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Abstract Alpine touring (AT) is a subdiscipline of alpine skiing where skiers 
ascend and descend snow slopes under their own power. Specialized equipment has 
been developed for AT skiing, including Tech/Pin bindings that rely on metal inserts 
molded into AT boots to rigidly couple the boot to the binding. The current lack of 
standardization has resulted in significant variation in tech insert geometry between 
boot manufacturers. It is hypothesized that the constraint forces from the tech bind-
ing on AT boots are highly sensitive to variations in tech insert geometry.

The dimensions of tech inserts in toe region of AT boots were measured from five 
manufacturers’ boots. The constraint force applied by the toe pieces throughout 
their travel was measured quasi-statically using custom-built fixture on ten models 
of tech bindings from five manufacturers. In addition, the retention and release char-
acteristics for an applied twisting torque were measured for the AT boots in the 
Tech/Pin binding toe pieces using an ASTM F504 test apparatus. Linear statistical 
models were developed to predict the measured retention-release behavior using the 
clamping force and tech insert geometry as predictor variables. The relative impor-
tance of each predictor variable from the linear model was then calculated.

The compressive forces applied to the AT boots were significantly different 
between bindings for the same boot, but not significantly different for the AT boots 
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in any particular binding (p < 0.001). Across all AT boots tested, the twisting release 
torque was not significantly different between bindings for a given boot (p = 0.81); 
however, significant differences in release torque were found between boots in any 
particular binding (two-way ANOVA, Tukeys Post Hoc, p < 0.001). Boot dimensions 
at the toe had the largest influence on release torque (~85%) while the compressive 
force had the smallest influence (~15%).

Tech/Pin binding toe pieces are sensitive to small changes in tech insert geome-
try. This study only examined toe-piece kinematics and forces of tech bindings. 
Based on the data presented, a companion study will test Tech/Pin boot-binding 
systems with both the toe and heelpieces.

Keywords Skiing • Alpine touring • Ski bindings • Tech inserts

1  Introduction

Conventional alpine boots and bindings rigidly couple the skiers’ boot to the ski 
to allow skiers to perform maneuvers while skiing downhill and to release the ski 
from the boot before loads to the lower leg become injurious. Alpine touring 
(AT) is a subdiscipline of skiing in which the skier uses the skis to ascend, tra-
verse, and descend snow-covered terrain in the backcountry on unmaintained 
trails and sometimes rough terrain. Conventional alpine skiing equipment lacks 
functionality to allow skiers to ascend slopes under their own power during 
alpine touring. As a result, ski boot and binding manufacturers have developed 
specialized alpine touring equipment.

As a system, AT boots and bindings have two functional modes:

• Downhill (Ski) mode: the toe and heel of the boot are both rigidly fixed to the ski 
by the binding to allow the skier to perform maneuvers as they ski down snow 
slopes.

• Uphill (Walk) mode: the binding allows the heel of the boot to be decoupled 
from the ski, and the toe of the boot is free to pivot to allow the skier to walk up 
hill on skis, providing both flotation in deep snow and efficiency.

1.1  Alpine Touring Bindings

There are currently two alpine touring binding designs on the market, AT Frame 
Bindings and Tech/Pin bindings. AT Frame bindings are extrapolations of estab-
lished alpine binding technology that incorporate an alpine binding toe piece and 
heelpiece mounted on a hinged chassis. A locking mechanism can secure the chassis 
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to the ski for skiing and unlock for walking uphill. A hinge at the toe of the chassis 
allows the binding to pivot on the ski. The functional interface of AT frame bindings 
with AT boots is nearly identical to alpine bindings. AT frame bindings have release 
value settings that are controlled on the toe piece for twist and heelpiece for forward 
lean of the binding. These bindings are defined here for clarity but not the subject of 
the current study.

Tech/Pin bindings were developed by Fritz Barthell in the 1980s but were not 
widely adopted by AT skiers until the mid-2000s. Since the expiration of Barthell’s 
patent in 2005 (Austria, NR. 376577), the growth in the AT boot sector has been 
explosive. Their name is derived from Barthell’s first model, the “Low-Tech” binding. 
The boot-binding interface and retention-release mechanisms of these bindings 
function on completely different principles from alpine and AT frame bindings.

Commonly referred to as “mouse-trap bindings,” Tech/Pin bindings have two 
stable equilibrium positions, open or closed (Fig. 1). The toe and heelpiece of the 
binding interface with metal inserts molded into the toe and heel of AT boots 
(Fig. 2). The toe piece commonly consists of a spring-loaded cam mechanism that 
has two conical pins that clamp into the inserts of the boot toe. For downhill skiing, 
the heelpiece commonly has two pins that engage into slots in the heel of the boot. 
For walking, the heelpiece pins can be retracted or rotated 90 degrees such that the 
rear pins do not engage the boot heel and the boot pivots about the toe piece to allow 
the skier to walk uphill (Fig. 2). Traditionally, the toe piece does not have any release 
value adjustment. In 2016, two tech-binding models incorporated release mecha-
nisms in the toe and heelpieces to more adequately respond to combined loads. 
However, these models have little market share; tech-binding models with the larg-
est market share control twist and forward lean release values are still controlled by 
the heelpiece.

Fig. 1 (Left) Open and closed equilibrium positions of the Tech/Pin binding toe piece. (Right) 
Dim A is denoted as the pin-to-pin dimension when the binding is closed
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1.2  The State of Alpine Touring Equipment

Mesolithic humans are estimated to have begun using skis for locomotion over 
snowy terrain as far back as 9000 BC [1, 2]. However, the development and stan-
dardization of recreational AT equipment is still in its infancy compared to alpine 
skiing equipment. AT equipment is continually evolving in an effort to meet con-
sumer demands for light-weight equipment that allows efficient uphill performance, 
while simultaneously providing reliable retention and release functionality skiers 
have come to expect from their conventional alpine ski equipment. However, the 
release-retention performance of many of these systems is a secondary design func-
tion to their uphill performance.

Safety standards have long been established for alpine ski equipment and have 
been proven to be effective in reducing the incidence of skiing-related lower leg 
injuries since the 1980s [3–6]. It wasn’t until the early 2000s that international stan-
dards began to address the safety considerations of AT equipment with standards 
adapted from alpine ski equipment for AT equipment. The rapid pace of develop-
ment of AT equipment has quickly outpaced the international standards organiza-
tion’s ability to address many new issues presented by evolving equipment designs. 
The interface geometry of AT boot soles with AT Frame bindings was standardized 
by ISO 9523:2006 and the retention-release requirements of AT bindings were 
defined by ISO 13992:2014 [7, 8]. However, these standards were largely derived 
from alpine boot-binding standards and have little bearing on how Tech/Pin boot- 
binding systems function.

No standard currently defines the interface geometry or properties of AT boots with 
Tech/Pin bindings. A common perception among consumers is that Tech/Pin bindings 

Fig. 2 (a) Heel inserts, (b) toe inserts molded into ski boots, (c) Tech/Pin binding-boot in ski 
model, with the toe and heel of the boot engaged, (d) heel of the boot engaged, (e) toe of the boot 
engaged, (f) walk mode with the heelpiece disengaged and only the toe piece of the binding 
engaged with the boot
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have unpredictable retention characteristics that produce inadvertent releases, which 
occur when a binding releases prematurely, when loads transferred from the ski to the 
skier are not at risk of injuring the lower leg. Consequently, many consumers ski with 
the toe piece of their Tech/Pin bindings in walk mode, which effectively locks out any 
release capability of the toe-piece mechanism. In the event of a fall with the toe piece 
in walk mode, the likelihood of the binding releasing is virtually nonexistent. The 
likelihood of a lower leg fracture using alpine ski bindings has been shown to increase 
three-fold if a binding does not release in a fall [9–11].

There are no known epidemiological studies for injury rates using AT equipment. 
However, examining injury rates in alpine skiing, inadvertent releases cause slightly 
less injuries than those caused by bindings not-releasing, 0.89 vs. 1.15% of all inju-
ries, respectively [12]. Manufacturers have begun to recommend use of their boots 
with specific bindings and not others based on inter-manufacturer differences in 
boot geometry to address consumer perceptions of inadvertent releases. If consum-
er’s perceptions are correct, then the risk of injury from an inadvertent release or 
from a non-release because the toe piece is locked out, is a concession of safety that 
must be addressed. To our knowledge, no previous work exists addressing the 
retention- release characteristics of AT boot-binding systems.

The purpose of the current study is to examine parameters critical to the retention- 
release performance of the AT boot-Tech/Pin bindings system and quantify the 
amount of inter-manufacturer variability in AT boot geometry and Tech/Pin binding 
performance. It is hypothesized that the dimensions of the boot inserts will be the 
largest source of release torque variability. From this analysis we hypothesize that 
several parameters can be identified for standardization to improve the reliability of 
the retention-release performance of Tech/Pin boot-binding systems.

2  Methods

When an AT boot is inserted into the toe piece of a Tech/Pin binding, the pins of the 
toe piece engage and come to rest at the inner most conical point of the inserts, 
defined as Dim A for the purposes of this study (Figs. 1 and 3). As load is applied to 
the ski, the pins of the toe piece will move apart, and the overall distance between 
them will increase until the toe piece snaps open.

2.1  Boot Measurements

Two linear dimensions, Dim A and Dim B, were measured three times each from the 
inserts on one pair of boots from nine boot models from seven manufacturers 
(Table  1) using a micrometer fitted with conical tips (Mitutoyo, Resolution 
±0.001  mm). Dim A is defined as the inner most point between the two inserts 
(Fig. 3). Dim A is defined as the largest distance, in the horizontal plane, of the 
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insert on the anterior most position of the insert (Fig. 3). A third dimension, Dim C 
was calculated as the difference between Dim A and Dim C.

2.2  Binding Measurements

The force–displacement of the toe piece was measured using a custom force- 
displacement transducer (Fig. 4). The transducer incorporated a custom strain gage- 
based compression load cell (Range: 300 N, Resolution: 0.3 N ± 0.1 N) and custom 
linear displacement transducer (Range 12  mm, Resolution: 0.1  mm  ±  0.01  mm) 

Fig. 3 AT boot dimensions measured at the toe inserts. View (A) is looking at a boot toe from the 
side. Cross section (AA) is a horizontal cut through the plane of the insert and boot sole. Cross 
section (BB) is a cut through the vertical plane of the boot toe; the view is towards the boot toe

Table 1 Descriptive statistics for three linear boot dimensions

Manufacturer Model Dim A (mm) Dim B (mm) Dim C (mm)

A A1 58.13 ± 0.07 63.80 ± 0.38 5.15 ± 0.36
B B1 58.17 ± 0.03 63.24 ± 0.20 5.07 ± 0.22

B2 58.13 ± 0.03 63.69 ± 0.01 5.45 ± 0.04
C C1 57.97 ± 0.06 63.91 ± 0.07 5.94 ± 0.13

C2 58.09 ± 0.00 64.24 ± 0.02 6.15 ± 0.02
D D1 58.47 ± 0.13 62.24 ± 0.23 3.95 ± 0.10
E E1 57.85 ± 0.20 63.66 ± 0.28 5.81 ± 0.08
F F1 57.85 ± 0.20 63.37 ± 0.13 5.52 ± 0.32
G G1 57.60 ± 0.02 63.15 ± 0.02 5.55 ± 0.00
MN ± SD 58.03 ± 0.24 63.45 ± 0.51 5.42 ± 0.63
[Min, Max] [57.58, 58.56] [62.25, 64.25] [3.89, 6.17]
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(J2A-06-S047G-350/SP62 Strain Gages, Vishay Measurements Group, Raleigh, 
NC). The custom force transducer was calibrated against a NIST-traceable six-axis 
load cell (Model 4526, Humanetics, Plymouth, MI) and the custom linear displace-
ment transducer was calibrated using a micrometer (Mitutoyo, Resolution ± 0.001 mm). 
The force-displacement transducer incorporated a forcing screw mechanism to push 
the pins of the toe piece from the closed to open position while measuring the cor-
responding force-displacement relationship (Fig. 4). Force- displacement was mea-
sured on a total of 10 pairs of bindings from five manufacturers using a 16-bit data 
acquisition device while data were sampled at 250 Hz (SLICE NANO, Diversified 
Technical Systems, Seal Beach, CA). Tests were repeated six times on each binding 
toe piece.

2.3  Release Torque Measurements

The release characteristics of Tech/Pin boot-binding systems were tested in a labo-
ratory setting using a lower leg surrogate that conformed to standards ISO 9462:2012 
Appendix B [5] and ASTM F504–05 [13] (Fig. 5). The ten models of Tech/Pin bind-
ings measured in Sect. 2.2 was mounted to their own test skis; all test skis were the 
same make, model, and 167 cm in length (AMP Rx, K2 Sports, Seattle, USA). Five 
models of AT boots measured in Sect. 2.1 (models A1, B1, C2, D1, E1 from Table 1) 
with boot sole lengths between 306 and 310 mm were prepared for testing. In order 
to measure the effect of boot design features, it was necessary to create a rigid 
coupling between the portion of the boot that interacts with the ski binding and a 
torque transducer. To this end, each test boot shell was cut below the pivot point of 
the upper shell and an aluminum adapter plate was secured to the foot area by filling 

Fig. 4 Force–displacement transducer for measuring the clamping force–displacement curve of 
toe pieces. (A) The direction of the forcing bolt. (F) Arrows show the resulting compressive force 
measured by the force transducer. (D) The linear displacement of the binding pins measured by the 
displacement transducer
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the interstitial space with aluminum-filled epoxy (Rencast® 4037, Huntsman, The 
Woodlands, TX) (Fig. 5).

Ski/boot/binding systems were rigidly affixed to a transducer located in a lower 
leg surrogate via the adapter plate mounted in the boot; torque was applied to the ski 
using a system of motors, cables, pulley, and pneumatics which is measured by the 
transducer about the axial and transverse axes, as defined in ISO 9462–2012 (Fig. 5). 
All bindings released at very small angular displacements; therefore, a correction 
for the torque was not necessary. The range of the load cell was ±400 Nm (resolu-
tion: 0.29 Nm) and ±700 Nm (resolution: 0.17 Nm) along the axial and transverse 
axes. The load cell was calibrated against a NIST-traceable six-axis load cell (Model 
4526, Humanetics, Plymouth, MI) and had less than 0.5% error at full scale. The 
data were collected at 1,000 Hz using a 16-bit data acquisition system (Model 6210- 
USB, National Instruments, Austin, TX) with a 200 Hz low-pass, anti-aliasing filter. 
Labview 14.0 software (National Instruments, Austin, TX) was used to collect and 
filter digitally the data using with a four pole, zero phase shift, low-pass Butterworth 
filter with a cut-off frequency of 10  Hz. A pure twisting couple, or torque, was 
applied to the ski with only the toe piece engaged in the ski position. Tests were 
performed dry, at 21 °C.

2.4  Statistical Analysis

Two-way ANOVAs were employed to test for statistical differences in constraints 
between bindings and boots, with a significance level of 0.05.

2.4.1  Multiple Linear Regression (MLR) Analysis

Independent variables quantified from boot-binding constraints were used predict 
release torque in multiple linear regression (MLR) models (R, Foundation for 
Statistical Computing, Vienna, Austria, Fox, 2003). Data were centered about their 
mean and scaled by one standard deviation. The Kolmogorov-Smirnov test was 
employed to test for skewness [14]. MLR analyses were used to predict release 

Fig. 5 Schematic of test apparatus that conforms to ASTM F504–05. The system applied forces 
(red arrows) to the ski using a motor-driven system of cables and pulleys. A load cell measures the 
torque on the simulated leg along the axial and transverse axes
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torque based on unique combinations of independent variables for each load case. 
The likelihood ratio test compared models using different independent variables and 
tested for interactions between independent variables. Variance inflation factors 
(VIF > 5) were used to identify regressors with high collinearity [15]. Regressors 
were not used if they were not significant contributors to the model, with a signifi-
cance level of 0.05, or if they were redundant.

2.4.2  Relative Contribution of Regressors to MLR Models

The percent contribution to variation in release torque of each regressor in the MLR 
models was calculated using the lmg metric from the relaimpo statistical package in 
R [16]. The lmg metric normalizes R2 to 100% and the contribution of each regres-
sor is calculated as a percentage of the R2 from the linear model. The variance of 
percent contribution was calculated by bootstrapping the MLR models at 1000 
bootstrap intervals, holding the regressors fixed and bootstrapping the residuals. 
The 95% bootstrap confidence intervals for regressors are reported.

3  Results

3.1  Boots

Descriptive statistics for measured dimensions of AT boot inserts are tabulated in 
Table 1. The distribution of measurements of Dim A, Dim B, and Dim C were posi-
tively (Dim A: 0.849) and negatively skewed (Dim B: −0.147, Dim C: −1.12), 
respectively (Fig. 6). However, skewness was not significant enough to require data 
transforms according to a Kolmogorov-Smirnov test. The variation in Dim A, ± 

Fig. 6 Histogram of the distribution of Dim A, Dim B, and Dim C. Dim A vs. Dim B from nine 
boot models (right). No trend or scaling of Dim A vs. Dim B is apparent, meaning Dim C varies 
across manufacturers
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0.24 mm, and Dim B, ± 0.51 mm, appeared to contribute to tolerance stacking as the 
standard deviation in the Dim C dimension, ±0.73 mm, is approximately equal to 
the sum of the standard deviations of Dim A and Dim B.

3.2  Bindings

Force–displacement curves were generated for ten binding models from five manu-
facturers. Each curve showed significant variation in magnitude (Fig.  7a). Three 
representative clamping force-displacement curves are shown in Fig.  7 with the 
standard deviation from six repeated measurements of the force–displacement 
curve. The peak clamping force each binding was capable of generating varied sig-
nificantly between models, ranging from 125N up to 225N.

3.3  Boot-Binding Compressive Force

In Fig. 7, the points corresponding to Dim A for all boots measured lie on the uphill 
side of the force–displacement curve. Their location on this curve represents the 
amount of initial compressive force holding the boot in the binding. The positive 
slope of the curve results in differences in the magnitude of the preload applied to 
different boots, depending on the value of Dim A for a given boot. To release from 

Fig. 7 Average force–displacement curves from all toe pieces measured moving from the closed 
position (left) to open position (right). The shaded rectangle delineates where Dim A from the nine 
boots measured lie on each force–displacement curve. Dashed lines indicate bindings where the 
boots lie on the curve past the binding’s energy barrier. Solid lines indicate bindings where boots 
lie on the curve before the energy barrier

J.R. Campbell et al.



75

the toe piece, these loads transmitted from the ski to the boot must overcome the 
energy barrier that corresponds with the peak of the force-displacement curve, mov-
ing from left to right in Fig. 7.

Curves shown in Fig. 7 with dashed lines are significantly different; their shape 
indicates that the toe piece closes on all boots at points along the curve that are 
already past the peak, or energy barrier, of that particular binding. As the pins of the 
toe piece open in response to loads transmitted from the ski to the boot, the binding 
toe piece will apply a smaller and smaller compressive force until the toe piece 
snaps open.

An analysis of variance on the clamping force yielded significant variation 
between bindings, F(9,170)  =  80.69, p  <  0.001. A post hoc Tukey test showed 
significant differences between all but 39 of the clamping forces generated by 
five of the binding toe pieces were significantly different from the remaining five 
(two-way ANOVA, Tukey’s Post Hoc Test, p < 0.001).

3.4  Twisting Release Torque: Toe Piece Only

An analysis of variance on the release torque yielded significant variation among 
boots and bindings, F(39,140) = 12.94, p < 0.001. A post hoc Tukey test showed 
significant differences in release torque in all but three boots (Fig. 8). A post hoc 
Tukey test also revealed the release torque from one binding toe piece to be signifi-
cantly different from six other bindings (Fig. 8).

Fig. 8 Boxplots of release torque of the toe piece of bindings grouped by boots (L) and bindings (R)
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3.5  Predicting Release Torque from Boot-Binding Constraints

With independent variables of clamping force and boot dimensions, Dim A and Dim 
C, a significant MLR model was found for all binding toe pieces (F(4,175) = 22.55) 
that accounted for approximately 34% of the variance in release torque for all bind-
ings (Multiple-R2 = 0.340, Adjusted-R2 = 0.325, p < 0.001). However, significant 
MLR models were found for each individual binding toe piece that accounted for 
approximately 84.7%  ±  19.1% of the variance of Pure Twist release torque 
(Appendix, Table A.1).

The MLR models predicted the boot dimensions, Dim A and Dim C control 
~85% of the variability in release torque in each binding toe piece (Table 2, Fig. 9). 
In contrast, the clamping force exerted by the binding on the boot accounts for only 
~15% of the variability in release torque. A significant interaction between the 
starting positions of the pins, Dim A, and the amount of displacement required to 
release in twist, Dim C, was found 20.4% [8.8%, 32%]. Finally, the clamping force 
from the binding contributed the least amount to variance in release torque 14.9% 
[13.1%, 16.7%]. Results from the MLR predict that increases in Dim A will 
decrease the release torque and increases in Dim C will increase release torque 
(Appendix, Table A.2).

Table 2 Percent relative contribution and the 95% CIs [LL, UL] of boot-binding constraints to 
release torque variation for a pure twist release

Binding Dim A Dim C DimA|DimC
Clamping 
force R2 p

1 22.2% 
[20.9, 23.7]

18.8% [17.8, 
19.9]

9.9% [8.7, 11.1] 48.7% [47, 
50.8]

0.995 <0.001

2 26.2% 
[23.6, 28.1]

35.4% [31.7, 
38.4]

10.5% [7.2, 
13.7]

28% [24, 
31.1]

0.976 <0.001

3 25.4% 
[23.5, 27.9]

44.0% [39.1, 
50.2]

4.6% [1.7, 9.9] 21% [16.2, 
27.8]

0.930 <0.001

4 33.9% 
[33.1, 34.8]

46.1% [44.7, 
47.6]

7.7% [6.6, 8.8] 12% [11, 
13.4]

0.996 <0.001

5 33.1% 
[26.2, 44.2]

33.5% [25.4, 
44.7]

10.4% [4.3, 
20.5]

11.7% [8.6, 
18.6]

0.841 <0.001

6 8.2% [5.6, 
11.8]

9.3% [6.3, 
13.3]

66.4% [60.2, 72] 13.3% [11.6, 
16]

0.961 <0.001

7 22.9% 
[18.6, 28.0]

37.5% [29.2, 
46]

5.9% [1.2, 14.1] 7.4% [4.3, 
14.8]

0.709 <0.001

8 31.4% 
[30.8, 32.1]

53.1% [52, 
54.3]

8.4% [6.7, 10.1] 6.7% [6.3, 
7.3]

0.995 <0.001

9 26.4% 
[25.9, 26.9]

58.3% [57.1, 
59.6]

8.4% [6.9, 10.1] 6.5% [6, 7.1] 0.600 <0.001

10 28.1% [8.4, 
49.7]

12.8% [4.9, 
25.5]

16.6% [1.2, 
44.4]

4.5% [1.1, 
25]

0.467 <0.001
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Dim A of the boot controls the initial clamping force; however, the potential 
energy to release is controlled by the slope of the force–displacement curve. The 
effect of the shape of the force–displacement curve has not been captured by the 
MLR models reported here. The toe piece with the highest compressive (clamp-
ing) force (Fig. 7) is very symmetrical and has a peak at a specific displacement 
value such that the values of Dim A lie on the positive slope of the curve.

In contrast, no matter what boot is used in the bindings corresponding dashed lines 
to in Fig. 7, there is no potential energy barrier to resist an inadvertent release. It fol-
lows that the available energy dissipation from each of these bindings is significantly 
different. Not only is the available potential energy, the area under each curve, very 
different, but also the variation in geometry found across all boots will alter consider-
ably, the amount of energy a binding has to dissipate energy and prevent an inadver-
tent release. Furthermore, bindings represented by the dashed lines in Fig. 7 are closer 
to the middle equilibrium position shown in Fig. 1. The closer to this position the 
binding starts, the more unstable, and prone to prerelease it will be.

4  Discussion

International standards for alpine and AT boot geometry specify the geometry and 
tolerances for key interface dimensions to provide repeatable retention-release char-
acteristics as consumers mix and match boots and bindings from different manufac-
turers. International ski boot standards specify allowable deviations from 
standardized boot geometry at the boot-binding interface that range between 0.5 mm 
and 2 mm, or approximately 5–20% of the target dimensions [5, 7].

Although the geometry of the AT boot toe inserts is not standardized, the vari-
ance measured in Dim A, Dim B, and Dim C between boots from ten manufac-
turers was relatively small, ± 0.25 mm, ±0.55 mm, and ±0.73 mm, respectively. 

Fig. 9 Average relative importance of independent for the ten models from each binding
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However, these small variations significantly altered the release torque of boots 
from the toe piece in twist. For example, in Fig. 9, mean release torque of Binding 
2 from a sample of ten boots was 36.5 Nm, but the maximum torque recorded 
from a boot was 78.44 Nm, a 215% increase in release torque resulting from the 
use of different boots in the same binding. The MLR models predicted that 85% 
of this variability is a product of the small variations in boot geometry. These 
results highlight Dim A and Dim B as dimensions that highly influence the 
behavior of Tech/Pin boot- binding systems and that if standardized across manu-
facturers, a significant portion of the variation in release torque could be reduced. 
However, if a standard were to be developed for the insert geometry, the dimen-
sions would likely require significantly tighter tolerances than what manufactur-
ers are accustomed to.

The amount of variation in release torque found between boots and bindings may 
give credence to the perception among consumers that the release torque of Tech/
Pin boot-binding systems is variable and unpredictable. This may tempt skiers to 
lock out the release mechanism of the toe piece while skiing, particularly when the 
consequences of a fall could lead to serious injury or death. If the variability in 
release torque found in this study is an indicator of retention-release function of 
Tech/Pin bindings under skiing conditions, consumers may be at a higher risk of 
injury than they are accustomed to when using typical alpine skiing equipment, 
whether they lock out the release mechanism or not, due to an inadvertent release, 
or a non-release of a boot-binding system [12].

The current study has investigated the effect of geometric variations of boot 
insert geometry on release torque. Other factors not explored in the current study, 
but may also significantly affect release torque, include the surface roughness of the 
boot inserts, the hardness of the metal used in the binding pins and boot toe inserts, 
wear of these metal components over time, and debris that enters the system from 
being used in a mountainous environment.

This study was limited to an examination of the interactions of the boot-binding 
interface with the toe inserts of the boot and toe piece of the binding. The goal of this 
study was to understand the fundamental mechanics of the interaction of AT boot 
insert geometry and Tech/Pin binding toe pieces. The energy barriers of the toe piece 
have been reported from quasi-static tests. The slope of these quasi-static energy bar-
riers provides valuable insight into the stability of a toe piece under dynamic loading; 
readers should note that under dynamic loading conditions, with the heelpiece 
engaged, the effects of boot geometry reported here might change. Our study exam-
ines the contribution of the toe piece to variation in release torque. Other than a pure 
twisting release, the current study did not examine any other load cases. Future studies 
will also examine how the contributions of the heelpiece and boot dimensions affect 
variations in release torque under other loading scenarios simulating forward and 
backward twisting falls.
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5  Conclusion

Anecdotally, skiers have reported locking the release mechanism of the binding toe 
piece due to a consumer perception that Tech/Pin boot-binding systems have unreli-
able retention performance. However, this exposes skiers to a higher risk of injury 
in the event of a fall when the binding should release from the boot. The consumer 
perception may have some merit since large variations in release torque were mea-
sured in this study. The consumer perception may have some merit since large varia-
tions in release torque were measured in this study stemming from the differences 
in boot insert geometry between manufacturers. If boot insert geometry were stan-
dardized across all manufacturers, the variation in release torque would decrease 
significantly.

 A. Appendix

Table A.1 MLR fit metrics for release torque from ten bindings

Binding F(4,10) Multiple R2 Adjusted R2 p

1 645.1 0.996 0.995 <0.001
2 143 0.983 0.976 <0.001
3 47.3 0.950 0.930 <0.001
4 892.5 0.997 0.996 <0.001
5 19.57 0.887 0.841 <0.001
6 86.41 0.972 0.961 <0.001
7 27.84 0.736 0.709 <0.001
8 693.1 0.996 0.995 <0.001
9 6.247 0.714 0.600 <0.001
10 4.066 0.619 0.467 <0.001
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