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CHAPTER 3 

Adaptability treadmill training for 
practicing functional walking ability:  

from technological innovation to clinical 
application 

M.W. van Ooijen, H. Houdijk, T.W.J. Janssen, M. Roerdink 
Based on: Nederlands Tijdschrift voor 
Revalidatiegeneeskunde 2015; 5:231-233 
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Abstract 
The C-Mill is a treadmill that was developed specifically to improve the ability to 
make walking adjustments relative to environmental context, such as desired 
stepping locations, obstacles and irregularities. It consists a treadmill containing a 
large force plate, allowing on-line measurements of center-of-pressure profiles, 
from which stepping parameters can be determined on-line and used to project 
visual context (stepping targets or obstacles) on the belt in a gait-related manner. 
Even though the therapeutic possibilities of the C-Mill are legion, the use of C-Mill 
adaptability treadmill training into rehabilitation practice has been relatively limited 
until recently. Among factors, this has been partly due to the lack of practical 
protocols for the use of C-Mill adaptability treadmill training in daily clinical 
practice for specific, well-defined target groups. The C-Mill implementation project 
(dubbed Cimple) described in this chapter aimed to implement the C-Mill as part of 
daily treatment practice for people with acquired brain injury or lower-limb 
amputation in two Dutch rehabilitation centers (Reade and Heliomare). A 
multidisciplinary project team, consisting of scientists, engineers, software 
developers, patients and clinical professionals, specified relevant patient groups for 
C-Mill adaptability treadmill training, defined inclusion and exclusion criteria and 
developed training protocols with regard to pre-specified rehabilitation goals, which 
were implemented during a test phase involving 55 patients. Finally, a user manual 
was produced aimed at providing guidance for (future) C-Mill users with regard to 
its use and implementation as an integral part of clinical practice. As a result of 
Cimple, the C-Mill complies with the demands and wishes of physical therapists 
and patients and has since found its way into daily rehabilitation practice in the 
Netherlands and abroad. Cimple also led to new research collaborations, resulting 
in studies on the validity and efficacy of C-Mill adaptability treadmill training. 
 

  



Chapter 3 
 
 

45 
 

Introduction 
Regaining walking ability after for example stroke or lower-limb amputation is an 
important rehabilitation goal. The ability to adjust walking in response to 
environmental factors plays an important role in this regard. Environmental 
conditions vary continuously during walking, requiring step adjustments in order to 
walk safely in everyday life. The C-Mill is a rehabilitation treadmill developed 
specifically for assessing and practicing this ability. However, protocols for the use 
of the C-Mill in clinical practice have not yet been developed. The aim of the 
implementation project described in the present chapter is to provide 
recommendations and guidance for the use of the C-Mill as a training tool in daily 
clinical practice. 
 
The C-Mill 
Everyday walking requires step adjustments in response to environmental demands. 
Step adjustments are, among other instances, required to avoid obstacles, secure 
safe foot positions and to walk in crowded and cluttered environments. The ability 
to make step adjustments during walking is often impaired after stroke or lower-
limb amputation [1, 2], as reflected in the high fall risk in these populations [3, 4]. 
The C-Mill is a recent technological innovation developed specifically for the 
practice of walking adjustments in response to environmental context. 
 With the help of an integrated force platform and a projector, visual 
context such as obstacles and targets is projected on the treadmill surface in relation 
to measured gait characteristics, so as to invoke step adjustments in a safe and 
controlled manner (Figure 1.1 in Chapter 1). By projecting visual stepping targets 
on the treadmill surface, specific gait patterns can be imposed and changed (Figure 
1.1A). Desired foot placement and step adjustments are elicited by step-to-step 
changes in the location of the projected stepping targets in terms of step length, step 
width, cadence and symmetry. Other possibilities of C-Mill adaptability treadmill 
training include the practice of obstacle avoidance (Figure 1.1B) and speeding up 
and slowing down (Figure 1.1C). The difficulty of these interventions can be 
adjusted in accordance with the patient’s abilities by varying for example obstacle 
size and the available response time for obstacle avoidance. In this manner, C-Mill 
adaptability treadmill training allows for individual-tailored training that is both 
challenging and safe. In line with general guidelines for evidence-based gait 
training, C-Mill adaptability treadmill training allows for intensive, repetitive and 
task-specific gait training, with direct performance feedback. 
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Inclusion criteria 

• Reduced walking ability or adaptability 
• Functional Ambulation Category ≥3 

(i.e., able to walk under supervision 
without physical contact) 

• Able to walk on a treadmill for 3 
consecutive minutes with or without the 
handrail support 

• Able to walk in 2-point alternate gait 
with or without handrail support 

• A rehabilitation goal that matches 
C-Mill adaptability treadmill training 

 
Exclusion criteria 

• Not able to perform simple instructions 
(cognition) 

• Severely reduced attention limiting the 
performance of dual tasks 

• Unable to perceive the objects 
projected on the treadmill surface 

• Reduced physical or mental condition 
limiting C-Mill adaptability treadmill 
training 
 
 

Cimple: C-Mill implementation project 

Although the therapeutic possibilities of the C-Mill are legion, C-Mill adaptability 
treadmill training has to date seldom been used in rehabilitation practice. This has 
mainly been due to the lack of practical protocols for the use of C-Mill adaptability 
treadmill training in daily clinical practice for specific, well-defined target groups. 
The C-Mill implementation project (dubbed Cimple) was started in January 2010 to 
provide for this and aimed to implement the C-Mill as part of daily treatment 
practice in two Dutch rehabilitation centers. A multidisciplinary project team was 
formed consisting of scientists, engineers, software developers, patients and clinical 
professionals. In addition, a consultative group consisting of potential and future C-
Mill users was formed to develop a widely accepted, comprehensive and 
commercially available product that complies with the requirements and wishes of 
the clinical practice.  

First of all, relevant patient groups for C-Mill adaptability treadmill 
training were specified by the project team, focusing on people with acquired brain 
injury and people with a prosthetic leg. Furthermore, inclusion and exclusion 
criteria for C-Mill adaptability treadmill training were defined and protocols for C-
Mill adaptability treadmill training were developed with regard to pre-specified 
rehabilitation goals. Next, the protocols were implemented during a test phase 
involving 55 patients. Table 3.1 shows the inclusion and exclusion criteria used  
 
 
Table 3.1 Inclusion and exclusion criteria for C-Mill adaptability treadmill training used during the test 
implementation. 
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during this test implementation to guide the physical therapists in the selection of 
patients suitable for C-Mill adaptability treadmill training. The 55 patients included 
during the test implementation performed several standard clinimetric tests prior to 
the first C-Mill training session, while discomforts, adverse events and other 
particularities during C-Mill training sessions were reported by the physical 
therapist. The test implementation showed that C-Mill adaptability treadmill 
training was deployed in patients with various levels of walking ability (Table 3.2). 
Surprisingly, C-Mill adaptability treadmill training was not only deployed for the 
treatment of people with acquired brain injury or lower-limb amputation, which 
were the defined target groups, but also for the treatment of people with incomplete 
spinal cord injury, chronic pain, conversion disorder, multiple sclerosis, Guillain-
Barre syndrome and cerebral palsy. It was further shown that C-Mill adaptability 
treadmill training may be deployed earlier in the rehabilitation process than was 
done during the test implementation. Eight of the 55 patients included for C-Mill 
adaptability treadmill training during the test implementation appeared not suitable 
for the intervention. Three of them had severely reduced walking ability, two 
patients reported severe dizziness and/or nausea during C-Mil adaptability treadmill 
training and two other patients were unable to perform dual tasks during treadmill 
walking (i.e., these patients stopped walking when the physical therapist gave 
instructions). In addition to limitations in walking function, physical therapists 
should thus also consider cognitive impairments and sensitivity to light and fast 
movements when selecting patients for C-Mill adaptability treadmill training. 
Furthermore, the experience and suggestions of therapists and patients during the 
test implementation led to changes in the C-Mill software and its protocols. For 
example, new types of intensive, challenging and fun adaptability exercises were 
implemented, such as exercises to practice the acceleration and deceleration of 
walking and an interactive adaptability game for fun (Figure 1.1D). 

A survey among physical therapists of the two involved rehabilitation 
centers revealed that the physical location of the C-Mill inside the rehabilitation 
center is an important factor for a successful implementation (Table 3.3). In order 
for physical therapists to use the C-Mill for patient treatment, the C-Mill should be 
located at the physical therapy department, preferably at a clearly visible site. In 
one of the two rehabilitation centers that participated in the Cimple project, the C- 
Mill was originally located at a poorly visible place that was 700 m away from the 
physical therapy department. As a consequence, the number of performed C-Mill 
adaptability treadmill training sessions per week was considerably lower in this 
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Table 3.2 Clinimetric data for the 55 patients included during the test implementation. 

 Diagnosis BBS 10MWT, 
s 

TUG, 
s 

FAC/ 
SIGAM* Walking aid 

Successful  
C-Mill 

training 

1 Stroke 38 44 - 3 Quad cane No 
2 Stroke 44 25 - 4 Quad cane Yes 
3 Stroke 44 32 - 4 Cane No 
4 Stroke 55 8 - 5 None No 
5 Stroke 56 - - 4.5 None Yes 
6 Stroke 51 8 - 4.5 - - 
7 Stroke 53 19 - 4 - Yes 
8 Stroke 56 7 - 5 None No 
9 Stroke 52 7 8 4 None Yes 
10 Stroke 56 6 - 5 None Yes 
11 Stroke 48 - - 4 Cane Yes 
12 Stroke 34 - - 4 Cane Yes 
13 Stroke 50 - - 4 Cane Yes 
14 Stroke - - - - - Yes 
15 Stroke 49 - - 4 Cane Yes 
16 Stroke 45 - - 4 Cane Yes 
17 Stroke 50 - - 4 Cane Yes 
18 Stroke - - - 4 - No 
19 Stroke 54 - - 4.5 Cane Yes 
20 Stroke - - - 4 Cane Yes 
21 Stroke - - - - Cane Yes 
22 Stroke 51 - - 4 - Yes 
23 Stroke 54 - - 5 None Yes 
24 Stroke  43 - - 4 Wheeled walker No 

25 Transfemoral 
amputation - - 6 E* Crutches Yes 

26 Transtibial amputation - - 8 E* Cane Yes 
27 Transtibial amputation - - 12 - Cane - 
28 Transtibial amputation - - 16 C* Cane Yes 
29 Transtibial amputation - - 11 D* Cane Yes 
30 Transtibial amputation - - - E* Cane Yes 
31 Transtibial amputation - - - F* - Yes 
32 Transtibial amputation - - 10 - Cane - 
33 Transtibial amputation - - - E* Cane Yes 
34 Transtibial amputation - - 18 C* Wheeled walker Yes 
35 Upper limb amputation - - 12 D* Wheeled walker - 
36 Spinal cord injury - - 136 - Cane No 
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Table 3.2 Continued. 

 
Diagnosis BBS 

10MWT, 
s 

TUG, 
s 

FAC/ 
SIGAM* 

Walking aid 
Successful  

C-Mill 
training 

37 Spinal cord injury - 8 - 5 - Yes 

38 Spinal cord injury 52 - - 5 - Yes 

39 Spinal cord injury - 32 50 3 Wheeled walker Yes 

40 Spinal cord injury - - 82 2 Crutches Yes 

41 Spinal cord injury - - - - - Yes 

42 Spinal cord injury 35 35 - 5 Wheeled walker Yes 

43 Spinal cord injury - - 23 - Crutches Yes 

44 Spinal cord injury - 12 17 - - Yes 

45 Spinal cord injury - - 12 - Cane - 

46 Guillian Barre - - 7 - Wheeled walker Yes 

47 Guillian Barre - 12 - - Crutches Yes 

48 Cerebellar infarction - - - 4 - Yes 

49 Multiple sclerosis - - - - None - 

50 Conversion disorder 50 25 40 4 Crutch Yes 

51 Multiple trauma 49 - - 4 Wheeled walker No 

52 Pelvic fracture - - - 5 None Yes 

53 Hip dysplasia - - - 4 Crutches Yes 

54 Burn wounds - - - 4 None Yes 

55 Unknown - - 12 - - - 

        

 Mean 48.7 18.7 26.7   40 Yes 

 Standard deviation 6.3 12.6 33.4   8 No 

 Minimum 34 6 6 2(*C)   

 Maximum 56 44 136 5 (*E)   
BBS; Berg Balance scale, 10MWT; 10 Meter Walk Test, TUG; Timed Up-and-Go test, FAC; Functional 
Ambulation Category, *SIGAM; Special Interest Group in Amputee Medicine scale. 
 
 
  



Adaptability treadmill training for practicing functional walking ability 

50 
 

• Locate the C-Mill at a clearly visible site at the physical therapy department 

• Provide one physical therapist within each physical therapy team with instructions regarding 
the use of the C-Mill and let that physical therapist train his/her colleagues within the team 

• Explain the rationale of C-Mill adaptability treadmill training to physical therapists 

• Provide support from an experienced C-Mill user during a physical therapist’s first C-Mill 
training with a patient in daily clinical practice 

• Ask 6 months after the implementation whether physical therapists prefer another round of 
instructions regarding the use of the C-Mill as part of their daily clinical practice 

• Appoint one person who should be contacted for questions and problems 

center compared to the other rehabilitation centers where the C-Mill was well 
visible in a central location within the physical therapy department. A user manual 
as end product of this implementation project provides (future) users with guidance 
regarding the use and implementation of the C-Mill in clinical practice. Today, the 
C-Mill is used as part of daily treatment practice at various rehabilitation centers in 
the Netherlands and abroad. The national implementation of C-Mill adaptability 
treadmill training is supported by an online platform for finding and sharing 
knowledge about the C-Mill (www.move.vu.nl/kp-c-mill) including a regular 
newsletter and a Twitter account (@KP_CMill).  
 
 
Table 3.3 Cimple recommendations for implementing the C-Mill as part of daily clinical practice 

 
 
Clinical implication 
The C-Mill provides a clinical tool that allows for practicing the complex and 
difficult situations encountered during everyday walking in a fun, challenging and 
task-specific environment that is well controlled and safe. C-Mill adaptability 
treadmill training appeared generally suitable for patients who are at least able to 
walk under supervision without physical contact (i.e., have a Functional 
Ambulation Category ≥ 3) but have difficulties with performing step adjustments 
during walking due to for example stroke, lower-limb amputation, incomplete 
spinal cord injury, chronic pain or cerebral palsy. After a short instruction regarding 
the use of the C-Mill, physical therapists were able to use the C-Mill in daily 
clinical practice. To lower the threshold of using the C-Mill in daily clinical 
practice, we recommend the support of a more experienced C-Mill user during the 
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first training sessions in clinical practice. The C-Mill should be located at a clearly 
visible site at the physical therapy department. The location should be provided 
with electricity and should have well controllable light to ensure good visibility of 
the projected objects on the treadmill surface. 
 
Conclusion 
As a result of Cimple, the C-Mill complies with the demands and wishes of both the 
physical therapist and the patient. Applicable protocols for C-Mill adaptability 
treadmill training in relevant patient groups have been developed. As a 
consequence, the C-Mill has found its way into daily rehabilitation practice in the 
Netherlands and abroad. Moreover, Cimple led to new research collaborations, 
resulting in studies on the efficacy of C-Mill training [5-10]. 
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