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ABSTRACT

Background Tibial tubercle avulsion fracture is rare

in children. Accumulated knowledge on clinical and
epidemiological features of this fracture is of practical
significance for clinical colleagues to deal effectively with
such fractures.

Methods Clinical and epidemiological parameters were
reviewed retrospectively in 29 patients with tibial tubercle
avulsion fracture that was treated in our hospital in the
past 7 years.

Results Totally, 29 children with 30 tibial tubercle
fractures were enrolled. They were all boys; the average
age was 13.8 (12—-15) years, and the average Body Mass
Index (BMI) was 26.4 (19.2—34.3). Statistically, 41.4%

of injuries occurred during jumping activities, and 1
(3.4%), 12 (41.4%) and 16 (55.2%) patients were injured
bilaterally, on the right and left sides, respectively. The
patients were classified into type | (4), Il (3), lll (13) and IV
(10) fractures. Two patients (three knees) with fractures of
type IV received close reduction and cast immobilization
for 6 weeks. One patient with fracture of type IV underwent
close reduction and was fixed with two cannulated screws.
The remaining 26 patients underwent open reduction

and were fixed with two or three cannulated screws.

The average follow-up time was 38 (14-98) months; no
complication was noted. Twenty-seven patients had an
excellent outcome.

Conclusion In Chinese adolescents, the tibial tubercle
avulsion fracture predisposes to boys with higher body
weight; jumping is the most common cause of injury;
treatments show satisfactory outcome regardless of
fracture types.

INTRODUCTION

The development of tibial tubercle experi-
ences four stages: cartilaginous, apophyseal,
epiphysial and bony.' > The proximal tibial
epiphysis closes in a posterior to anterior
direction and then distally to the tubercle
apophysis; this makes the tuberosity vulner-
able to fracture.' Nevertheless, the tibial
tubercle fracture is uncommon in children,
accounting only for 0.4%-2.7% of pediatric
fractures, and this fracture represents about
less than 1% of all physeal injuries.” Tibial
tubercle fracture is most likely to occur in
adolescents between the ages of 13 and 17

Key messages

"ybuAdoo Aq paroalold 1sanb Aq #7202 ‘8 |udy uo jwod fwg sdim//:dny woly papeojumod 020z lequiaidas 9T uo 691000-0202-SdIM/9ETT 0T Sse paysiignd 1s1y :A196inS pad |ur PHOM

What is already known about this subject?

» Tibial tubercle fracture is not common, and most
of them occur in male adolescents during sporting
activities.

» Tibial tubercle fractures mainly happen by a strong
contraction of quadriceps when the knee is extend-
ing or by a violent passive knee flexion when the
quadriceps is contracting.

» Most of the tibial tubercle fracture needs an open
reduction and has a satisfactory outcome.

What are the new findings?

» Basketball and running are the sports most often
associated with tibial tubercle fracture.

» Overweight male adolescents are more likely to have
this fracture.

» If a good reduction can be achieved, closed reduc-
tion and internal fixation may also be a good method.

How might it impact on clinical practice in the

foreseeable future?

» Accumulated knowledge on clinical and epidemio-
logical features of this fracture is of practical signif-
icance for clinical colleagues to diagnose effectively
and to treat such fractures.

years. Itis consistent with the time of the prox-
imal tibial epiphysis development and fusion
with tibial tubercle apophysis.® The tibial
tubercle avulsion fracture often occurs by a
violent contraction of the patellar tendon.

As tibial tubercle avulsion fracture is rare,
accumulated knowledge on clinical and
epidemiological features of this fracture is of
practical significance for clinical colleagues
to deal effectively with such fractures. In this
report, we reviewed all tibial tubercle avul-
sion fracture cases that were treated in our
hospital in the past 7.5 years retrospectively.

METHODS

Patients

Recorded patients with the tibial tubercle
avulsion fracture who were treated in our
hospital from January 2012 to June 2019
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were studied. Patients with multiple fracture, open frac-
ture, pathological fracture and systemic disorder were
excluded. Totally, 29 patients with 30 fractures were
included in this report. Patient’s age, gender, weight,
Body Mass Index (BMI), injury mechanism, involved
side, clinical and radiographical examinations (X-ray and
CT), treatment and complications, as well as outcomes,
were reviewed. According to the modified Watson-Jones
classification , fractures were classified as follows : type
I, fracture distal to the junction of ossification center of
tuberosity and proximal tibial epiphysis; type II, fracture
extends into the junction of proximal tibial physis; type
III, fracture extends to the joint through proximal tibial
epiphysis; and type IV, fracture extends transversely
through proximal tibial physis. The outcomes were eval-
uated and defined as poor (range of motion is limited to
more than 20°, and symptomatic with daily or minimal
activity), fair (range of motion is limited to less than 10°,
and symptomatic with vigorous and full activity) and
excellent (range of motion is normal, asymptomatic, or
full activity).®

Statistical analysis

This report mainly uses descriptive statistics to present
the clinical and epidemiological features of the tibial
tubercle avulsion fracture in Chinese adolescents. Cate-
gorical variables are expressed as frequencies with
percentages; continuous variables are expressed as mean
with range.

RESULTS

Summary of clinical and epidemiological features

We identified a total of 29 patients with 30 tibial tubercle
fractures in the past 7years and 5months. As shown in
table 1, all of the patients were boys with mean age of
13.8 years, body weight of 71.8kg and BMI of 26.4; 12, 16
and 1 fractures occurred in right, left and both side(s); 8
(27.6%) and 11 (37.9%) injuries happened while playing
basketball and running, respectively, and the most
common injury mechanism was jumping during activ-
ities (41.4%). According to the modified Watson-Jones
classification, 4 (13.3%), 3 (10.0%), 13 (43.3%) and 10
(33.3%), fractures belong to types I, II, IIl and IV, respec-
tively. The features of age, BMI and fracture type are
shown in figures 1 and 2. Fractures of type IIl and IV take
the largest proportion. More than half of the patients are
obese. The normal weight status takes 30% of the frac-
tures. We are unable to draw any conclusions about the
relationship between different fracture types and BMI
due to a paucity of patients. One patient with fracture of
type I had associated patellar tendon avulsion; another
with type III fracture had associated medial meniscus
injury. No preoperative complications were recorded.
One patient suffered from tissue infection after opera-
tion and was cured before discharge.

Table 1 Summary of clinical and epidemiological features
Variable Value
Number of subjects, n 29
Male adolescents, n (%) 29 (100)
Age (y), mean (range) 13.8 (12-15)
Weight (kg), mean (range) 71.8 (52-100)
Number of fractures, n (%) 30
Right side fractures 12 (41.4)
Left side fractures 16 (55.2)
Both side fractures 1(3.4)
Causes of injury, n (%)
Basketball 8 (27.6)
Running 11 (37.9)
Watson-Jones classification, n (%)
Type | 4 (18.3)
Type Il 3(10.0)
Type llI 13 (43.3)
Type IV 10 (33.3)
Comorbidity, n (%)
Type | and associated patellar tendon 1 (3.7)
avulsion
Type Ill and associated medial 1@.7)

meniscus injury

Treatment and outcome

As shown in table 2, two patients (three fractures) with
fractures of type IV received close reduction and cast
immobilization for 6weeks. One patient with fracture of
type IV underwent close reduction and was fixed with two
cannulated screws. The remaining 26 patients underwent
open reduction and were fixed with two or three cannu-
lated screws.

The cast was removed 6weeks after surgery if the frac-
ture demonstrated clinical and radiographical union.
After cast removal, weight bearing was initiated under
protection, as well as active flexion and extension of the
knee and quadricep-strengthening exercises. The average
follow-up time was 38 (14 to 98) months. No complications
were noted until the last follow-up. Twenty-seven (93.1%)
patients had an excellent outcome; two patients (6.9%)
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Figure 1 The number of four types of fractures in different
age group.
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Figure 2 The number of four types of fractures in different
weight status group.

were assessed as fair outcome. One of these patients had
alittle limp when running, and another patient had pain
when flexing excessively at the last follow-up.

DISCUSSION

Tibial tubercle fracture is rare, but it always occurs in
adolescent boys. The greater proportion of adolescent
boys who participate in jumping activities may be a
possible cause.! As revealed by Ogden and Southwick,’
the correlation between tibial tubercle fracture and
Osgood-Schlatter disease was not sure. Frey et al showed
3 of 19 children with pre-existing Osgood-Schlatter
disease.'” However, no literature has reported the
direct correlation between tibial tubercle fracture and
Osgood-Schlatter disease.' In our patients, there was no
record of Osgood-Schlatter disease. The average age of
our patients was 13.8 years, and all of them were boys;
the most common mechanism of injury was related to
jumping activities (41.4%). These features are consistent
with previous reports outside of China.'""

Riccio et al'® reviewed 19 patients with tibial tubercle
fracture. The BMI at the time of follow-up averages
28.8 (18.5—43.8). Shin et al' stated that there was not
enough evidence to prove that the high BMI would
increase the likelihood of fractures. The average BMI
in their series is 24.3 (16.0-31.1). The average BMI in
our series is 26.4 (19.2-34.3), which means overweight.
The relation between BMI and fracture is controversial.

Table 2 Treatment and outcome

Variable Number Outcome
Close reduction and cast immobilization (n=2)
Type IV 1 Fair

Close reduction and fixed with two cannulated screws (n=1)
Type IV 1 Fair

Open reduction and fixed with two or three cannulated screws
(n=27)

Type | 4 Excellent
Type Il 3 Excellent
Type I 13 Excellent
Type IV 7 Excellent

The mean follow-up period was 38 (14-98) months.

In children, obesity is thought to be a risk factor for the
lower extremity fractures.'® ' Sabhaney et al’ showed
that increased risk of fractures among normal-weight
children compared with underweight children has been
proven to be proportional to BMI.

In part of the literature, left-sided injuries take prepon-
derance."*! As for a righthanded basketball player, the
left leg is the push-off leg in a single-leg jump'*; however,
not all reports support this conclusion. Frey et alreported
8 left-sided and 10 right-sided injuries.® In our 29 patients
with 30 fractures, 55.2% (16/29) fractures occurred in
leftsided injuries and 41.4% (12/29) injuries happened
in right-sided injuries.

Sir Reginald Watson-Jones® first classified the frac-
ture into three types: type I is a fracture through the
tibial tubercle itself. Fractures of type II fail at the prox-
imal tibial physis. Type III fractures extend into the
joint through proximal tibial epiphysis. In 1980, Ogden
et al’ made modifications to this classification; the
previous fracture types were subdivided into group A
(non-comminutive fractures) and B (comminutive frac-
tures). In 1985, Ryu and Debenham® added a fourth
type of fracture, a fracture of the tibial epiphysis with
posterior extension. In our patients, we found 4 frac-
tures of type I, 3 fractures of type II, 13 fractures of type
IIT and 10 fractures of type IV. Type III fractures were
most frequently (43.3%) seen in our patients, which was
consistent with previous reports.'* ' We were unable to
draw any conclusions about the relationship between
different fracture types, age and BMI due to a paucity
of patients.

Patellar or quadriceps tendon avulsions and meniscal
tears have been reported with tibial tubercle fracture;
the total rates are as high as 10%-20%." '*** These were
rarely observed in our patients. One patient in our study
with type I fracture had an associated patellar tendon
avulsion; another with type III fracture had an associ-
ated medial meniscus injury. However, this could be a
false appearance caused by less using of more advanced
medical imaging methods, such as MRI, to identify
accompanying injuries like meniscus injury. Preoperative
compartment syndrome was another associated injury,
with an incidence of 4%."* None of our patients expe-
rienced this. One reason could be that we performed
close or open reduction and fixation within a short time
(an average of 2.3 days) after the injury, and this decom-
pressed the compartment pressure.

Although treatments of tibial tubercle fractures result
in satisfactory clinical outcomes regardless of frac-
ture type,'* outcomes measured by subjective validated
surveys are not all satisfactory.'® In our study, two patients
with fractures of type IV underwent close reduction and
cast immobilization for 6 weeks; one patient with fracture
of type IV underwent close reduction and was fixed with
two cannulated screws; and the other 26 fractures under-
went open reduction and were fixed with two or three
cannulated screws. Among our patients, 27 subjects had
an excellent outcome, and 2 had a fair outcome during
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14-98 months of follow-up; no complications were noted
at the last follow-up.

CONCLUSIONS

Most tibial tubercle fractures occur in adolescent boys
with overweight. Jumping is the most common activity
of injury. Treatment ensures a good clinical outcome
regardless of fracture type. A minor displaced fracture
can be treated conservatively; the displaced fracture
generally requires open reduction and internal fixation.
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