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A B S T R A C T

Introduction: Lisfranc injuries involve any bony or ligamentous disruption of the tarsometatarsal joint.
Outcome results after treatment are mainly evaluated using patient-reported outcome measures
(PROM), physical examination and radiographic findings. Less is known about the kinematics during gait.
Methods: Nineteen patients (19 feet) treated for Lisfranc injury were recruited. Patients with conservative
treatment and surgical treatment consisting of open reduction and internal fixation (ORIF) or primary
arthrodesis were included. PROM, radiographic findings and gait analysis using the Oxford Foot Model
(OFM) were analysed. Results were compared with twenty-one healthy subjects (31 feet). Multivariable
logistic regression was used to determine factors influencing outcome.
Results: Patients treated for Lisfranc injury had a significantly lower walking speed than healthy subjects
(P < 0.001). There was a significant difference between the two groups regarding the range of motion
(ROM) in the sagittal plane (flexion-extension) in the midfoot durieng the push-off phase (p < 0.001). The
ROM in the sagittal plane was significantly correlated with the AOFAS midfoot score (r2 = 0.56, p = 0.012),
FADI (r2 = 0.47, p = 0.043) and the SF-36-physical impairment score (r2 = 0.60, p = 0.007) but not with
radiographic parameters for quality of reduction. In a multivariable analysis, the best explanatory factors
were ROM in the sagittal plane during the push-off phase (b = 0.707, p = 0.001), stability (b = 0.423,
p = 0.028) and BMI (b = �0.727 p = <0.001). This prediction model explained 87% of patient satisfaction.
Conclusions: This study showed that patients treated for Lisfranc injury had significantly lower walking
speed and significantly lower flexion/extension in the midfoot than healthy subjects. The ROM in these
patients was significantly correlated with PROM, but not with radiographic quality of reduction. Most
important satisfaction predictors were BMI, ROM in the sagittal plane during the push-off phase and
fracture stability.

© 2017 European Foot and Ankle Society. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Lisfranc injuries involve any bony or ligamentous disruption of
the tarsometatarsal joint complex. This injury is not very common,
with 0.2% of all fractures [1–4]. The outcome of Lisfranc injury is
determined by the extent of soft tissue damage, bone injury and
the presence or absence of instability in the tarsometatarsal joint.
Other important determinants of good prognosis include early
successful identification of instability and treatment [5–7].
Outcome results after treatment of Lisfranc injuries have mainly
been evaluated using patient-reported outcome measures (PROM),
* Corresponding author.
E-mail address: s.vanhoeve@student.maastrichtuniversity.nl (S. van Hoeve).
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physical examination and radiographic findings [8,9]. Less is
known about the biomechanical changes after Lisfranc injury. One
study analysed 24 patients, including 6 patients with a Lisfranc
fracture, using PROM, pedobarographic analysis and radiographic
examinations. They found significantly lower walking speed in
patients after Lisfranc injury treatment compared to a group of
healthy subjects [3].

Multi-segment foot models (MSFM) are available for analysing
kinematic parameters during gait [10–29]. The four-segment
Oxford foot model (OFM) is described as being a reliable model
[15,18,27,30,31]. Intersegment rang of motion (ROM) during gait
was previously found to be related to PROM in patients with foot
and ankle trauma [32]. Hence, kinematic gait analysis could
provide more insight into kinematic changes in patients after
Lisfranc injury and in addition could lead to more information on
ts reserved.
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unsolved issues such as the influence on surgical reduction on
functional outcome and the best fixation method [4,33–39].

The aim of this study was to investigate kinematic parameters
of the foot and ankle in a group of patients after bony Lisfranc
injury and to compare these with healthy subjects. The kinematic
results were further correlated with PROM and quality of
reduction. In addition, a multivariable logistic regression analysis
was performed to determine factors explaining patient satisfac-
tion. The hypothesis was that patients who suffer bony Lisfranc
injury would show decreased ROM (flexion/extension) in the
midfoot compared to healthy subjects and that kinematics during
gait would significantly correlate with PROM and the quality of
surgical reduction.

2. Methods

2.1. Study population

For this prospective observational study (Level II evidence),
19 patients (19 feet) treated for bony Lisfranc injury were recruited.
The medical ethics committee of this hospital approved this study,
and all study subjects gave written informed consent. All patients
underwent computed tomography to determine the extent of the
bony Lisfranc injury and were taken to the operating room for
fluoroscopic testing of the stability of the Lisfranc joint. If this was
stable, patients were treated with cast immobilization. If this was
unstable, patients underwent ORIF with plate–screw osteosyn-
thesis, or arthrodesis, depending on the type of fracture,
comminution and bone quality. This decision was made by an
experienced trauma surgeon. After 8 weeks, full weight bearing
was allowed and supported by physiotherapy. Hardware was
removed at least 6 months after operation when patients reported
complaints about the screws and/or plates. The researcher
contacted the patients six months after their initial treatment,
as gait studies have shown that most motion progress after fracture
treatment takes place between 3 and 6 months after surgery
[40,41]. Recruited patients were then enrolled for gait analysis if
they had returned to their normal daily lives as before the injury
and had minimal complaints related to the injury. Exclusion
criteria were simultaneous surgery for fractures of thecontra-
lateral leg/ankle or pre-existent abnormalities of the lower
extremities, neurotrauma, spinal or neurological injury and
pathologic fractures. The age was set between 25 and 70 years,
since age has limited influence on gait [42–44]. Walking speed
and kinematic results were compared with those of 21 healthy
subjects (n = 21, 31 feet) without any traumatic lower extremity
injury, who had been randomly recruited applying the same
exclusion criteria as for the patients with bony Lisfranc injury. In
10 patients both legs were analysed to exclude a possible
influence of foot dominance.

2.2. Equipment

Motion capture was conducted using the VICON MX 3-system
(Vicon Motion Systems Ltd., Oxford, UK). The VICON system
comprises eight cameras (6 MX3 and 2 T20, running at 200 Hz)
connected to a computer for detection of markers placed on the
skin of both legs. The markers were placed on specific anatomic
landmarks on the subjects using regular double-sided tape,
according to the guidelines for the OFM [15,18,27]. One force plate
(Kistler 9282E) was used to analyse gait during walking. A 10-m
catwalk was used for walking to provide a normal walking
pattern. Vicon NEXUS was used to visualize 3D animation
motions.
2.3. Study protocol

All subjects were analysed at the movement laboratory
separately. Before gait analysis, the following characteristics
were measured: height, weight, body mass index (BMI (kg/m2)),
leg length, knee and ankle width. One researcher who had been
trained in the examination of the foot and ankle and the OFM,
performed all measurements according the protocol described in
previous studies [30,32,44]. Patients and healthy subjects were
asked to walk at self-selected normal, slow and fast speed. The
data of one whole step (initial contact to toe-off) was divided
into two intervals: loading phase (initial contact — midstance)
and push-off phase (midstance — toe-off). Walking speed and
intersegment ROM between forefoot–hindfoot and hindfoot–
tibia were calculated in the frontal, sagittal and transverse
planes (representing abduction/adduction, flexion/extension,
and inversion/eversion, respectively) [45,46]. For patients with
bony Lisfranc injury, the following data was collected: baseline
data from the case record form completed at hospital admission,
PROM at the time of gait analysis (American orthopaedic foot
and ankle society midfoot score [AOFAS]; foot and ankle
disability index [FADI]; Short-Form 36 score [SF-36]; visual
analogue pain scale [VAS], with maximum pain, minimum pain
and pain at moment of gait analysis ranging from 0 to 10),
radiographic findings and OFM gait analysis. Six months
postoperatively, computed tomography scans and plain X-rays
were made to analyse the quality of surgical reduction. These
measurements were performed by one experienced investigator
blinded for the kinematic and PROM results. The quality of
reduction was determined by measuring the space between the
first and second metatarsal bones, and the second and third
metatarsal bones, on the weight bearing dorsal-plantar radio-
graphs. The calcaneal pitch was also measured, between a line
from the first metatarsal to the calcaneal bone and a line under
de calcaneal bone, on weight bearing lateral radiographs. The
talometatarsal angle was measured between the talus and the
first metatarsal bone, on weight bearing dorsal-plantar radio-
graphs [36,47].

2.4. Data analysis

Prospective power was calculated with alpha set at 0.05 and
beta at 0.80, using a sample size calculation tool [48]. The ROM
value between forefoot and hindfoot segments in the sagittal plane
in healthy subjects was estimated to be 15.0� (SD 3.0). The expected
clinically significant decrease in ROM in patients after bony
Lisfranc injury was expected to be at least 12.0�, more than one
standard deviation [30]. The number of included patients was set
to a minimum of 8 patients for each group.

Kinematic data was processed with Matlab (version 7.12,2011)
and statisticalanalysis wasperformedin SPSS(IBMStatistics,version
20). The data comprised of six trials (steps) randomly chosen. The
characteristics were analysed using descriptive statistics and the
independent samplest-test fordifferences; ap-value below0.05 was
considered to be statistically significant. Kinematic results were
correlated with PROM and the parameters of quality of reduction.
The Pearson correlation coefficient was calculated to identify
correlations. A multivariable logistic regression analysis was
performed using the enter method and the backward method,
with the following factors: American Society of Anaesthesiologists
physical status classification system (ASA), age, BMI, kinematic
parameters, fixation method, fracture stability (as seen per-
operatively) and quality of reduction, to explain patient satisfaction
as assessed by PROM (AOFAS and FADI).



Table 1
Patient characteristics.

Group Lisfranc injury
19

Healthy control
21, 31 feet

p-Value

Age (years) 40.5 � 16.7 (18–68) 35.8 � 17.6 (20–65) 0.389
Gender (n, % male) 7, 36.8% 18, 85.7% 0.001
Side (n,% right) 8, 42.1% 20, 64.5% 0.408
Height (m) 1.71 � 0.1 (1.54–1.85) 1.79 � 0.06 (1.69–1.88) 0.004
Weight (kg) 81.3 � 20.9 (47–122) 75.0 � 10.0 (62–91) 0.234
BMI 27.5 � 5.7 (19.8–39.4) 23.3 � 2.7 (19.4–29.1) 0.007
Knee width (mm) 105 � 12.25 (81–130) 104.1 � 6.8 (93–120) 0.634
Ankle width (mm) 65.8 � 5.1 (57–77) 69.5 � 4.9 (62–80) 0.083
Leg length (mm) 888.7 � 55.3 (790–

980)
923.4 � 43.8 (780–
970)

0.107

Results are presented as mean � standard deviation (min–max) (independent-
samples t-test).
Bold are the significant differences.
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3. Results

3.1. Patient characteristics

Table 1presents the baseline characteristics for the patients
treated for a bony Lisfranc injury, and for the healthy subjects.
There were no significant differences between the two groups
regarding age, left or right foot being analysed, weight, leg
length, knee width or ankle width. In the bony Lisfranc group,
there were significantly more women, patients had a lower
length and had a higher BMI compared to healthy subjects. Gait
analysis was performed at a mean of 17 months (median 11, range
6–52) after treatment. No significant correlation was found
between the moment of gait analysis after treatment and the
ROM in the sagittal plane (flexion/extension) during the loading
and push-off phases (Pearson-test r2 = 0.317, p = 0.187 and
r2 = 0.064, p = 0.794 respectively).

Trauma mechanism was traffic accident in 4 patients, fall from
height in 1 patient, work accident in 2 patients and a low-energy
trauma in 12 patients. No patients with a purely ligamentous injury
were included. Overall, 5 patients (26.3%) had a stable Lisfranc
fracture pattern and were treated conservatively with cast, while
8 patients (42.1%) underwent ORIF with plate and screw osteosyn-
thesis for instability and 6 patients (31.6%) underwent arthrodesis.
Only two patients in the ORIF group underwent removal of
hardware before gait analysis. Postoperatively, 1 patient (7.1%)
developed a deep infection for which surgical wound debridement
was required as well as intravenous antibiotics. None of the
patients needed revision surgery. Six months postoperatively, 13 of
the 16 patients (81%) had returned to their previous work, while
the other 3 patients had not been in work before their injury.

3.2. Gait analysis

Table 2 shows the walking speed and intersegment ROM
between forefoot and hindfoot for patients with a bony Lisfranc
Table 2
Speed and inter-segment range of motion between forefoot and hindfoot.

Variables Groups 

Lisfranc Healthy subjects 

Normal 

Speed (m/s) 0.92 � 0.24 (0.38–1.30) 1.22 0.19 (0.89–1.5
Lisfranc Healthy subjects in

Forefoot-hindfoot loading phase
Sagittal plane
Flexion/extension
(degree)

7.06 � 2.48 (2.31–12.25) 7.80 � 2.33 (4.27–1

Frontal plane
Abduction/adduction
(degree)

4.21 � 1.93 (1.84–9.11) 4.61 � 1.40 (2.19–7

Transverse plane
Inversion/eversion
(degree)

5.49 � 2.16 (2.51–10.12) 7.66 � 1.87 (3.49–1

Forefoot-hindfoot push-off phase
Sagittal plane
Flexion/extension
(degree)

11.55 � 4.79 (5.09–23.17) 16.61 � 3.52 (8.15–

Frontal plane
Abduction/adduction
(degree)

6.83 � 2.56 (2.74–12.06) 9.81 � 2.96 (3.95–1

Transverse plane
Inversion/eversion
(degree)

7.52 � 2.24 (4.32–11.73) 8.93 � 1.82 (5.36–1

Results are presented as mean with � standard deviation and (minimum–maximum) (
Bold are the significant differences.
injury and healthy subjects. The patients treated for bony Lisfranc
injury had a significantly lower walking speed compared to the
healthy subjects when asked to walk at normal speed (t-test
p < 0.001). When healthy subjects were asked to walk at slow
speed, there was no significant difference between the two groups,
and further analyses were performed with these results (p = 0.798).

Regarding ROM between hindfoot and forefoot, there was a
significantly lower ROM in the Lisfranc group in the sagittal plane
(flexion/extension) during the push-off phase (t-test p < 0.001),
but this was not found during the loading phase (t-test p = 0.292).
There was also a significant difference in ROM between the two
groups in the frontal plane (abduction/adduction) during the push-
off phase (t-test p = 0.001), but not during the loading phase (t-test
p = 0.407). In the transverse plane (inversion/eversion) there was a
significant difference between the two groups during both the
loading and push-off phases (t-test p < 0.001 and p = 0.018,
respectively; Figs. 1 and 2).

In Table 3 the ROM between hindfoot and tibia in patients after
bony Lisfranc injury treatment compare with healthy subjects is
presented. Patients after bony Lisfranc injury showed significantly
p-Value

Lisfranc vs healthy subjects
Slow Normal Slow

9) 0.94 0.20 (0.54–1.23) <0.001 0.798
 (slow speed) Lisfranc vs healthy subjects

2.88) 0.292

.83) 0.407

1.61) <0.001

23.72) <0.001

7.31) 0.001

2.63) 0.018

independent-samples t-test).



Fig. 1. Range of motion in the sagittal, frontal and transverse planes during the
loading phase for patients treated for bony Lisfranc injury and healthy subjects. Fig. 2. Range of motion in the sagittal, frontal and transverse planes during the

push-off phase for patients treated for bony Lisfranc injury treatment and healthy
subjects.
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lower ROM in the sagittal plane (flexion/extension) during the
push-off phase (t-test p = 0.040). In contrast, the ROM in the frontal
plane (abduction/adduction) during the push-off phase was
significantly higher in the patients with a bony Lisfranc injury
than in the healthy subjects (t-test p = 0.001)

3.3. Gait correlated with PROM and radiographic findings

The ROM between the forefoot and hindfoot during the push-off
phase in the sagittal plane (flexion/extension) was significantly
correlated with PROM as defined by the AOFAS midfoot score
(Pearson test r2 = 0.56, p = 0.01), the FADI (Pearson test r2 = 0.47,
p = 0.04), the SF-36-physical impairment score (Pearson test
r2 = 0.60, p = 0.007) and the VAS score at the moment of walking
(Pearson test r2 = �0.54, p = 0.02). (Table 4) No significant
correlations were found between the radiographic findings for
quality of reduction, PROM and kinematic parameters.

3.4. Multivariable logistic regression analysis

In a multivariable logistic regression analysis, ASA, age, BMI,
kinematic parameters, fixation method and fracture stability per-
Table 3
Speed and inter-segment range of motion between hindfoot and tibia.

Variables Groups 

Lisfranc Healthy subjects 

Normal 

Speed (m/s) 0.92 � 0.24 (0.38–1.30) 1.22 0.19 (0.89–1.59) 

Lisfranc Healthy subjects 

Hindfoot-tibia loading phase
Sagittal plane
Flexion/extension
(degree)

10.25 � 3.16 (4.09–15.65) 10.09 � 2.65 (3.86–14.78) 

Frontal plane
Abduction/adduction
(degree)

14.21 � 5.61 (7.34–29.68) 12.07 � 3.11 (6.85–18.09) 

Transverse plane
Inversion/eversion
(degree)

7.83 � 6.29 (2.76–31.13) 6.29 � 1.92 (2.95–11.21) 

Hindfoot-tibia push-off phase
Sagittal plane
Flexion/extension
(degree)

9.97 � 3.46 (4.26–16.45) 12.09 � 3.42 (5.32–18.35) 

Frontal plane
Abduction/adduction
(degree)

15.33 � 6.11 (7.61–30.04) 10.48 � 4.07 (5.68–27.25) 

Transverse plane
Inversion/eversion
(degree)

9.57 � 4.47 (2.92–18.07) 9.75 � 3.49 (4.94–17.89) 

Results are presented as mean with � standard deviation and (minimum–maximum) (
Bold are the significant differences.
operatively and quality of reduction were tested as predictors of
patient satisfaction reported as the AOFAS ankle midfoot score and
FADI. Using the AOFAS as the patient satisfaction outcome
parameter, 87% of patients’ satisfaction could be explained using
these factors in this predictive model. Best explanatory factors
were ROM in the sagittal plane during the push-off phase
(b = 0.707, p = 0.001), stability (as seen per-operatively)
(b = 0.423, p = 0.028) and BMI (b = �0.727 p = < 0.001). Using the
FADI as the patient satisfaction outcome parameter, 71% of
patients’ satisfaction could be explained by these factors. Best
explanatory factors were ROM in the sagittal plane during the
push-off phase (b = 0.411, p = 0.057) and BMI (b = �0.463,
p = 0.035).

4. Discussion

The present study reveals a more detailed analysis of kinematic
changes in foot and ankle after bony Lisfranc injury by using a
MSFM. This study found that patients who had suffered Lisfranc
injury had significantly lower walking speed and significantly
p-Value

Lisfranc vs healthy subjects
Slow Normal Slow
0.94 0.20 (0.54–1.23) <0.001 0.798

Lisfranc vs healthy subjects (compensated for speed)

0.847

0.089

0.310

0.040

0.001

0.875

independent-samples t-test).



Table 4
Correlations between range of motion, patient reported outcome measures and quality of reduction in patients after Lisfranc injury.

Range of motion sagittal
plane loading phase

Range of motion sagittal plane
push-off phase

AOFAS FADI VAS SF-36 physical
impairment

Range of motion sagittal plane loading phase – 0.562* 0.089 0.079 �0.068 0.186
Range of motion sagittal plane push-off phase 0.562* – 0.563* 0.468* �0.543* 0.595**

space between first and second metatarsal �.131 �0.071 0.001 �0.046 �0.186 0.030
space between second and third metatarsal 0.231 0.081 0.053 0.019 0.124 0.052

Correlation coefficients by Pearson.
Bold are the significant differences.

* Significant level 0.05.
** Significant level 0.01.
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decreased flexion/extension in the midfoot during the push-off
phase. In addition, this ROM was significantly correlated with
PROM but not with the radiographic quality of reduction.

A limited number of studies have analysed gait in patients with
Lisfranc injuries. In a study by Kösters et al., 24 patients with foot
fractures, including 6 patients with a Lisfranc fracture, were
examined with PROM, pedobarographic analysis and radiographic
examinations. They found significant lower walking speed in
patients treated for Lisfranc injury, just as found in our study.
However, they did not analyse the ROM in the forefoot [3]. Teng
et al. evaluated 11 patients with unilateral closed Lisfranc fracture
dislocation. They used physical examination, radiographic analysis
of anatomic reduction and gait analysis with an in-shoe pressure
monitoring system, analysing vertical ground reaction force under
the hallux, first metatarsal head, lateral metatarsals and heel [33].
They found no abnormalities in vertical ground reaction forces in
patients after Lisfranc injury compared with the contralateral foot,
and they found no relation between these parameters and the
radiographic evaluated reduction of the Lisfranc injury. We could
not find a significant correlation between quality of reduction and
outcome in terms of kinematic parameters and patient satisfac-
tion. Wiss et al. analysed 23 patients with Lisfranc fracture
dislocation using PROM, physical examination and radiographic
Table 5
Outcome in Lisfranc injury group by treatment for speed and inter-segment range of m

Variables Groups 

Conservative
N = 5

ORIF
N = 8

Speed (m/s) 0.86 � 0.24 (0.53–1.13) 0.98 � 0.22 (0.67–1.30) 

Forefoot-hindfoot loading phase
Sagittal plane
Flexion/extension
degree

8.90 � 2.31 (6.40–12.25) 6.13 � 1.23 (3.40–7.40) 

Frontal plane
Abduction/adduction
degree

3.29 � 0.98 (2.29–4.86) 5.58 � 1.98 (3.52–9.11) 

Transverse plane
Inversion/eversion
degree

3.29 � 0.98 (2.29–4.86) 5.39 � 2.81 (2.51–10.12) 

Forefoot-hindfoot push-off phase
Sagittal plane
Flexion/extension
degree

16.28 � 5.45 (8.00–23.17) 9.29 � 1.46 (7.79–11.50) 

Frontal plane
Abduction/adduction
degree

9.26 � 2.08 (6.23–12.06) 6.73 � 2.30 (3.70–11.04) 

Transverse plane
Inversion/eversion
degree

8.25 � 2.27 (4.87–10.61) 6.81 � 2.11 (4.32–9.90) 

Questionnaires
FADI 89.0 � 11.6 (76.0–100) 72.0 � 19.5 (40.4–92.3) 

AOFAS 83.0 � 15.0 (68.0–100.0) 72.5 � 13.5 (43.0–85.0) 

Results are presented as mean with � standard deviation and (minimum–maximum) (
Bold are the significant differences.
analysis [34]. Gait analysis was performed in a subgroup of
11 patients, analysing time of stance. They found best results, both
clinically and in gait analysis, for patients who had an anatomic
reduction of the dislocation. We found that altered gait in patients
with a bony Lisfranc injury is mainly caused by an abnormal
flexion–extension movement between the hindfoot and forefoot.
This may also explain the prolonged hindfoot period, and a delayed
and shortened period of weight transfer through the midfoot to the
forefoot in the study by Wiss et al. [35].

Regarding the clinical impact of this study. This study showed
that patients after Lisfranc injury have altered gait compared with
healthy subjects. We found that altered gait in patients with a
Lisfranc injury is mainly caused by a limited flexion–extension
movement between the hindfoot and forefoot, while this was
significantly correlated with PROM. This indicates that in the post-
operative phase a high flexion-extension motion is important for
patient satisfaction. However not the primary aim of this study,
when analysing our kinematic results between patients treated
with cast or ORIF or a primary arthrodesis, multiple differences
were found (Table 5). Best kinematic and PROM results were found
for patients treated with cast for stable Lisfranc fractures compared
with the other two techniques. This result seems obvious as
fixation of a joint as performed in the ORIF and arthrodesis group
otion.

p-Value

Arthrodesis
N = 6

Conservative
vs ORIF

Conservative vs
arthrodesis

ORIF vs
arthrodesis

0.90 � 0.30 (0.38–1.21) 0.385 0.838 0.566

6.78 � 3.31 (2.31–11.83) 0.015 0.257 0.664

3.15 � 1.40 (1.84–4.99) 0.036 0.850 0.025

3.15 � 1.40 (1.84–4.99) 0.596 0.294 0.792

10.61 � 4.91 (5.09–18.95) 0.005 0.103 0.481

4.94 � 1.59 (2.74–6.40) 0.071 0.004 0.129

7.85 � 2.50 (4.98–11.73) 0.270 0.792 0.413

70.0 � 17.1 (52.9–100) 0.107 0.065 0.846
65.5 � 17.7 (54.0–98.0) 0.216 0.115 0.416

independent-samples t-test).
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limits motion of the joint. Interestingly, 2 patients in the ORIF
group had removal of their hardware before gait analysis. The
results of these two patients showed no significant higher ROM
and PROM results compared to the other patients with ORIF with
hardware in situ.

In addition, our multivariable logistic regression analysis found
the presence of per-operatively stability to be an important
explanatory factor for outcome, while the predictive value of the
degree of reduction was very low. These results indicate that it is
not the quality of reduction but the stability of the Lisfranc joint
found during operation which is a major explanatory factor for the
outcome of Lisfranc injury. As seen in the results per treatment
group, patients with stable Lisfranc fractures, found per operative-
ly, had best PROM and kinematic results. Patients with fixation,
because of instability of the fracture, showed lower ROM and lower
satisfaction. Also, patients with hardware removal showed lower
ROM and kinematic results compared to patients with stable
injuries. This indicates that the severity of the fracture with as a
consequence instability is important for outcome.

The ideal treatment for Lisfranc injuries for achieving and
maintaining alignment in the midfoot is under debate. Some studies
favor open reposition and fixation [4,35,37]. Other studies state that
an arthrodesis is the best primary treatment option [9,39].
Comparing the ORIF and primary arthrodesis results, we found only
a significantly lower abduction/adduction ROM between forefoot
and hindfoot during loading phase in the patients after arthrodesis.
PROM results were comparable. By excluding the results of patients
with hardware removal in the ORIF group no other significant
differences were found between patients with ORIF and primary
arthrodesis regarding kinematics and PROM results.

Patients treated for bony Lisfranc injury were found to have a
greater ROM between the hindfoot and tibia in the frontal plane
during the push-off phase leading to more exorotation of the foot.
This may suggest a compensation mechanism for the lack of ROM
in the sagittal plane (flexion/extension) between the forefoot and
hindfoot. Interestingly, this compensation mechanism was not
situated between the forefoot and hindfoot but between the
hindfoot and tibia (ankle). There was no correlation between this
compensatory motion and patient satisfaction and radiographic
quality of reduction.

A number of comments need to be made on the interpretation
of the observations in our study. Our primary aim was to find
kinematic differences in patients after bony Lisfranc injury
compared to healthy subjects. The group of 19 patients has a
wide range of presentations as can be seen in the clinical situation
and therefore is a highly generalizable group. The strength of this
study is the widespread in range of motion (flexion/extension)
found in patients after bony Lisfranc injury and the correlation
with PROM. Some patients with stable injuries showed higher
range of motion comparable with range of motion of healthy
subjects and scored significantly higher scores in PROM while
others with more severe injury showed lower range of motion
and had lower scores in PROM. This study can be used for
upcoming studies to compare different treatment options.
Secondly, the OFM does not allow for direct measurement of
the motion in the Lisfranc joint. The OFM is a validated technique
to estimate intersegment motions of the foot and ankle [30]. It
can measure the ROM between the forefoot and hindfoot,
including both the Chopart and Lisfranc joints, but does not
provide a direct ROM between the metatarsal and cuneiform
bones. This means that the reduced motion found in this study
includes both the (injured) Lisfranc joint and the Chopart joint,
which can give additional compensatory decreased ROM. Thirdly,
a remark has to be made on the results found in Table 5 where the
three different treatment options were compared. There was a
limited number of patients in each group. Regarding hardware
removal only 2 patients were analysed. Therefore, more research
is warranted for the influence of hardware on gait in patients after
Lisfranc injury.

5. Conclusion

This study showed that patients who had suffered bony Lisfranc
injury had significantly lower walking speed and significantly
lower flexion/extension in the midfoot compared to healthy
subjects during the push-off phase. Compensation was found in
the ankle joint leading to more exorotation in the foot in patients
after Lisfranc injury with lower flexion/extension. The ROM
significantly correlated with the patient satisfaction reported in
the AOFAS, FADI, SF-36 physical impairment and VAS, but not with
the radiographic quality of surgical reduction. Important explana-
tory factors for patient satisfaction as assessed by PROM were the
ROM in the sagittal plane during the push-off phase and the
fracture stability.
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