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Abstract 

Background  Logsplitter Injury is a type of high-energy ankle fracture dislocation. The mechanism of injury 
has not been described in detail. A detailed understanding of the radiological features and pathological changes can 
further guide treatment.

Methods  Between April 2009 and December 2018, a retrospective analysis was conducted on 62 patients with Log‑
splitter injury. The study analysed the characteristics of fibular injury, tibial injury, syndesmosis injury, medial injury 
and lateral ligament injury on preoperative X-ray and CT scans. The incidence of the different injury types was sum‑
marised. The correlation between Logsplitter injuries and the mechanisms causing them were analysed using 
the Lauge-Hansen classification of ankle fractures.

Results  The study provides data on the types of fractures observed. Of the total fractures, 98.4% were open fractures. 
The fibula injuries were classified as no fracture (1.6%), transverse or short oblique fractures (61.3%), butterfly frag‑
ments (25.8%), and comminuted fractures (11.3%). The tibial injuries included compression of lateral articular surfaces 
(38.7%) and posterior compressions (6.5%). Medial injuries, including medial malleolar fractures, accounted for 87.1%, 
and deltoid ligament rupture accounted for 12.9%. The study found that injuries to the syndesmosis consisted of sim‑
ple ligament ruptures (11.3%), Tillaux fractures (8.1%), Volkmann fractures (43.5%), and Tillaux and Volkmann fractures 
(37.1%). In 12.9% of cases, there was a complete rupture of the lateral collateral ligament. Based on the Lauge-Hansen 
classification, 87.1% of injuries were pronation-abduction injuries, while 8.1% were pronation and external rotation 
injuries, and 1.6% were supination external rotation injuries. Furthermore, 3.2% of cases could not be classified.

Conclusion  The pathoanatomic characteristics of Logsplitter injury are diverse, with some cases accompanied 
by collateral ligament injury. It is important to note that these evaluations are objective and based on current results. 
The most common injury mechanism is vertical violence combined with abduction, although in some cases, it may 
be a vertical combined external-rotation injury.

Level of evidence  (4) case series.

Trial registration  This study has been approved by the ethical research committee of the Honghui Hospital of Xi’an 
Jiaotong University, under the code: 202,003,002.
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Background
Ankle fracture is the most common type of intra-artic-
ular fracture involving the lower limbs, accounting for 
approximately 9% of systemic fractures [1–3]. It is caused 
primarily by torsional violence, some of which can occur 
after vertical violence. The vast majority of ankle frac-
tures are low-energy injuries, which can involve the bony 
structure around the ankle and ligament structures and 
are rarely accompanied by ankle dislocation. In this type 
of fracture, some patients may have separation of the 
distal tibiofibular syndesmosis. This is usually due to 
low-energy rotational forces. Meanwhile, it may also be 
attributed to high-energy axial vertical forces or concur-
rent rotational forces, accompanied by lateral dislocation 
of the talus and proximal displacement into the distal tib-
iofibular space [4].

This particular type of ankle fracture with dislocation 
has been categorized as Logsplitter injury, as defined by 
Bibel et al. in 2014 [4]. However, there are few reports 
on Logsplitter injury and controversy still exists regard-
ing the exact injury mechanism, when observing the 
radiologic manifestations of this type of injury, orthope-
dic surgeons often mistake it for a pilon fracture caused 
by vertical violence. However, it is actually quite differ-
ent from the traditional pilon fracture [5]. The radiolog-
ical characteristics of the injuries at different sites were 
not described in detail. Consequently, there are differ-
ent opinions about the understanding and treatment 
of such injuries. Critically, for bone joint trauma, a full 
understanding of its injury mechanism and the detailed 
injury characteristics is of great significance for compre-
hending the disorder and formulating reasonable thera-
peutic plans. Accordingly, in our study, a retrospective 
retrieval was carried out for cases of ankle fracture in 
the last 10  years, with corresponding preoperative 
radiological data of Logsplitter injury collected for sta-
tistical analysis. This review is intended to summarize 
the radiological findings of Logsplitter injury during a 
high-energy ankle fracture and the pathological injury 
characteristics of the anatomical structures around the 
ankle. Meanwhile, the mechanism of Logsplitter injury 
was also discussed according to its radiological findings.

Materials and methods
Study design
In this study, we reviewed 3,875 cases of ankle fractures 
with dislocations previously treated in our foot and ankle 
surgery department and screened for cases consistent 
with Logsplitter injury, analysis includes including fibu-
lar injury, tibial injury, distal tibiofibular syndesmosis 
injury, medial ankle injury and lateral ligament injury, 
and the assessment of lateral ankle ligament injury was 
based on the compatibility of the talofibular joints. The 

proportions of different ankle fracture types in Log-
splitter injury were analyzed by integrating them with 
the Lauge-Hansen classification of ankle fracture, and 
analysed the injury characteristics of different types in 
patients with Logsplitter injury.

Inclusion and exclusion criteria
Inclusion criteria: (1) patients aged ≥ 18 years old at the 
time of injury; (2) patients with complete preoperative 
X-ray and CT data; and (3) The patient’s injury meets 
radiologic criteria for a Logsplitter injury, which involves 
a fracture-dislocation of the ankle with proximal dis-
placement of the talus beyond the level of the distal tibial 
articulation to the lower syndesmosis [4]. The exclusion 
criteria were as follows: (1) patients with pathological 
fracture; (2) patients with a congenital deformity of the 
ankle; and (3) patients who had a definite surgical trauma 
history of the ankle before this injury (Fig. 1). This study 
was approved by the ethical research committee of the 
Honghui Hospital of Xi’an Jiaotong University. (Approval 
No. 201806008).

Extraction of clinical and radiological data
The radiological data for all patients was collected from 
the Picture Archiving and Communication System 
(PACS). Two senior radiologists jointly reviewed the 
data and extracted it after reaching a consistent diagno-
sis. Data were retrieved for extracting basic information, 
injury causes, medical history, physical examination, and 
other patient information.

Radiological characteristics acquisition and analysis
Based on the anteroposterior and lateral X-ray films 
and preoperative CT data of the patients’ injured 
ankles before reduction, two residents in our depart-
ment evaluated the relevant radiological data according 
to the research design. In cases of inconsistent evalua-
tion results, the senior associate chief physicians of our 
department were consulted for re-evaluation to reach 
an agreement after discussion. The X-ray films of all 
included patients were classified using the Lauge-Hansen 
classification by two residents. Cases with inconsist-
ent classifications were re-evaluated by the associate 
chief physicians, and their opinions on consistency were 
included after discussion.

Statistical analysis
The incidence of each injury characteristic was calculated 
with Excel 2017 software (Microsoft Office, Microsoft 
Corporation, USA), and the results are presented as per-
centages (100%).
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Results
A total of 62 patients with Logsplitter injury were 
enrolled in this study, accounting for 1.6% (62/3,875) of 
all cases with ankle fractures. The cases included 44 men 
and 18 women aged between 21 and 69 years (mean age 
42.3 ± 11.7 years). Of these cases, 27 affected the left side 
and 35 affected the right side. In terms of the causes of 
injury, there were 37 cases of falling injuries, 16 cases 
of traffic accident injuries, 6 cases of injuries caused by 
stepping down steps or from a bus, and 3 cases of sports-
related injuries. Additionally, there were 61 cases of open 
fractures and 1 case of a closed fracture.

Among all cases with Logsplitter injuries, open frac-
tures accounted for the largest proportion of 98.4% 
(61/62), all of which were open wounds on the medial 
ankle, as shown in Fig. 2. The injury characteristics and 
the incidence of the different injury types in Logsplitter 
injuries were analyzed based on the radiological data. 
Regarding the characteristics of fibular injury, there were 
no fractures in 1.6% (1/62), transverse or short oblique 
fractures in 61.3% (38/62), butterfly bone fragments in 

25.8% (16/62) and comminuted fractures in 11.3% (7/62); 
14.5% (9/62) of the cases had fracture lines below the level 
of the distal tibiofibular syndesmosis, and 83.9% (52/62) 
had fractures above the level of the distal tibiofibular 
syndesmosis (Fig. 3). Meanwhile, in terms of the charac-
teristics of the tibial injury, 38.7% (24/62) were compres-
sion fractures of the lateral articular surface of the distal 
tibia (Fig.  4), 6.5% (4/62) were combined with posterior 
compression fractures (posterior Pilon fractures) (Fig. 5), 
and no compression fractures of the anterior articular 
surface of the tibia (0%) were observed. The characteris-
tics of the distal tibiofibular syndesmosis injury included 
simple distal tibiofibular ligament fracture 11.3% (7/62), 
concurrent Tillaux avulsion fracture 8.1% (5/62), concur-
rent Volkmann avulsion fracture 43.5% (27/62), and con-
current Tillaux and Volkmann avulsion fracture 37.1% 
(23/62) (Fig.  6). In addition, the characteristics of the 
medial injury included avulsion fracture of the medial 
malleolus (87.1%, 54/62) and rupture of the deltoid liga-
ment (12.9%, 8/62). Among the enrolled cases, 12.9% 
(8/62) had a lateral injury combined with dislocation of 

Fig. 1  Patient selection
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the talofibular joints, all of which were complicated by 
rupture of the deltoid ligament (Fig. 7).

According to the Lauge-Hansen classification, 87.1% 
(54/62) of cases were confirmed to have pronation-
abduction ankle injury, 8.1% (5/62) showed ankle 
pronation-external rotation, 1.6% (1/62) had supination-
external rotation (Fig.  5), and the classification failed in 
3.2% (2/62) of the enrolled cases.

Discussion
Characteristics of Logsplitter injury
Logsplitter injury is a special type of ankle fracture 
and dislocation due to strong forces and it has various 
characteristics. At present, there are few reports on the 
radiological characteristics of Logsplitter injury less 
reported internationally, and there is a lack of unified 
consensus on its mechanism of injury. As described 
previously, Bibel [6] proposed and defined Logsplit-
ter injury for the first time. It manifests as an ankle 

fracture and dislocation with the talus displaced into 
the distal tibiofibular joint space on radiology, similar 
to the "wedge splitter"-like injury. According to their 
report concerning the injury characteristics and inci-
dence, our study has provided a more comprehensive 
description of the radiological characteristics of Log-
splitter injury as well as the corresponding incidence 
of different injury characteristics in the enrolled cases. 
Specifically, there was a relatively higher incidence 
of transverse or short oblique fibular fractures in our 
reported data, with a similar incidence of avulsion 
fracture of the medial malleolus and compression frac-
ture of the distal tibia when compared with the data 
provided by Bibel. In this study, there is an interesting 
finding: when the medial injury is an avulsion fracture, 
neither the talofibular joint nor the lateral collateral 
ligament is injured; when the medial injury is a deltoid 
ligament rupture, the talofibular joint is also dislocated, 
this may be related to the damage mechanism (Fig. 7). 

Fig. 2  A Medial open wound of the ankle joint and bone exposure of the distal tibia. B,C Anteroposterior and lateral X-ray films of the ankle 
with pronation-external rotation closed Logsplitter injury, with the visible continuous and complete medial soft tissue of the ankle joint displayed 
on the anteroposterior X-ray film (arrow)

Fig. 3  Characteristics of the Fibula injury. A No fracture of the fibula. B High transverse fracture of fibula. C Fibular fracture accompanied 
by a butterfly fragmen. D Comminuted fracture of the fibula, with the fracture located at or below the level of the distal tibiofibular syndesmosis
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In the past, surgeons have generally given little thought 
to re-treating lateral ankle ligament injuries after fixa-
tion of the fracture in the surgical treatment of ankle 
fracture-dislocations, however, for cases such as the 
one presented in Fig. 7B, repair of the lateral collateral 
ligament should actually be considered when the frac-
ture has been managed. Depending on the different 
radiologic presentations, better decisions can be made 
preoperatively, rather than following the past by simply 
treating the fracture. This is the main significance of 
this study.

Mechanism of injury
According to the report by Wang [7], injured patients 
could be classified into typical and atypical groups 
according to the injury mechanism and the degree of 
talus displacement to the distal tibiofibula. Specifically, 
in their study, there were 19 cases of typical injuries, 
which were mainly caused by vertical axial trauma, 
including pronation-external rotation in 10 cases, 
pronation-abduction in 7 cases, supination-external 
rotation in 1 case and supination-adduction in 1 case. 
Meanwhile, there were 22 cases of atypical injury 

Fig. 4  Characteristics of the tibial injury. A The talus was displaced to the syndesmosis, talofibular joint congruence. B Compression fracture 
of the lateral articular surface of the distal tibia displayed by CT of the right ankle joint (arrow)

Fig. 5  Open Logsplitter injury of the right ankle joint. A,B Anteroposterior X-ray film of the right ankle before and after reduction. C,D Logsplitter 
injury combined with posterior compression fracture of the distal tibia as displayed by CT of the right ankle joint (posterior Pilon fracture)
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primarily induced by rotational violence and then talar 
displacement due to a vertical force, resulting in incom-
plete separation of the distal tibiofibular, without injury 
or with only mild injury to the ligament. Among these 
22 cases, pronation-external rotation was observed in 
6 cases, pronation-abduction in 14 cases and supina-
tion-external rotation in 2 cases. In our study, it was 
believed that Logsplitter injury was the result of lateral 
displacement of the talus, which was mostly explained 
by pronation external rotation/abduction, opposite to 
supination adduction.

Prior research has compared the clinical curative effect 
and prognosis of open and closed Logsplitter injury [8]. 
Our corresponding data revealed that among the 15 
cases of open injury, 12 cases were complicated with 
deltoid ligament injury, 9 cases with fibular fracture, 10 
cases with medial malleolar fracture and 9 cases with tib-
ial Pilon fracture. In the other 21 cases of closed injury, 
12 cases were complicated with deltoid ligament injury, 
12 cases with fibular fracture, 9 cases with medial malleo-
lar fracture and 1 case with tibial Pilon fracture. The inci-
dence of fibular fracture was approximately 60% in both 

Fig. 6  Characteristics of distal tibiofibular syndesmosis injuries. A,B,C Separation of the distal tibiofibular syndesmosis combined with a simple 
Tillaux avulsion fracture as displayed by the anteroposterior X-ray and CT of the ankle joint. D,E,F Separation of the distal tibiofibular syndesmosis 
combined with the simple Volkmann avulsion fracture as displayed by the anteroposterior X-ray and CT of the ankle joint. G,H,I,J Simple separation 
of the distal tibiofibular syndesmosis as displayed by the anteroposterior X-ray and CT of the right ankle joint
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injuries. Moreover, in the 21 patients with closed Log-
splitter injury in that study, the ankle joint width doubled 
after displacement of the talus to the distal tibiofibular 
joint under a high-energy violence. In addition, there is 
thin coverage of the soft tissues around the joint, and the 
incidence of closed injury is extremely low. Only 1 case 
of closed injury was reported in our study, accompanied 
by medial skin necrosis. In our opinion, under a high-
energy abduction-external rotation force, the talus enters 
the distal tibiofibular space, and the specific incidence of 
injury with fibular integrity is quite low due to the high-
energy violence.

In cadaveric studies, the researchers established the 
method of Lauge-Hansen classification [9–12]. In their 
studies, reconstruction of ankle fractures was simulated 
based on the foot position (supination/pronation) and 
the direction of the force (adduction/abduction/external 
rotation). In 1990, Marco [13] reported a case of Log-
splitter injury and considered pronation-external rota-
tion as the injury mechanism of this type of fracture. In 
our study, according to the radiological data of fracture 
types in all patients, 87.1% were pronation-abduction and 
8.1% were pronation-external rotation. In our opinion, 
a simple vertical violence results in a Pilon fracture. The 
results of this study revealed that Logsplitter injury was 
primarily a result of a rotational violence, which occurred 

with/without vertical forces. When the foot was in the 
pronation position, Logsplitter injury might have devel-
oped from strong abduction or external rotation forces.

Logsplitter injury treatment and prognosis
The radiological manifestations of Logsplitter injury 
with different characteristics can provide a comprehen-
sive understanding of its injury characteristics, exhibit-
ing guiding significance in surgical design and the choice 
of internal fixation. In the case of simultaneous lateral 
articular surface compression, intraoperative reduction 
and bone grafting are required to avoid secondary valgus 
deformity postoperatively. Meanwhile, when there is a 
concurrent posterior Pilon fracture, fixation with screws 
alone may have difficulty effectively resisting axial sliding 
[14–17]. In this case, prolonged postoperative braking 
may be needed to avoid displacement, and a firmer effect 
can be realized by using buttress plate fixation via a pos-
terior approach, which can facilitate an earlier recovery 
of functional exercise after operation [5, 18]. The reduc-
tion of the fibula is of great significance for an injury to 
the distal tibiofibular syndesmosis [19]. In Logsplitter 
injury, the emphasis should be placed on the fibula length 
and rotation reduction, which is critical for the recov-
ery of ankle function in the later stages [20]. Otherwise, 
poor reduction of the fibula may induce widening of the 

Fig. 7  Characteristics of medial injury in patients with open Logsplitter injury of the ankle joint. A An avulsion fracture of the medial malleolus 
and talofibular joint congruence by anteroposterior X-ray film of the right ankle. B Deltoid ligament rupture and dislocation of the talofibular joint 
by anteroposterior X-ray film of the left ankle joint
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tibiotalar joint space and lateral dislocation of the talus, 
which can eventually lead to traumatic ankle arthritis 
[21]. It is currently considered that timely surgery should 
be adopted when there is a separation of the distal tibi-
ofibular syndesmosis, and the reliability of the reduction 
may determine the postoperative effect [22, 23].Unneces-
sary surgery can lead to catastrophic outcomes, such as 
ankle fusions [24].

In this study, all patients with Logsplitter injury showed 
complete separation of the distal tibiofibular syndes-
mosis, and injury of the distal tibiofibular syndesmosis 
accounted for 1% ~ 11% of all cases with ankle injuries 
[25]. In their research, it was believed that there were dif-
ferences in injury energy, soft tissue injury and traumatic 
arthritis between Logsplitter injury and Pilon fracture or 
traditional ankle fracture [7]. The postoperative AOFAS 
score of Logsplitter injury was merely 67.0 ± 26.8 points, as 
reported by Beble [4]. Despite the controversy regarding 
the mechanism and prognosis of this injury, the complexity 
of the injury and the severity of joint damage may predict a 
worse clinical outcome than that of a simple ankle fracture. 
Therefore, there may be a greater challenge in the reason-
able treatment of this injury by surgeons in clinical practice.

Conclusions
In summary, Logsplitter injury is an ankle fracture with 
dislocation caused by high-energy forces. Its mechanism 
of injury may be predominated by an abduction-vertical 
violence, which can be partially explained by external rota-
tion-vertical forces as well. It is characterized by diverse 
radiological characteristics, with serious soft tissue injury 
and frequent compression of the distal tibial articular sur-
face. Its radiological manifestations can be summarized. 
The main limitation of this study is the relatively small 
sample size, which may be attributed to the relatively low 
incidence of Logsplitter injury. Our future research will 
improve the radiological characteristics database of this 
injury on the basis of an expanded sample size.

Analysis of its radiological characteristics in this study 
revealed that the major fracture type of Logsplitter injury 
is dominated by pronation-abduction based on the Lauge-
Hansen classification, a few of which are in accordance 
with the characteristics of pronation-external rotation 
and supination-external rotation injury. However, the 
most important difference from the Lauge-Hansen clas-
sification is that when the deltoid ligament is ruptured, a 
fracture of the fibula with rupture of the lateral collateral 
ligament often occurs, and open reduction and internal 
fixation may be required along with concomitant repair of 
the lateral collateral ligament, preoperative evaluation of 
the radiological manifestations of the injury is of guiding 
significance for surgical design in the clinical setting.
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