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ABSTRACT

Objective: The purpose of this study is to analyze arthroscopic findings in Maisonneuve lesions treated by arthroscopically-
assisted reduction and percutaneous fixation. Materials and Methods: We evaluated the registry of patients operated on between
May 2013-January 2019 with acute Maisonneuve lesions, treated by arthroscopically-assisted reduction and percutaneous fixa-
tion. We analyzed arthroscopic findings (chondral or osteochondral lesions, intra-articular loose fragments, injury of the distal
tibiofibular joint with or without instability, and injury of the deltoid ligament with or without medial instability). Results: 13 ankles in
13 patients were evaluated. 100% evidenced injury of the anterior distal tibiofibular ligament and instability of the distal tibiofibular
joint. 92.30% had medial structure injuries, 76.9% with complete deltoid ligament injury with instability and 15.38% with medial
malleolus fractures. In 1 patient (7.69%), no medial injury was evidenced. 84.61% of patients presented chondral or osteochondral
lesions. 53.84% (7 patients) of cases had intra-articular loose fragments. Conclusion: Maisonneuve lesions are a consequence
of high-energy trauma and present with a high incidence of intra-articular structure injuries (ligaments and articular surface). Ar-
throscopy is a very useful tool to identify and treat intra-articular injuries, which would otherwise not be recognized.
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Hallazgos artroscoépicos en lesiones de Maisonneuve

RESUMEN

Objetivo: Analizar los hallazgos de la artroscopia anterior de tobillo en lesiones de Maisonneuve tratadas con reduccién bajo
visualizacion artroscépica y fijacion percutanea. Materiales y Métodos: Se evalué el registro de pacientes con lesiones de Mai-
sonneuve agudas tratados con reduccion bajo visualizacion artroscépica y fijacion percutanea, entre mayo de 2013 y enero de
2019. Se analizaron los hallazgos artroscépicos buscados (lesiones condrales u osteocondrales, cuerpos libres intrarticulares,
lesién de la articulacion tibioperonea distal con inestabilidad o sin ella, y lesién del ligamento deltoideo con inestabilidad medial
o sin ella). Resultados: Se evaluaron 13 tobillos en 13 pacientes. Todos tenian lesion del ligamento tibioperoneo distal anterior
e inestabilidad de la articulacién tibioperonea distal. El 92,30% presentaba lesiones de estructuras mediales; el 76,9%, lesion
completa e inestabilidad del ligamento deltoideo y el 15,38%, fracturas del maléolo tibial. Un paciente (7,69%) no tenia lesién
medial. El 84,61% tenia lesiones condrales u osteocondrales y el 53,84% (7 pacientes), cuerpos libres. Conclusiones: La lesion
de Maisonneuve es una consecuencia de un trauma de alta energia y la incidencia de lesiones de estructuras intrarticulares (liga-
mentarias y de la superficie articular) es alta. La artroscopia es una herramienta de gran utilidad para identificar y tratar lesiones
intrarticulares que, de otra manera, no serian reconocidas.
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Nivel de Evidencia: IV

INTRODUCTION

In 1840, Jules Maisonneuve described an injury consisting of a subcapital fracture of the fibula associated
with a tear of the distal tibiofibular syndesmosis (DTFS) and injury to medial structures of the ankle, produced
by a traumatic mechanism of external rotation.' Currently, the term Maisonneuve fracture or injury (MF) is used
ambiguously to refer to ankle injuries due to external rotational forces that cause a fibula fracture in its proximal
third or fourth, associated with the medial (ligament or bone) involvement of the ankle and the DTFS. These in-
juries remain a challenge for the attending surgeon. The therapeutic objective is to restore the bone and ligament
anatomy, restoring joint biomechanics and thus reducing to a minimum the risk of osteoarthritis.> Anatomical
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reduction is not easy given the complexity of the local anatomy and the low sensitivity of intraoperative radios-
copy. The best clinical outcomes in ankle fractures are obtained when anatomical reduction and joint stability
are achieved. Even if this has been achieved, the outcomes are not always optimal. This could be due to ligament
injuries, chondral or osteochondral injuries, or intra-articular loose bodies that occur at the time of fracture and
are not recognized during surgery.® Articular cartilage involvement in acute ankle fractures has a high incidence,
70% according to Loren and Ferkel* and 79.2% according to Hintermann et al.’ This information is relevant
because the initial damage of the articular cartilage is an independent predictive factor of the development of
post-traumatic osteoarthritis.°

Arthroscopy is a useful tool for identifying and treating intra-articular lesions that would otherwise go unnoticed.
In addition, it provides prognostic information on the medium- and long-term clinical outcomes. In MFs specifical-
ly, arthroscopic assistance allows the anatomical reduction of the fibula under direct vision in the tibial incision.*”8

The objective of this study was to analyze the findings of anterior ankle arthroscopy in MFs treated by reduction
under arthroscopic visualization and percutaneous fixation.

MATERIALS AND METHODS

We evaluated the records of patients with acute MF (<6 weeks) diagnosed with anteroposterior and lateral leg
radiographs (Figure 1), treated by reduction under direct arthroscopic visualization and percutaneous internal fixa-
tion between May 2013 and January 2019.

Figure 1. Anteroposterior leg radiographs. Maisonneuve
injuries are observed. A. Patient 8. B. Patient 2.
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We recorded their sex, age, affected side, the context where the injury occurred (sports activity or not), and the
presence of medial injury (bone or ligament). On a table, we reported the arthroscopic findings from the anterior
compartment of the ankle (chondral or osteochondral lesions, the presence of intra-articular loose bodies, ligament
injury of the distal tibiofibular joint with or without instability, and ligament injury of the deltoid ligament with or
without medial instability).

Exclusion criteria

Patients with previous degenerative ankle disease (grade I or higher of the Cheng’ classification), history of
fracture in the affected ankle, neuroarthropathy, rheumatoid arthritis, polytrauma (Injury Severity Score 216) and
exposed fractures.

Surgical technique and postoperative management

The patient was placed on the table in the supine position as distally as possible to facilitate dorsal flexion of the
ankle at the necessary time, under spinal block and sedation. A hemostatic cuff was placed in the inguinofemoral
region inflated at 270 mmHg and the homolateral glute was raised to prevent external rotation of the limb. Con-
ventional anterior arthroscopic portals (anteromedial and anterolateral) were performed at the level of the joint
interline for anterior ankle arthroscopy. Arthroscopy was performed with saline solution, without a pressure pump
and without a distraction system, with a STORZ arthroscope with 4 mm optics, 30° inclination, and a Stryker
4 mm shaver. The anterior compartment of the ankle was examined with a Ferkel-type systematic evaluation.'
Once the arthroscope was inserted into the joint, the systematic evaluation was carried out in 11 steps, as follows:
1) general visualization of the anterior compartment, 2) medial malleolus tip (with evaluation of the deltoid liga-
ment), 3) medial groove, with evaluation of the deltoid ligament by stress maneuver in pronation and external rota-
tion, 4) “Harty’s notch” with manual distraction or without it, by the first assistant, 5) anterior end of the tibia and
talus, 6) anteroexternal angle, 7) DTFS, 8) external groove, 9) talar neck, 10) talar dome, with maximum plantar
flexion, 11) talar dome and tibial plafond, with manual distraction by the first assistant. Chondral or osteochon-
dral lesions, presence of intra-articular loose bodies, anterior distal tibiofibular ligament (ADTFL) injury, DTFS
instability, deltoid ligament injury, and medial ligament instability were evaluated. Arthroscopic regularization of
the ligament stumps of the injured ADTFL was carried out, thus facilitating the correct visualization of the distal
tibiofibular joint. The loose bodies found were extracted and the hemorrhagic synovitis was shaved. Depending
on the case, we continued with the regularization of the chondral or osteochondral lesion. We continued with the
reduction of the fibula within the tibial incision, under direct arthroscopic visualization, through an internal rota-
tion and reversal of the hindfoot maneuver and the use of a sharp-tipped clamp. A reduction was considered to be
adequate when a complete closure of the distal tibiofibular articular space and the continuity of the cartilage of the
anterior lip of the tibia with the one in the anterior side of the fibula were achieved (Figure 2B).

A fluoroscopic control was performed to finally proceed to percutaneous fixation with 4 mm cannulated screws
from fibula to tibia parallel and proximal to the tibial incision, 1 or 2, according to the surgeon’s criteria. In
patients with medial malleolus fracture, we initially performed a joint inspection and then proceeded with the
reduction and osteosynthesis percutaneously, with arthroscopic assistance and fluoroscopy, and with two 3.5 or 4
mm partially threaded cannulated screws. Once the medial malleolus was fixated, a new arthroscopic control was
carried out following the 11 steps mentioned above. At the end of the surgery, the limb was immobilized with a
posterior plaster cast until the first dressing at 48-72 h and then changed to a walker boot for four weeks. From
the second week onward, progressive ankle mobility exercises were indicated. Weight-bearing was restricted until
the removal of the suprasyndesmal screws at the twelfth week. After removing them, the patient began on-field
rehabilitation as needed.

Definition of arthroscopic findings

ADTFL lesion: abnormal or discontinuous line, avulsion of its proximal or distal insertion.

Instability of the distal tibiofibular joint: separation between the tibia and the fibula >2 mm upon a stress maneu-
ver in external rotation (Figure 2A).'12

Complete injury or instability of the deltoid ligament. complete ligament tear, bone avulsion, or separation
between the articular surface of the medial malleolus and the medial talar articular surface >5 mm upon stress
maneuvers in pronation and external rotation of the foot.”"
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Extent of articular cartilage injury: we used the International Cartilage Repair Society (ICRS) classification:
grade 1, fibrillation or superficial fissures; grade 2, injury extending down to less than 50% of the total cartilage
depth; grade 3, injury extending beyond 50% of the total cartilage depth without compromising the subchondral
bone; grade 4, osteochondral injury with subchondral bone involvement.'

Location of the chondral or osteochondral lesion in the talus: we used Raikin’s'> topographic classification and,
when it was not possible to use it, we considered it non-classifiable and its location was explained in a descriptive
way.

Figure 2. Patient 5. Anterior ankle arthroscopy with focus on distal tibiofibular syndesmosis. A. Instability evidenced
by diastasis of distal tibiofibular syndesmosis, >2 mm. Anterior distal tibiofibular ligament injury. B. Reduction of distal
tibiofibular syndesmosis. T = tibia, F = fibula, T1 = talus, DATFL = distal anterior tibiofibular ligament.

RESULTS
Characteristics of the sample

Between May 2013 and January 2019, 16 fractures were treated and 13 of 16 patients met the inclusion criteria.
The sample included 12 men (92.30%) and one woman (7.7%), with a mean age of 39.1 years (range 18-69). The
right side was affected in seven cases (53.85%) whereas the left side was affected in six (46.15%). All reported
trauma in external rotation with their foot fixed on the ground, nine (69.23%) suffered the injury during sports
practices (Table 1).

Distal tibiofibular syndesmosis
We observed an ADTFL lesion and instability of the distal tibiofibular joint in 100% of the patients.

Deltoid ligament and medial malleolus

Twelve patients (92.30%) had lesions of medial structures; 10 (76.9%), a complete injury with instability of the
deltoid ligament; two (15.38%), a fracture of the tibial malleolus. In one patient (7.69%), no medial lesion was
observed (Table 2).
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Table 1. Characteristics of the sample

1 18 Yes

M R
2 36 M R Yes
3 36 M R Yes
4 39 M R Yes
5 37 M L Yes
6 22 M L Yes
7 50 M R No
8 54 M L No
9 26 M L Yes
10 69 F L No
11 35 M R Yes
12 26 M L Yes
13 61 M R No

M = male, F = female, R = right, L = left.

Table 2. Record of ligament injuries and fractures of the medial malleolus

m Complete-unstable injury DATFLI DTFSI
1 No Yes Yes

No

Yes
2 No Yes Yes Yes No
3 No Yes Yes Yes No
4 No Yes Yes Yes No
5 No Yes Yes Yes No
6 No Yes Yes Yes No
1 No Yes Yes Yes No
8 No Yes Yes Yes No
9 No Yes Yes Yes No
10 No No Yes Yes Yes
11 No No Yes Yes Yes
12 No Yes Yes Yes No
13 No Yes Yes Yes No

DATFLI = distal anterior tibiofibular ligament injury, DTFSI = distal tibiofibular syndesmosis instability, MMF = medial malleolus fracture.

Rev Asoc Argent Ortop Traumatol 2022; 87 (1): 5-14 « ISSN 1852-7434 (online) “



M. Rofrano and H. Herrera

Chondral or osteochondral injuries and intra-articular loose bodies (Table 3).

Table 3. Record of chondral-osteochondral injuries, intra-articular loose bodies and their topographic location

ATL CL or OCL Raikin CL or OCL in the talus ICRS | LB
Injury in the talus Area (not classifiable according to Raikin)
1 No No No No

2 No Yes 4 No 4 Yes
3 No Yes Unclassifiable Yes, MTS injury (Raikin zone 4) 2 No
4 Si Yes 1 No 3 Yes
5 No Yes Unclassifiable Yes, MTS injury (Raikin zone 4) 4 Yes
6 No Yes Unclassifiable Yes, MTS injury (Raikin zone 4) 4 Yes
7 No Yes 3 No 3 No
8 No No No No
9 No Yes 3 No 3 No
10 No Yes Unclassifiable Yes, MTS injury (Raikin zone 4) 2 Yes
11 Si Yes 3 No 4 Yes
12 No Yes 1 No 3 Yes
13 No Yes 4 No 2 No

ATL = anterior tibial lip, CL = chondral lesion, OCL = osteochondral lesion, ICRS = classification of the International Cartilage Repair Society,
LB =loose bodies, MTS = medial talar surface.

84.61% of patients had chondral or osteochondral injuries and intra-articular loose bodies. Two had an injury
to the anterior lip of the tibia, one corresponded to a displaced simple avulsion fracture and the other, to a com-
minuted impacted fracture. Eleven (84.61%) had a chondral or osteochondral lesion in the talus. In seven cases,
it was possible to classify talar lesions topographically, according to Raikin:' two patients with lesion in zone 1,
three in zone 3, and two in zone 4. In four cases, this classification could not be applied, since the lesion was in the
medial articular surface of the talus, approximately in Raikin’s zone 4 (Figure 3B).

No chondral-osteochondral lesions were found in the articular surfaces of the fibular malleolus, tibial malleolus
and tibial plafond. According to the ICRS classification, four patients had a type 4 lesion; four, a type 3 lesion; and
three, a type 2 lesion. In 53.84% (7 cases), intra-articular loose bodies were found and required excision (Figure
3A). Treatment consisted of resection of loose bodies and excision or regularization of osteochondral lesions. Fixa-
tion was attempted only in one case (patient 2) (osteochondral fragment visible on radiographs), but the size and
fragility of the lesion forced excision.
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Figure 3. Patient 5. Anterior ankle arthroscopy. A. Intra-articular chondral loose body that required excision.
B. Osteochondral injury on the medial articular surface of the talus. TD = talar dome, LB = loose body, OCI = osteochondral
injury.

DISCUSSION

The term MF is currently used to refer to fractures of the proximal third or quarter of the fibula associated with
involvement of medial structures (ligament or bone) of the ankle, as a result of trauma with deforming force in
external rotation. These injuries account for 3.5% of ankle fractures and are more common in young men.'®!” The
epidemiological distribution of our sample is similar to those of the published series.

The classic interpretation of the mechanism of injury in this type of fracture describes it as a consequence of
trauma in external rotation with initial involvement of medial structures (fracture by avulsion of the tibial mal-
leolus or injury to the deltoid ligament) continuing with the ligament injury of the DTFS, and then the proximal
fracture of the fibula.' Today, the mechanism by which these types of injuries occur remains a controversial issue.
According to Lauge-Hansen,'® MFs would be secondary to stage III or IV trauma in pronation and external rota-
tion, with involvement of medial structures (bone or ligament), injury to the DTFS and the interosseous mem-
brane to the level of the fibula fracture. Several studies have analyzed interosseous membrane involvement using
magnetic resonance imaging. Nielson et al."” showed that the location of the fibula fracture does not necessarily
correlate with the level of the interosseous membrane tear. Manyi et al.?’ studied 12 patients and found membrane
injuries in all of them, but they did not extend more than 112 mm proximally from the joint interline in any case.
On the other hand, Pankovich?! described a mechanism of injury by supination and external rotation, as proposed
by Lauge-Hansen. !

In MFs, DTFS injury is a constant. According to Loren and Ferkel,* all pronation and external rotation fractures
cause injury and instability of the DTFS. Yoshimura et al.'” analyzed the arthroscopic findings of four cases (4
ankles) with MF treated surgically, and reported that all had an injury to the ADTFL and the interosseous ligament,
without involvement of the posterior distal tibiofibular ligament. Bartonicek et al.'® published the broadest series of
this particular condition with 54 patients and reported that only ADTFL and interosseous ligament were constant
injuries. The interosseous membrane was almost always affected, but only in its distal third and only exceptionally
the lesion reached the fracture line. In our series, everyone had ADTFL compromise and DTFS instability. These
findings coincide with those of the currently published literature.

The analysis of the involvement of medial structures is a challenge. The most frequent medial injury involved a
ligament (76.9%). Fractures of the medial malleolus accounted for 15.38% and no medial lesion of any kind was
detected in one case (7.69%). Yoshimura et al.'” reported medial involvement in all their patients with MF, one case
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with fracture of the medial malleolus and three with rupture of the deltoid ligament. On the other hand, Bartonicek
et al."® recorded 50% of ligament injuries, 37% of tibial malleolus fractures, and did not detect medial injuries in
13%. The absence of medial injury would imply that the mechanism and sequence of the injury would not always
be the same. We believe that MF could, then, be the product of trauma in pronation and external rotation, but also
in supination and external rotation.

The finding of chondral or osteochondral injuries in acute ankle fractures varies between 20% and 88.9%,
according to the literature.”” Fractures caused by external rotational forces are associated with a higher inci-
dence of intra-articular injuries.®'* Berndt and Harty>® proposed that the main force generating injuries would
be torsional. According to them, when the tibia is in internal rotation and the foot-ankle in forced dorsiflexion,
an impaction of the lateral portion of the talus against the articular margin of the fibula occurs, thus resulting
in potential injuries to the lateral portion of the talus. With the tibia in external rotation and plantar flexion and
inversion of the foot-ankle, a medial impaction of the tibiotalar joint would occur, causing medial lesions in
the talar dome. Yoshimura et al.'” described chondral or osteochondral lesions in all patients with MF and all
were located in the posteromedial aspect of the talus. According to Loren and Ferkel,* mechanisms of pronation
injury are related to a higher incidence of lesions in the lateral talar portion. The pronation of the foot would
probably overload the talus over the lateral portion of the tibial plafond and the medial fibula, predisposing to
joint damage of the lateral portion of the talus. They also concluded that DTFS instability is associated with
a higher risk of talar dome involvement. Hintermann et al.’ prospectively evaluated arthroscopic findings in
288 patients (148 men and 140 women, mean age 45.6 years) with acute ankle fractures. According to the AO/
Danis-Weber classification, 14 fractures were type A; 198, type B; and 76, type C. They detected cartilage le-
sions in 228 ankles (79.2%): in the talus (69.4%), the distal tibia (45.8%), the fibula (45.1%) and the medial
malleolus (41.3%). The frequency and severity of osteochondral damage are higher in type C fractures than in
type B fractures. In our series, 84.61% (11 patients) had chondral or osteochondral lesions. This higher preva-
lence could be due to the fact that everyone had suffered high-energy trauma in external rotation. We did not
detect chondral or osteochondral involvement in the articular surfaces of the fibula, tibia, or tibial plafond. Two
patients had involvement of the anterior lip of the tibia: a displaced simple avulsion fracture and a comminuted
impacted fracture. In 11 (84.61%), a chondral or osteochondral lesion of the talus was detected and, in seven
cases, it was possible to classify it topographically according to Raikin. We have not found a pattern of injury to
the talus. Two patients had involvement in Raikin’s zone 1; three, in zone 3; and two, in zone 4. In four cases,
this classification could not be applied, since the lesion was in the medial articular surface of the talus, two of
them with severe involvement (ICRS type 4). Most likely, this type of injury is produced by a mechanism of
supination and external rotation, in which trauma could initially be generated between the articular surface of
the talus and the medial malleolus. According to the ICRS classification, four patients had a type 4 lesion; four,
a type 3 lesion; and three, a type 2 lesion. This could mean that they were produced by high-energy trauma with
significant damage to the articular surface. The precise mechanism by which traumatic injuries to the articular
surface of the talus occur is not yet conclusive.

The high incidence of articular cartilage injuries produced in the context of ankle fractures could explain why
the final outcomes do not always correlate solely with the reduction and stability achieved. The prognosis is de-
termined at the time of the accident. Cartilage damage occurs when the talus rotates or moves in the ankle mor-
tise until the fracture occurs.® Stufkens et al.° demonstrated that cartilage involvement in acute ankle fractures
diagnosed by arthroscopy is a predictive factor for the development of post-traumatic osteoarthritis. Lesions in
the talus and tibia are associated with poor long-term outcomes, specifically deep ones (>50% of the thickness
of the cartilage) in the anterior and lateral aspect of the talus and those located in the medial malleolus.®

It was not the objective of this study to evaluate the implications of chondral damage found on functional
outcomes. However, we should mention that in cases with type 4 lesions of the ICRS classification, the clinical
outcomes were regular or poor, regardless of location. Three out of four patients with these injuries were unable
to resume their sports activity at pre-fracture levels and physical examination revealed a reduction in range of
motion compared to that of the healthy contralateral ankle. Moreover, two of these four patients underwent a
new arthroscopy (18 and 27 months after the initial surgery). In both cases, we observed marked arthrofibrosis,
anterior tibial osteophytosis, and fibrocartilage at the site where the osteochondral lesion was initially located
(Figure 4).
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Figure 4. Patient 2. Anterior ankle arthroscopy with focus on the medial portion of the tibiotalar joint. A. Osteochondral
injury in the talar dome, ICRS 4, Raikin zone 4, in acute stage. B. Fibrocartilage in Raikin zone 4, in the last arthroscopy.

MF is a consequence of high-energy trauma and is associated with a high incidence of intra-articular (ligament
and articular surface) injuries. Arthroscopy is a very useful tool to identify and treat these otherwise unnoticed
injuries.
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