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ABASTRACT 21 

Background:  22 

In Lisfranc injuries the stability of the tarsometatarsal joints guides the treatment of 23 

the injury. Determining the stability, especially in the subtle Lisfranc injuries, can be 24 

challenging. The purpose of this study was to identify incidence, mechanisms of 25 

injury and predictors for instability in Lisfranc injuries.  26 

 27 

Methods:  28 

Eighty-four Lisfranc injuries presenting at Oslo University Hospital between 29 

September 2014 and August 2015 were included.  The diagnosis was based on 30 

radiologically verified injuries to the tarsometatarsal joints.  Associations between 31 

radiographic findings and stability were examined.  32 

 33 

Results: The incidence of Lisfranc injuries was 14/100,000 person-years, and only 34 

31% were high-energy injuries. The incidence of unstable injuries was 6/100,000 35 

person-years, and these were more common in women than men (P=.016). 36 

Intraarticular fractures in the two lateral tarsometatarsal joints increased the risk of 37 



instability (P=.007). The height of the second tarsometatarsal joint was less in the 38 

unstable injuries than in the stable injuries (P=.036). 39 

 40 

Conclusion:  41 

The incidence of Lisfranc injuries in the present study is higher than previously 42 

published. The most common mechanism of injury is low-energy trauma. 43 

Intraarticular fractures in the two lateral tarsometatarsal joints, female gender and 44 

shorter second tarsometatarsal joint height increase the risk of an unstable injury. 45 

 46 

Level of Evidence: Level III, cross-sectional study. 47 

 48 
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 51 

1. INTRODUCTION 52 

Lisfranc (tarsometatarsal joint) injuries are complex, and can lead to high morbidity 53 

and substantial disability if not adequately treated. [1–7] The incidence has been 54 

reported to be 1/60,000 person-years[5]; however, these injuries may be 55 

underreported as up to 24% are missed on primary radiographs.[8] An increased 56 

awareness of these injuries combined with  increased use of MRI, CT scans, 57 

weightbearing radiographs and stress fluoroscopy to detect them, seem to have 58 

increased the incidence compared to that reported in previous publications.[2,9–14] 59 

 60 

High-energy trauma (motor vehicle accidents, falls from height and crush injuries) 61 

has been reported to account for the majority of the cases.[4,5,11,15,16] Low-energy 62 

injuries are most often caused by axial and/or rotational forces on a foot fixed in 63 

equinus, and these injuries tend to be more subtle.[3,17,18] 64 

 65 

The stability of the midfoot is provided by osseous and ligamentous structures. 66 

Injuries to these structures may cause instability and progress to displacement of the 67 

tarsometatarsal joints.[19] In the subtle Lisfranc injuries with no displacement on 68 

radiographs or CT scans, it can be challenging to determine the stability of the injury. 69 

Weightbearing radiographs and stress fluoroscopy have been advocated to reveal an 70 

occult instability, preferably with images of the non-injured foot for comparison 71 

[3,20–26]. Lisfranc injuries without detectable displacement on weightbearing 72 

radiographs or on stress fluoroscopy should generally be treated non-operatively, 73 

whereas for the unstable injuries anatomic reduction and stable fixation is 74 



recommended. [3–5,15,21,22,27,28] In the acute phase both stress fluoroscopy and 75 

weightbearing radiographs can be painful. Furthermore, the interpretation of these 76 

examinations are also often subjective and examiner dependent. CT scans can be 77 

useful in the evaluation of Lisfranc injuries and many patients will be subjected 78 

to a CT scan of their foot.  Therefore, determining radiological predictors of 79 

instability on CT images can be valuable in improving diagnosis of these injuries.  80 

 81 

The aim of this study was to survey the incidence, the most common mechanisms of 82 

injury and to evaluate radiological predictors of instability in Lisfranc injuries. The 83 

hypothesis was that Lisfranc injuries and especially low-energy injuries are more 84 

frequent than previously reported, and that CT scans can help predict instability. 85 

 86 

2. MATERIALS AND METHODS 87 

The study was approved by the Regional Ethics Committee (2014/853/REK) and the 88 

patients signed an informed consent form. Between the 1st of September 2014 and the 89 

31st of August 2015 all patients with Lisfranc joint injuries treated at Oslo University 90 

Hospital (a level one trauma center) and Oslo Accident and Emergency Department 91 

were registered. A Lisfranc injury was defined as injury to tarsometatarsal joint with 92 

avulsion fractures, intra-articular fractures and/or displacement of tarsometatarsal 93 

joint. Injuries to the tarsometatarsal joint were identified using radiographs, CT scans, 94 

MRI, stress fluoroscopy and/or weightbearing radiographs. Patients with isolated 95 

fracture of the fifth metatarsal and patients with Charcot arthropathy were excluded 96 

from the study. 97 

 98 

Demographic data were recorded at presentation, as well as mechanism of injury and 99 

clinical findings. To determine the incidence of Lisfranc injuries all patients referred 100 

for treatment from other hospitals were excluded and only the patients with a 101 

permanent address in the Oslo University Hospital catchment area were included. On 102 

January 1st 2015 the hospital had a local catchment population of 399 665. 103 

 104 

High-energy injuries were defined as injuries caused by motor vehicle accidents 105 

(MVA), fall from height (>3 meters) and crush injuries. Low-energy injuries were fall 106 

from own height, twisting injury of the foot, falling down stairs, bike accidents, 107 

kicking into an object. Sports related injuries were categorized separately. 108 

 109 

The diagnostic algorithm is presented in Figure 1. Ten patients did not have a primary 110 

radiograph when admitted, as they had already had a CT or MRI scan. In patients 111 



without joint displacement on the CT scan, a stress fluoroscopy of both injured and 112 

non-injured foot was performed 7-14 days after the injury. Stress fluoroscopy could 113 

be performed without anesthesia in the majority of the patients. If stress fluoroscopy 114 

was not possible due to pain, general anesthesia was applied. Weightbearing 115 

radiographs of both feet (AP, lateral and 30 oblique views) were also used for 116 

evaluation when the stress fluoroscopy was inconclusive regarding stability.  117 

 118 

Radiographs and CT scans were analyzed using Syngo Studio VB36E (Siemens 119 

Healthcare GmbH, Erlangen, Germany). The images were evaluated by two foot and 120 

ankle consultants and one radiology consultant experienced in musculoskeletal 121 

imaging. Fractures were categorized as intraarticular, extraarticular or avulsion 122 

fractures. Joint displacement of 2 mm or more were registered. The Lisfranc injuries 123 

were defined as unstable if there was a displacement of 2 mm in a tarsometatarsal, 124 

intercuneiform or naviculocuneiform joint on any of the initial non-weightbearing 125 

radiographs, CT scans or weightbearing radiographs, or if the patient had a positive 126 

stress fluoroscopy with joint incongruity.  127 

 128 

The second metatarsal base is recessed between the medial and lateral cuneiforms in a 129 

“mortise”. The medial and lateral depth of the Lisfranc mortise as well as the height 130 

of the second tarsometatarsal joint, were measured on the CT scans by the radiology 131 

consultant (Figure 2).  132 

 133 

The findings on radiographs and CT scans were correlated to the fluoroscopically 134 

evaluated stability to reveal any radiographic predictors of instability.  All patients 135 

with unstable Lisfranc injuries were recommended operative treatment, while the 136 

patients with stable injuries were treated with a below knee cast for 6 weeks and then 137 

examined with weightbearing radiographs of both feet. 138 

 139 

Statistics 140 

Descriptive statistical analyses were used to determine frequencies of categorical 141 

variables and the group mean and standard deviation of continuous variables. The 142 

independent samples t-test was used to compare group means for continuous variables 143 

and for categorical variables the odds ratio and Pearson Chi-square test was used. The 144 

correlation between fracture pattern and stability was assessed using logistic 145 

regression. The interrater reliability when evaluating fractures and dislocations was 146 

calculated using the intraclass correlation coefficient. The statistical analyses were 147 



performed using SPSS version 25 (IBM, Armonk, New York). A threshold of p<.05 148 

was set for statistical significance.  149 

 150 

 151 

3. RESULTS 152 

 153 

3.1 Patient demographics  154 

Eighty-nine Lisfranc injuries were registered prospectively during the one-year 155 

period. Eighty-four patients consented to participate in the study. One patient had 156 

bilateral Lisfranc injuries. There was an equal distribution between genders (Table 1). 157 

The mean age was 41.0 (range, 14-83) years and the men were on average 10 years 158 

younger than the women (36.0 vs 45.8, P=.05).  159 

 160 

Fifty-four of the 89 patients with Lisfranc injury lived in the Oslo University Hospital 161 

catchment area and resulted in an incidence of all Lisfranc injuries of 14/100,000 162 

person-years. Twenty-two of these patients had injuries with instability, resulting in 163 

an incidence for unstable Lisfranc injuries of 6/100,000 person-years. 164 

 165 

3.2 Mechanism of injury 166 

The mechanisms of injury are presented in table 2. High-energy mechanisms (motor 167 

vehicle accidents (MVA), falls from more than three meters height and crush injuries) 168 

accounted for 31% of the injuries. The single most common mechanism of injury was 169 

fall from own height / twisting injury of the foot, occurring in 31% of the cases. In 170 

21% percent, the injuries were sports related.  171 

 172 

3.3 Radiological assessment and stability 173 

Seventy-four feet (87%) had a primary nonweightbearing radiograph and 21 (28%) of 174 

these radiographs were described as normal. All patients except one had a CT scan of 175 

their injured foot (84 feet), all with findings consistent with Lisfranc injury. The 176 

interrater reliability of evaluating the fractures and displacements on radiographs and 177 

CT scans, was 0.83 (95% CI, 0.81-0.84), determined with the intraclass correlation 178 

coefficient.  179 

 180 

Thirty-eight (45%) Lisfranc injuries were defined as unstable and 47 (55%) were 181 

stable (Table 2). Joint displacement as a sign of instability, was mainly detected on 182 

CT scans (17 feet) or a positive stress fluoroscopy (14 feet) (Table 3). In one patient 183 

an increased diastasis between the medial and middle cuneiform was detected on 184 



weightbearing radiographs, this was not detected on the stress fluoroscopy. Two other 185 

patients had an instability that was overlooked on initial stress fluoroscopy, but 186 

detected on weightbearing radiographs at the 6 weeks follow-up.  187 

 188 

The distribution of avulsion fractures, intraarticular fractures and extraarticular 189 

fractures is shown in table 4. The only fracture pattern on CT scans that was 190 

correlated to instability in Lisfranc injuries was an intraarticular fracture of the fourth 191 

and/or fifth tarsometatarsal joint (OR= 6.0, 95% CI= 1.6-21.5). 192 

   193 

When evaluating the Lisfranc mortise measurements, an increased height of the 194 

second tarsometatarsal (TMT) joint in the feet with a stable injury compared to those 195 

with an unstable injury was observed (21.2 vs 20.1 mm, p= .04).  The medial Lisfranc 196 

mortise depth was larger in the group with stable Lisfranc injuries compared to the 197 

unstable group (mean 7.3 vs 6.6 mm), but this finding was not statistically significant 198 

(p=.07). Women had more shallow mortise depths and lower TMT-2 heights 199 

compared to men (Table 5). 200 

 201 

4. DISCUSSION 202 

The most important findings of the present study are that we observed a higher 203 

incidence of Lisfranc injuries than previously reported in the literature, and that the 204 

majority of the injuries are low-energy or sports-related. Furthermore, intraarticular 205 

fractures of the lateral tarsometatarsal joints, female gender and a lower second 206 

tarsometatarsal joint height increase the risk of having an unstable Lisfranc injury.   207 

 208 

In the present study, all Lisfranc injuries during a one year period were prospectively 209 

registered. The overall incidence of both stable and unstable Lisfranc injuries was 210 

14/100,000 person-years, whereas the incidence of unstable injuries was 6/100,000 211 

person-years. The incidence of Lisfranc injuries has been reported be 1/60,000 212 

person-years or 0.2 percent of fractures based on older studies.[5,29,30] Recently 213 

Ponkilainen et al. published a CT based study where they retrospective examined all 214 

CT scans of midfoot fractures during a 5-year period. They found the CT based 215 

incidence of Lisfranc injuries to be 9.2/100,000 person-years. The findings of the 216 

present study and those of Ponkilainen et al. suggest that the incidence of Lisfranc 217 

injuries is probably higher than previously reported. The high incidence found in the 218 

present study may be caused by the prospective design, a higher awareness of these 219 

injuries and the use of more advanced diagnostic tools such as CT scans, MRIs, stress 220 



fluoroscopy and weightbearing radiographs, thereby also detecting the more subtle 221 

injuries.  222 

 223 

We found high-energy trauma to be the cause of injury in only 31% of patients and 224 

low-energy trauma to be the most common injury mechanism. Numerous authors 225 

have reported Lisfranc injuries primarily being caused by high-energy 226 

trauma.[4,5,11,15] More recently, however, Renninger et al. found that 60% of the 227 

surgically treated Lisfranc injuries at their institution resulted from low energy 228 

trauma.[18] Ponkilainen et al. also reported the majority of Lisfranc injuries to be 229 

caused by low-energy trauma and only 36,5% of the injuries being caused by high-230 

energy trauma mechanisms. [31] This emphasizes that one should have a high 231 

suspicion of Lisfranc injuries even in patients with midfoot pain after a low-energy 232 

trauma as these injuries may lead to severe disability if they are missed or treated 233 

inadequately. [32,33] 234 

 235 

Evaluating the stability of Lisfranc injuries is essential in treating these injuries as 236 

nonoperative treatment is recommended in stable injuries and operative treatment in 237 

unstable injuries.[20,28,34] Occult instability in a Lisfranc injury can be detected by 238 

either weightbearing radiographs or stress fluoroscopy.[4,20,21] The stress 239 

fluoroscopy has been criticized for being subjective and examiner dependent.[26] On 240 

the other hand, Kaar et al. demonstrated in a cadaver study that stress fluoroscopy had 241 

better sensitivity in detecting instability compared to weightbearing radiographs.[24] 242 

Both stress fluoroscopy and weightbearing radiographs present a challenge in the 243 

acute setting, as they can be painful examinations. Since we delayed the stress 244 

fluoroscopy until 7-14 days after injury, we were able to perform the testing without 245 

anesthesia in most patients. However, two of the 49 Lisfranc injuries initially 246 

evaluated as stable after stress fluoroscopy had a positive weightbearing radiograph 247 

indicating midfoot instability on the 6 weeks follow-up. This emphasizes the 248 

importance of follow-up with weightbearing radiographs in patients with injuries that 249 

initially are evaluated as stable, as also recommended by Myerson and Cerrato.[17]  250 

 251 

As both stress fluoroscopy and weightbearing radiographs are challenging to perform 252 

in the acute setting, identifying predictors of instability on CT scans could be very 253 

helpful in diagnosing these injuries. By comparing the CT findings to the stability of 254 

the injuries, we found that intraarticular fractures in the two lateral tarsometatarsal 255 

joints increased the risk of having an unstable Lisfranc injury. An avulsion fracture of 256 

the Lisfranc ligament (fleck sign) has in previous articles been interpreted as a sign of 257 



instability. [18,20] We were not able to correlate any other fracture pattern (including 258 

fleck sign) to the stability of the Lisfranc injuries.  259 

 260 

Several authors have reported Lisfranc injuries to be more common in men compared 261 

to women.[1,4,5,15,22,35] In the current study the distribution between genders was 262 

equal, as also reported by both Crates et al. and Komenda et al. [16,27] We found, 263 

however, a higher proportion of unstable injuries in women. Also, women had a 264 

decreased Lisfranc mortise depth and second tarsometatarsal joint height compared to 265 

the men. Peicha et al. have previously reported that a shallow medial mortise depth is 266 

a risk factor for Lisfranc injuries, and this is also supported by Yu-Kai et al., who 267 

observed that women had a more shallow medial mortise depth and a shorter height of 268 

the second metatarsal base than men.[36,37] As the lateral aspect of the medial 269 

cuneiform is the origin of the interosseous and plantar part of the Lisfranc ligament 270 

and the medial and plantar aspect of the second metatarsal base is the attachment area, 271 

one might speculate that the feet with a deeper medial mortise and a higher second 272 

tarsometatarsal joint might have a broader and stronger Lisfranc ligament, and 273 

thereby a decreased risk of obtaining an unstable Lisfranc injury.[19]  274 

 275 

The present study has some inherent weaknesses. First of all, a larger patient number 276 

would have increased study power. There is some degree of uncertainty regarding the 277 

epidemiological data, as some patients with Lisfranc injuries from the Oslo University 278 

Hospital population might have been treated elsewhere.  This would lead to an 279 

underestimated injury incidence. Furthermore, we were not able to compare stress 280 

fluoroscopy with weightbearing radiographs, as most patients did not have 281 

weightbearing radiographs.  282 

 283 

The strengths of the study include Oslo University Hospital being the primary trauma 284 

center in the region and Oslo A&E Department is the only public primary health care 285 

walk-in facility in Oslo. In addition, all patients were included in the study in a 286 

prospective manner when presenting with the injury, evaluated by an orthopaedic 287 

surgeon specialized in Foot and Ankle Surgery and a diagnostic algorithm was used. 288 

All patients, except one, had a CT scan of the injured foot. Over 90 percent of patients 289 

with stable injuries were followed up with weightbearing radiographs at 6 weeks, 290 

thereby any occult instability could be detected. 291 

 292 

5. CONCLUSION 293 



In the present study we observed a higher incidence of Lisfranc injuries than 294 

previously reported, and low-energy trauma was the most common mechanism of 295 

injury. Women had a shallower Lisfranc mortise than men and a higher proportion of 296 

unstable injuries. We also found that shorter second tarsometatarsal joint height and 297 

intraarticular fractures in the two lateral tarsometatarsal joints increased the risk of 298 

having an unstable Lisfranc injury.  299 
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 414 

Caption Figure 1 415 

Diagnostic algorithm for suspected Lisfranc injuries. Displacement is defined as 416 

≥2mm displacement of a tarsometatarsal, intercuneiform or naviculocuneiform joint 417 

on radiographs or CT scans, or obvious displacement on stress fluoroscopy.  418 

 419 



 420 

 421 

 422 

Caption Figure 2a 423 

CT scan sagittal plane, left foot. Height of the second tarsometatarsal joint (arrow). 424 

Red line indicating coronal plane centered in second tarsometatarsal joint (2b). 425 

 426 

Caption Figure 2b 427 

CT scan left foot, coronal plane centered in the second tarsometatarsal joint as shown 428 

in picture 2a. Distance A represent the medial Lisfranc mortise depth, and distance B 429 

represent the lateral Lisfranc mortise depth. 430 

 431 

 

 
 

* One female patient with bilateral unstable 

Lisfranc injuries 

** Other ipsilateral foot and ankle fractures 

	

  

 
Table 1 

 

Patient demographics 

 

  Stable injury 

Unstable 

injury Total P-value  Odds ratio 

Mean age (SD) 38.4 (16.5) 44.2 (15.6) 41.0 (16.3) 0.10  
 

Gender (male/female) 29/18 13/25* 42/43*   0.016 OR=3.1 (1.3-7.6) 

 

Side (right/left) 21/26 17/21 38/47 1.0  OR=1.0 (0.4-2.4) 

 
Days to diagnosis 3.2 (7.8) 3.5 (9.7) 3.4 (8.7)  0.92  
 

Ipsilateral FA fx** 9 5 14  0.46  OR=0.6 (0.2-2.1) 

 432 

 433 
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Table 2  

Mechanism of injury 

	
	

Mechanism of injury    
Lisfranc 
Injuries   

  Stable  Unstable  Total 

    
 - Fall from own height/ twisting of foot 14 12 26 

 - Bike accident 2 2 4 

 - Fall down stairs 1 3 4 

 - Kicked into an object 2 1 3 

 - Sports related injuries 7 11 18 

                            Soccer 4 3 7 

                            Gymnastics 2 2 4 

                            Martial arts 0 3 3 

                            Windsurfing/kiting 1 1 2 

                            Snowboard 0 1 1 

                            Skateboard 1 0 1 

 - Motor vehicle accident 7 3 10 

 - Fall > 3 meters 3  3* 6 

 - Crush injury 10 1 11 

 - Unknown** 1 2 3 

    
Total 47 38 85 

	
	
*One patient with bilateral injuries 

** Unknown due to alcohol intoxication 
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Table 3 

Detection of joint displacement 

	

  No. of feet  Negative 

Joint displacement 

detected 

Primary radiographs (non-WB) 74 21* 4 

CT scan 84 0* 17 

Stress-test under fluoroscopy 67 45** 14 

Primary weightbearing radiographs 19 17** 1 

Follow-up weightbearing radiographs 30 28** 2 

Sum     38 

	
	
Weight-bearing radiographs were compared to the non-injured side. 

CT scans and radiographs were registered as positive if there were any fractures 

(including minor avulsion fractures) or joint displacements.  

* Negative in terms of no joint displacement or fracture (including small avulsion 

fractures) 

** No joint displacement detected. 
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Table 4 

CT scan findings related to stability 

	

  

No. 

feet 

Stable  

injuries 

Unstable 

injuries 

Odds ratio  

(95% CI) P-value 

      

CT scan 84 46 38   

"Fleck" sign 39 18 21 2.00 (.64-6.21) 0.23 

Medial column      

       No fracture 16 11 5 Ref  

       Avulsion fractures 32 19 13 1.88 (.39-9.01) 0.43 

       Intraarticular fractures 35 15 20 2.51 (0.53-11.94) 0.25 

       Extraarticular fractures 1 1 0 NA  

Middle column      

       No fracture 8 5 3 Ref  

       Avulsion fractures 9 8 1 0.14 (0.01-2.15) 0.16 

       Intraarticular fractures 56 25 31 0.81 (.13-4.89) 0.82 

       Extraarticular fractures 11 8 3 0.45 (0.05-3.94) 0.47 

Lateral column      

       No fracture 36 26 10 Ref  

       Avulsion fractures 2 0 2 NA  

       Intraarticular fractures 31 9 22 5.95 (1.64-21.54) 0.007 

       Extraarticular fractures 15 11 4 1.13 (0.25-5.22) 0.87 

	
	
	
Fracture patterns detected on CT scans related to stability of the Lisfranc injury. 

Statistical significant finding highlighted.  Ref= reference group. NA= not applicable 
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                   Lisfranc injuries               Gender  
  Stable injuries Unstable injuries P-value Male Female P-value 

Medial mortise depth (mm)       
                        Mean (SD) 7.3 (1.8) 6.6 (1.7) 0.072 7.3 (1.9) 6.6 (1.6) 0.057 

Lateral mortise depth (mm)       
                        Mean (SD) 3.6 (1.5) 3.7 (1.2) 0.785 4.0 (1.5) 3.3 (1.1) 0.024 

TMT-2 height (mm)       
                        Mean (SD) 21.2 (2.3) 20.1 (2.4) 0.036 21.6 (2.3) 19.8 (2.1) 0.001 

Table 5 

Lisfranc mortise measures related to instability 
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TMT-2 height = tarsometatarsal joint 2 height  445 

Measurements are described in figure 2. 446 
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