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7
General discussion

Walk a mile in my shoes

Just walk a mile in my shoes

Before you abuse, criticize and accuse

Then walk a mile in my shoes

~ Elvis Presley ~
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Aim
The aim of this thesis was to develop an algorithm to optimize the effectiveness of individualized 
rocker shoes as a treatment for or prevention of Achilles tendinopathy (AT) and plantar 
fasciitis (PF). With the algorithm rocker shoe parameters were determined and incorporated 
in individualized prototypes that were biomechanically tested in these two patient groups. 
These prototypes are the first step in the development process of individualized 3D printed 
rocker profile shoes.

Main findings of this thesis
Reducing force on the Achilles tendon during walking was the main goal for conservative 
treatment of AT and PF. We therefore focussed on the rocker parameters that influences the 
third rocker, the propulsion phase during the gait cycle where ankle DF and PFM are the 
largest. The unknown effects of rocker profile parameters on ankle DF, PFM and heel and 
forefoot plantar pressure from figure 3 in the general introduction were used to design the 
experiments described in chapter 2, 3 and 4. 

The most important elucidation was the effect of the forefoot rocker radius on the risk factors 
ankle DF and PFM. We showed that the size of the forefoot rocker radius influences ankle 
DF and PFM. Furthermore, we provided guidelines to tune both forefoot apex position and 
rocker radius by using an additional gait parameter, the foot-to-horizontal angle at toe-off. We 
also found that the size of the forefoot rocker radius does not change the plantar pressure 
distribution under and proximal to the MTP joints. From this, we concluded that forefoot 
plantar pressures at the insertions of the plantar fascia are mainly affected by the forefoot 
apex position. A side effect in plantar pressure distribution was the increase in peak pressure 
under the heel region. As it is expected that the heel rocker curve cannot fully compensate 
for this increase, we concluded that for heel pressure relief, a lower sole hardness and/or a 
well prescribed insole are necessary [1]. 

From previous research it was known that flexible rocker profiles increased peak pressures 
under the MTP-joints [2]. This finding was confirmed in chapter 4. Therefore, we concluded 
that the shoe must have a high LBS to reduce peak plantar pressure under the MTP-joints, 
location of the distal attachments of the plantar fascia. As a high LBS also limits toe dorsiflexion, 
and therefore reduces the load on the plantar fascia, we concluded that all PF patients must 
have a high LBS rocker profile to reduce plantar pressure under the distal attachments. For 
AT, however, it was not yet clear if a high LBS is always necessary. Therefore, we conducted 
the experiment as reported in chapter 3. We found that a lower LBS, in this case 24.1 Nm/rad, 
did not affect ankle DF and PFM. Therefore, we implemented an extra option in the algorithm 
for AT patients; rocker profile soles can either have a low or high LBS.

The updated known and unknown effects of rocker profile parameters on ankle DF, PFM and 
heel and forefoot plantar pressure are reported in figure 1. The green checkmarks are proven 
by the experiments reported in this thesis.
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Design
Algorithm for Achilles tendinopathy
The algorithm for AT is described in detail chapter 5 and in appendix 1. The working mechanism 
is, in a simpler form, shown in figure 2. The FHA simulation with COP were essential for 
predicting ankle PFM. The orientation of the ankle relative to the ground, described with the 
FHA, was predicted with the anterior-posterior position of the COP and the simulated 2D 
rocker profile. The perpendicular distance between the predicted ankle joint position and the 
ground reaction force (GRF) was multiplied by the amplitude of the GRF during the stance 
phase. The FHA simulation and the measured shank-to-vertical angle (SVA) were essential 
for predicting ankle DF.

Figure 1: The known and unknown biomechanical effects of rocker profile parameters on the described 
risk factors of AT and PF, supplemented with knowledge from experiments in this thesis. The blue check 
marks indicate sufficient knowledge of effect of the rocker parameter on the listed biomechanical variable 
from literature. The green check marks indicate that we have proven a significant effect in this thesis. 
The orange wave marks indicate unknown effects that need to be elucidated with further research. The 
green wave mark indicates a trend (not significant) described in this thesis. With the red crosses we have 
reported that we do not expect or found effects of the rocker parameters.
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Algorithm for plantar fasciitis
The algorithm for PF is described in detail in chapter 6 and the appendix 1. The working 
mechanism is described in figure 7.3. This working mechanism is much simpler than for AT 
as only a rocker profile with high LBS was used which prevents the MTP-joints to dorsiflex. 
Therefore, no MTP – joint angle simulation was performed. Furthermore, optimization was 
focussed only on reducing PFM not using DF, which requires no shank kinematics. In spite 
the simplicity of this algorithm, the accuracy was quite high as explained later in this chapter. 

 

3D Printing
3D Printing production technology, or “additive manufacturing”, is suitable for high complexity 
and low volume production series. The 3D printer can “print out” three-dimensional objects 
based on digital CAD (Computer-Aided Design) files. The principle of this technique is that a 
3D CAD design is cut into multiple thin layers and sent to the 3D printer. The 3D printer then 

Figure 2: Flowchart of the algorithm simulating sagittal ankle angle and moment for people with Achilles 
tendinopathy. The yellow boxes are gained from subject measurements, the blue boxes from the gait 
analysis and the green boxes are simulated by the algorithm. A more detailed flowchart is added to the 
appendix.

Figure 3: Flowchart of the algorithm simulating sagittal ankle moment for people with plantar fasciitis. The 
yellow box is gained from subject measurements, the blue boxes from the gait analysis and the green 
boxes are simulated by the algorithm. A more detailed flowchart is added to the appendix.
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builds up the 3D rocker sole layer by layer. The advantage of 3D printers is that complex 3D 
rocker profiles can be produced. This in contrast with conventional production techniques, 
such as CNC material processing (milling), that are often limited in the manufacturability 
and reproducibility of complex shapes. Furthermore, hollow parts can be added to the 3D 
printed models to save weight. The 3D printing technique that is used in this thesis, is the 
Multi Jet Fusion technology from Hewlett Packard.  This technique prints each layer of new 
material and agents, Polyamid-12 (PA-12), on top of a previous layer that is still molten, so 
that both layers fuse completely. This technique has a high resolution (70-120 µm), which 
results in a smooth surface, making the model immediately applicable to be used as rocker 
profile. Figure 4 shows an example of a 3D rocker model. The hinge area, marked in red is 
completely stiffened for the high LBS shoes.
 

Shoe manufacturing
The designed rocker shoe consisted of five parts (Figure 5). The 3D rocker sole has a smooth 
surface, which immediately led to slipping. Therefore, a rubber outsole was essential. We 
chose for a thin (2 mm) rubber layer to add grip, but not to compromise the rocker shape. As 
shown in chapter 4 the pressure under the heel was increased with the used 3D rocker sole. 
A side note here is that those shoes did not have a rounded heel. However, the expectation 
was that a heel rocker alone would not solve the increase in plantar pressure. Therefore, a 
soft heel padding was added in the 3D rocker sole.

Lastly, we noticed that the glue fixation of the shoe upper to the 3D rocker sole was challenging. 
Fixation of a soft material to an extremely stiff material is very demanding for the glue. 
Therefore, an extra ethylene-vinyl acetate (EVA; Shore hardness 63A) layer of approximately 
5 mm was added to bridge the gap between very soft and very hard materials. This improved 
the fixation of the shoe upper to the sole and improves the shoe damping capacities.

Figure 4: Example of a 3D rocker profile model.
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Evaluation
Functions
The algorithm, the printed rocker sole and the resulting rocker shoe must fulfil all primary 
functions, ‘must have’ requirements, and boundary conditions to be successful. Status and 
actions of the functions are reported for every part of the prototype separately in table 1. The 
functionalities of the prototype were structured in (A) software, (B) 3D rocker profile model, 
(C) 3D rocker profile print and (D) shoe. The functionalities were subdivided in primary and 
secondary functionalities. For the software part, six out of seven items were achieved (A1-
A5, A7). The software can process biomechanical data to create and simulate and visualize 
a rocker profile. Multiple elements like wall thickness can manually be adjusted (A4), which 
was needed to strengthen the rocker profile structure for larger ground reaction forces 
(due to body weight and/or walking speed) and irregular walking surfaces (little rocks). The 
biomechanical simulation (A6) of the flexible rocker profiles needs further development. 
This will be explained later in the discussion. To the best of our knowledge the optimization 
process is fulfilled (A3), but as we printed only one rocker profile per subject, we were not 
able to evaluate the optimization experimentally. On the other hand, the predictions in terms 
of ankle PFM for stiff rocker profiles as outlined in chapter 6, showed good accuracy of the 
algorithm in predicting PFM. One can therefore assume that the rocker profiles are optimized 
on PFM as long as a shoe with high LBS is chosen.

The 3D rocker model functionalities were all achieved. The software can create a 3D 
printable (STL-format) rocker profile (B1) that fits the shoe upper (B2). The 3D rocker model 
is not simulated in a 3D gait simulation (B3), only in 2D. However, as the 2D is proven to 
be a promising first step, implementing 3D simulation would allow the software to simulate 
the effect of the apex angles. The 3D rocker profile print had only requirements, and no 
functionalities. For the functionalities of the shoe, only the primary functionality was met. A 
soft, damping layer, was added to the hinge to improve flexibility and durability (D1). 

 Figure 5: Structure of the rocker shoe with the 3D printed rocker profile.
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Requirements
The requirements of the prototype were structured per prototype part in must haves, should 
haves, and could haves (Table 2). The software (A) had no requirements. For the rocker profile 
model (B) part, requirement B1 was achieved. The precision of the 3D model compared 
to the input parameters was very high. Although the weight of shoe exceeded 500 gr 
(functionality D3), the model itself was optimized on weight without compromising the rocker 
parameters by creating hollow spaces in the rocker model (B2). The toe spring of the shoe 
upper was configurable without interfering rocker sole parameters to fit the shoe upper (B3). 
Unfortunately, the heel rocker of the model was not suitable under the given circumstances 
for a sufficient damping structure. Requirement B4 was therefore not achieved.
The 3D rocker models were all printed accurately (C1). In 50% of the cases the printing 

ID FUNCTIONS STATUS ACTION

A Desktop Application (Software)

 Primary:

1 The software processes biomechanical & anamnesis data of the 
subject.

Achieved None

2 The software applies individual data (A1) to create rocker 
profiles.

Achieved None

3 The software determines the optimal rocker profile based on 
simulated PFM/DF.

Achieved None

4 The software creates a 3D – model with the optimal rocker 
profile shape (A3) with editable model parameters (wall 
thickness, length, width, stiffness parameters).

Achieved None

 Secondary:

5 The software visualizes biomechanical input data. Achieved None

6 The software visualizes simulated biomechanical data. Partly achieved Further 
development

7 The software visualizes the 3D-model of the optimal rocker 
profile.

Achieved None

B 3D Rocker profile model

 Primary:

1 The 3D-model of the optimal rocker profile is exported to the 
printable (.STL) format.

Achieved None

2 The 3D-model is fitted to the shoe upper. Achieved None

Secondary:

3 A 3D motion simulation is created on the 3D-model. Not achieved Further evaluation

C 3D Rocker profile print

 None N/A N/A

D Shoe

 Primary:

1 A layer is added to the hinge for flexibility and durability. Achieved None

 Table 1: The status of the final concept in fulfilling the functions and in case of failure the future actions that are 
needed to fulfil a function.
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ID REQUIREMENTS STATUS ACTION

A Software

None N/A N/A

B 3D Rocker profile model

 Must have:

1 The 3D-model of has a maximum deviation of 1mm with the calculated apex positions, radii, 
and thickness.

Achieved None

Should have:

2 Weight of the shoe is optimized without comprising the rocker parameters. Achieved None

 Could have:

3 Toe spring is configurable without interfering rocker sole parameters to fit the shoe upper. Achieved None

4 The heel rocker structure provides sufficient damping (compared to orthopaedic shoe wear). Not achieved Redesign

C 3D Rocker profile print

 Must have:

1 The printed rocker sole contains all the rocker parameters with a tolerance of ±1° / 1 mm 
compared with the 3D-model of the rocker profile. (B1)

Achieved None

2 The printed rocker sole is processed with a maximum duration of 3 days. Partly achieved Further 
evaluation

3 The flexible hinge at the forefoot withstands at least 1000 steps (one measurement session). Achieved None

Should have:

4 The print design and material should have sufficient damping properties (compared to 
standard shoe wear).

Not achieved Redesign

Could have:

5 The flexible part at the forefoot (hinge) should not be vulnerable to dirt. Not achieved Redesign

6 3D print could fit multiple different shoe uppers. Not achieved Redesign

7 The initial stiffness of the hinge is maintained for at least 75% after 100 000 bends (0 to 50 
degrees).

Not achieved Redesign

D Shoe

 Must have:

1 Prototype withstands 7 x 2500 = 17500 steps (per shoe) per week. Not achieved Redesign

2 Gluing of the shoe upper with the printed rocker profile must hold for at least 4 weeks. Achieved None

3 The time from start to fitting the shoe to the user is maximal 2 weeks. Partly achieved Further 
evaluation

4 Damping properties are in accordance with orthopaedic shoe guidelines. Not achieved Redesign

5 The grip/traction is applied in accordance with the guidelines for orthopaedic shoes. Achieved None

 Should have:

6 Manufacturing costs: Maximum of 400 euros / pair. Not achieved Redesign

 Could have:

7 At least the same quality compared to conventional orthopaedic shoes in terms of durability, 
weight, and efficacy. 

Not achieved Redesign

8 Maximum weight of 300 grams per shoe (size EU40). Not achieved Redesign

 Table 2: The status of the final concept in fulfilling the requirements and in case of failure the future actions that are needed to fulfil a 
requirement.
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process was performed within the time frame of three days (C2) and is therefore partly 
achieved. However, further evaluation is needed to improve the production process. The 
hinge was one of the most challenging structures in the 3D printed models in terms of its 
vulnerability but was strong enough to last a measurement session (C3). However, hairline 
cracks and full failure of the hinge after longer walking and running sessions indicated 
vulnerability after prolonged usage. With a thickness of 1 mm, the hinge was made as flexible 
(and durable) as possible, but this was not sufficient for longer use. Other (more compliant) 
materials and/or designs are needed for a durable hinge function [3]. The 3D rocker profile 
print by itself had no damping capacity. Therefore, requirement C4 was not achieved. In 
the current design, conventional shoe sole material was added to the 3D print to improve 
damping. The hinge test (C7) was not achieved. The designed hinge was vulnerable to dirt 
and little rocks. Requirement C5 was therefore not achieved. More compliant material will 
make the hinge less vulnerable, but the hinge opening is still prone to pick-up dirt. As could 
have the 3D rocker profile must fit multiple shoe uppers (C6), but this is not achieved. We 
decided that the prototype should only fit the shoes of one specific brand (Dr. Comfort – 
type Jason / Katy), because for each shoe a digital (3D) library had to be created. In future, 
feasibility of the prototype would be improved if every type of shoe could be used.  

The prototype, especially for the flexible shoes, did not withstand 17500 steps / week. 
Loosening of the rubber layer and breakage of the internal walls of the 3D print were 
often reported as malfunction. Requirement D1 was therefore not achieved and should be 
redesigned. The gluing of the shoe upper with the printed rocker profile did hold for four 
weeks in all cases. Requirement D2 was therefore achieved. The production process was in 
several cases delayed (D3) and the time from start to fitting the shoe to the user was therefore 
more than two weeks (average of three weeks). The top layer of the heel rocker was filled (D4) 
with very soft material to compensate for the hardness of the 3D rocker sole. However, the 
damping properties were still not in accordance with practical orthopaedic shoe guidelines. 
Other 3D print material might give better damping properties. A thin rubber sole was added 
to the 3D rocker sole to provide grip (D5). While material costs for each pair were far below 
400 euros, the current 3D gait analysis, 3D printing, and shoe manufacturing process takes 
too much time and effort to stay below the 400 euros (D6). The hinge function and durability 
would be improved when a soft layer, placed at the hinge location and to replace the 3D print 
material, was used. Future 3D printed concepts should replace PA-12 for more compliant 3D 
print materials or should implement softer materials making it a multi-material 3D print [3].  
Requirement D7 was therefore not achieved. The mean weight of the shoes exceeded 500 
gr. D8 was therefore not achieved.

Boundary conditions
The prototype had to meet only two boundary conditions in the 3D rocker profile print (Table 
3). Both were achieved and were implemented in the protype.

ID BOUNDARY CONDITIONS STATUS ACTION

C 3D Rocker profile print

1 The printed rocker sole is created with Polyamide-12 (PA-12). Achieved None

2 The printed rocker sole contours fit the Dr. Comfort shoe (type: Jason / Katy). Achieved None

 Table 3: The status of the final concept in fulfilling the boundary conditions and in case of failure the future actions 
that are needed to fulfil a boundary condition.
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Prototype goals
Now that the functions, requirements and boundary conditions have been discussed, the 
main question that remains is whether the individualized 3D rocker profiles meet their intended 
goals. In Chapter 1 the problems and the goals of the individualized rocker were defined with 
the following diagram (Figure 6). To evaluate the efficacy of the prototype, experiments in the 
current thesis were mainly focused on reducing ankle DF and PFM and redistributing plantar 
pressures. 

 Figure 6: Diagram of the measured effects of walking with the rocker profile shoes on Achilles tendon and plantar 
fascia load in terms of the risk factors as discussed in this thesis. The red crosses mark an increase instead of 
(expected) decrease.

Peak pressure reduction
When looking at the peak pressures under the heel, we can conclude that the current 3D 
printed sole is insufficient in its goal of pressure relief. However, this is in line with other 
research with rocker profile shoes where an increase in heel plantar pressure is reported 
[2,4]. Unfortunately, the effect of adjusting the heel apex position and angle in such way 
that the painful plantar areas are proximal to the heel apex, resulting in offloading the painful 
area, cannot be evaluated. Therefore, we strongly encourage in future research to perform 
experiments where these heel rocker parameters are systematically manipulated in shoes 
with more compliant soles. This can improve the understanding of implementing heel rocker 
parameters for offloading heel plantar areas for people with plantar heel pain. The forefoot 
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rocker, however, seems sufficient in its goal of redistributing plantar pressure away from 
painful plantar areas under the MTP-joints. We concluded that it is important to apply the 
forefoot apex position proximal to the painful plantar area, the targeted area to offload. With 
an increased forefoot apex angle (90-100°) when the targeted area for offloading is located 
more medial, and reduced apex angle (70-80°) when the targeted area is located more lateral 
[5].

Ankle plantarflexion moment reduction
In terms of ankle PFM reduction, the 3D printed rocker profiles are effective in their goal. A 
mean ankle PFM reduction of 12.0% (± 6.4%) for the total study population was found, with 
the largest reduction of 25.2%. In absolute terms the mean reduction was 0.20 Nm/kg (±0.11 
Nm/kg) with a range of 0.01 - 0.51 Nm/kg. Our findings are comparable with other research 
in which significant reductions in peak PFM were reported with a range of 0.10 - 0.32 Nm/kg 
during walking [6–8]. 

Ankle dorsiflexion reduction
In terms of ankle DF reduction, it is effective as well. A mean ankle DF reduction of 3.0° (± 
2.6°) with a range of –2.2° to 7.9° was achieved during walking, which is comparable of two 
studies of Sobhani et al. with a mean reduction of 3.2° with a range of 1.4° - 5.0° in healthy 
subjects and 2.6° with a range of 1.5° – 3.7° in AT patients [6,8]. Other studies found a mean 
reduction of 1.5° and 3.5° during walking respectively [9,10]. 
However, most 3D rocker profiles were optimized on PFM reduction, and not on DF. In our 
algorithm it was not programmed to optimize on both DF and PFM as they rely on two different 
independent gait variables (SVA versus COP and GRF). The consequence was that within 
a subject, different values of the rocker parameters could be calculated by the algorithm 
depending on the type of optimization. In other words, reductions in ankle DF might have 
been larger in our study if optimization of ankle DF was selected.

Accuracy
Predictions of PFM and DF were made with a simulated rocker profile, an ankle joint, COP 
and GRF. Simulating the subsequent roll-over of the rocker profile resulted in a simulated 
FHA and ankle joint during the stance phase of gait. As described in chapter 6, the accuracy 
of stiff rocker profiles was high (ICC > .80). However, predictions for the low LBS rocker 
profiles used in AT patients were not accurate. The MTP joint angle was simulated with a bell-
shaped curvature to a maximum of 30 degrees, assuming that the MTP angle during push-off 
of rocker profiles and neutral shoes are comparable. The result of this assumption was that 
the peak external ankle moment arm (clarified in chapter 3) was lower in the predictions, 
resulting in an overshoot of the PFM reduction. This resulted in the algorithm determining 
thicker rocker profiles with smaller forefoot radii. A solution to this problem is to subtract the 
simulated FHA from the bell-shaped MTP-angle. This would have resulted in more proximal 
forefoot apex positions, with larger forefoot radii, and smaller sole thickness. 

Perspectives
Innovation
Although the reported biomechanical effects of individualized rocker profiles are comparable 
with research of Sobhani et al., the used shoes of their studies are ‘extreme’ rocker profile 
shoes with a very proximal forefoot apex position (53%), a small forefoot rocker radius and 
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a thickness of >30mm [6,8,11]. We showed in our studies that in many cases less extreme 
rockers are sufficient as well, without compromising the biomechanical effect. In other 
words, the algorithm only computed a very proximal apex position with a small rocker radius 
(extreme rocker) if the simulated biomechanical effect indicated to do so. 
Furthermore, this thesis presented an innovation in rocker profile shoes that is more than 
the shoes alone. In daily clinical practice, rocker profile shoes are usually fitted in a static 
setting without quantifying rocker parameters. In contrast, the presented algorithm used the 
dynamical gait characteristics at self-selected walking speed. All rocker profile parameters 
could be quantified and applied in the 3D printed rocker profile with high accuracy, which 
improves the standardization in rocker profile shoe designs. Furthermore, the presented 
algorithm is flexible in applying pre-entered constraints like: 

• Avoiding too proximal forefoot apex positions that might cause instability
• Sole thickness (minimize it to avoid instability)
• Toe spring (to reduce sole thickness) 
• Size and thickness of the internal structure (to improve strength) 
• Maximizing PFM instead of minimizing PFM (to increase ankle power/performance)

Therefore, this innovation can be used in wide variety of foot-ankle complaints where rocker 
shoes are part of conservative treatment and in the field of running performance enhancement 
where maximizing PFM, ankle power and running efficiency are essential. 

Thesis limitations
A limitation of this thesis is the number of patients that have been included in the clinical trials. 
In the initial project plan, it was intended to include 80 patients (40 AT and 40 PF). However, 
due to the Covid-19 pandemic, we had to stop the inclusion after 32 patients. Another limitation 
is the absence of the comparison of the 3D rocker profiles with conventional rocker profiles 
in the clinical trial. The 3D rocker profiles show promising effects in terms of DF and PFM 
reduction, but a study with a larger group of patients and with an extra conventional rocker 
condition improves the strength/power of the results. The extra rocker condition could be a 
rocker shoe manufactured in the current way by an orthopaedic shoe technician. Another 
limitation is that we did not consider the shape of the foot and did not use an individual insole 
based on a proper prescription, therefore not maximizing the therapeutic effect for patients 
with PF [1].

Future Developments
Rocker profile
In the (near) future the design of the individualized rocker profile could be used in different 
ways to aid in the prevention of AT and PF. Currently the rocker profile parameters are based 
on empirical knowledge. The standardized approach of the rocker profile design, described 
in this thesis, which is based on individual gait and foot parameters, can be used by shoe 
technicians right away. The material used for the 3D rocker profile is an important issue for 
further development. Orthopaedic shoe technicians consider the shape of the 3D rocker 
profile as consistent with conventional rocker profiles, however, durability is insufficient. 
Applying more compliant material to the 3D rocker profile, or using more compliant print 
materials, might improve the usability of the 3D rocker profile. In both cases it is important 
that the rocker profile shape remains intact. In case a 3D printer is not available, an interim 
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solution can be that the 3D rocker model (STL file) is sent to a computer-numerical-controlled 
(CNC) milling machine that processes the rocker sole with conventional sole materials.
The effect of pain due to high pressure under the heel was underestimated in the design of 
the rocker profile. Although the rocker profiles reduced the PFM and MTP-dorsiflexion, and 
therefore load on the plantar fascia, most of the subjects with PF reported (also) pain under 
the heel due to the hardness of the shoe sole. The added heel padding was insufficient and 
future developments should focus on the reducing peak pressures at the painful areas for 
patients with PF. Optimally, conservative treatment for PF is a combined prescription of both 
individual insole and outsole [1]. There are already techniques to 3D print a custom-made 
insole. Applying a 3D custom-made insole model, based on a proper prescription, to the 
3D rocker profile model will lead to an optimal combination of both insole and outsole that 
optimally redistribute plantar pressures. Furthermore, merging the insole and outsole in one 
print can minimize the sole thickness.

Measurement parameters
The used gait parameters to generate an optimal rocker profile shape are derived from 3D 
gait analysis. In our opinion it is necessary to apply the individual gait characteristics. FHA 
and SVA could also be derived from a less advanced measurement system, like 2D video 
analysis [12,13]. As anterior-posterior COP position and the amplitude of both the anterior-
posterior and vertical component of the GRF are essential to calculate the external ankle 
moment arm, 3D GRF characteristics of a force plate are necessary. Furthermore, as walking 
speed influences al these factors, it is essential to do the gait analysis at self-selected walking 
speed. 

Running
Within the athletic population AT and PF are frequently reported injuries, implicating that 
running is an important factor [14,15]. However, in this study we only optimized on walking 
and not on running, even though a large part of the research population consisted of runners. 
Previous research showed comparable effects of rocker shoes on PFM for walking and running 
[11]. However, optimizing a shoe for walking AND running is probably not possible, because 
the parameters of optimization will be different. The shoe is optimized for the walking speed 
in which the measurement is taken and might therefore not the optimized shoe for running. 
In order to have an optimized running shoe, measurement must take place at running speed. 
Furthermore, running related injuries are often multifactorial and optimization is only made on 
two (DF and PFM) of these factors.

On the other hand, as mentioned in the innovation perspective, if entered correctly, the 
algorithm cannot only optimize on the lowest simulated PFM, but on the largest simulated 
PFM as well. As for running performance it is essential to generate as much PFM as quickly 
as possible. Therefore, PFM and ankle power need to be maximized to improve performance. 
The presented algorithm can therefore be applied for both conservative treatment for AT and 
PF, and, possibly, for optimizing running performance as well.
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