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Valorization 

This thesis found that the Oxford foot model (OFM) is a reliable multi-segment foot 
model (MSFM) for kinematic gait analysis and can be used to analyse foot and ankle 
kinematics in healthy subjects and patients after foot and ankle fractures, individually 
and as a group.   In patients after foot and ankle fractures differences were found in 
foot and ankle kinematics compared to healthy subjects. Previous literature had 
demonstrated differences in patient satisfaction, walking patterns, range of motion 
(ROM) during physical examination and radiographic findings in patients after foot and 
ankle fractures compared to healthy subjects. As a consequence, we assumed that 
patients after foot and ankle trauma had also altered kinematics. Fortunately, the OFM 
was a very well-developed foot model and was able to reveal the detailed kinematics 
changes in all patient groups. Some altered kinematics were expected, as the results in 
the calcaneal study with less inversion/eversion in the subtalar joint in patients after 
calcaneal fractures compared to healthy subjects. However, some findings were unex-
pected and interesting. For example, patients after pilon fractures showed more abduc-
tion/adduction ROM between hindfoot and tibia during push-off phase compared to 
healthy subjects. Therefore, as stated earlier in this thesis, these results show that the 
MSFM can be seen as a promising tool in monitoring detailed alterations in foot and 
ankle kinematics. It adds valuable new data to the current literature. However, the 
clinical consequences of these findings need further research.  

SOCIAL AND ECONOMIC RELEVANCE OF THIS THESIS 

In the Netherlands approximately 200.000 patients are seen every year in the emergen-
cy room with lower extremity injury. (1) These patients expect dedicated therapy ac-
cording to the current trauma-protocols to recover as soon as possible. These protocols 
are based on present literature, in which subjective test as physical examination, radio-
graphic findings and patient-reported outcome measures (PROM) are used as outcome 
parameters. These tests are subjective and do not provide detailed kinematic data. In 
addition, some studies publish conflicting results. For patients after Lisranc injury no 
consensus is found for the best operative treatment, with some studies favoring open 
reposition and internal fixation, while others recommend primary arthrodesis. (2-6) 
Therefore, multi-segment foot models may add valuable data on foot and ankle kine-
matics in patients after foot and ankle trauma compared to healthy subjects.  

This thesis found significant correlations between foot and ankle kinematics and pa-
tient satisfaction as reported in PROM and radiographic findings. For patients after 
calcaneal fractures a significant correlation was found between inversion/eversion 
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ROM, patient satisfaction and congruency of the posterior facet of the subtalar joint. 
This seems to indicate that a better congruency of this joint leads to higher inver-
sion/eversion ROM and better satisfaction in patients. This association was not found 
with Bohlers angle. As seen in a recent review of percutaneous techniques and minimal 
invasive percutaneous osteosynthesis of calcaneal fractures, most studies focus on 
restoration of bohlers angle and less studies reported the congruency of the subtalar 
joint in their results. (7) This indicates the importance of our findings. 

 Also, in patients after pilon fractures joint congruency was significantly correlated 
with patient outcome as reported in PROM. These findings indicate that the congruency 
of the joint is a very important factor for ROM and patient satisfaction. These new data 
can lead to new insights in improving patient satisfaction. This new information can 
strengthen current protocols or can change some current concepts around foot and 
ankle fracture treatment leading to earlier return to work and limited social costs.  

In addition, the current trauma-protocols can differ between different areas in the 
Netherlands. For example, patients after a calcaneal fracture treated with cast can have 
different instructions. Some protocols advice a cast for 4-6 weeks with early mobiliza-
tion, where others  advice 12 weeks of immobilization. (8, 9) Different protocols can 
give confusion for medical professionals, patients and the social environment Regarding 
calcaneal fractures, approximately 76 % of patients can return to work after extended 
time. Total social costs, for all patients after calcaneal fractures are increasing, with now 
an estimated 21.5 to 30.7 million euro, each year in the Netherlands. (10) Therefore, 
improvements in outcome parameters by the use of MSFM can lead to a better patient 
satisfaction and decline in social costs by improving diagnostic modalities and therapeu-
tic interventions.    

THE ROLE OF MSFM IN CLINICAL PRACTICE 

MSFM are a promising technique for kinematic analysis of patients after foot and ankle 
trauma, although it is more time consuming compared to physical examination and also 
the equipment for the measurements is expensive. We think there is no place for these 
detailed kinematic analyses for every patient after foot and ankle trauma. The previous 
literature and this thesis provide no basis to improve outcome or reduce costs by ana-
lysing all patients after foot and ankle trauma. At present, the kinematic analysis should 
be performed in specialized trauma and movement centers for research purposes. This 
thesis showed that MSFM can find altered kinematics in patient groups. In addition, 
these changes were significantly correlated with outcome as reported in PROM and 
radiographic findings. More research is needed to report on outcome improvements in 
patients after foot and ankle trauma and costs, using a MSFM.   

The added value for selected patients to analyse foot and ankle kinematics regularly 
needs to be further determined. Patients with severely altered kinematics may benefit 
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from this analysis to find kinematic changes and to monitor ROM improvements and 
satisfaction with additional therapy. However, in practice al lot of patients after foot 
and ankle trauma will display minimal problems and limited altered gait. In fact, ROM 
can differ a lot, also in healthy subjects due to ligaments and muscles and joint stiffness. 
It will be very expensive to analyse all patients after foot and ankle trauma and there-
fore patients need to be selected for additional kinematic analysis based on other find-
ings. As seen in chapter 9 not only kinematics, but also dynamics alter after foot and 
ankle trauma. Patients after calcaneal fracture showed altered vertical ground reaction 
peak forces during midstance and push-off compared to healthy subjects. These low-
ered peak forces were also significantly correlated with flexion/extension ROM, patient 
satisfaction and radiographic findings. For the measurements of foot and ankle dynam-
ics only a force plate is necessary. Measuring of foot and ankle dynamics can be used to 
filter patients with severely altered kinematics and sent patients forward for further 
detailed kinematic analysis.      

FUTURE PERSPECTIVES    

MSFM need to prove their role on outcome improvement and reducing costs. In chil-
dren after cerebral palsy foot models are used to evaluate gate and improve gait with 
foot orthosis. (11) For patients after foot and ankle trauma the role of physiotherapy, 
early weight bearing, different operation techniques, different operation fixation meth-
ods and the use of supplementary materials as orthosis to improve gait needs to be 
addressed. MSFMs can evaluate these therapies in patient groups. With good results 
this can strengthen or improve current trauma-protocols for patients after foot and 
ankle trauma. This should lead to more satisfaction in patients, with earlier return to 
work and lower social costs. In addition, the role of MSFMs for the analysis of selected 
patients needs to be further addressed. To date, a prospective evaluation of the time 
related changes after foot and ankle trauma is lacking. We do not know the natural 
course of the patients’ kinematics from start of the treatment until 1-year follow-up.  

The development of foot models with a high number of segments may provide a 
more detailed analysis of gait patterns. As seen in this thesis, a four-segment model led 
to more insight in foot and ankle kinematics compared with previous research using the 
foot as rigid segment. Compensation mechanism and detailed abnormalities in patient 
groups were found. A more detailed model may reveal more insight in the foot and 
ankle kinematics and may provide more detailed information of foot compensation 
during walking. For clinical therapies an important role can be the use of forward dy-
namic models. (12) If validated these models may reduce the amount of kinematic 
measurements.  
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