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Background: Adolescent tibial tubercle fractures are uncommon,

complex, high-energy injuries. The use of lateral radiographs in

isolation to diagnose and treat these injuries is the standard of

practice. However, with a single 2-dimensional (2D) view, there

may be a risk that the degree of injury can be underestimated.

This study was performed to report on the outcomes of tibial

tubercle fractures operatively treated, determine the utility of

a single lateral x-ray to accurately document injury severity

and pattern, delineate the role of advanced imaging and intra-

operative arthroscopy/arthrotomy in injury treatment, and pro-

pose a new classification system of tibial tubercle fractures that

accounts for the complex 3D nature of proximal tibial physeal

closure, and recognizes the importance of intra-articular ex-

tension, providing guidance for intervention.

Methods: A retrospective review of operatively treated tibial

tubercle fractures at our institution from 2003 to 2010 was

performed. Child age, weight, mechanism of injury, Ogden

classification (x-ray), advanced imaging results [computed to-

mography (CT)/magnetic resonance imaging (MRI)] including

intra-articular fracture patterns, surgical techniques, intra-

operative articular findings, and postoperative complications

were collected. In addition, we classified all of our patients into

a new classification system (type A—tubercle youth, type B—

physeal, type C—intra-articular, type D—tubercle teen) based

on a combination of plain radiograph (anteroposterior and

lateral), advanced imaging (CT/MRI), and intraoperative

arthrotomy/arthroscopy findings.

Results:We found 41 tibial tubercle fractures in 40 children (all of

whom were male) with a mean age of 15.0±1.1 years, and mean

weight of 80.3±23.4kg. Injuries mostly occurred during jumping

activities. At initial presentation, compartment syndrome or

vascular compromise was seen in nearly 10% of patients, all of

whom had type B—physeal injuries under our new classification

system. Fifty percent of injuries were underestimated and/or not

appreciated by lateral x-ray alone. In patients with intra-articular

involvement, consistent 3D fracture patterns were seen on CT

including anterior fragments (sagittal plane), lateral fragments

(coronal plane), and anterolateral fragments (axial plane). Our

new 4 part classification system was able to classify all fractures:

type A (2 patients, mean age, 12.7±0.2 y), type B (13 patients,

mean age, 14.8±0.7 y), type C (22 patients, mean age, 15.3±

1.1 y), and type D (2 patients, mean age, 15.5±0.1 y). All frac-

tures achieved radiographic union with 2 patients (type A—

tubercle youth and type B—physeal) requiring additional proce-

dures due to premature physeal closure.

Conclusions: Tibial tubercle fractures represent high-energy in-

juries with potentially devastating complications such as com-

partment syndrome and/or vascular compromise. Intra-articular

involvement is often missed with the use of plain x-ray and

drastically underestimates injury severity. The use of preoperative

CT scan or MRI should be utilized as adjunct to plain lateral

radiograph. If intra-articular involvement is recognized pre-

operatively, arthroscopy or open arthrotomy should be utilized at

the time of surgery. Our new classification system is rooted in the

development of the proximal tibia, accounts for intra-articular

involvement, and provides guidance for treatment.

Level of Evidence: Level III—diagnostic study.
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T ibial tubercle fracture are rare injuries in the pediatric
population, accounting for <1% of all physeal

injuries.1 These injuries typically occur in young, adoles-
cent males during sporting activities. The proximal tibial
physis closes distally toward the tubercle apophysis
during normal development, creating a mechanically
vulnerable period in adolescence that predisposes the tu-
bercle to a potential avulsion injury.2 The tubercle is
thought to be avulsed during aggressive knee flexion
during quadriceps contraction or aggressive quad con-
traction when the ipsilateral foot is fixed; both of which
can occur during jumping activities.3–5 Even though these
fractures are rare, clinicians must recognize that extensive
soft tissue damage, periosteal stripping, vascular com-
promise, intra-articular damage, and compartment syn-
drome can occur with these injuries.6–9

Even with the extensive damage these injuries can
cause, lateral radiographs in isolation have been histor-
ically utilized to not only classify injury but also to guide
treatment and assess the adequacy of reduction. The
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Ogden classification (types 1 to 3 with A and B modifiers)
is most commonly used and is a modification of the
original Watson-Jones classification (Fig. 1).3,10 In 1985,
Ryu et al11 added a fourth type to the classification sys-
tem that involved avulsion of the entire proximal tibial
epiphysis. This was followed by Frankl and colleagues in
1990 who added a type 1C for an associated patellar
tendon avulsion, and McKoy and colleagues in 2003 who
added a type 5, which was a “Y” fracture (Ogden 3B with
a Salter Harris IV fracture of the proximal tibia).2,12

Yet, these classifications fail to take into consid-
eration the full 3-dimensional (3D) anatomy of the
proximal tibia, particularly as it relates to physeal closure
and intra-articular involvement. The proximal tibial
physes has been shown to start closure posterior-medially,
which then proceeds anterior-laterally.13–17 Concurrently,
the physis of the tibial tubercle is also closing in a prox-
imal to distal direction (Fig. 2).18 This complex pattern of
physeal closure places different portions of the tibial tu-
bercle and proximal tibia at risk during fracture prop-
agation based on the degree of physeal closure at the time
of injury. This cannot be appreciated by x-ray alone.

In addition, the utilization of plain x-rays in iso-
lation also leads to a situation in which the very presence

of intra-articular involvement can be missed. Tibial tu-
bercle fractures are not only high-energy injuries, but they
are high-energy injuries that occur in proximity to, and
may even involve, the articular surface. This necessitates
adjunctive modalities to assess the degree of intra-artic-
ular injury. Single plain radiograph in isolation without
modalities such as computed tomography (CT) scan may
underestimate intra-articular involvement. This under-
estimation of injury severity by plain radiographs and the
subsequent change in diagnosis and treatment after the
addition of CT scan or magnetic resonance imaging
(MRI) has been similarly shown to occur in adult patients
with tibial plateau fractures, an injury similar to pediatric
tibial tubercle fractures.19–21

With these complexities in mind, the question nat-
urally arises: are we underestimating both the complexity
of the fracture pattern (based on 3D physeal closure of
the proximal tibia) and injury severity (degree of intra-
articular involvement, comminution, and displacement)
by utilizing lateral radiographs alone in the diagnosis and
treatment of these tibial tubercle fractures?

The purpose of our study was 4-fold: (1) report on
the outcomes of the tibial tubercle fractures surgically
treated at 1 institution in the largest series to date; (2)
determine the utility of a single lateral x-ray (currently
utilized in current classification systems) to accurately
document injury severity and pattern, particularly intra-
articular involvement; (3) delineate the role of advanced
imaging and intraoperative arthroscopy/arthrotomy in
the workup and treatment of these injuries; and (4) pro-
pose a new classification system of tibial tubercle fractures
that accounts for the 3D nature of the fracture based on
proximal tibial physeal closure, recognizes the importance
of intra-articular extension, and provides guidance for
intervention. We hypothesize that the utilization of plain
lateral radiographs (ie, Ogden classification) alone in the
assessment of tibial tubercle fractures underestimates the
extent of injury.

FIGURE 1. The Ogden classification of tibial tubercle fractures.
For simplicity in our data analysis, patients were grouped into
type 1 (fracture distal to the junction of the ossification centers
of tubercle and proximal tibia; ie, tubercle alone), type 2
(fracture extends into the epiphysis but not into the knee
joint), and type 3 (fracture extends into the knee joint) in our
paper; eliminating the A and B modifiers.10

A B C

FIGURE 2. General pattern of physeal closure of the tibial
tubercle and proximal tibia in the sagittal, coronal, and axial
plane. Gray indicates direction of closure of physis. A, In the
sagittal plane, the proximal tibial physis has been shown to
close in a posterior to anterior direction, with subsequent
progression of closure toward the tubercle apophysis, which is
closing in a proximal to distal direction as well. The individual
timing of the closure of the proximal tibial physis and tubercle
apophysis may vary. B, In the coronal plane, the proximal
tibial physis is also closing in a medial to lateral direction. C, In
the axial plane, the tibia is closing in a posteromedial to an-
terolateral direction.13–18
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METHODS
This was a retrospective review examining oper-

atively treated tibial tubercle fractures in 40 consecutive
patients (41 fractures) at our institution from 2003 to 2010.
Patients with tibial tubercle fractures were identified using
a computerized search of our institution’s billing database
utilizing the ICD-9 code 823.0 (fracture of the upper end of
the tibia). From this initial search, patients with tibial tu-
bercle fractures who went to the operating room for the
management of their tubercle fractures were then further
identified through a review of the medical record. Patients
were included in the study if they sustained a tibial tubercle
fracture, went to the operating room for the management
of their injury, and presented for clinical and radiographic
postoperative follow-up. Patients were excluded from the
study if they were treated nonoperatively for their tibial
tubercle fracture, had been operated on at an outside in-
stitution and presented to us for postoperative manage-
ment, had other orthopaedic injuries to the affected leg not
directly related to the tibial tubercle fracture (ie, other
fractures or soft tissue injuries about the leg), and had
neuromuscular disorders, skeletal dysplasias, and/or met-
abolic diseases affecting bone. Patients were operated on
for any injuries that were displaced; nondisplaced injuries
were treated conservatively with casting and were excluded
from the study. Patients with bilateral injuries had each leg
evaluated as a distinct injury.

Data collected from a retrospective chart and ra-
diographic review included age at time of injury, sex,
weight (kg), affected side, mechanism of injury, and
sporting activity during which the injury occurred. Plain
lateral radiographs were utilized to assign a preoperative
Ogden classification to the tibial tubercle fractures.10 The
Ogden classification was simplified to include types 1, 2,
and 3 without the A and B modifiers for ease of data
analysis. In addition, patients who presented with a pre-
operative CT scan and/or MRI were also given an ad-
vanced imaging Ogden classification based on the system
of Ogden. The fracture patterns seen on advanced imag-
ing in the coronal, sagittal, and axial planes were recorded
as well.

We then developed a new classification system for
tibial tubercle fractures (Figs. 3–6) based on 3D physeal
closure and the need for intra-articular assessment in
these high-energy injuries. Development of the tibial tu-
berosity has been divided into 4 stages: cartilaginous,
apophyseal, epiphyseal, and bony by Ehrenborg and
Engfeldt in 1961.22 Ogden further described tuberosity
development in 1984 as beginning ossification between 7
and 9 years of age distally.18 Ossification of the tubercle
then expands proximally and anteriorly to meet the main
proximal tibial ossification center, which expands distally.
In terms of physeal closure, in the sagittal and axial
planes, the proximal tibial physis has been shown to close
in a posterior to anterior direction, with subsequent
progression of closure toward the tubercle apophysis.13,14

Concurrently, the physis of the tibial tubercle is closing in
a proximal to distal direction.18 In addition, in the co-
ronal and axial planes, the proximal tibial physis is also

closing in a medial to lateral direction (Fig. 2).15–17 As a
result, we propose that 4 distinct fracture patterns should
be seen based on the development of the proximal tibia:
1. Type A—Tubercle Youth (Fig. 3)—an injury isolated

to the ossified tip (seen on x-ray) of the tubercle (which
is largely cartilaginous) as the patient is in the early
stages of skeletal development.

2. Type B—Physeal (Fig. 4): an injury in which the
epiphysis and tubercle fracture as a unit off the
metaphysis without intra-articular involvement, be-
cause there has not been closure of their proximal
tibial physis or tubercle.

3. Type C—Intra-articular (Fig. 5): an injury that extends
into the intra-articular surface of the proximal tibia as
there has been partial closure of the proximal tibial
physis and tubercle physis.

4. Type D—Tubercle Teen (Fig. 6): an injury only to the
distal aspect of the tubercle because there has been

FIGURE 3. Schematic diagram demonstrating our type A—
tubercle youth tibial tubercle fracture. Dotted line indicates
cartilaginous tubercle. The image demonstrates completely
open physes, and ossification of the tibial tubercle largely in
the cartilaginous phase except the ossified tip. This leaves the
distal aspect of the tubercle susceptible to injury, which will
only be seen in the sagittal plane.
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closure of the proximal tibial physis and closure of the
proximal aspect of the tibial tubercle.

All patients with preoperative imaging were then
classified utilizing our new classification system using a
combination of plain radiographs (anteroposterior and
lateral), advanced imaging (CT/MRI), and intraoperative
arthrotomy/arthroscopy findings. Of note, the indications
for advanced imaging, arthroscopy, and arthrotomy were
determined by the individual treating surgeon but gen-
erally involved the treating physician’s concern for de-
termining whether intra-articular involvement was present,
or to assess the degree of intra-articular involvement if it
was already present on plain radiographs.

Presenting complications including vascular injury
(absence of distal pulses with a cool extremity, which did
not return until after fracture reduction) and compart-
ment syndrome (diagnosed using intraoperative pressure
measurements) were collected. Operative notes were re-
viewed to determine the type of operative procedures
performed, including: the type of reduction performed
(open vs. closed), whether intraoperative arthroscopy
and/or open arthrotomy were used to visualize the joint,
the pathology seen involving the knee joint (soft tissue

and bony) during arthroscopy/arthrotomy, and the
methods of fixation utilized. Furthermore, associated
procedures performed at the time of tubercle fixation (ie,
fasciotomy) were noted. Of note, prophylactic fasciotomy
was performed by the treating surgeon if he/she felt that
the patient was “at risk” for the development of com-
partment syndrome based on clinical examination—
largely based on the degree of swelling of the anterior
compartment.

Postoperative clinical and radiographic review in-
cluded collection of data regarding immediate post-
operative weight-bearing status, progression of weight
bearing, type and duration of postoperative immobiliza-
tion utilized, and the use of a range of motion bracing.
The presence of radiographic union, premature physeal
closure and/or physeal bars, and need for additional op-
erations beyond the index operation were noted. Length
of the total follow-up was calculated as the time from
surgery until final clinic visit. Data collected from the final
clinic visit included knee range of motion, presence of
pain, loss of knee flexion, and presence of a limp.

Means and SDs were calculated for all continuous
variables. The ability of CT scan and MRI to identify
pathology not seen by plain lateral radiographs was de-
termined by comparing the preoperative Ogden classi-
fication based on plain lateral radiograph with that
determined by preoperative CT and/or MRI. The per-
centage of patients whose Ogden classification was made
more severe (either more extensive involvement neces-
sitating an elevation of the Ogden classification and/or a
greater degree of severity within a classification) was
noted. Furthermore, the percentage of patients with intra-
articular involvement (or a greater degree of involvement
than noted before) on intraoperative arthroscopy and/or
prefixation arthrotomy that was not seen on plain lateral
radiograph was also calculated. The total percentage of
patients whose plain lateral radiographs underestimated
the degree of injury after CT, MRI, arthroscopy, or ar-
throtomy was also calculated. Analysis of variance testing
was also utilized to determine if significant differences
(Pr0.05) existed for the mean ages of our patients in our
new classification system.

FIGURE 5. Schematic diagram demonstrating our type C—
intra-articular tibial tubercle fracture. Gray indicates closure of
physis. The images demonstrate near partial closure of both
the proximal tibial (posteromedially) and tibial tubercle physis.
This leaves not only the tubercle susceptible to injury but also
the proximal tibial joint with fractures pattern seen in the
sagittal (anterior fragments), coronal (lateral fragments), and
axial (anterolateral fragments) planes. These injuries require
advanced imaging and intraoperative joint assessment for
optimal outcome.

FIGURE 6. Schematic diagram demonstrating our type D—
tubercle teen tibial tubercle fracture. Gray indicates closure of
physis. The images demonstrate near-complete closure of
both the proximal tibial and tibial tubercle physis. This leaves
the distal aspect of the tubercle susceptible to injury, which
will only be seen in the sagittal plane.

FIGURE 4. Schematic diagram demonstrating our type B—
physeal tibial tubercle fracture. The image demonstrates
completely open physes with an ossified tubercle. This causes
the tubercle and proximal tibial epiphysis to pull off as a unit,
which will be seen in the coronal and sagittal planes. These
injuries have a high risk of compartment syndrome and vas-
cular injury, and require advanced imaging to ensure a type
C—intra-articular injury is not missed.
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The Institutional Review Board for the University
of California San Diego approved the protocol for this
study before initiation.

RESULTS
We identified 40 patients with 41 tibial tubercle

fractures (22 right leg, 19 left leg) with a mean age of 15.0
(±1.1) years at the time of injury (range, 11.9 to 17.0 y).
All patients were male and had a mean weight of 80.3
(±23.4) kg at the time of injury (range, 36.4 to 150.0 kg).
The sporting activities most commonly associated with
the injury were basketball (27.0%), football (22.0%), and
running (22.0%; Fig. 7). The most common self-reported
mechanism of injury was related to jumping activities
(32.0%; Fig. 8). Nearly 10% of patients presented with
either a compartment syndrome (2 patients) or vascular
compromise (2 patients); all of which were type B—
physeal injuries.

The initial Ogden classification of these injuries
based on plain lateral x-ray revealed 16 type 3 fractures,
15 type 2 fractures, and 8 type 1 fractures. Two patients
did not have actual initial plain radiographs for review
and could not be classified (as the films were from an
outside institution not scanned into our system). They
were excluded from any analysis involving preoperative
plain radiographic classification. Ten patients obtained
advanced imaging as part of their workup (7 preoperative
CT scans, 1 postoperative CT scan, 1 MRI, and 1 MRI
and CT scan; Table 1; Fig. 9). All patients with advanced
imaging had their Ogden classification underestimated
by plain radiographs: 8 patients (80.0%) showed an in-
crease in the Ogden classification and 2 patients (20.0%)
showed more severity within their Ogden classification
(Table 1, Fig. 9). Eighty percent of patients who under-
went advanced imaging showed intra-articular involve-
ment on advanced imaging, which was not appreciated by
plain radiograph, and 100% of patients with Ogden 2
injuries classified by plain radiograph were upgraded to
Ogden 3 because of joint involvement.

All the patients with preoperative imaging in our
study could be classified under our new classification
system (Figs. 3–6): type A—tubercle youth (2 patients),
type B—physeal (13 patients), type C—intra-articular (22
patients), and type D—tubercle teen (2 patients). The
mean age of type A patients (12.7±0.2 y) was sig-
nificantly less than the type B (14.8±0.7 y, P=0.037),
type C (15.3±1.1 y, P=0.004), and type D patients
(15.5±1.1 y, P=0.039).

Additional information about intra-articular frac-
ture patterns were obtained from the subset of patients
who underwent advanced imaging. The fracture patterns
seen in the axial, coronal, and sagittal planes were con-
sistent in all of our patients who obtained preoperative
CT scans (Figs. 10A–C). In patients with intra-articular
involvement, anterior fragments were seen in the sagittal
plane, lateral fragments in the coronal plane, and ante-
rolateral fragments in the axial plane (Figs. 10A–C).

All patients went to the operating room for treat-
ment with the surgical procedures outlined in Table 2; the
majority of patients were treated with screw fixation.

FIGURE 7. Pie graph demonstrating sporting activities during
which tibial tubercle fractures occurred.

FIGURE 8. Pie graph demonstrating self-reported injury
mechanism during which tibial tubercle fractures occurred.

TABLE 1. Results of Advanced Imaging in Patients With Tibial
Tubercle Fractures

Ogden X-

Ray Type

Revised Ogden Type Based

on CT Scan/MRI

Intra-articular Involvement

Not Seen on Plain X-Ray

1 3 Yes
1 2 No
2 3 Yes
2 3 Yes
2 3 Yes
3 3 (increased joint

displacement noted)
Yes

3 3 (more comminution noted) Yes
1 3 Yes
1 2 No
2 3 (joint involvement noted

on postoperative CT scan)
Yes

Preoperative plain radiograph, preoperative CT Scan/MRI, and joint in-
volvement findings reported.

CT indicates computed tomography; MRI, magnetic resonance imaging.
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Nearly 54% of patients also had a concomitant anterior
compartment fasciotomy performed. Intraoperatively,
5 patients were found to have intra-articular abnormal-
ities not seen by plain radiographs including fracture ex-
tension into the joint, a lateral meniscus tear (2 patients),
coronary ligament injury, and an anterolateral femoral
condyle osteochondral defect. Only one of these 5 patients
with intra-articular abnormalities underwent preoperative
advanced imaging. The 1 patient who did have a CT scan
performed preoperatively had intra-articular involvement
seen on preoperative plain lateral radiograph. The CT
scan showed more extensive joint comminution than was
seen on x-ray; this was confirmed intraoperatively. Yet,
this patient was also found to have a coronary ligament
injury, which was not seen on CT scan.

Of all patients who underwent advanced imaging and
arthroscopy/open arthrotomy (26 patients), 50% had either
the wrong Ogden classification or a greater degree of intra-
articular involvement than noted on plain radiograph.

Mean follow-up time was 15.0 (±16.5) months.
Postoperatively, 66% of patients were made non–weight
bearing, 26.8% were made to touch weight bearing, and a
smaller percentage were made either weight bearing as
tolerated (4.8%) or 50% weight bearing (2.4%). All but 1

patient (knee immobilizer) was treated in a long leg cast
with patients starting range of motion at a mean of 39.3
(±12.6) days after the operation (range, 14 to 84 d). Two
postoperative wound infections developed that were
treated successfully with debridements and wound V.A.C.
(KCI, San Antonio, TX) therapy. One quadriceps tendon
avulsion occurred in a patient 2 months after his tibial
tubercle surgery after he fell. He was treated successfully
with surgical reattachment of the quadriceps tendon; the
patellar tendon and tibial tubercle were noted to be intact
at the time of surgery. Eight patients returned to the
operating room for hardware removal (5 cerclage wire
removals, 3 screws).

Final knee flexion was 130.1 (±9.2) degrees with
all patients achieving full extension (range, 100 to 150
degrees of knee flexion). Nearly 11% of patients com-
plained of some degree of residual pain at final follow-up,
with 5.5% having some form of a limp. All patients
achieved radiographic union; although, 3 patients suf-
fered from recurvatum stemming from altered growth of
the tibial tubercle physis. Two of these patients returned
to the operating room for physeal bar excision and fat
graft interposition with no clinically significant recurvatum
deformity noted at final follow-up. These 2 patients were

FIGURE 9. A 15-year-old boy with tibial tuberosity fracture after playing basketball. A, Preoperative radiographs showing what
seems to be an extra-articular Ogden type 2 injury. B, Computed tomographic scan showing extensive intra-articular involvement
not appreciated by plain film demonstrating a type C—intra-articular injury. C, Sagittal magnetic resonance imaging sequences
showing the true extent of intra-articular injury not seen on plain film.
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younger than our mean age of patients (11.9 and 12.5 y,
respectively), were type A—tubercle youth and type
B—physeal injuries, and had been treated with smooth
K-wires to prevent complete physeal closure that occurs
with screw fixation. They subsequently developed pre-
mature physeal closure at 12.8 and 13.2 years of age, re-
spectively (11 and 8mo postoperatively). The patients had
their premature physeal closure confirmed through CT
scan after clinical examinations showed recurvatum of the
proximal tibia, and plain radiographs were suggestive of
physeal bar formation. The 2 patients were operated on at
13.2 and 13.3 years of age for physeal bar resection. A
third patient had premature physeal arrest with mild re-
curvatum. Because of the fact that he was nearing skeletal
maturity, the decision was made to observe him without
operative intervention.

DISCUSSION
Tibial tubercle fractures are rare injuries in the pe-

diatric population1 but can have severe consequences in-
cluding extensive soft tissue damage, periosteal stripping,
vascular compromise, intra-articular damage, and com-
partment syndrome.6–9 The purpose of our study was
4-fold: (1) report on the outcomes of the tibial tubercle
fractures surgically treated at 1 institution in the largest
series to date; (2) determine the utility of a single lateral
x-ray (currently utilized in current classification systems)
to accurately document injury severity and pattern, par-
ticularly intra-articular involvement; (3) delineate the role
of advanced imaging and intraoperative arthroscopy/ar-
throtomy in the workup and treatment of these injuries;
and (4) propose a new classification system of tibial tu-
bercle fractures that accounts for the 3D nature of this

FIGURE 10. CT scans demonstrating complex fracture patterns not seen by plain film in 3 patients with tibial tubercle fractures.
A, Representative CT scans demonstrating anterior fragments in the sagittal plane. B, CT scans demonstrating lateral fragments (in
these images medial is left, lateral is right) in the coronal plane. C, CT scans demonstrating anterolateral fragments in the axial
plane (in these images anterior is to the top, posterior to the bottom, medial to right, and lateral to the left). CT indicates
computed tomography.
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injury based on physeal closure, recognizes the im-
portance of intra-articular extension, and provides guid-
ance for surgical intervention.

The mean age of our patients was 15.0 years, and all
of our patients were males; the majority of whom were
engaging in explosive (jumping/running) sporting activ-
ities when the injury occurred and were well-built/obese
(mean weight, 80.3 kg). This is consistent with what has
been previously reported in the literature by multiple
authors.5,9,10,23–26 Mubarak et al5 reported that patients
with tibial tubercle fractures were generally adolescent
males engaging in jumping activities whose affected leg
was flexed for a power push-off (powerful quadriceps
contraction as the knee is flexed).

All our patients achieved radiographic union. In
addition, nearly all patients achieved a full range of mo-
tion (only 3 patients did not obtain at least 120 degrees of
flexion; all patients achieved full extension), and only a
minority of patients had functional deficits (5.5% of pa-
tients had some form of a limp at final follow-up). Mosier
and Stanitski25 in 2004 reported on 19 acute tibial tubercle
fractures all of which had good functional outcomes at
final follow-up. Frey et al9 reported on 20 tibial tuberosity
fractures with patients returning to sport at a mean of 3.9
months postoperatively, with only 1 patient requiring
surgical intervention for postoperative stiffness. Yet,
Bauer et al27 reported on 22 patients with tibial tubercle
fractures with only 7of 12 patients with displaced fractures
having excellent functional outcomes. The authors noted 5
cases of patellar tendon avulsion and 3 meniscal injuries;
indicating that associated injuries which cannot be seen on
a lateral x-ray may lead to fair outcomes.

Furthermore, the zone of injury can be extensive with
these fractures, tearing the anterior tibial periosteum
halfway down the tibia and leading to potentially devas-
tating consequences such as compartment syndrome or
vascular compromise (Fig. 11). In our series, 4 patients
exhibited compartment syndrome or vascular compromise
at initial presentation. Compartment syndrome is postu-
lated to arise from a disruption of branches of the anterior
tibial recurrent artery that are located around the lateral
border of the tibial tubercle.28 When the tibial tubercle
fractures, these vessels can retract under the fascia when
transected by the injury and lead to excessive bleeding
within the anterior compartment. There have been several
reports of compartment syndrome presenting with this
injury.6–9,29 In fact, Frey et al9 reported a 20% incidence of
compartment syndrome in their patient population with
tibial tubercle fractures (2 active, 2 impending), and Po-
lakoff et al7 reported it in 2 of the 12 patients in their series.

Furthermore, all 4 patients in our series with com-
partment syndrome or vascular compromise were type
B—physeal (nearly 31% of type B—physeal injuries had
this complication) injuries in our classification in which
the epiphysis is displaced posteriorly as the tibia goes
anteriorly with stretch of the popliteal vessels. This
demonstrates the need for careful vascular examination,
urgent fixation, and a low threshold for anterior com-
partment fasciotomy in patients with tubercle fractures
(as exemplified by over 50% of our patients receiving
prophylactic fasciotomies during operative fixation),
particularly in type B—physeal injuries (Fig. 12).

Yet, the question naturally arises: in an injury with
such extensive soft tissue damage that it carries a risk of
compartment syndrome as high as 20%, why is a single
plain lateral x-ray utilized alone to classify injury and
determine treatment plans/surgical approaches in 1D
rather than the 3D offered by CT scan/MRI?2,3,10–12 At
the other end of the tibia, pediatric distal tibial fractures
have multiple classifications and fracture types (ie, Till-
aux, triplane), which are dependent on multiple radio-
graphic views and CT scans to classify displacement and
intra-articular involvement.30 Further, in the adult pa-
tient population, tibial plateau fractures are an injury
similar to pediatric tibial tubercles fracture in multiple
respects: high-energy injuries with significant soft tissue
damage and an elevated risk for compartment syndrome
with a benign appearance on x-ray. Tibial plateau frac-
tures have also been traditionally classified by the
Schaztker classification,19 which is also based on a single
radiographic view (the anteroposterior). Yet, the classi-
fication and subsequent treatment of tibial plateau frac-
tures has been shown to be significantly changed by the
addition of both CT scan and MRI as both the 3D and
soft tissue component of this injury has been better un-
derstood.20,21 Is a similar injury underestimation taking
place with regards to tibial tubercle fractures with the
utilization of a single view? The results of our study in-
dicate that to be the case.

In our series of patients, we had 26 patients who
underwent advanced imaging (CT and/or MRI) and/or

TABLE 2. Reduction Methods, Method of Joint Inspection,
and Fixation Methods Utilized in Operative Treatment of Tibial
Tubercle Fractures

No.

Patients

Reduction method
Open reduction 85.3% (35)
Open and arthroscopic-assisted reduction 7.3% (3)
Closed reduction 4.9% (2)
Attempted closed (failed) and open reduction 2.4% (1)

Joint inspection
Prereduction joint inspection (arthroscopic or open
arthrotomy)

43.9% (18)

Postreduction joint inspection (arthroscopic or open
arthrotomy)

34.1% (14)

No joint inspection 21.0% (9)
Fixation method
Screw 53.6% (22)
Screw+washer 22.0% (9)
Screw+washer+cerclage wire 7.3% (3)
Screw+suture anchor 4.8% (2)
Kirschner wires+cerclage wire 4.8% (2)
Screw+cerclage wire 2.4% (1)
Suture 2.4% (1)
No fixation 2.4% (1)

Raw numbers in parentheses.
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intraoperative arthroscopy/arthrotomy. Fifty percent of
these patients had their injury severity underestimated by
plain lateral radiograph; most notably in regards to the
presence and degree of intra-articular injury. In fact, in
the subcohort of patients who underwent CT scan, 80%
demonstrated a greater degree of injury severity (ie, all
Ogden type 2’s on x-rays were actually Ogden type 3 after
CT scan). Not only was severe intra-articular involvement
missed if plain radiograph was solely utilized, soft tissue
and osteochondral injury (including lateral meniscal tears,
coronary ligament injuries, and osteochondral defects)
within the joint would also have been missed if joint ar-
throscopy/arthrotomy were not performed by some of our
surgeons. This associated intra-articular pathology that
can accompany these tubercle fracture is similar to what
has been reported in the literature before in scattered
case reports.8,26,27,31–33 Even Ogden emphasized in 1980
that the tibial joint surface should be anatomically re-
duced and meniscal tears repaired with these injuries.10

Therefore, it would seem logical to use CT scan,
MRI, arthroscopy, or arthrotomy (not only a plain lateral
x-ray in 1D) to not only classify tibial tubercle fractures
but also to guide treatment. Not only can the presence,
degree, and pattern of intra-articular fracture extension be
missed and underestimated, but also the soft tissue com-
ponent of joint injury can also be missed as well if direct
visualization is not performed during operative inter-
vention. This can leave patients with a potential source of
postoperative morbidity. Lateral radiographs alone (ie,
Ogden classification) are not adequate. In regard to the
role of CT versus MRI, in the acute setting, CT provides
the advantage of rapid availability and excellent 3D bony
detail (particularly as it relates to intra-articular involve-
ment). The main disadvantages of CT are radiation ex-
posure to the pediatric patient, and the inability to fully
assess soft tissue structures about the knee. In contrast, the
advantages of MRI are the ability to fully visualize soft
tissue injury (ie, meniscus/ligament) and the lack of radi-
ation exposure. The main disadvantages of MRI are the

lack of bony detail compared with CT scan and the delay/
length of time it takes to obtain this examination at most
institutions. Both CT and MRI can be performed when
the clinician is concerned that a significant intra-articular
soft tissue or ligamentous injury exists (particularly in an
older child), and appropriate preoperative equipment to
address these injuries needs to be obtained in advance. We
believe CT scan is best as a first advanced imaging mo-
dality as it can be readily obtained, and allows for rapid
assessment of 3D bony injury. At the time of surgery, the
joint surface/intra-articular soft tissue structures can be
evaluated by arthrotomy or arthroscopy if MRI cannot be
obtained.

Furthermore, to fully understand the 3D nature of
these injuries, the development of the proximal tibia must
be considered (Fig. 2). Tibial tubercle fractures should not
been seen as an injury distinct from proximal tibial frac-
tures, but rather as delicately intertwined with them. Four
distinct fracture patterns should therefore be seen based

FIGURE 11. Examples of widespread soft tissue injuries in patients with tibial tubercle fractures. A, Extensive periosteal stripping
seen in a patient with a type C—intra-articular tibial tubercle fracture intraoperatively. B, Coronary ligament injury seen intra-
operatively during joint arthrotomy in the same patient treated with suture anchor fixation.

FIGURE 12. A 14-year 7-month-old boy with a type B—
physeal tibial tubercle fracture who presented with a com-
promised limb without distal pulses.
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on physeal closure of the proximal tibia. In skeletally
immature patients, an injury to the ossified tip of the
tubercle occurs in the early stages of skeletal development
as the tubercle is largely cartilaginous at this stage (type
A—tubercle youth). In patients, without any closure of
their proximal tibial physis or tubercle, the epiphysis and
tubercle can fracture as a unit off the metpahysis without
intra-articular involvement (type B—physeal). If there
has been partial closure of the proximal tibial physis and
tibial tubercle physis, fracture patterns will not only in-
clude fractures of the distal aspect of the tuberosity but
also contain intra-articular fracture patterns, which in-
volve lateral fragments in the coronal plane (due to me-
dial to lateral proximal tibial physeal closure), anterior
fragments in the sagittal plane (due to posterior to ante-
rior proximal tibial physeal closure), and anterolateral
fragments in the axial plane (due to a combination of
posterior to anterior and medial to lateral proximal tibial
physeal closure; type C—intra-articular). Finally, in
adolescent patients who have closure of their proximal
tibial physis and near closure of the tibial tubercle, only
the most distal aspect of the tibial tubercle should fracture
(type D—tubercle adolescent).

Our new fracture classification system was able to
classify all the fracture patterns seen in our study, with an
increasing mean age for each successive fracture type,
further illustrating the process of physeal closure of the
proximal tibia (as our system was based on advancing
stages of physeal closure). Furthermore, in our subset of
patients with CT scans who had intra-articular involve-
ment (type C—intra-articular), all patients had the same
intra-articular fracture patterns (lateral fragments in the
coronal plane, anterior fragments in the sagittal plane,
and anterolateral fragments in the axial plane) consistent
with the pattern of proximal tibial physeal closure men-
tioned above (Figs. 10A–C). This reemphasizes the need
to assess these injuries in >1 plane.

As a result of our findings showing underestimated
(and often missed) intra-articular fractures and complex
3D fracture patterns, we recommend the following in the
workup and treatment of patients with tibial tubercle
fractures based on our new classification system and ini-
tial plain films findings:
(1) Type A—Tubercle Youth (Fig. 3): these patients

should be fixed with smooth K-wires as these patients
are the most skeletally immature (mean age, 12.7 y),
allowing for the preservation of proximal tibial
growth. It is important to note that the tip of the
tubercle is the only portion ossified, and the
remainder of the tubercle is cartilaginous in substance
and hence it cannot be seen on x-ray at this early stage
of development but can be injured. Articular involve-
ment is rare, and advanced imaging is not necessary.

(2) Type B—Physeal (Fig. 4): these injuries have a high
risk of compartment syndrome and vascular injury,
and the clinician should be wary of this possibility.
Because of the underestimation of injury severity and
pattern by utilization of plain lateral radiograph
alone, and the proximity of these fracture types to the

joint, we recommend that all patients presenting with
this fracture pattern on plain radiograph obtain a
preoperative CT scan or MRI as an adjunct. This is
particularly important as all patients with Ogden type
2 injuries (extra-articular/physeal) on plain film who
underwent advanced imaging were actually found to
have intra-articular involvement (Ogden 3). Smooth
K-wire fixation should be utilized if possible to
preserve growth of the open proximal tibial physis.

(3) Type C—Intra-articular (Fig. 5): these injuries should
undergo mandatory advanced imaging (as intra-arti-
cular extension is seen on plain film) to assess intra-
articular fracture pattern and intraoperative arthrot-
omy or arthroscopy to assess soft tissue/chondral
injury within the joint (and further assess articular
congruity postreduction). As these patients have a
greater degree of physeal closure, and the need to
obtain an anatomic joint reduction is essential, more
rigid fixation with screws should be utilized with CT
scan or MRI determining screw placement.

(4) Type D—Tubercle Adolescent (Fig. 6): these injuries
rarely involve the joint, and occur near the end of
physeal closure (mean age, 15.5 y). Advanced imaging
is therefore not routinely recommended. Screw fixa-
tion in these adolescents should be utilized as the
physis has nearly closed.
It is important to note that 3 of our patients had

premature physeal closure of the tibial tubercle; 2 of
whom underwent secondary procedures to reverse the
growth closure. Recurvatum of the proximal tibia has
been theorized to occur with premature closure of the
tibial tubercle.10,34 If growth deformity does subsequently
develop, it can be successfully treated with physeal bar
excision and fat graft interposition as it was done in 2 of
our patients.

We have several limitations of our study. Our
treatment protocol was not standardized because of the
retrospective nature of the study. All patients did not
receive advanced imaging and/or undergo arthroscopy/
intraoperative arthrotomy. As a result, there may be a
bias that more severe injuries were the ones that under-
went advanced imaging. As a result, we have only rec-
ommended that severe injuries near the joint (ie, types B
and C injuries) undergo advanced imaging. Furthermore,
different fixation techniques, indications for prophylactic
fasciotomy, postoperative protocols, and weight-bearing
progression were also used as well, which may account for
some of the variability in the outcomes data. A pro-
spectively designed comparative study in the future would
be best suited to eliminate many of the problems inherent
in any retrospective study; particularly as it relates to the
inability of all patients to undergo advanced imaging and
arthroscopy. Yet, because of the rare nature of these in-
juries, a long period of time will be necessary for a pro-
spective study with suitable numbers with broad ranging
inclusion/exclusion criteria to be developed. In the inter-
im, we believe that our study provides a basis for future
study and providing some initial guidance in regard to the
treatment of these injuries.
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Tibial tubercle fractures represent injuries with po-
tentially devastating complications such as compartment
syndrome and/or vascular compromise; particularly in
type B—physeal injuries. Intra-articular involvement is
often missed with the use of plain x-ray and drastically
underestimates injury severity. The use of CT scan or
MRI preoperatively in these patients (to determine intra-
articular extension) should be utilized as adjunct to plain
lateral radiograph, particularly in patients who seem to
have type B—physeal or type C—intra-articular injuries
in plain film. Our new classification system respects the
complex nature of these injuries, and is rooted in the
development of the proximal tibia. If intra-articular in-
volvement particularly displacement is seen, arthroscopy
or arthrotomy should be utilized at the time of operative
fixation to assess the joint surface. In keeping with the
nonbenign nature of these injuries, tibial tubercle physeal
damage can occur with these injuries leading to re-
curvatum, although salvage procedures do exist.

We believe that this is the first study to advocate
advanced imaging and intraoperative arthroscopy or ar-
throtomy in the treatment of tibial tubercle fractures so
that optimum reduction of the fracture can be obtained
and the full extent of the injury can be classified. Our
classification system based on advanced imaging can
hopefully lead to recognition of the true extent of this
potentially devastating injury and therefore better guide
treatment to improve patient outcomes.
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