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Tibial Fracture Secondary to Anterior Tibial
Tubercle Osteotomy: Report of Three Cases and
Literature Review

Fractura tibial secundaria a osteotomia de la
tuberosidad anterior de la tibia: Reporte de tres casos y
revision de la literatura
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Abstract There are multiple treatment options for the broad spectrum of patellofemoral conditions.
The most common conditions are patellofemoral instability and osteoarthritis. Several
treatment modalities have been described for these conditions, and distal realignment
procedures are especially relevant. Although these techniques are effective in most cases,

Keywords they are not free of problems, reported in up to one-third of cases.

= tibial tuberosity This article presents three cases undergoing an anterior tibial tubercle osteotomy as a
osteotomy therapeutic tool for two distinct conditions. All cases had a tibial fracture in the

= complication osteotomy site, an uncommon complication with potential severe prognostic

= tibial fracture consequences.

Resumen Existen multiples opciones de tratamiento al momento de enfrentarnos al amplio

espectro de la patologia patelofemoral. Dentro de las patologias mas frecuentemente
encontradas estan la inestabilidad y artrosis patelofemoral. Se han descrito distintos
tipos de tratamiento, siendo especialmente relevantes los procedimientos de reali-
neamiento distal. Estas técnicas son efectivas en la mayoria de los casos, pero no estan
exentas de complicaciones, reportandose en hasta un tercio de los casos.

Palabras clave A continuacién presentamos tres casos donde se realizé una osteotomia de la tuber-
= osteotomia osidad anterior de la tibia como herramienta terapéutica para 2 patologias distintas, en
tuberosidad tibial todos los casos se reporté una fractura tibial a nivel de la osteotomia, complicacién
= complicacion infrecuente pero que puede tener graves consecuencias en el pronostico de nuestros
= fractura de tibia pacientes.
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Introduction

First described in 1938, osteotomy (OTT) of the anterior tibial
tubercle (ATT) is a surgical technique realigning the tibial
tubercle to redistribute the force vectors acting on the
extensor apparatus.’

In most cases, it is the technique of choice for patients
with patellofemoral instability due to an excessive lateral
position of the ATT to the force vector coming from the
quadriceps (tibial tubercle-trochlear groove [TT-TG]| dis-
tance >20mm),> mainly by medializing the tubercle.
The second scenario, also quite common, occurs in patients
with chondral lesions or patellofemoral osteoarthritis, in
which ATT osteotomy is considered in the presence of pain,
effusion, and/or mechanical symptoms after attempting
appropriate conservative treatment. It is also important
to mention the role of patellar height in the management
algorithm of these conditions, often indicating a tubercle
decrease when the patella is high, mainly in the instabil-
ities. Tibial osteotomies can transfer the tubercle medially,
distally, and/or anteriorly according to the patient’s symp-
toms and bony anatomy.?

The most used techniques include anteromedialization
(Fulkerson) for medial and anterior translation of the force
vector of the extensor apparatus. Pure anteriorization
(Maquet) involves the anterior translation of the tubercle
to reduce pressure on the patellofemoral joint. Distalization
procedures are usually combined with anteromedialization
and pure anteriorization. In pure medialization (Elmslie
Trillat), the medialization of the force vector of the extensor
apparatus is carried out medially.

Complications of TTOs can be major or minor. Major
complications reported in the literature include deep vein
thrombosis (DVT), tibial fractures, nonunions, common
peroneal nerve neuropraxia, deep infection, arthrofibrosis,
and recurrent patellar instability. Minor complications in-
clude superficial infection, hypertrophic scar, surgical site
pain, osteosynthesis material-related discomfort, and
hematomas.>*

The recent literature reported complication rates ranging
from 0% to 12%. However, cohort sizes limited these studies
since the largest number of patients was 116 knees.” A
systematic review from 2017 analyzed 21 studies (1,055
knees) and assessed outcomes from tibial osteotomies. This
review found an overall complication rate of 8%. In addition,
21% of the patients required a second surgery for symptom-
atic osteosynthesis.6 A recent publication from Dr. Arendt
evaluating 150 patients undergoing ATT osteotomy reported
major complications in 21.5% of cases and minor complica-
tions in 8%.” It is worth mentioning that these percentages
are highly variable in the literature because of the lack of a
clear objective definition of complications in ATT OTTs.

Tibial fracture at the osteotomy level is a rare complica-
tion with devastating consequences. For this reason, we
present four fractures in three different patients with this
complication, including three resolved with reduction plus
fracture osteosynthesis and one conservatively treated frac-
ture, all progressing satisfactorily.

Figueroa et al.

Case Report

The first case was a 41-year-old female patient with a
history of depression and anxiety attacks whose main
complaint was disabling bilateral back pain, worse when
going up and down stairs, which recently had limited her
daily activities. Studies included bilateral magnetic reso-
nance imaging (MRI) revealing grade II and Il chondral
lesions in the lateral facets of both patellae, with TT-TG of
20mm on the right knee and 23 mm on the left knee.
Initially, management was conservative, with kinetic ther-
apy and analgesics. Since it was unsuccessful, we decided on
an ATT medialization osteotomy (Elmslie Trillat), technical-
ly planning a tubercle bone block 5cm long by 1cm wide.
This block underwent careful, progressive osteotomy with
chisels in a latero-medial direction. The weakening of the
distal hinge of the block used a 2.5-mm drill bit with
multiple perforations in an anteroposterior direction. Fixa-
tion used three 3.5-mm diameter screws (two cortical and
one cancellous screw) in an anteroposterior direction. In
addition, we performed an arthroscopic chondroplasty of
the chondral lesions (=Fig. 1). Initially, the patient pro-
gressed favorably. However, she came back six weeks after
surgery due to acute pain in both knees associated with
sudden involuntary lifting movements while she was mov-
ing around her home. At that time, radiographs showed a
bilateral tibial fracture at the osteotomy site (=Fig. 2). At
first, the fracture management was conservative, with
unloading and immobilization for six weeks. This treatment
was successful for the right lower extremity but not the left
leg, with a progressive varus deviation requiring active
surgical management through reduction and osteosynthe-
sis with a lateral locking plate of the proximal tibia added to
biological support. The retrospective analysis of the case
revealed hypovitaminosis D before surgery (15.9 ng/mL; the
normal value is >20ng/mL).

Subsequently, the patient achieved adequate recovery
and consolidation of both fractures, returning to her
normal activities of daily living without residual symptoms
(=Fig. 3).

The second case is a healthy 18-year-old patient with
recurrent bilateral patellar instability. Initially, instability
management was conservative, but it progressed with the
persistence of symptoms. The most striking clinical ele-
ments included marked apprehension, patellofemoral pain,
and frank hypermobility with a positive “J” sign. An imaging
study revealed a TT-TG distance of 25 mm on the right knee
and 23 mm on the left knee, leading to the decision to
perform a medial patellofemoral ligament reconstruction
surgery with allograft plus a bilateral Elmslie Trillat osteot-
omy. Each knee underwent a 10-mm medialization, with a
tubercle bone block approximately 5cm long and 1cm
wide. The block was progressively prepared with chisels
in a latero-medial direction after flexing the distal hinge
and multiple perforations in an anteroposterior direction
with a 2.5-mm diameter drill bit. Osteotomy fixation used
three screws of 3.5 mm in diameter, of which the two most
distal were fully threaded cortical screws, and the most
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Fig. 1 Anteroposterior and lateral radiographs of both knees in the immediate postoperative period.

proximal was a cancellous screw (=Fig. 4). The patient’s
progression was satisfactory until the 8th month when he
had trauma and torsion at the right knee while playing
soccer. The radiograph showed a tibial fracture at the
osteotomy site (=Fig. 5) requiring surgical management
with fracture reduction and osteosynthesis with a 4.5-mm
lateral proximal tibial locked plate, with good progression
(=Fig. 6).

The third case was a 14-year-old female patient with a
history of genu valgus, medial femoral hemiepiphysiodesis
surgery at 12 years old, and recurrent bilateral patella
dislocation. She presented with persistent patellar insta-
bility and new episodes of dislocations in the right knee.
Magnetic resonance imaging, radiographs, and computed
tomography scans highlighted a high patella with a Caton
Deschamps index of 1.44, a high-grade trochlear dysplasia

Fig. 2 Bilateral fracture six weeks after surgery with greater varus
deviation to the left.

(B according to Dejour), and a TT-TG distance of 22 mm
(=Fig. 7). In this context and considering the skeletal
maturity, we decided to perform an ATT descent and
medialization, with a complete osteotomy of approximate-
ly 5cm and a net section at the distal level added to bone
subtraction to achieve a 1-cm distalization and a 10-mm
medialization. The same surgery reconstructed the medial
patellofemoral ligament with a gracilis autograft. The
patient progressed satisfactorily until the fourth week,
with a full range of motion and no pain. She independently
decided not to use the canes, and, in a sudden movement
when standing up from a chair, she experienced intense
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Fig. 3 Follow-up radiograph ten weeks after surgery showing com-
plete consolidation of both fractures.
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Fig. 4 Anteroposterior radiographs in the immediate postoperative
period from our second patient.

Fig. 5 Anteroposterior and lateral knee radiographs showing tibial
fracture to the osteotomy site.

pain and proximal tibial deformity. She went to the emer-
gency department, and the examination revealed a tibial
fracture at the osteotomy site (~Fig. 8). Next, the patient
underwent surgery for fracture reduction and osteosyn-
thesis with a 4.5-mm lateral proximal tibia plate. The
procedure was successful, with advanced consolidation in
the third postoperative month (~Fig. 9).

Discussion and Literature Review

Anterior tibial tubercle osteotomy is a common surgical
procedure in orthopedic practice to treat several patellofe-
moral joint conditions. The consolidation process at the
osteotomy site is a crucial factor for the success of this
procedure. This consolidation can be affected by patient
factors (age, comorbidities, smoking) and surgical issues
(osteotomy depth, fixation method, and osteotomy type).
The first case had hypovitaminosis D (15.9 ng/mL versus
>20ng/mL as a normal value) and an undertreated psycho-
logical condition that hindered the patient’s compliance with
postoperative treatment. These factors are potentially rele-

Figueroa et al.

Fig. 6 Postoperative follow-up radiograph ten months after surgery
showing complete fracture consolidation.

vant when considering a surgical approach, especially
bilateral.

Tibial fractures at the osteotomy site are part of the
major complications of this technique. Stetson et al. con-
ducted an exhaustive study reporting an incidence of tibial
fracture of 2.6% (6/234 knees), all in the first 13 weeks post-
surgery.? It is worth noting that all fractures occurred after
a phase transition from partial to full support. Five of the six
fractures consolidated with conservative management in a
good axis, as occurred in one of the fractures in the first
reported case. Of the six tibial fractures, two fractures
began near the screw fixation site, two at the proximal
osteotomy site, and two at the distal osteotomy site. Payne
et al. described eight postoperative tibial fractures in 787
patients (1%). Six of these patients underwent conservative
treatment, while the remaining two underwent successful
open reduction and internal fixation.” We can deduce that
most cases consist of non-displaced fractures, which tend to
consolidate well with conservative treatment. In contrast,
given the need to consider a surgical approach, since most
of our cases were successful, reduction and fixation with a
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Caton Index
Deschamps 1.44

Fig. 7 Lateral radiograph of the third patient showing a high patella
according to the Caton Deschamps index.

robust lateral plate seem to be the best therapeutic
alternative.

The distal osteotomy section appears to be a key factor in
tibial fractures. Bellemans et al. reported four proximal tibia

HORIZONTAL RAY

Fig. 8 Lateral knee radiograph showing a comminuted tibial fracture
at the tibial osteotomy site.

Figueroa et al.

Fig. 9 Anteroposterior and lateral radiographs three months after
reduction and osteosynthesis surgery.

fractures in 53 Fulkerson osteotomies (7.5%), all of which
occurred from the fourth to seventh week after surgery.'®
The risk of complications is higher when the osteotomy
involves complete separation of the tibial tubercle (10.7%),
in contrast to attempts to spare the distal cortical hinge, as in
the Elmslie-Trillat (3.3%) and Fulkerson (3.7%) osteotomies.’
We usually try to preserve the distal cortex of the osteotomy,
only performing multiple perforations with a 2.5-mm drill
bit to make it more flexible (~Fig. 10), This increases the
elasticity, facilitating the medialization of the bone fragment.
This gesture is not feasible in cases like our last patient,

Fig. 10 The surgical gesture of flexibility of the distal cortex of the
tubercle bone block is evident, making multiple perforations in the
anteroposterior direction with a 2.5-mm drill bit.
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which required a tibial tubercle distalization to achieve an
adequate patellar height, increasing the risk of major com-
plications such as nonunions or tibial fractures.

The surgical technique should aim to create an osteotomy
involving cancellous bone to avoid the creation of a
completely cortical bone fragment, optimizing bone consol-
idation, and minimizing the possibility of tibial tubercle
fragment fracture. Avoid creating an osteotomized fragment
too thin (less than 8 mm) due to the increased risk of
nonunion and delayed union."’

Theoretically, 3.5-mm screws could produce less anteri-
or soft tissue irritation due to their lower profile compared
to 4.5-mm screws. Previous studies reporting screw sizes
and the percentage of cases requiring osteosynthesis ma-
terial removal support this point. These studies suggest
that removal of 3.5-mm screws occurs in 16% of cases,
4.0-mm screws in 30% of cases, and 4.5-mm screws in
52% of cases." The removal of 6.5-mm screws is usually
planned from the beginning given its larger size.'? Regard-
ing the configuration and direction of the screws, Aykanat
et al. carried out interesting biomechanical studies and
concluded that the most stable configuration was with two
screws, with the most proximal perpendicular to the
osteotomy plane and the most distal perpendicular to the
posterior tibial cortex.'® It has been recommended that
osteotomy fixation screws be at least 2 mm longer than the
measured bicortical distance to ensure adequate fixation."
In our cases, we always used three 3.5-mm screws from
different types, including cortical, cancellous, or partially
threaded screws. This configuration offers adequate stabil-
ity and fewer symptoms because the screws present a low
profile.

As mentioned above, most fractures associated with
these procedures are non-displaced fractures, which evolve
satisfactorily with good conservative treatment (including
load limitation for at least 8 weeks and serial careful
rehabilitation). For surgical treatment, the suggestion is to
use traumatology criteria influenced by factors like dis-
placement, axis, rotation, and progression over time of each
case.

Postoperative rehabilitation is crucial to ensure success-
ful consolidation and minimize the risk of complications.
This field has different protocols, often performed at the
surgeon’s discretion. It has been suggested that patients
work in their passive range of motion with the limb
unloaded during the first 6 to 8 weeks after surgery.'*
However, other authors allow progressive simulated partial
loading. High-impact activities should be avoided for an
average of 6 months, while return to competitive sports
should wait from 9 months to 1 year after surgery.'*
From our cases, the first had complications during the first
weeks due to involuntary limb loading of the limb, similar
to the third case. On the other hand, our male patient
prematurely resumed participating in impact sports activi-
ties without medical authorization. Specifically, he
returned to playing soccer, a contact sport with a high
risk of injury, especially during the first year after anterior
tibial tubercle osteotomy.

Figueroa et al.

Conclusions

Tibial tubercle osteotomy is a valuable surgical technique to
address patellofemoral joint conditions. Surgical planning
requires proper consideration of several factors to ensure
optimal results. Elements such as patient characteristics,
surgical technique, and postoperative care significantly in-
fluence union and the risk of potential complications, in-
cluding postoperative fractures. Traumatologists must
carefully evaluate these factors and tailor their approach to
each patient to achieve successful outcomes while minimiz-
ing potential complications. A multidisciplinary approach
and a good doctor-patient relationship are key to delivering
information in a specific way, thereby avoiding potentially
risky behaviors by our patients.

The three reported cases are unusual presentations of
knee surgery complications. It is critical to consider how to
prevent and manage these types of complications since they
can have devastating consequences on the quality of life of
our patients.
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