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Abstract

Persistent pain on the medial side of the ankle for bimalleolar and trimalleolar 
equivalent fractures has been related to dynamic instability of the deltoid complex 
from non-anatomic healing if not addressed in the acute period. During high impact 
running/cutting sporting activities the deltoid complex may undergo increasing 
levels of force and inconsistent rotational stress. When injured there is variability in 
determining the exact nature of anatomical disruption or need of repair without direct 
visualization of the deltoid complex. Landmark studies have determined the disruption 
of the articular congruity and tibiotalar contact surface when talar shift occurs through 
disruption of the tibiotalar joint. Any external rotation type mechanism should heighten 
the physician’s awareness to a syndesmotic injury. When excessive external rotation of 
the talus occurs disruption of the medial deltoid ligaments must intuitively take place. 
The mechanism and movement of the talus suggests tearing and disruption of the 
syndesmosis ligament as it abuts the fibula. Pain at the syndesmosis with proximal tibia 
and fibula squeeze or external rotation stress examinations should lead to suspicion 
for syndesmotic disruption that is not easily observed radiographically. Restoration of 
the deltoid ligament after syndesmosis repair in the appropriate clinical setting can 
improve ankle stability and reduce posttraumatic arthritis as well as minimize long-term 
postoperative pain. The present study describes a surgical technique with syndesmosis 
and deltoid ligament supplementation following an eversion type dislocation injury that 
resulted in a trimalleolar equivalent fracture.

ABBREVIATIONS
AOFAS: American Orthopaedic Foot & Ankle Society; SF-36: 

Short Form Health Survey; VAS: Visual Analog Score; AITFL: 
Anterior Inferior Tibiofibular Ligament; CAM: Controlled Ankle 
Motion; CT: Computed Tomography; MRI: Magnetic Resonance 
Imaging; PITFL: Posterior Inferior Tibiofibular Ligament; TTFL: 
Transverse Tibiofibular Ligament; IOL: Interossues Ligament

INTRODUCTION
There is scarce evidence involving treatment with concomitant 

syndesmosis and deltoid injuries. Controversy exists concerning 
the need to repair deltoid ligament ruptures after the fibula is 
fixed and syndesmosis is reduced in the setting of an acute ankle 
fracture. Several authors have concluded that deltoid ligament 

supplementation is not necessary with a concomitant stress-
positive fibular fracture reduction to restore congruency of the 
ankle mortise. High-energy rotational ankle fracture dislocations 
during sporting activities are not without functional long-term 
complications [1,2]. Persistent pain on the medial side of the ankle 
for bimalleolar equivalent fractures has been related to dynamic 
instability of the deltoid complex if not addressed during the 
primary procedure due to non-anatomic healing [3]. Stufkens et 
al [4] examined 36 pts with pronation external rotation IV ankle 
fractures with a mean follow up of 13 years.  They found that pain 
assessments using AOFAS score, SF-36 scale, and VAS were all 
greater in the deltoid ligament rupture group than those with 
an intact deltoid ligament.  Jones et al demonstrated improved 
subjective and functional outcomes when approaching the deltoid 
complex for bimalleolar equivalent fracture types after fixation 
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of the lateral malleolus and syndesmosis [2]. Primary repair of 
both the syndesmosis and deltoid complex should be considered 
when approaching these injury patterns in athletes to avoid 
long-term sequelae [2]. A bimalleolar equivalent or maisonneuve 
injury with associated disruption of the syndesmosis and 
concomitant deep deltoid injury adds complexity to the repair. 
During high impact running/cutting sporting activities the 
deltoid complex may undergo increasing levels of force and 
inconsistent rotational stress. When injured there is variability 
in determining the exact nature of anatomical disruption or need 
of repair without direct visualization of the deltoid complex. 
Hintermann et al [3] prospectively looked at 51 patients treated 
with suture anchors for medial ankle instability[3].  Even though 
they were not treating ankle fractures in the acute phase, 42% 
and 35% of their patients demonstrated inversion and eversion 
trauma respectively prior to their instability [3]. They had 
excellent results at 90% over an average of 4.4 year follow up 
and related the importance of diagnosis and treatment for this 
injury [3]. Though there are no demographic comparisons Hsu 
et al [5]demonstrated success of superficial deltoid injuries with 
suture anchors in 14 of 14 National Football League players with 
86% returning to play the following season and all players able to 
return to running and cutting drills 6 months after their surgery 
with no complications of medial ankle symptoms [5]. Yu et al [6] 
performed a multicenter, retrospective cohort study illustrating 
the effect of primary deltoid ligament repair in the presence of 
ankle ORIF [6]. One-hundred and thirty one deltoid ligament 
ruptures were identified and repaired in the setting of 533 ankle 
fractures. With an average follow up 27 months, all 3 clinical 
outcome measures, AOFAS score, VAS score, and SF-36 score, had 
improved significantly post op (p<0.05). In 1988, Johnson and 
Hill [7] reported on 29 patients with fibular fractures undergoing 
ORIF with concomitant deltoid ligament ruptures that were not 
repaired. One-third of the patients had residual pain along medial 
ankle, two-thirds had medial ankle tenderness, and eight patients 
demonstrated ligamentous laxity. These authors suggested the 
need for additional deltoid ligament repair with ankle fracture 
fixation. 

Restoration of the deltoid ligament after syndesmosis repair 
in the appropriate clinical setting can improve ankle stability 
and reduce posttraumatic arthritis as well as minimize any 
long-term post operative pain. The present study describes 
a surgical technique with syndesmosis and deltoid ligament 
supplementation following an eversion type dislocation injury 
that resulted in a trimalleolar equivalent Maisonneuve fracture.

CASE PRESENTATION
A 51 year-old male was referred to our clinic after sustaining 

a right ankle dislocation while playing soccer (Figure 1).  He 
underwent closed reduction in the Emergency Department prior 
to presentation and placed into a short-leg splint without incident. 
Radiographs (Figure 2A) revealed a trimalleolar-equivalent 
ankle injury with a Maisonneuve component (Figure 2B) on the 
proximal fibula and a small posterior malleolar fracture (less than 
1% of the articular surface).  Surgery was scheduled in that same 
week to supplement the torn syndesmosis with the possibility of 
augmenting the attenuated deltoid ligaments.   

The patient was placed in a supine position with an 

ipsilateral hip bump.  Standard lateral dissection was utilized 
over the right fibula, being careful to protect neurovascular 
structures.  Anatomic reduction of the distal fibula into the 
fibula incisura was made with a manual reduction force initially. 
Provisional stabilization with k-wires and a pelvic reduction 
clamp was then utilized with close attention to the transmalleolar 
axis (Figure 3).  A 4-hole one-third tubular plate was adhered to 
the lateral fibula with a nonlocking 3.5mm bicortical screw in the 
most proximal hole.  The second and fourth holes were utilized 
and prepared for two Knotless Tight-Rope™ Buttons (Arthrex, 
Inc., Naples, FL USA) paying close attention to the transmalleolar 
axis to avoid malreduction (Figure 4). The third hole was 
prepared in a lagged fashion with a nonlocking quadracortical 
3.5mm screw, tightened appropriately to further stabilize the 

Figure 1 Pre-reduction radiographs demonstrating dislocation 
following patient presentation to the emergency room.

Figure 2 (A) – Post-reduction anterioposterior and lateral views 
showing the widened medial clear space and small posterior malleolar 
contribution (B) - Tibia/Fibula Views Demonstrating a Maisonneuve 
fibula fracture.
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syndesmosis.  To simulate anterior segment of the anterior 
inferior tibiofibular ligament (AITFL) and to further stabilize 
the syndesmosis, the suture strands of the inferior button were 
advanced to the anterolateral tibia and fastened using a 3 mm 
Bio-Pushlock™ anchor (Arthrex, Inc., Naples, FL USA) (Figure 
5A, 5B).  A stress view under fluoroscopic imaging revealed a 
significant talar tilt, which was attributed to an incompetent deep 
and superficial deltoid ligament (Figure 6).  A 5 cm curvilinear 
incision was then utilized starting at the medial malleolus, 
ending inferior to the sustentaculum tali.  Dissection was carried 
down to the deep deltoid ligaments protecting neurovascular 
structures where the dynamic instability and incompetence 
of the deltoid complex could be appreciated (Figure 7). A 4.75 
mm Swivelock™ anchor (Arthrex, Inc., Naples, FL USA) was 
placed into the sustentaculum tali.  The two strands of the 2 mm 
FiberTape™ (Arthrex, Inc., Naples, FL) were then fastened into 
the anterior and posterior colliculi respectively using 3.5 mm 
Swivelock anchors. The excess suture from each strand was fed 
into another Bio-Pushlock™ anchor then adhered 2 cm superiorly 
into the distal tibia. Final intraoperative fluoroscopy confirmed 
reduction of the syndesmosis, the talar tilt, and the medial clear 
space (Figure 8). 

The subcutaneous and skin layers were then closed with 
absorbable suture and staples, respectively.  The patient was 
placed into a non-weight bearing short-leg splint. Staples will 
be removed at two weeks in which he will be transitioned into 
a controlled ankle motion (CAM) boot for four weeks (6 week 
follow up). If radiographic and clinical healing are observed he 
will then start partial weight bearing (40lbs) in the CAM boot for 
two weeks with limited physical therapy and transitioned to full 
weight bearing in the CAM boot at 8 weeks. At his 10 week follow 
up visit if no complications arise and healing is appreciated 
(radiographically and clinically) he will then begin aggressive 
physical therapy and weight bear as tolerated in regular shoes.

DISCUSSION
Syndesmosis treatment and protocol is one of the most popular 

reported concepts in orthopaedic literature. Nevertheless, there 
is an increasing interest and focus directed to the deltoid complex 
for instability and insufficiency after long term follow up of injury 
[3,8-13]. There are limited reports that demonstrate the benefit 
of addressing the deltoid injury acutely and even fewer reports 

that address the syndesmotic rupture concomitantly with the 
deltoid complex.

Anatomic analysis of the syndesmosis and deltoid ligaments 
demonstrates the importance of durable anatomical repair of 
these injuries. Due to variance between ankles of the same patient 
advanced imaging in the form of Computed Tomography [14] or 
Magnetic Resonance Imaging (MRI) as well contralateral films 
to compare allows precise diagnostic results if there are doubts 
[15]. Having contralateral imaging can assist the physician during 
intraoperative reduction techniques to restore exact anatomical 
variances. CT has been determined to be more sensitive than 
radiography for detecting diastasis of the syndesmosis [16]. 
MRI has also been determined to provide excellent sensitivity, 
specificity, positive predictive value, negative predictive value 
and accuracy when diagnosing syndesmosis injuries [17]. 

The syndesmosis is a fibrous joint between the concave distal 
lateral tibia known as the fibularis incisura and the convex distal 
medial fibula. The fibula is situated centrally and anteriorly 
in the incisura 97% of the time [18]. There is variable shape 
of the incisura, which can predispose patients to syndesmotic 
injury [19]. The anterior tubercle of the distal lateral tibia is 
typically larger than its posterior counterpart and prevents 
anterior translation of the fibula [20]. The distal tibiofibular 
joint is noted to be 32% externally rotated on average between 
the transmalleolar axis [20]. The ligaments are made up of the 
anterior inferior tibiofibiular ligament (AITFL) which resists 
excessive external rotation of the fibula, the posterior inferior 
tibiofibular ligament (PITFL) which resists posterior translation, 
the posterior transverse tibiofibular ligament (TTFL) which acts 
as a labrum for the posterior capsule to deepen the articular 
surface of the tibia, the interosseus membrane which merges with 
the interossues ligament (IOL) and prevents lateral translation. 
A normal external rotary force through the syndesmosis directs 
the fibula to externally rotate, medially translate and posterior 
displace 10 article in press. The syndesmotic stability is 
determined to be 33% through the TTL, 9% through the PITFL, 
35% through the AITFL, and 22% through the interosseus 

Figure 3 Shows provisional intraoperative stabilization with k-wires 
and a pelvic reduction clamp.

Figure 4 Demonstrates Suture button and screw combination with a 
reduced syndesmosis.
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Figure 5 (A) – Demonstrates the predrill and the inferior strands of 
the suture button into the anterior lateral tubercle of the tibia. (B) - 
Shows the insertion of the 3 mm Bio-Pushlock™ anchor (Arthrex, Inc., 
Naples, FL USA) and the additional stabilization of the AITFL.

Figure 6 Reveals the stress view and a significant talar tilt attributed 
to an incompetent deep and superficial deltoid ligament.

Figure 7 Demonstrates medial ankle dissection with direct inspection 
of the torn deltoid ligaments.

ligament [21]. disruption of the articular congruity and tibiotalar 
contact surface when talar shift occurs through disruption of the 
tibiotalar joint [22,23]. Any external rotation type mechanism 
should heighten the physician’s awareness to a syndesmotic 
injury. When excessive external rotation of the talus occurs 
disruption of the medial deltoid ligaments must intuitively 
take place. The mechanism and movement of the talus suggests 
tearing and disruption of the syndesmosis ligament as it abutes 
the fibula. Though subtle syndesmotic injuries (high ankle 
sprains) without fracture are beyond the scope of this case 
study, pain at the syndesmosis with proximal tibia and fibula 
squeeze or external rotation stress examinations should lead to 
suspicion for syndesmotic disruption that is not easily observed 
radiographically. 

There is varied perception of what makes up the superficial 
and deep deltoid. The proximal deltoid attaches to both the 
anterior and posterior colliculus and the distal deltoid inserts 
on the navicular, talus, calcaneus, and helps make up the plantar 
spring ligament. Superficially the fibers of the deltoid are 
attached to the anterior colliculus and traverse to insert on the 
talus navicular and calcaneus as multiple studies have proven 
these ligaments contribute very little to the medial stability of the 
ankle [24,26]. The deep component is attached to the posterior 
colliculus and traverses to the talus. The deep deltoid is thought 
to provide stability between the talus and tibia by preventing 
valgus shifting, anterior/lateral translation and external rotation 
[27]. Deltoid pathology occurs when the ligament is under tension 
depending on the position of the ankle when external rotation 
of the talus occurs during injury. A variety of deltoid injury 
combinations can accompany an associated medial malleolar 
fractures; however that topic is yet again beyond the scope of this 
case study. The authors are evaluating a trimalleolar equivalent 
Maisonneuve fracture with an associated high fibula fracture and 
concomitant deltoid injury/syndesmosis disruption. 

Many reports have demonstrated radiographic observance of 
the medial clear space for low-energy fractures predicting a deep 
deltoid injury with a gravity stress or applied manual force for 
injuries that may initially appear stable [28,29]. At our institution 
the decision to surgically stabilize the fibula is determined by a 
medial clear space of greater than 4mm during the stress denoting 
a deltoid complex injury. The decision to fix the syndesmosis 
is based on the introperative stress examination; as there is 
limited quality data in making the decision for operative versus 
non-operative treatment. Fractures of malleoli should increase 
the suspicion for syndesmosis involvement. Syndesmosis 
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instability has been shown to occur as high as 60% for pronation 
external rotation injuries with high fibula fractures and up to 
45% in supination external rotation injuries with low fibula 
fractures [16,30]. The level of fibula fracture is not indicative 
of a syndesmosis rupture.  Standard of care when approaching 
bimalleolar or trimalleolar equivalent fractures is to fix the 
lateral malleolus and address the syndesmosis if disrupted after 
the introperative stress. The hook test has been determined to 
assess syndesmosis disruption with widening greater than 2mm 
of the fibula [31]. However, syndesmosis injuries are rotational 
in nature and utilizing the hook test makes it difficult to assess all 
planes of discrepancy. Additionally, the amount of force needed 
to provide coronal widening is debatable. The authors determine 
syndesmotic instability by utilizing an intra-operative external 
rotation stress test (Cotton test). Instability is determined by 
inspecting the lateral mortise of the tibiotalar joint and the 
medial clear space during the stress examination. If the talus 
shifts under external stress rotation and the medial clear space 
changes this indicates a positive stress examination and the 
syndesmosis is then reduced and fixed with screw fixation, suture 
button, or both. A stress on the syndesmosis is only performed 
after all fractures have been fixed.  Care must be taken not to use 
excess force when externally rotating the ankle after fixation of 
the fibula as this could cause disruption in the fixation recently 
applied and could falsely demonstrate widening coming from 
the deltoid ligament injury [19]. If clamping the syndesmosis is 
considered, the clamp trajectory should be closely evaluated to 
avoid overcompression and external rotation 100 of article in 
press. Gardner et al demonstrated a malreduction rate up to 52% 
when evaluating a postoperative CT [32]. The transmalleolar axis 
must be appreciated to avoid syndesmosis malruduction [32]. 
Compression with a clamp is not associated with restriction of 
ankle motion and there have been studies demonstrating loss of 
compression once the clamp is removed with a noncompressed 
screw [33,34].  If using screw fixation for our syndesmosis 
approach the authors utilize a lagged syndesmosis technique 
with overdrilling the fibula and underdrilling the tibia prior 
to placement of a 3.5mm nonlocking fully threaded cortical 
screw [32]. Kwaadu et al [32] demonstrates that with a lagged 
syndesmosis technique there is maintained reduction with 
no late widening, as well no decrease in functional stability 
[32]. Neutral position of the ankle has been recommended by 
Van den Bekrom et al [35] however Tonetta et al [34] found 
no difference in range of motion following the position of the 
ankle when tightening further challenging the positional nature 
of the syndesmotic screw. They relate that the position of the 

ankle during screw insertion does not limit ankle motion [34]. 
Lagging the syndesmosis stabilizes the reduction anatomically 
and decreases the chance of the screw backing out [32]. During 
the fibula approach for lateral malleolar fractures it is important 
to address osteochondral lesions that may result from traumatic 
injury. When the syndesmosis is reduced the mortise of the 
ankle is typically restored and may decrease the medial clear 
space of the medial gutter. If the talus position is restored in the 
mortise the interposition of the deltoid ligaments is allowed to 
scar down. There have been reports demonstrating successful 
outcomes for trimalleolar and bimalleolar equivlent fractures 
when not addressing the deltoid complex as Zeegers et al [36] 
found in 169 lateral malleolar fractures repaired, that 16.6% had 
a deltoid ligament rupture that was not treated and 0% of the 
patients experienced deltoid insufficiency postoperatively [36]. 
These authors relate that 54% of the 169 fractures repaired 
were related to sports injuries; however, there was no specific 
correlation between deltoid injuries and sports [36]. Additionally 
a large majority of the fractures assessed were low-energy falls 
and five of the post operative radiographs demonstrated medial 
clear space widening compared to the intraoperative films and 
the authors conclude to explore the medial aspect of the joint 
if widening is demonstrated [36]. Stromose et al [37] looked at 
deltoid injuries not addressed with both Weber C and B fracture 
fixation and found that the function was improved without 
chronic insufficiency postoperatively and that there were no 
differences between those patients and the randomized patients 
that had sutures placed to correct the deltoid rupture [37]. 
These studies do not address the type of mechanism and energy 
associated with the fracture types and which prove inadequate 
when addressing deltoid injuries.

It is the surgeon’s preference as to how many cortices to 
cross when applying syndesmostic fixation. Moore et al [38] 
established that there was no statistical significance in loss of 
reduction, osteolysis/breakage of screw, or subsequent hardware 
removal when comparing the utilization of 3 or 4 cortices of bone 
when using 3.5 mm fully threaded cortical screws [38]. There 
are no current recommendations that prove superior; however 
multiple screws are more stable than one screw biomechanically 
and quadra cortical fixation tends to be more rigid than 
tricortical fixation. Multiple screws have been recommended 
for Maisonneuve injuries, larger/obese patients, in severely 
osteoporotic bone, or diabetic ankle fractures to increase 
fixation stability [39].  There are varied recommendations on 
screw removal and timing for screw removal if it is desired. 
Dynamic stability has been utilized and suggested with the 
suture button technique (Arthrex Inc., Naples, FL, USA). It has 
been biomechanically shown to be inferior to screw fixation 
[40,41]. These do not typically need to be removed and have the 
advantage of allowing anatomic micromotion of the syndesmosis. 
Coetzee et al [42] demonstrated a prospective randomized trial 
comparing screw fixation to suture button and showed higher 
ankle scores with the suture button[42]. There have been reports 
of wound problems from knot prominence [43] however this risk 
is decreased with the advance of the knotless tight rope (Arthrex 
Inc., Naples, FL, USA). Two suture buttons are recommended to 
reduce the amount of sagittal plane motion and a combination 
of screw/suture button can also be recommended for larger 

Figure 8 Shows final intraoperative fluoroscopy views confirming 
reduction of the syndesmosis, the talar tilt, and the medial clear space.
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patients or severe widening of the syndesmosis to add to the 
construct [19]. To add to the stability of the tight rope construct 
the authors recommend securing the the suture strands of the 
inferior button into the anterolateral tibia while fastening using 
a 3 mm Bio-Pushlock™ anchor (Arthrex Inc., Naples, FL, USA) 
(Figure 5A, 5B). 

Arthroscopic intervention has been suggested as a reliable 
diagnostically to determine medial ankle instability. Hsu et al [5] 
relates arthroscopy a valuable tool when paired with an external 
rotation or valgus stress test to represent the dynamic instability 
of the medial ankle structures [5]. These authors advocate 
evaluation of superficial deltoid injuries with arthroscopic and 
stress evaluation initially with examination under anesthesia 
and fluoroscopic stress views. Hinterman et al [3] relates 
that arthroscopy was diagnostically valuable for patients that 
complain of medial instability chronically. In an additional study 
evaluating acute fractures Hintermann et al [44]made reference 
that 84.4% of deep deltoid injuries can be visualized with 
arthroscopy while superficial deltoid injuries were not visible 
[44]. Schuberth et al [45] evaluated deep deltoid configuration 
arthroscopically comparing this with the radiographic medial 
clear space for supination external rotation fractures and noted 
that careful evaluation of the deltoid must occur, as the medial 
clear space does not always predict the injury [45]. Despite this 
evaluation the authors did relate a 91.6% correlation with the 
radiographic classification of ankle fractures and deltoid injuries 
[45]. 

In our study the authors did not utilize arthroscopic 
evaluation of the deltoid complex. After stabilizing the lateral 
column and syndesmosis a valgus stress test was then utilized 
and demonstrated gross widening and valgus tilt of the talus 
with appreciation of a deep deltoid injury being obvious (Figure 
7). We then opened the medial aspect and evaluated the deltoid 
directly and further confirmed the rupture of the deltoid with 
invagination and retraction of the ends in the medial gutter. While 
arthroscopic evaluation does appear to benefit the diagnosis with 
subtle injuries, gross widening and valgus tilt after fixation of the 
fibula and syndemosis may warrant direct evaluation and repair 
without arthoscopic findings. 

The limitations to our study are inherent to any case 
report.  With limited follow up of the patient and further limited 
prospective randomized data confirming success of acute deltoid 
intervention, it becomes difficult to ascertain strength of the 
approach. Nevertheless, we present a case report that required 
close attention to the deltoid complex after the syndesmosis was 
reduced for a dislocated trimalleolarequivelent Maisonneuve 
fracture. 

Prompt diagnosis, reduction of the syndesmosis together 
with additional stability to the AITFL with the 3 mm Bio-
Pushlock™ anchor (Arthrex Inc., Naples, FL, USA) (Figure 5A, 5B), 
continued valgus tilt of the talus after reduction and fixation of 
the fibula/syndesmosis with a positive valgus stress views to 
assess the dynamic instability (Figure 6), direct visualization of 
the deltoid complex (Figure 7), and open repair with fibertape 
and swivellock anchors all may lead to better functional outcome 
for high-energy sporting ankle injuries. This may reduce long-
term instability and pain, chondral wear of the tibiotalarjoint, 

and subsequent posttraumatic arthritis. 

Further retrospective evaluations, randomized prospective 
studies, demographic comparisons, low-energy versus high-
energy assessments for acute deltoid repair on behalf of both 
subtle injuries and obvious deformities for functional and clinical 
outcomes is warranted.

CONFLICT OF INTEREST
Justin J. Fleming, DPM, FACFAS is a paid consultant for Arthrex 

Inc., Naples, FL, USA and Stryker Inc., Kalamazoo, MI, USA.

REFERENCES
1. Hong CC, Roy SP, Nashi N, Tan KJ. Functional outcome and limitation of 

sporting activities after bimalleolar and trimalleolar ankle fractures. 
Foot Ankle Int. 2013; 34: 805-810.

2. Jones CR, Nunley JA 2nd. Deltoid ligament repair versus syndesmotic 
fixation in bimalleolar equivalent ankle fractures. J Orthop Trauma. 
2015; 29: 245-249.

3. Hintermann B, Valderrabano V, Boss A, Trouillier HH, Dick W. Medial 
ankle instability: an exploratory, prospective study of fifty-two cases. 
Am J Sports Med. 2004; 32: 183-190.

4. Stufkens SA, Knupp M, Lampert C, van Dijk CN, Hintermann B. Long-
term outcome after supination-external rotation type-4 fractures of 
the ankle. J Bone Joint Surg Br. 2009; 91: 1607-1611.

5. Hsu AR, Lareau CR, Anderson RB. Repair of Acute Superficial Deltoid 
Complex Avulsion During Ankle Fracture Fixation in National Football 
League Players. Foot Ankle Int. 2015; 36: 1272-1278. 

6. Yu GR, Zhang MZ, Aiyer A, Tang X, Xie M, Zeng LR, et al. Repair of 
the acute deltoid ligament complex rupture associated with ankle 
fractures: a multicenter clinical study. J Foot Ankle Surg. 2015; 54: 
198-202.

7. Johnson DP, Hill J. Fracture-dislocation of the ankle with rupture of the 
deltoid ligament. Injury. 1988; 19: 59-61.

8. Bluman EM. Deltoid ligament injuries in ankle fractures: should I leave 
it or fix it? Foot Ankle Int. 2012; 33: 236-238.

9. Crim JR, Beals TC, Nickisch F, Schannen A, Saltzman CL. Deltoid 
ligament abnormalities in chronic lateral ankle instability. Foot Ankle 
Int. 2011; 32: 873-878.

10. Haddad SL, Dedhia S, Ren Y, Rotstein J, Zhang LQ. Deltoid ligament 
reconstruction: a novel technique with biomechanical analysis. Foot 
Ankle Int. 2010; 31: 639-651.

11. Hintermann B, Knupp M, Pagenstert GI. Deltoid ligament injuries: 
diagnosis and management. Foot Ankle Clin. 2006; 11: 625-637.

12. Lack W, Phisitkul P, Femino JE. Anatomic deltoid ligament repair with 
anchor-to-post suture reinforcement: technique tip. Iowa Orthop J. 
2012; 32: 227-230.

13. Tejwani NC, McLaurin TM, Walsh M, Bhadsavle S, Koval KJ, Egol KA. 
Are outcomes of bimalleolar fractures poorer than those of lateral 
malleolar fractures with medial ligamentous injury? J Bone Joint Surg 
Am. 2007; 89: 1438-1441.

14. Steel D, Siefert L, Ritchie M, Swerdlow T, Turteltaub J, Leon, et al. Cool 
runnings [videorecording]. Burbank, Calif: Walt Disney Home Video: 
Distributed by Buena Vista Home Video; 1999.

15. Shah AS, Kadakia AR, Tan GJ, Karadsheh MS, Wolter TD, Sabb B. 
Radiographic evaluation of the normal distal tibiofibular syndesmosis. 
Foot Ankle Int. 2012; 33: 870-876.

http://www.ncbi.nlm.nih.gov/pubmed/23426611
http://www.ncbi.nlm.nih.gov/pubmed/23426611
http://www.ncbi.nlm.nih.gov/pubmed/23426611
http://www.ncbi.nlm.nih.gov/pubmed/25186845
http://www.ncbi.nlm.nih.gov/pubmed/25186845
http://www.ncbi.nlm.nih.gov/pubmed/25186845
http://www.ncbi.nlm.nih.gov/pubmed/14754742
http://www.ncbi.nlm.nih.gov/pubmed/14754742
http://www.ncbi.nlm.nih.gov/pubmed/14754742
http://www.ncbi.nlm.nih.gov/pubmed/19949125
http://www.ncbi.nlm.nih.gov/pubmed/19949125
http://www.ncbi.nlm.nih.gov/pubmed/19949125
http://www.ncbi.nlm.nih.gov/pubmed/26160387
http://www.ncbi.nlm.nih.gov/pubmed/26160387
http://www.ncbi.nlm.nih.gov/pubmed/26160387
http://www.ncbi.nlm.nih.gov/pubmed/25618804
http://www.ncbi.nlm.nih.gov/pubmed/25618804
http://www.ncbi.nlm.nih.gov/pubmed/25618804
http://www.ncbi.nlm.nih.gov/pubmed/25618804
http://www.ncbi.nlm.nih.gov/pubmed/3198264
http://www.ncbi.nlm.nih.gov/pubmed/3198264
http://www.ncbi.nlm.nih.gov/pubmed/22734287
http://www.ncbi.nlm.nih.gov/pubmed/22734287
http://www.ncbi.nlm.nih.gov/pubmed/22097163
http://www.ncbi.nlm.nih.gov/pubmed/22097163
http://www.ncbi.nlm.nih.gov/pubmed/22097163
http://www.ncbi.nlm.nih.gov/pubmed/20663434
http://www.ncbi.nlm.nih.gov/pubmed/20663434
http://www.ncbi.nlm.nih.gov/pubmed/20663434
http://www.ncbi.nlm.nih.gov/pubmed/16971253
http://www.ncbi.nlm.nih.gov/pubmed/16971253
http://www.ncbi.nlm.nih.gov/pubmed/23576946
http://www.ncbi.nlm.nih.gov/pubmed/23576946
http://www.ncbi.nlm.nih.gov/pubmed/23576946
http://www.ncbi.nlm.nih.gov/pubmed/17606780
http://www.ncbi.nlm.nih.gov/pubmed/17606780
http://www.ncbi.nlm.nih.gov/pubmed/17606780
http://www.ncbi.nlm.nih.gov/pubmed/17606780
http://www.ncbi.nlm.nih.gov/pubmed/23050712
http://www.ncbi.nlm.nih.gov/pubmed/23050712
http://www.ncbi.nlm.nih.gov/pubmed/23050712


Central

Downey et al. (2015)
Email: 

Ann Sports Med Res 2(8): 1049 (2015) 7/7

16. Ebraheim NA, Lu J, Yang H, Mekhail AO, Yeasting RA. Radiographic and 
CT evaluation of tibiofibular syndesmotic diastasis: a cadaver study. 
Foot Ankle Int. 1997; 18: 693-698.

17. Clanton TO, Ho CP, Williams BT, Surowiec RK, Gatlin CC, Haytmanek 
CT, et al. Magnetic resonance imaging characterization of individual 
ankle syndesmosis structures in asymptomatic and surgically treated 
cohorts. Knee surgery, sports traumatology, arthroscopy: official 
journal of the ESSKA. 2014.

18. Lepojarvi S, Pakarinen H, Savola O, Haapea M, Sequeiros RB, Niinimäki 
J. Posterior translation of the fibula may indicate malreduction: CT 
study of normal variation in uninjured ankles. J Orthop Trauma. 2014; 
28: 205-209.

19. Switaj PJ, Mendoza M, Kadakia AR. Acute and Chronic Injuries to the 
Syndesmosis. Clin Sports Med. 2015; 34: 643-677.

20. Mendelsohn ES, Hoshino CM, Harris TG, Zinar DM. CT characterizing 
the anatomy of uninjured ankle syndesmosis. Orthopedics. 2014; 37: 
157-160.

21. Ogilvie-Harris DJ, Reed SC, Hedman TP. Disruption of the ankle 
syndesmosis: biomechanical study of the ligamentous restraints. 
Arthroscopy. 1994; 10: 558-560.

22. Ramsey PL, Hamilton W. Changes in tibiotalar area of contact caused 
by lateral talar shift. J Bone Joint Surg Am. 1976; 58: 356-357.

23. Lloyd J, Elsayed S, Hariharan K, Tanaka H. Revisiting the concept of 
talar shift in ankle fractures. Foot Ankle Int. 2006; 27: 793-796.

24. McConnell T, Creevy W, Tornetta P. Stress examination of supination 
external rotation-type fibular fractures. J Bone Joint Surg Am. 2004; 
86-86A: 2171-8.

25. Michelson JD, Magid D, Ney DR, Fishman EK. Examination of the 
pathologic anatomy of ankle fractures. J Trauma. 1992; 32: 65-70.

26. Rasmussen O. Stability of the ankle joint. Analysis of the function and 
traumatology of the ankle ligaments. Acta Orthop Scand Suppl. 1985; 
211: 1-75.

27. Stufkens SA, van den Bekerom MP, Knupp M, Hintermann B, van 
Dijk CN. The diagnosis and treatment of deltoid ligament lesions in 
supination-external rotation ankle fractures: a review. Strategies 
Trauma Limb Reconstr. 2012; 7: 73-85.

28. Gill JB, Risko T, Raducan V, Grimes JS, Schutt RC Jr. Comparison 
of manual and gravity stress radiographs for the evaluation of 
supination-external rotation fibular fractures. J Bone Joint Surg Am. 
2007; 89: 994-999.

29. Michelson JD, Varner KE, Checcone M. Diagnosing deltoid injury in 
ankle fractures: the gravity stress view. Clin Orthop Relat Res. 2001: 
178-182.

30. Schottel PC, Berkes MB, Little MT, Garner MR, Fabricant PD, Lazaro LE, 
et al. Comparison of clinical outcome of pronation external rotation 

versus supination external rotation ankle fractures. Foot Ankle Int. 
2014; 35: 353-359.

31. Cotton. Dislocations and joint-fractures 2nd Edition ed. W.B. PL, editor. 
Saunders Company1924.

32. Kwaadu KY, Fleming JJ, Salmon T. Lagged Syndesmotic Fixation: Our 
Clinical Experience. J Foot Ankle Surg. 2015; 54: 773-781.

33. Darwish HH, Glisson RR, DeOrio JK. Compression screw fixation of the 
syndesmosis. Foot Ankle Int. 2012; 33: 893-899.

34. Tornetta P, Spoo JE, Reynolds FA, Lee C. Over tightening of the ankle 
syndesmosis: is it really possible? J Bone Joint Surg Am. 2001; 83-83A: 
489-92.

35. Van den Bekerom MP, Hogervorst M, Bolhuis HW, van Dijk CN. 
Operative aspects of the syndesmotic screw: review of current 
concepts. Injury. 2008; 39: 491-498.

36. Zeegers AV, Van der Werken C. Rupture of the deltoid ligament in 
ankle fractures: should it be repaired? Injury. 1989; 20: 39-41.

37. Strömsöe K, Höqevold HE, Skjeldal S, Alho A. The repair of a ruptured 
deltoid ligament is not necessary in ankle fractures. J Bone Joint Surg 
Br. 1995; 77: 920-921.

38. Moore JA Jr, Shank JR, Morgan SJ, Smith WR. Syndesmosis fixation: 
a comparison of three and four cortices of screw fixation without 
hardware removal. Foot Ankle Int. 2006; 27: 567-572.

39. Dunn WR, Easley ME, Parks BG, Trnka HJ, Schon LC. An augmented 
fixation method for distal fibular fractures in elderly patients: a 
biomechanical evaluation. Foot Ankle Int. 2004; 25: 128-131.

40. Soin SP, Knight TA, Dinah AF, Mears SC, Swierstra BA, Belkoff SM. 
Suture-button versus screw fixation in a syndesmosis rupture model: 
a biomechanical comparison. Foot Ankle Int. 2009; 30: 346-352.

41. Thornes B, Walsh A, Hislop M, Murray P, O’Brien M. Suture-endobutton 
fixation of ankle tibio-fibular diastasis: a cadaver study. Foot Ankle 
Int. 2003; 24: 142-146.

42. Coetzee JC, Ebeling P. Treatment of syndesmosis disruptions with 
tightrope fixation. Techniques in Foot & Ankle Surgery. 2008; 7: 196-
202.

43. Treon K, Beastall J, Kumar K, Hope M. Complications of ankle 
syndesmosis stabilisation using a tightrope. J Bone Joint Surg Br. 
2011; 93: 62.

44. Hintermann B, Regazzoni P, Lampert C, Stutz G, Gachter A. Arthroscopic 
findings in acute fractures of the ankle. J Bone Joint Surg Br. 2000; 82: 
345-351.

45. Schuberth JM, Collman DR, Rush SM, Ford LA. Deltoid ligament 
integrity in lateral malleolar fractures: a comparative analysis of 
arthroscopic and radiographic assessments J Foot Ankle Surg. 2004; 
43: 20-29.

Downey MW, Fleming JJ, Elgamil B, Quinn C (2015) Syndesmosis Injury with Concomitant Deltoid Disruption in a Trimalleolar Equivalent Ankle Fracture: A Case 
Report. Ann Sports Med Res 2(8): 1049.

Cite this article

http://www.ncbi.nlm.nih.gov/pubmed/9391813
http://www.ncbi.nlm.nih.gov/pubmed/9391813
http://www.ncbi.nlm.nih.gov/pubmed/9391813
https://www.readbyqxmd.com/read/25398368/magnetic-resonance-imaging-characterization-of-individual-ankle-syndesmosis-structures-in-asymptomatic-and-surgically-treated-cohorts
https://www.readbyqxmd.com/read/25398368/magnetic-resonance-imaging-characterization-of-individual-ankle-syndesmosis-structures-in-asymptomatic-and-surgically-treated-cohorts
https://www.readbyqxmd.com/read/25398368/magnetic-resonance-imaging-characterization-of-individual-ankle-syndesmosis-structures-in-asymptomatic-and-surgically-treated-cohorts
https://www.readbyqxmd.com/read/25398368/magnetic-resonance-imaging-characterization-of-individual-ankle-syndesmosis-structures-in-asymptomatic-and-surgically-treated-cohorts
https://www.readbyqxmd.com/read/25398368/magnetic-resonance-imaging-characterization-of-individual-ankle-syndesmosis-structures-in-asymptomatic-and-surgically-treated-cohorts
http://www.ncbi.nlm.nih.gov/pubmed/23899768
http://www.ncbi.nlm.nih.gov/pubmed/23899768
http://www.ncbi.nlm.nih.gov/pubmed/23899768
http://www.ncbi.nlm.nih.gov/pubmed/23899768
http://www.ncbi.nlm.nih.gov/pubmed/26409588
http://www.ncbi.nlm.nih.gov/pubmed/26409588
http://www.ncbi.nlm.nih.gov/pubmed/24679202
http://www.ncbi.nlm.nih.gov/pubmed/24679202
http://www.ncbi.nlm.nih.gov/pubmed/24679202
http://www.ncbi.nlm.nih.gov/pubmed/7999167
http://www.ncbi.nlm.nih.gov/pubmed/7999167
http://www.ncbi.nlm.nih.gov/pubmed/7999167
http://www.ncbi.nlm.nih.gov/pubmed/1262367
http://www.ncbi.nlm.nih.gov/pubmed/1262367
http://www.ncbi.nlm.nih.gov/pubmed/17054879
http://www.ncbi.nlm.nih.gov/pubmed/17054879
http://www.ncbi.nlm.nih.gov/pubmed/15466725
http://www.ncbi.nlm.nih.gov/pubmed/15466725
http://www.ncbi.nlm.nih.gov/pubmed/15466725
http://www.ncbi.nlm.nih.gov/pubmed/1732577
http://www.ncbi.nlm.nih.gov/pubmed/1732577
http://www.ncbi.nlm.nih.gov/pubmed/3856377
http://www.ncbi.nlm.nih.gov/pubmed/3856377
http://www.ncbi.nlm.nih.gov/pubmed/3856377
http://www.ncbi.nlm.nih.gov/pubmed/22767333
http://www.ncbi.nlm.nih.gov/pubmed/22767333
http://www.ncbi.nlm.nih.gov/pubmed/22767333
http://www.ncbi.nlm.nih.gov/pubmed/22767333
http://www.ncbi.nlm.nih.gov/pubmed/17473136
http://www.ncbi.nlm.nih.gov/pubmed/17473136
http://www.ncbi.nlm.nih.gov/pubmed/17473136
http://www.ncbi.nlm.nih.gov/pubmed/17473136
http://www.ncbi.nlm.nih.gov/pubmed/11400880
http://www.ncbi.nlm.nih.gov/pubmed/11400880
http://www.ncbi.nlm.nih.gov/pubmed/11400880
http://www.ncbi.nlm.nih.gov/pubmed/24459203
http://www.ncbi.nlm.nih.gov/pubmed/24459203
http://www.ncbi.nlm.nih.gov/pubmed/24459203
http://www.ncbi.nlm.nih.gov/pubmed/24459203
http://www.ncbi.nlm.nih.gov/pubmed/25736445
http://www.ncbi.nlm.nih.gov/pubmed/25736445
http://www.ncbi.nlm.nih.gov/pubmed/23050715
http://www.ncbi.nlm.nih.gov/pubmed/23050715
http://www.ncbi.nlm.nih.gov/pubmed/11315776
http://www.ncbi.nlm.nih.gov/pubmed/11315776
http://www.ncbi.nlm.nih.gov/pubmed/11315776
http://www.ncbi.nlm.nih.gov/pubmed/18316086
http://www.ncbi.nlm.nih.gov/pubmed/18316086
http://www.ncbi.nlm.nih.gov/pubmed/18316086
http://www.ncbi.nlm.nih.gov/pubmed/2592064
http://www.ncbi.nlm.nih.gov/pubmed/2592064
http://www.ncbi.nlm.nih.gov/pubmed/7593106
http://www.ncbi.nlm.nih.gov/pubmed/7593106
http://www.ncbi.nlm.nih.gov/pubmed/7593106
http://www.ncbi.nlm.nih.gov/pubmed/16919207
http://www.ncbi.nlm.nih.gov/pubmed/16919207
http://www.ncbi.nlm.nih.gov/pubmed/16919207
http://www.ncbi.nlm.nih.gov/pubmed/15006332
http://www.ncbi.nlm.nih.gov/pubmed/15006332
http://www.ncbi.nlm.nih.gov/pubmed/15006332
http://www.ncbi.nlm.nih.gov/pubmed/19356360
http://www.ncbi.nlm.nih.gov/pubmed/19356360
http://www.ncbi.nlm.nih.gov/pubmed/19356360
http://www.ncbi.nlm.nih.gov/pubmed/12627622
http://www.ncbi.nlm.nih.gov/pubmed/12627622
http://www.ncbi.nlm.nih.gov/pubmed/12627622
https://www.orthopedicsmagazine.com/foundation/documents/new/Tech in Foot Ankle Surg 2008 Coetzee, Ebeling- Treatment of Syndesmosis Disruptions w Tightrope Fixation.pdf
https://www.orthopedicsmagazine.com/foundation/documents/new/Tech in Foot Ankle Surg 2008 Coetzee, Ebeling- Treatment of Syndesmosis Disruptions w Tightrope Fixation.pdf
https://www.orthopedicsmagazine.com/foundation/documents/new/Tech in Foot Ankle Surg 2008 Coetzee, Ebeling- Treatment of Syndesmosis Disruptions w Tightrope Fixation.pdf
http://www.bjjprocs.boneandjoint.org.uk/content/93-B/SUPP_I/62.6
http://www.bjjprocs.boneandjoint.org.uk/content/93-B/SUPP_I/62.6
http://www.bjjprocs.boneandjoint.org.uk/content/93-B/SUPP_I/62.6
http://www.ncbi.nlm.nih.gov/pubmed/10813167
http://www.ncbi.nlm.nih.gov/pubmed/10813167
http://www.ncbi.nlm.nih.gov/pubmed/10813167
http://www.ncbi.nlm.nih.gov/pubmed/14752760
http://www.ncbi.nlm.nih.gov/pubmed/14752760
http://www.ncbi.nlm.nih.gov/pubmed/14752760
http://www.ncbi.nlm.nih.gov/pubmed/14752760

	Syndesmosis Injury with Concomitant Deltoid Disruption in a Trimalleolar Equivalent Ankle Fracture: 
	Abstract
	Abbreviations
	Introduction
	Case Presentation 
	Discussion
	Conflict of Interest 
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8

