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Abstract

Fractures of the anterior tibial tubercle are infrequent lesions. They often occur in male adolescent athletes, usually in relation
with sports involving powerful jumps. We present a retrospective study of 10 patients, with an average age of 15.1 years, all
of them males, and a total of 11 acute avulsions of the anterior tibial tubercle. We analyzed the etiology of the lesion, the
type of treatment used as well as non-weight bearing period, protected immobilization period, and time until sports reincor-
poration. We obtained 11 acute avulsions: one case of type I; three cases of type II; four cases of type III; and three cases of
type I'V. Five cases were treated conservatively, including the three cases of type IV, and surgery was only performed in six
cases since an anatomical reduction was not obtained with closed reduction. The results were satisfactory in all cases, with
100% percentage of sport reincorporation in less de 25 weeks. We registered only one complication, intolerance of material,
which did not require additional surgeries. These fractures, although rare, have an excellent prognosis. Even if they are often
treated surgically, we have obtained good results with the conservative treatment in patterns previously reported as surgical.
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Introduction

The anterior tibial tuberosity (ATT) serves as the insertion to
the leg’s extensor apparatus. Its ossification center appears in
ages between 11 and 14 years and ossifies approximately at
ages between 14 and 18 years [1, 4]. Acute avulsions at this
level are rare, representing 0.4-2.7% of pediatric fractures
and less than 1% of the physeal lesions [9]. It is a lesion typi-
cally seen in teenagers, with an average age, according to the
literature of 14.6 years [1, 9]. It occurs more frequently in
males, 97%, and usually in the left leg, given that it is usually
the propulsive leg in right-handed patients.

Watson and Jones described the original classification
with three types of fractures, which was later completed by
Ogden adding subtypes A and B. Then, finally, Ryu and
Debenham added type IV pattern, consisting of an avulsion
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of the ATT whose fracture line continues from the proximal
anterior physis of the tibia posteriorly as if it were a type I
or II epiphysiolysis of the Salter and Harris’ classification
system [2, 6]. See Table 1.

There are two proposed causal mechanisms, both related
to sports that involve jumping. In the anglo-saxon literature,
this lesion is often related to basketball [3, 14]. The first
one of these mechanisms is a powerful contraction of the
quadriceps, to push-off for a jump, on a bent knee. The sec-
ond one consists of a passive knee flexion, with a contracted
quadriceps, during landing after a jump. The degree of knee
flexion determines the fracture pattern and whether or not
the articular surface will be involved [9].

Most of the published papers regarding this lesion con-
sist of isolated clinical cases [5, 6, 8, 10, 13]. Our aim is to
present our series of 11 avulsions of the ATT and to analyze
whether the treatment applied influenced the results.
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Table 1 Ogden classification

Classification of tibial tubercle avulsion fractures

1A Fracture distal to junction of ossification center of proximal tibial epiphysis and tuberosity

1B Same as IA, but with fragment comminution

IIA Fracture extension to junction of proximal tibial physis

1IB Same as IIA, but with fragment comminution

1A Fracture extends into joint through proximal tibial epiphysis with displacement of fracture fragment
111B Same as IIIA, but with fragment comminution

v Fracture extension transversely through proximal tibial physis with displacement of fracture fragment

Materials and methods

Using our database, we conducted a retrospective descriptive
study, between the years 2011 and 2017, of patients who pre-
sented this type of injury and who had a minimum follow-up
of 12 months. Patients with other injuries of the proximal
tibia or with the lesion described but whose follow-up time
was shorter were excluded, as we considered the information
these cases could provide would not be definitive enough,
such as sports reincorporation and level of activity or pain
or other long term complications, such as growth distur-
bance. We obtained a sample of 10 patients and 11 avul-
sion fractures of the ATT, the patient who injured both his
tuberosities did not do so simultaneously. The average age
was 15.1 years (12-16 years), and the average time of final
follow-up was 56.3 months (12-82.4). Sport was the cause
of the injury in 8 of the 11 avulsions, football being the most
common (4 cases). Other sports registered in this series were
basketball (2 cases), handball (1 case), and a case of vaulting
horse jumping (1 case). The demographic data are described
in Table 2.

X-rays were taken on arrival at the emergency depart-
ment, which were afterward used to classify the lesions
according to the modified Ogden classification. When
needed CT or MR was used to confirm the fracture. Serial
radiographs were taken later during follow-up. According
to the classification previously described, in our series,
we found a case of fracture I, three cases of fracture type
II, four cases of type III pattern, and three cases of type
IV (see Table 2).

These injuries were treated by the on call team the day
of reception or the day afterward. Therefore, the treatment
decision was based mainly by the chief surgeon. Normally,
we would try a close reduction and immobilization, no
matter the type of pattern. However, if closed reduction
is not achievable or reduction unsatisfactory, or there is
a loss of active extension, an open reduction and internal
fixation would be performed.

We analyzed the type of treatment used, conservative
versus surgical, and in the case of the later, the time of
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surgery, type of osteosynthesis, and whether or not there
was any associated action during surgery. The times of
immobilization without weight bearing and protected
immobilization with an articulated orthosis were regis-
tered, as well as the time until the sport reincorporation
and whether this was at the same level as the one that the
patient had before the injury. Normally, the conservative
cases were immobilized with a cast 4-5 weeks and then an
articulated orthosis the following 2 weeks (flexion limited
to 50° the first week and then 90° the second week). The
surgical patients were immobilized with a cast 4 weeks
and another 3 weeks with orthosis (1 week with flexion
limited at 50° and 2 weeks at 90°). When changing to the
orthosis, protected weight bearing was initiated in both
groups as well as active flexo-extension and quadricep-
strengthening exercises.

We then compared the results and timings obtained in
both surgical and conservative groups using the Mann—Whit-
ney U test.

Results

In our series, five cases were treated conservatively, corre-
sponding to one case of type I, one case of type II, and three
cases of type IV (see Fig. 1); compared to six cases that were
treated surgically, being these two cases of type II and four
cases of type III (see Fig. 2). The conservative treatment
consisted of splint immobilization in full extension in the
emergency room, with exception of two of the three type [V
cases, which required closed reduction in the operating room
under sedation before immobilization due to pain. As for the
surgical treatment, the standard treatment in our center was
open reduction and osteosynthesis with cannulated screws,
one, two, or three depending on the size of the fragment (one
case with one screw; two cases with two screws and three
cases with three screws). The average time of surgery was
75.5 (ranging from 45 to 90 min approximately) minutes,
and there were no major incidences in any of them. Three
of the cases presented associated actions during surgery:
one prophylactic fasciotomy (in a type IITA) and two cases
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Fig.1 A 13-year-old male with a type IV ATT avulsion of the right
leg after a forced passive leg flexion from an improper jump recep-
tion (non-sports-related). The patient was treated with a cast in the
emergency room which was removed after 34 days and changed for
an articulated orthosis for 19 days (flexion limited to 50° the first
week approximately and then 90°) and active flexo-extension exer-
cises were explained. The patient did not required extra rehabilitation.
It took the patient approximately 21 weeks to recover and practice
sports at the same level prior to the lesion. The images show AP and
lateral radiographs at a 1 day after reception; b 1 week; ¢ 1 month
and d 3 months)

of reinsertion of the patellar tendon (IIB/IIIB) (see Table 2).
The fasciotomy was performed due to the intense swelling
of the injured limb in order to prevent the development of
a compartmental syndrome. The patients who required sur-
gery were hospitalized one night and were discharged the
day after. Patients treated conservatively, however, did not
required hospitalization and were only kept in emergency for
some hours for observation and for administration of analge-
sic treatment. All the information related to fracture pattern
and treatment applied is summarized in Table 2.

Plaster immobilization and no weight bearing time on
average was 4.23 weeks, showing no difference among
both groups of treatment (p =0.40). Global immobiliza-
tion was 6.86 weeks in the conservative group compared
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Fig.2 Type IIIA treated surgically with cannulated screws. This
13-year-old male injured his right leg after an hyperextension mecha-
nism while playing soccer. There was no active extension of the knee
and the x-rays showed a type IIIA ATT lesion. Surgical treatment
was performed with open reduction and three cannulated screws and
a cast was applied for 30 days. An articulated orthosis was used for
another 20 days (flexion limited to 50° for one week and then 90°)
allowing weight bearing, and explaining active flexo-extension exer-
cises. He did not required extra rehabilitation. It took the patient
approximately 36 weeks to recover sports ability at the same level
prior the lesion.a X-ray at emergency room; b first day after surgery;
¢ one month; d one year

to 6.93 in the surgical group, no statistical differences
were found (p =0.25). Finally, sports reincorporation to
previous level was achieved in all the patients that previ-
ously practiced any sport. The time until sports reincor-
poration was shorter in the group treated conservatively
(17.86 weeks on average compared to 24.71 weeks in the
group treated surgically). However, no statistical signifi-
cance was found (p =0.26).

We registered no cases of compartmental syndrome or
of growth alterations such as genu recurvatum. We only
recorded one case of discomfort related to the osteosynthesis
material that did not require surgical removal nor affected
the patient’s sports reincorporation. Other complications
described in the literature, such as surgical injury infection,
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prominent tuberosity, or patella height disturbance, were not
registered in this series.

Discussion

The avulsion fractures of the ATT are uncommon lesions
and there are no large series to be found in the literature [4,
9, 12-15]. There are, however, systematic reviews of the
literature that provide more information about these frac-
tures and their management, such as the article published
by Pretell-Mazzini [9].

These lesions occur frequently in adolescence due to the
sequence and particular ossification process of this tuberos-
ity, as described by Ehrenborg in 1962 [6]. This tubercle has
four stages: the cartilaginous phase, the apophyseal phase,
the epiphyseal (approximately 10-15 years in women and
11-17 in males; it is the moment of weakness in which these
fractures appear, since fibrocartilage is modified histologi-
cally, arranged in cell columns from the proximal physis of
the tibia to the tuberosity and is therefore less resistant to the
tension of the extensor apparatus), and finally, the bone stage
[6]. The average age in our review was 15.1 years, which is
similar to other works in the literature [12, 14, 15].

There is a consensus in the literature that these injuries
usually occur during sports practices and the most related
sport is basketball [3, 14]. In our series, 8 of the 11 patients
were injured while performing sports, but soccer was the
responsible sport in half of those cases, probably since it is
practiced more often than basketball in the Spanish society.
We only had three cases in which the sport was not involved
and the patients referred a casual trauma instead. It is, how-
ever, possible that it was not caused by a direct trauma itself
since the mechanism described in the literature is a powerful
quadricipital contraction and these patients might, in order
to prevent the fall, have performed a sudden quadricipital
contraction as a defense mechanism that would tear off the
tuberosity [3, 14].

There is controversy in the literature on whether
the traction apophysitis of the tibial tuberosity, named
Osgood-Schlatter, may be a risk factor or not of these
lesions. According to other works, the previous incidence
of Osgood-Schlatter is 12-60% [1, 10, 14]. Due to the ret-
rospective character of our study, it is difficult to find any
possible relationship; however, when reinterrogating the
patients, one of them described symptoms compatible with
an Osgood—Schlatter lesion.

It has usually been considered that these lesions are
predominantly surgical, other studies report 85-90% of the
patients treated surgically [1, 8, 9, 14]. In general, it is rec-
ommended to treat the fractures that are undisplaced and
that preserve the active extension conservatively. Accord-
ing to the modified Ogden classification, such fractures

are usually types IA, IB, and ITA [2, 7, 14]. Surgical
treatment should be applied in displaced, comminuted or
intra-articular fractures or when there is loss of extension
ability (types IB, III and IV of the modified Ogden clas-
sification; see Table 1) [1, 11, 14]. Even though cannulated
screws are the most widespread treatment, different surgi-
cal therapeutic alternatives have been proposed, such as
reduction with fixation from Kirschner wires to compres-
sion plates (in type IV). Regardless of surgical treatment,
immobilization and non-weight bearing are necessary.
There are currently no conclusions about whether there
is benefit in performing an arthroscopy in intra-articular
fracture patterns [2]. Comparing to other studies so far we
have treated conservatively a higher percentage of these
injuries, including patterns that in other review papers are
considered surgical, such as type I'V. The choice on either
conservative or surgical treatment depended fundamen-
tally on the degree of reduction achieved by the emergency
team or whether the patient was unable to extend the knee.
In case of lesser displacements, a cast was applied in the
emergency room, if this was considered unsatisfactory the
patient was sedated in order to perform a closed reduction
in the OR under fluoroscopy. When fixation was needed
in order to maintain the reduction, cannulated screws were
used, one, two, or three depending on the size of the frag-
ment. Associated surgical actions were needed in three of
the six surgical cases, including two reanchored patellar
tendons due to an associated tendon avulsion (Table 3).
The literature recommends an immobilization and no
weight bearing of about 6 weeks [9, 12, 14]. After this
period, deambulation begins and other immobilizations
are eliminated. However, our patients were allowed to start
weight bearing earlier (at 4.23 weeks on average) with an
articulated orthosis whose degrees of flexion were progres-
sively augmented. Therefore, although the patient began
weight bearing earlier, global immobilization (adding plaster
and orthosis) almost doubled the time without weight bear-
ing, being approximately 7 weeks overall. Despite this, the
result was satisfactory in all cases, since all fractures con-
solidated, the range of movement of the joint was recovered
without needing rehabilitation and all patients were able to
rejoin their previous sport activity at the same level they
had prior the lesion. The times to said reincorporation were
shorter in the conservative treatment (17.86 weeks) com-
pared to the surgical treatment (24.71 weeks), probably due
to a tendency to be more protective in patients who under-
went surgery. We have obtained excellent results, despite
the conservative treatment of previously reported surgical
patterns which suggests that the most important factor is
to obtain a good reduction of the fracture that can be main-
tained either with a cast or cannulated screws, when the prior
is not sufficient. We agree with the literature; these fractures
have a good prognosis with percentages close to 100% of
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Table 3 Comparative data with other similar studies

Wiss et al. [12]

Mosier et al. [14]

Pace et al. [15]

Pretell-Mazzini et al.

[9]

Checa et al. (2019, this
study)

N knees (patients)
Age
Conservative/surgery
No loading (weeks)

Immobilization
(weeks)

Sports reincorporation
Complications

15 (15)
152
0/15

6

6

14/15

1 compartmental
syndrome

1 non-union

1 refracture

19 (18)
13.9
4/15
45

45

18/18

11 material intoler-
ance

24 (23)
14.8
0/24

1 compartmental
syndrome

1 DVT

7 material intolerance

336 (325)
14.6
41/293
5.2

5.2

248/325

1 vascular compro-
mise

3 superficial infection

4 genu recurvatum

11 (10)
15.1
5/6
4.2
6.9

(10/10)

1 material intolerance

1 superficial infection

5 material intolerance

6 refractures

53 material intoler-
ance

sport reincorporation and consolidation [7, 9, 12, 14]. (See
Table 2 for comparative data with other papers.)

The percentage of complications depends on the series
that we analyze, but in general, it ranges from 0 to 28% [9,
14]. The most important complications are growth distur-
bances and genu recurvatum and compartment syndrome,
due to injury to the recurrent anterior tibial artery [5, 7,
11, 16]. In fact, in one of our patients, due to swelling and
pain, a prophylactic fasciotomy was performed. This patient
had no more complications afterward. However, the most
frequent complication described is intolerance to the osteo-
synthesis material, accounting for approximately 56% of
the complications which often requires material removal [9,
16]. Other complications are refracture (approximately 6%),
esthetic alterations such as the prominence of the tuberos-
ity, rigidity or high patella if there is a poor reduction [9,
16]. In our series, we had only one case of discomfort and
intolerance to the osteosynthesis material that did not require
additional surgeries.

Conclusions

These types of lesions are rare and often cause intra-articular
compromise being therefore treated mainly surgically. How-
ever, we have treated conservatively a higher percentage of
these fractures than what literature recommends, obtaining
excellent results. Our work suggest at least as good results
with the conservative treatment, avoiding complications
such as material intolerance, which could need a second
surgery. We therefore conclude that the results and prog-
nosis of these fractures are excellent, despite the fracture
pattern or treatment used as long as an anatomical reduction
is obtained.
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