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 There was a main effect of footwear type on ankle ROM in all planes:

 Ankle sagittal ROM (p = 0.002; Figure 3A).

 Decreased in both the MET (-1.98°; p = 0.004) and the work boot

(-1.59°; p = 0.009) conditions compared to the unlaced condition.

 Ankle frontal ROM (p = 0.002).

 Reduced by 0.91° in the MET condition (p = 0.001) compared to

the unlaced condition.

 Ankle transverse ROM (p = 0.008).

 Reduced by 0.75° in the MET condition (p = 0.003) compared to

the unlaced condition.

 No difference in other lower limb kinematics between footwear conditions.

 No difference in low back kinetics (Figure 3B) or kinematics (Figure 3C).

 Males were exposed to larger low back net reaction moments in the

sagittal plane than females. This relationship remained even after

values were normalized to body weight (p < 0.001).

 LDS was unchanged in the lower and upper back segments (Figure 3D).

 Although the kinematics of the ankle were influenced by footwear type,

both males and females accommodated the reduced ankle mobility.

 Lower limb kinematics and trunk, kinetics of the low back, and LDS of

the lower and upper back were statistically similar between conditions.

 Males did have larger sagittal net reaction moments about the low back

than females. This difference was still present after normalization for

body weight.

 It does not appear that wearing steel-toed work boots (with or without a

metatarsal guard) changes the mechanics of lifting when compared to

steel-toed work shoes.
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 Manual materials handling (MMH) is regarded as a major risk factor for the

development of low back disorders (LBD) [1]. Many environments where

MMH tasks are performed are in hazardous environments where personal

protective equipment (PPE) must be worn. Among the most common in

Canada are CSA Grade 1 work boots.

 Depending on the workplace hazards, workers may be mandated to wear:

 Work boots: steel toe cap with a steel shanked insole (Figure 1A).

 Work shoes: work boots without material around the ankle (Figure 1B).

 Metatarsal guard (MET): work boots with a metal sheath covering the

metatarsal bones (Figure 1C).

 Although work boots are mandatory in many workplaces, limited research

has been performed on how they affect human movement.

 Gait: Boot stiffness negatively influences the kinematics and kinetics of

the ankle but not the knee and hip [2], increases co-contraction of the

semitendinosus and vastus lateralis [3], and boot weight reduces toe

clearance height [4].

 Sagittal lifting: work boots decrease ankle plantar/dorsi range of motion

(ROM), increase trunk inclination angle and increase multifidus and

biceps femoris activation when compared to flat shoes [5]. Unilateral

ankle immobilization increases lumbar flexion angle and L4/L5

anteroposterior shear force [6].

 The goal of this study was to assess how different types of protective

footwear affect 3D kinematics of the lower limbs and trunk, low back

sagittal net reaction moments, and local dynamic stability (LDS) of the

trunk while lifting.

 It was hypothesized that protective footwear would reduce ankle

plantar/dorsi ROM [5], which would increase participant’s lumbar flexion

angle, increase the sagittal net reaction moments about the low back,

and negatively impact LDS in the lower and upper back segments.

PARTICIPANTS:

 12 males and 12 females (21.7 years, SD = 3.1; 171 cm, SD = 7.1; 71.4

kg, SD = 10.8) were recruited for this study. All participants were healthy

with no history of LBD or ankle injuries within the past year.

PROCEDURE:

 After informed consent, participants pulled against a uniaxial load cell

(Sensortronics 60001A, USA) to determine their max back strength [7].

10% of this value was used to weigh down the box during the lifting trials.

 Participants performed 30 repetitive symmetrical freestyle lifts (Figure 2)

under three block-randomized work boot conditions: work boot (fully-

laced), unlaced (laced half-way; simulating shoes), and MET (laced +

metatarsal guard) (Figure 1). All lifts were performed at 6 lift cycles/min to

the beat of a metronome (10 seconds/cycle; 24 beats/minute).

 Whole body kinematics were collected at 120 Hz by a 10 camera motion-

capture system (Vantage V5, Vicon, UK). Ground reaction force data were

collected at 2000 Hz from two force plates (FP-4060, Bertec, USA).

 Visual 3D (V5, C-motion, USA) was used to calculate 3D joint kinematics

of the lower limbs and trunk, and sagittal moments about the low back.

Linear and angular velocities of the trunk were also extracted from Visual

3D to calculate LDS of the low back [8].

Figure 2. Participants performed 30 freestyle lifts to the 

beat of a metronome at 10% of their maximum back 

strength. 
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Figure 1. Protective footwear conditions. Footwear 

conditions were block randomized to the three protective 

footwear types: A) work boot, B) unlaced, C) MET.

Figure 3. Lifting Mechanics Results. A) Ankle sagittal range of motion. B) Low back sagittal net reaction 

moments normalized by body weight. C) Lumbar flexion angle. D) Low back local dynamic stability. 
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