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What we know and what the literature tells us

Increasing interest over the years, 
but let's go to the ski run…





Skier, 14y
Knee injury

Salter Harris type II





Growth Plate Injuries

The main complication is growth disturbances secondary to growth-
plate injury



Growth Plate Injuries
Fractures involving the femoral or tibial physis are 
relatively infrequent. 

The growth plate of the distal femur grows at a 
variable rate of 8–10 mm/year, is responsible for 40% 
of the total growth of the lower limb, and closes
approximately at the age of 13 years for females and 
15 years for males. 

The growth plate of the proximal tibia grows by 6 
mm per year and closes approximately at the age of 
14–15 years. 

Only 0.3–0.4% of all epiphyseal detachments.





Proximal tibia – Tibial Tuberosity Avulsion Fracture

Specificity: proximal tibia ossification center 
begins to ossify from posterior-medially to 

anterior-laterally and then from proximal to 
distal. The tibial tubercle is the last 

A concentric contraction of quadriceps during
jumping or an eccentric contraction during

knee flexion produce the fracture
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Current trends in the treatment of knee fractures in children and adolescents

lesions at the distal femoral or proximal tibial epiphysis, 
or displaced tibial tubercle avulsion fractures, may present 
neurovascular involvement.4 Understanding the relevant 
anatomy, pathophysiology, diagnosis, and treatment options 
are important to decrease the risk of complications.3 The aim 
of this article is to discuss the current trends in diagnosis 
and treatment of knee fractures in children and adolescents.

Tibial eminence fractures (TEF)

Tibial eminence fractures are epiphyseal avulsion 
injuries, that typically occur in children from 8 to 14 years 
of age, and account for 5% of the traumatic effusions around 
the pediatric knee.6,7 The most common mechanism of 
injury is a non-contact sports trauma, or falls from bicycle,8 
competitive sports, and traffic accidents.9,10 In children, 
RVVL¿FDWLRQ�RI�WKH�SUR[LPDO�WLELDO�OHDYHV�WKH�WLELDO�HPLQHQFH�
at risk of avulsion as it is cartilaginous. When excessive 
VWUHVV�LV�DSSOLHG�WR�WKH�$&/�WKH�LQFRPSOHWH�RVVL¿HG�WLELDO�
spine presents less resistance than does the ligament, 
resulting in a fracture through cancellous bone beneath the 
tibial spine.4 Patients with TEF may present with knee pain, 
joint effusion, inability to bear weight and reduced knee 
range of motion.11 Although most patients can be diagnosed 
with plain knee radiographs, a high percentage may have 

associated injuries.12 MRI is valuable to identify associated 
meniscal tears, collateral ligament, and chondral injuries 
which can be present in up to 40% of the cases.12,13,14,15,16,17 
7KH�0H\HUV�	�0F.HHYHU�FODVVL¿FDWLRQ�GLYLGHV�7()�LQWR�
three types according to the degree of displacement. Further 
PRGL¿FDWLRQV�KDYH�EHHQ�GHVFULEHG�WR�LQFOXGH�FRPPLQXWLRQ�
and articular involvement (Figure 1).18,19,20

Type I fractures are nondisplaced and can almost 
universally be treated with a non-weight bearing long leg 
cast for 3 to 4 weeks. Type II fractures, which are hinged 
posteriorly with superior displacement of the anterior 
segment, were also historically treated nonoperatively. 
However, if the eminence is not appropriately reduced 
with closed treatment, outcomes may be complicated 
from lack of extension due to impingement or increased 
laxity from failure to restore the ACL insertion. Because 
of these complications, surgical management is typically 
recommended for type II fractures unless anatomic reduction 
can be achieved with knee extension and immobilization. 
Type III and IV fractures are entirely displaced and require 
surgical treatment.21,22

Surgical treatments range from open surgery to 
arthroscopy.23 Arthroscopic-assisted fracture reduction 
and internal fixation has become increasingly popular for 
the management of articular fractures of the knee, as it has 

I
Non-displaced

II
Minimally displaced with 

intact posterior hinge

III
Completely 
displaced

IV
Comminuted

Figure 1: 

Type I: non-displaced, TYPE 
II: partially displaced with 
intact posterior hinge, type 

III: completely displaced, type 
IV: comminuted fracture.

0RGL¿HG�0H\HUV�	�0F.HHYHU¶V�
FODVVL¿FDWLRQ�

Figure 2: 7\SH�,�LV�D�IUDFWXUH�RI�WKH�VHFRQGDU\�RVVL¿FDWLRQ�FHQWHU�QHDU�WKH�LQVHUWLRQ�RI�WKH�SDWHOODU�WHQGRQ��7\SH�,,�WKH�IUDFWXUH�SURSDJDWHV�SUR[LPDOO\�EHW-
ZHHQ�SULPDU\�DQG�VHFRQGDU\�RVVL¿FDWLRQ�FHQWHUV��7\SH�,,,�LV�D�IUDFWXUH�WKDW�WUDYHUVHV�WKH�SULPDU\�DQG�VHFRQGDU\�RVVL¿FDWLRQ�FHQWHUV��7\SH�,9�LV�D�IUDFWXUH�
through the entire physis. Type V is an avulsion of the periosteal sleeve.
0RGL¿HG�2JGHQ�FODVVL¿FDWLRQ�

I II III IV V
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Ogden classification



TTAF - Treatment

• Cast for Type 1 and non 
displaced fractures
• ORIF for displaced and intra-

articular (>2mm) 
• Medial parapatellar incision or 

centered over the fracture site 
to assess articular damage
• 4,5 mm cannulated screws

avoiding the physis



TTAF - Treatment

• In the OR as soon as
possible
• High risk of skin

compartment syndrome
• Prophylactic fasciotomy?
• Ogden 1-2-3 return to 

sport at 3 months
• Ogden 4-5 return to 

sport at 4-6 months
Franz et al 2020



70% of lower limb growth is around the knee
Fractures are more frequent than ligamentous injuries

Great amount of cartilage

Fractures can cause 
• limb length discrepancies
• angular deviations
• chronic pain
• ROM deficit
• residual laxity and instability

Fractures involving extensor mechanism may cause 
• functional impairment 
• extension lag





Tibial spine fractures

• 8-14 ys

• 3 fx /100000 

• 2-5% of pediatric injuries associated with an effusion

• Historically bycicle injuries

• More frequently non contact sport, soccer, skiing

• Mechanism similar to that of ACL injuries: forceful

knee flexion while the tibia is externaly rotated



Meyers and McKeever Classification (1970)

Meyers & McKeever
mod Zaricznyj

Type I non displaced
Type II posterior hinge
Type III displaced

Type IV comminuted

Figure 1 - uploaded by Vaibhav Bagaria
Content may be subject to copyright.

Mayer and Mc Keevers classification of tibial spine avulsion fracture. Type IV Comminuted fracture was added
later by Zariczynj

Download View publication

TypeI TypeIl/ iTypeIA

ТуреIIB
TypeIV

Source publication

MODERN ARTHROSCOPY

Data Full-text available Mar 2013

Jami Ilyas · Jeremy Rushbrook · Panos Souroullas · [...] · Vikram Sapre

Arthroscopy has now become the most commonly performed musculoskeletal procedure. Arthroscopy has
had several beneficial effects especially in terms of reduction of morbidity and reducing and in many cases
eliminating the need for hospitalization. It all began with the knee surgeries and even today the most
common arthroscopic procedures are perfor...

+81

Cite Download full-text

Get access to 30 million figures

Join ResearchGate to access over 30 million figures and 160+ million publications –
all in one place.

Join for free

Advertisement

or Recruit researchers Join for freeSearch for publications, researchers, or questions Discover by subject area Login

Company

About us

News

Careers

Support

Help Center

Business solutions

Advertising

Recruiting

© 2008-2024 ResearchGate GmbH. All rights reserved. Terms · Privacy · Copyright · Imprint



Green ClassificaCon (2019) 
Xray and CT scan are not enough

• Mitchell et al 2015, Rhodes et al 2018 Shea
et al 2011 report meniscal tears in 29-40%,
meniscal entrapment 35%
• In younger patient the fragment detached

can be purely of cartilage (very difficult to
be adequately visualized by CT)
• In minimally displaced lesions MRI can be

very useful prior to decide non operative
treatment as stated by Rhodes et al 2018



Green Classification (2019) 

The MRI-based system provides specific, quantitative criteria for 
classifying fractures according to fragment displacement and tissue

entrapment. 
The new MRI-based system potentially clarifies treatment indications

for tibial spine fractures.
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Non surgical

Surgical

Type IIIA only the insertion of ACL
Type IIIB the intercondylar eminence

Type IV comminuted (added by 
Zaricznyj)??



Treatment

Type II surgical if good closed reduction but there is debate regarding management of this
subgroup
• Kocher et al 2003, Mulhall et al 1999, Mitchel et al 2015, Lafrance et al 2014 suggest

operative treatment also in this group
• Edmonds et al 2015 suggest non operative treatment if displacement less than 5 mm,

and surgical intervention provide better reduction but with a big arthrofibrosis risk
• Frequent soft tissue entrapment (intermeniscal ligament? meniscus itself?)



ARIF vs ORIF
Many studies report equivalent or better outcome with ARIF

Callaman et al 2019

BUT
Small, retrospective studies including adults

Binet et al 2001, Kendall et al 1992,Matthews et al 1994

In a recent sistematic review patient with ARIF had greater ROM deficit, and 
more anterior laxity than those with ORIF, arthrofibrosis rate being the same

Gans et al. 2014

Surgical delay: operative times are significantly longer and associated with risk 
of arthrofibrosis

Watts 2016



How to fix

• Headless screws
• Cannulated screws
• K wires

• Absorbable suture
• Non absorbable sutures
• Suture anchors
• Suture bridge and cortical buttons
• Lasso
• Meniscus arrows



Pan et al. 2012 
• better IKDC score
• less pivot shift laxity
• shorter operative times 
• (bias: the cohort included adult

patients)

Osti et al. 2016 (syst.rev.)
• Shorter postoperative

rehabilitation
• Earlier weight bearing
• more aggressive rehab

Metal screws



Metal screws

Hunter et al 2004, Hirschmann et al 
2009
• Growth issues
• Need for reoperation
• Articular surface damage

Furlan et al 2010, Bonin et al 2007

• Headless screws and K-wire had
decreased articular damages
and need of hardware removal



Suture technique

Eggers et al 2007, Senekovic et al 2014, Waghi et al 2015
• Stronger and longer reduction under cyclic load as in physiologic knee activity

Bogunovich et al 2015 (syst rev)
• Lower rate of clinical laxity tested (KT 1000 and Lachmann test)
• No difference in patient reported instability



Suture technique
absorbable vs non absorbable

Brunner et al 2016, Liao et al 2016
• No clinical and radiological significative 

differences

Suture anchor 
Xuu et al 2017: 
• Improved outcomes (KT 1000, Tegner, IKDC, 

Lysholm)
• No differences in patient reported instability

Bley et al 2017
• Avoid proximal physeal damage
• Provide strong low-profile suture fixation



Other techniques – small series
• Tension band with wire around a screw

Archer et al  2016

• High strength nonabsorbable suture with cortical button
Zhang et al 2017, Memisoglu et al 2016

• Hybrid K-wire and suture construct
Zhao et al 2015



Arthrofibrosis

• For surgically treated 10-30%
Gans et al2014, Bram et al 2020, Vander Have et al 2010

• Concomitant ACL tear
• Non sport related injury
• Long immobilisation
• Patient younger than 10

Bram et al 2020

• Long surgical time
Vander have 2010

• If rehab starts later than 4 wks from surgery arthrofibrosis is 12 times more 
likely to develop

Patel 2012



Tibial Spine Fractures - THM

• Retrospective studies
• Small series
• Heterogenicity of surgical techniques

(many solution to a problem = no gold standard)
• Successful outcomes both with ARIF and ORIF but with low level of

evidence
• No consensus about superiority of any suture technique
• In recent literature lateral extrarticular tenodesis augmentation

diminishes failure rate in patient treated with ACL recon, no studies
about the same issue in TSF





Sleeve fractures

• Rare and almost seen in skeletally
immature patients
• X-rays detect big fragment
• For little fragments MRI is necessary
• Location

• Proximal patellar pole
• Distal patellar pole (most frequent one)
• Tibial metaphysis

• Differential diagnosis with Sinding
Larsen Johanson sd



Sleeve fractures treatment

• Suture anchor
• Small screws
• Tension band wiring
• Reparation of torn retinaculum, 

patellar or quadriceps tendon
(often associated)
• 4 weeks immobilisation
• Perkins et al 2021 in the largest

series reported good results with 
transosseous fixation



Sleeve fractures complications

Non adequate treatment choice or non timely
treatment can lead to:

• Malunion
• Patella alta
• Anterior knee pain
• Quadriceps atrophy
• Extension lag

Severe limitations in daily activities





Take Home Message

Complex articular fractures around the knee in 
pediatric patients have some peculiarities that

differentiate them from adults.

Accurate diagnosis and treatment are essential
to avoid growth problems and permanent

functional deficits.


