tissue injuries
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Summary
• Use calcium phosphate as 

needed to fill metaphyseal
defects

• Consider the posterior approach 
when indicated

• Set expectations for patients 
that are risk for poor outcome 
(open fx, smokers, ACS, Fx
requiring two plates)

• Operate in the daylight!
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