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SUPPLEMENTARY MATERIAL

Definition of the phases of skiing by using kinetic and kinematic data

The phases of skiing are defined and the methods utilized to determine their duration described in Supplementary Table. Some of these phases can be detected on the basis of either kinematic or kinetic data, whereas the detection of others, for example, the gliding phase during classical skiing, requires kinematic data. 
Although determination of some of the phases is relatively straight-forward, the leg thrust phase imposes certain difficulties. During classical skiing, leg propulsion occurs only when the ski has come to a complete stop. When skating, the skis are directed at an angle relative to the forward direction and edged during push-off, so that the force exerted on the skis is directed in the lateral, forward and vertical directions, all at same time. 1
[bookmark: _Hlk51778064]Exact definition of the leg trust phase should include measurement of the force applied in the direction of movement, as well as identification of the instant when the antero-posterior force on the ski becomes positive.2 However, determination of both of these parameters is difficult in practice, so in most investigations other parameters are taken into consideration. Thus, the beginning of the leg thrust phase while performing DS, sometimes also referred to as the kick or push-off phase, can be estimated on the basis of the moment when the feet are together.3-5 or when the rollerski/ski stops rolling/gliding 6-9 or by identifying the time-point at which minimal perpendicular force is applied to the ski/roller ski while it is in contact with the ground (although this will include part of the rolling phase as well).10,11 In one investigation, where both the motion and propulsive force of the rollerski were measured, the periods of propulsion were observed to be 28–29% shorter than the duration of ski stop.7 While the thrust phase can take place only after the ski has come to a full stop, the action involved probably starts sometime after this stop. These observations indicate that investigations that do not involve measurement of the anterior-posterior force should refer to the ski-stop-phase instead.
In the case of skating, some authors 12  have defined the start of the kick phase as the time-point at which the knee is maximally flexed and the end of the kick when contact between the ski and ground is lost and the force becomes zero. However, as with classical skiing, these definitions do not ensure the identification of a propulsive phase. Therefore, when a propulsive force in the direction of movement is not determined separately, the phase should be referred to as the ski contact. 
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TABLE – SUPPLEMENTARY MATERIAL

Definition of the phases of skiing and criteria for their determination 
	Parameter
	General criteria 
	Kinematic measurement
	Kinetic measurement
	General considerations

	
	
	
	
	

	Cycle time (CT)

(for CL and SK)

	In bipedal walking, one gait cycle is the sequence of movements between the time-points of two successive contacts of the same foot with the ground.  Analogously, in the case of skiing, one cycle should be defined as the sequence of events between two successive contacts of the same ski or, more readily determined, the same pole with the ground.
	From the last instant when the right pole is still in contact with the ground/on the treadmill to the next corresponding time-point.

[bookmark: _GoBack]This can be detected on the basis of when the tip of the pole touches the ground or when pole velocity falls below a certain threshold.

	From the instant the pole force rises above a defined threshold to the following time-point at which this force rises above   this same threshold. Here, were recommend typical values of 10 N.

	The specific definition of a cycle must take the technique being employed into consideration. With G3, for example, one cycle includes two poling actions, since one double-pole push is performed in connection with each leg thrust. In the case of DK, a cycle also includes two poling actions, one immediately after one leg kick and one after the kick and the other after the kick by the opposite leg. For techniques involving only the legs, a cycle should be defined as the period between two successive contacts of the same ski with the ground.

	Poling phase (PT) 

(for CL and SK)

	The phases devoted to propulsion driven by the poles 
	In the case of skiing on the ground, when the pole is standing still.  During skiing on a treadmill, when the speed of the pole tip is the same as that of the belt.
	When the force remains above a pre-determined threshold which should be as low as possible and, in any case, greater than any signal noise that may occur during pole recovery. Here, we recommend typical values of 10 N.
	Since at the end of poling, the force should become zero shortly before the pole leaves the ground, kinematic determination could result in a slightly longer contact time than that derived from force data. Thus, the approach utilized should be specified in detail.

	Pole Recovery phase (RT)

(for CL and SK)
	The period during which the pole is not in contact with the ground.
	RT = CT - PT
	RT = CT - PT
	

	Leg swing or ski recovery

(for CL and SK)
	The phase during which the skis are not in contact with the ground.
	When the skis/roller skis are not in contact with the ground, or alternatively, when the distance between the ski and ground is greater than a pre-defined threshold.
	When the vertical force exerted on the skis/roller skis is less than a pre-determined threshold that should be as low as possible and, in any case, greater than any signal noise that might occur during pole recovery. In this context, 100 N is typically recommended.
	

	Ski gliding /roller ski rolling phase

(for CL)
	When the skis/roller skis are gliding on the snow/rolling on the ground.
	When both the tip and the toe of the skis/roller skis are in contact with the ground or other surface and still moving forward.
	When the vertical force exerted on the skis/roller skis is above a pre-determined threshold, typically 100 N.
	Identification of this phase requires knowing whether the skis/roller skis are still moving forward, which cannot be determined on the basis of kinetic measurements alone.

	Ski gliding phase/roller skis rolling phase

(for SK)
	When the skis/roller skis are gliding on the snow/rolling on the ground with no propulsion being exerted through the skis.
	When both the tip and the toe of the ski/front and back wheel of the roller ski are in contact with the ground or other surface.


	When the vertical ski force is above a pre-determined threshold and the antero-posterior ski force is negative.
	Identification of this phase requires knowing whether the skis/roller skis are in contact with the ground with no propulsion, which cannot be determined on the basis of kinematic measurements alone.

	Ski stop phase 

(for CL)
	When the ski/roller ski is not moving. 
	When the speed of the ski/roller ski is zero or, alternatively, below a pre-determined threshold close to zero.
	N.A.
	

	Leg thrust phase /ski propulsive phase 

(for CL and SK)
	The phase where propulsive action is driven by the leg through the skis.
	N.A.
	When the antero-posterior force on the ski is positive.
	For CL this phase occurs during ski stop phase and is therefore shorter than this phase.

	
	
	
	
	




























CL = classical skiing, SK = skating skiing






