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Abstract

Background Tibial tuberosity fractures in adolescents are

uncommon. We retrospectively reviewed all tibial tuber-

osity fractures in adolescents (10–19) who presented to our

level 1 pediatric trauma center over a 7-year period to

review fracture morphology, mechanism of injury, fracture

management including return to play, as well as compli-

cations. Additionally, we present a review of the literature

and treatment algorithm.

Methods We reviewed the clinical charts and radiographs

of consecutive patients with tibial tuberosity fractures

between 01 January 2000 and 01 January 2007. Data

parameters included the following: patients age and gender,

involved side, injury classification, co-morbidities, mech-

anism of injury, treatment, return to activity and

complications. Data were extracted and reviewed, and a

treatment algorithm is proposed with some additional

insights into the epidemiology of the injury. Nineteen

patients met the inclusion criteria.

Results There were 19 patients with 20 tibial tuberosity

fractures. The mean age was 13.7 years. There were 18

males and 1 female patient. There were nine left-sided

injuries and eleven right-sided including one patient with

bilateral fractures. Mechanism of injuries included basket-

ball injury (8), running injury (5), football injury (3), fall

from a scooter (2), high jump (1) and fall (1). Co-morbid-

ities included three patients with concurrent Osgood–

Schlatter disease and one with osteogenesis imperfecta. All

were treated with ORIF, including arthroscopic-assisted

techniques in two cases. Complications included four

patients with pre-operative presentation of compartment

syndrome all requiring fasciotomy, one post-operative

stiffness and one painful hardware requiring removal.

Range of motion was started an average of 4.3 weeks post-

operatively and return to play was an average of 3.9 months

post-operatively.

Conclusion Although uncommon, tibial tuberosity frac-

tures in adolescents are clinically important injuries. Early

recognition and treatment (closed or open as appropriate)

gives good results. All the patients in our series had sur-

gical fixation as per different indications that have been

elaborated. It is important for clinicians to recognize that

compartment syndrome remains a significant concern post-

injury and in the perioperative period. Close monitoring

and timely intervention is recommended. A simple treat-

ment algorithm is presented for clinicians to help manage

these injuries.

Keywords Tibial tuberosity � Avulsions � Fractures �
Complications � Management

Introduction

Avulsion fracture of the tibial tubercle is a relatively

uncommon injury, with a reported incidence ranging from

0.4% to 2.7%, usually seen in adolescent males approaching

skeletal maturity [1–7] with well developed quadriceps

musculature. Typically, these fractures present with marked

displacement of the entire proximal apophysis, with or
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without intra-articular extension, and variable associated

soft tissue injury. The majority of these injuries are incurred

during athletic activity involving jumping, most commonly

basketball, and are the result of one of two possible

mechanisms of injury [1, 3, 5, 7–10]: (1) violent knee

flexion against a tightly contracting quadriceps, as in

landing from a jump [11] or (2) violent quadriceps con-

traction against a fixed foot, as in jumping [12].

Classification of tibial tubercle fractures has gone through

an evolution. The original classification system was pro-

vided by Sir Reginald Watson-Jones which defined three

types. Type I was an avulsion of a small part of the tibial

tubercle, distal to the proximal tibial physis. Type II exten-

ded across the physis but did not enter the knee joint. Type

III was an avulsion which extended proximal to the physis

into the knee [11]. This classification was modified by

Ogden et al. to more accurately define specific fracture

patterns and to establish treatment for different fracture

types by including displacement and comminution [7]. Ryu

and Debenham then suggested the addition of a Type IV

which is a fracture of the tibial tuberosity that extends pos-

teriorly along the proximal tibial physis creating an avulsion

of the entire proximal epiphysis [13]. Next, the addition of a

type C was proposed by Frankl et al. for fractures with

associated patella ligament avulsions [14]. Finally, a Type V

was suggested by McKoy and Stanitski [9], also described

by Curtis [15], which consists of a Type IIIB fracture with an

associated Type IV fracture creating a ‘Y’ configuration.

We retrospectively reviewed all the tibial tuberosity

fractures in adolescents (10–19 years) that were managed

in our tertiary level 1 pediatric trauma center. Our study

includes 19 adolescents with 20 tibial tuberosity fractures,

the largest single series to date, and attempts to review

fracture morphology, mechanism of injury, management

including return to play and complications. We offer epi-

demiological insight to this injury and propose a treatment

algorithm based on our experience with these injuries.

Methods

After IRB approval, we retrospectively reviewed all tibial

tuberosity fractures in adolescents registered in the trauma

database at our tertiary care level 1 pediatric trauma center.

All fractures treated between January 2000 and January

2007, with a minimum of 12-month post-treatment follow-

up were identified. Clinical records and radiographs were

reviewed. Data parameters included: patient age and gen-

der, involved side, injury classification (modified Ogden),

co-morbidities, mechanism of injury, treatment, return to

activity and complications. Data were extracted, compiled

and is presented.

Results

There were 19 patients with 20 tibial tuberosity fractures.

Mean age at the time of injury was 13.7 years (range

11 years 5 months–17 years 6 months). Mean follow-up

period was 24 months. There were 18 males and 1 female

patient. There were nine left-sided injuries and eleven

right-sided, including one patient with bilateral fractures.

Mechanism of injuries included: basketball injury (8),

running injury (5), football injury (3), fall from a scooter

(2), high jump injury (1) and fall (1). One patient had a co-

morbidity of osteogenesis imperfecta (Type I), while three

had concurrent symptomatic Osgood–Schlatter disease.

Using the modified Ogden classification, we found two

Type IB fractures, one Type IC, three Type IIA, three Type

IIB, five Type IIIA, five Type IIIB and one Type IV. There

were no Type IA or Type V fractures. All but one of the

patients had a surgical intervention using cannulated

screws, with or without washers. One had supplemental

suture anchors and one was fixed solely with tension band

wiring using heavy suture material (No. 5 Ethibond).

Arthroscopic-assisted technique was used in two of the

type III cases, rather than open arthrotomy, to assess the

adequacy of articular cartilage restoration, as per surgeon

preference (Fig. 1).

Four of these patients (4/20:20%) had clinical symptoms

of compartment syndrome pre-operatively and underwent

fasciotomy during fixation. Post-operative complications

included one patient with stiffness that eventually required

an adhesiolysis and another patient with tendonitis requir-

ing a removal of hardware that led to eventual resolution of

symptoms. Range of motion was started at average of

Fig. 1 Arthroscopic images

demonstrate ability to judge

joint restoration, meniscal

movement and assess joint

cartilage
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4.3 weeks post-operatively (3.4–6.3 weeks) and return to

play occurred at an average of 3.9 months post-operatively

(2.5–6.5 months). None of these patients exhibited symp-

toms of missed compartment syndromes including muscle

atrophy, contractures or nerve damage. None of the

patients had any evidence of growth disturbance of the

proximal tibia or recurvatum at final follow-up.

Discussion

The tibial tuberosity develops from a secondary ossifica-

tion center in the proximal aspect of the tibia. In contrast to

the proximal tibial epiphysis, which develops in compres-

sion, the tibial tuberosity is an apophysis and develops in

traction [16]. Development of the tubercle has been divided

into four stages: cartilaginous, apophyseal, epiphyseal, and

bony [17]. Closure of the proximal tibial epiphysis, which

extends distally toward the tubercle apophysis, may leave a

mechanically vulnerable period which predisposes the

tuberosity to avulsion injury [9]. This is also likely the

reason genu recurvatum is not commonly associated with

this injury, although possible, especially in the pre-ado-

lescent patient population (9–12 years old).

Blount [18] proposed genu recurvatum as a potential

complication of tibial tuberosity fracture; however, reports

of this complication exist only as a single case report. Thus,

genu recurvatum is usually not considered a complication

often associated with this fracture due to the time in which

the fracture occurs relative to physiologic physiodesis [2, 4,

7, 19]. However, leg length discrepancy and/or genu

recurvatum would most likely be associated with young

physiologic age or improper surgical technique. Evidence-

based criteria defining physiologic age and/or tanner stag-

ing, for which leg length discrepancy or genu recurvatum

are at increased risk, are yet to be determined. Fortunately,

we have no complications of leg length discrepancy

or genu recurvatum to report despite treating four pre-

adolescent patients with surgical fixation. Although no

definitive conclusion can be drawn from this, perhaps

careful surgical technique, and care to avoid crossing the

physis helped prevent these complications.

The age range for the mechanically vulnerable period in

males is approximately 13–16 years. Five of our 19

patients (26%) fell outside of this range with two 11 years

old, two 12 years old, and one 17 years old. There have

been 11 previous reports of pre-adolescents with this injury

(ages 9–12 years) [2, 3, 6, 7, 14, 20].

There is a strong predominance towards males with this

injury. This is believed to be a result of a greater number of

males participating in athletics, as well as, the later age in

which males experience physiologic physiodesis of the

proximal tibia [9]. Because males experience physiodesis

at a later age, they are larger and heavier, and their quad-

riceps are stronger. Consequently, the tibial tubercle is

likely subject to higher traction stresses. There have been

nine tibial tuberosity avulsion fractures in females previ-

ously reported in the literature [1, 3, 6, 8, 10, 21]. Of our 19

patients, one was female and coincidentally, she was also

our youngest patient (11 years 5 months).

There has been a preponderance of left-sided injuries in

the literature. In five studies, which included sidedness,

49 of 70 (70%) injuries were left-sided [2, 3, 6, 10, 12].

Bolesta and Fitch postulated that this may be a result of

individuals leading with the left extremity [2]. In our series

there were eight left- and ten right-sided injuries and we

did not find any specific correlation with the sidedness. We

also had one bilateral injury. There are 13 previous reports

of bilateral injuries in the literature [19, 22–25]. There has

not been a definitive correlation between Osgood–Schlatter

disease and tibial tuberosity fractures, as suggested by

Ogden and Southwick [16]. However, Osgood–Schlatter

disease has been reported as an associated finding with

tibial tubercle fractures in nearly every study. Vichard et al.

recommend restricting athletics in all boys with severe

Osgood–Schlatter disease until approximately age 14 years

old [1, 10]. Our results revealed 3 of 19 (15.7%) patients

with pre-existing symptomatic Osgood–Schlatter disease

(Fig. 2a–d). Complications with tibial tubercle fractures

are relatively uncommon; however, compartment syn-

drome is a potentially severe complication which must be

considered upon initial presentation of injury. In his paper

on the Hauser procedure from 1979, Wall described a fan

shaped group of vessels originating from the anterior tibial

recurrent artery, on the lateral aspect of the tibial tubercle

which retract under the fascia when sectioned [26]. Com-

partment syndrome has since been reported in five patients

in three series of tibial tuberosity fractures [27–29]. Our

results had four patients requiring fasciotomy; two for

active compartment syndrome (anterior compartment

pressures of 55 and 62 mmHg) and two for impending

compartment syndromes as determined by associated

clinical symptoms. Although we would not recommend

prophylactic fasciotomies, we recommend careful consid-

eration of compartment syndrome as a possible

complication of tibial tubercle fractures and therefore

recommend a high level of vigilance and close monitoring

in the perioperative period. This may also be a select group

of patients where regional anesthesia/ blocks may be

avoided during surgery to facilitate close observation and

detailed evaluation.

The goal of treatment for fractures of the tibial tubercle

is to restore the extensor mechanism and the joint surface,

when disrupted. Closed treatment generally entails closed

reduction and immobilization in a long leg or cylinder cast

for approximately 4 weeks or until evidence of union is
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apparent on radiographs. Open reduction with internal

fixation which involves fixation with screws, washers,

tension band wiring [28] or suture repair of periosteum, as

necessary, followed by casting for 3–4 weeks. Arthro-

scopic-assisted open fixation is also gaining popularity

among some surgeons. We have had some experience in

treating these cases with arthroscopic-assisted techniques

(Fig. 1). The technique is helpful in fractures, such as type

III variants that have intraarticular extension to evaluate for

joint line/articular cartilage restoration and to also assess

for any associated meniscal or osteochondral injuries.

Arthroscopic assisted techniques additionally help to

reduce the size of the skin incision and need for a large

arthrotomy.

Surgeon comfort with the fixation technique mostly

drives the nature of fixation and at this point literature does

not recommend any evidence-based preference for a cer-

tain technique over the others. Care must be taken to avoid

creating patella infera, to avoid crossing any physis in the

physiologically less mature patient, to remove periosteum

from the fracture bed which could interfere with reduction

and healing, and to address any co-morbidities such as

patella ligament avulsion, compartment syndrome or

meniscal injury. ROM is initiated at approximately the

fourth week followed by resistance training at approxi-

mately 6 weeks. Return to play can be expected

approximately 2–3 months after injury in Type I and II

injuries. For Type III–V injuries return to play can be

expected 3–6 months after injury. Our proposed algorithm

and approach to these patients is presented in Fig. 3.

Outcomes have generally been satisfactory in the liter-

ature. Henard and Bobo recommended ORIF for all Type I

and III fractures (Ogden’s original classification) and

closed reduction and casting for Type II fractures [21].

Christie and Dvonch reported excellent results with only

one patient having minor decreased flexion in their eight

patient study in which they casted Type I injuries and fixed

most Type II and III injuries [5]. Chow et al. recommended

non-operative management for Type IA and Type IIA

fractures as long as the extensor mechanism was intact.

They also recommended cast treatment for Type IIB

fractures provided reduction could be obtained. They

recommended surgical management involving cancellous

screws and tension band wiring for all Type III fractures

and reported excellent results with only ‘minor’ compli-

cations in their series of 16 patients [3]. In their report of 19

cases treated, Moiser and Stanitski reported their Type IA

fracture was treated non-operatively. Their Type IB, IIA,

and IIB fractures were treated non-operatively or with

ORIF and their Type IIIA, IIIB and IV fractures were all

treated with ORIF. They reported excellent results on all

patients without any complications.

In our series, all fracture types were treated with ORIF

(Fig. 4a–d). This could be misleading in terms of surgical

indications unless each case is evaluated individually. We

had no Type IA fractures. There were two Type IB frac-

tures which were treated operatively because they were

bilateral injuries in the same patient. The Type IC fracture

(one case) was treated operatively because in addition to

the tibial tuberosity fracture, there was a partial patella

ligament avulsion from the patella which was also surgi-

cally repaired. For this patient, ROM was delayed until

5 weeks post-operatively. This patient did heal without any

sequela. The three Type IIA fractures were treated opera-

tively because two had clinical evidence of compartment

syndrome, and the third one was the patient with osteo-

genesis imperfecta where early mobilization and weight-

bearing was helpful to prevent metabolic issues. Of the

Fig. 2 a Plain radiograph AP view of a 14-year-old with type IIIB

tibial tuberosity fracture. b Lateral radiograph of the same patient

demonstrating a fragment comminution. c Six-month post-op AP

radiograph of the same patient demonstrating fixation. d Lateral

radiograph demonstrating union with good remodeling
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three Type IIB fractures, one had compartment syndrome

and the other two had disruption of their extensor mecha-

nisms. All Type IIIA, IIIB and IV were treated operatively

as indicated by fracture pattern. We are a tertiary trauma

referral center, and therefore, our patient population may

be likely skewed as most cases necessitating surgical

intervention get referred to our center leading to referral

bias.

Complications included four patients with active or

impending compartment syndromes (Type IIA (2) Type II

B (1) and Type IV (1) fractures), all of which were

appropriately treated with fasciotomies without sequelae.

Treatment Algorithm

Determine type of fracture 
-evaluate for compartment syndrome 

-if compartment syndrome, fasciotomy 
and ORIF 

Type IA, IB, IIA fractures  
-closed reduction and long 

leg or cylinder cast 

Type IIB, IIIA, IIIB, IV, V fractures 
-ORIF – evaluate for patella ligament 

disruption, meniscal injury, periosteum in 
fracture bed 

+/- MR imaging with high index of clinical 
suspicion 

If reduction maintained, cast 
treatment approx. 4-6 weeks 

If reduction not maintained, 
consider ORIF 

Type IIB, IIIA, IIIB or IV – 
cannulated screws + - tension band

Type V - treat epiphyseal and 
metaphyseal fractures independently

Immobilize until healing 4-6 weeks

Type IA, IB, IIA, IIB - return to full 
function/sport 8-12 weeks 

Type IIIA, IIIB, IV, and V – return to sport in 12-26 
weeks 

Fig. 3 Tibial tuberosity

algorithm. Modified Ogden

classification of original

classification provided by Sir

Reginald Watson-Jones

Fig. 4 a Plain lateral radiograph of the right knee in a 13-year-old

patient with a type IB tibial tuberosity fracture. b Plain lateral

radiograph of the left knee in the same patient. c Nine-month follow-

up of the same patient demonstrating fixation of the right knee.

d Nine-month follow-up of the same patient demonstrating fixation of

the left knee
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Additionally, there was one patient with arthrofibrosis who

required an adhesiolysis for stiffness and removal of

painful hardware with eventual resolution of symptoms.

We had no patients with genu recurvatum, leg length

discrepancy, malunion, non-union, skin necrosis, patella

infera, re-fracture, or deep venous thrombosis. All of which

have been reported previously in the literature in relation to

this fracture.

Weaknesses in this study are that this is a retrospective

review of multiple surgeons; therefore there was not a

standardized protocol for treatment or post-operative pro-

tocol. Additionally, being a tertiary trauma referral center

could have contributed to a referral bias.

In summary, tibial tuberosity fractures in adolescents,

although uncommon, are clinically important injuries.

Early recognition and treatment, as determined by fracture

pattern, displacement, and associated complicating inju-

ries, usually gives good results. All the patients in our

series had surgical fixation as per different indications that

have been elaborated. It is important for clinicians to

recognize that compartment syndrome remains a signifi-

cant concern post-injury and in the perioperative period.

Close monitoring and timely intervention is recom-

mended. Our recommendations for treatment and

indications for surgery are as previously stated and out-

lined in our algorithm (Fig. 3). If surgery is indicated,

fixation technique remains a matter of surgeon comfort

and preference.
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