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INTRODUCTION

Neuromuscular function declines with advancing age and is
strongly associated with increased risk for falls, hip fractures and
decreased quality of life. A variety of tests, e.g., chair-rise or
timed-up-and-go, assess muscle function. However, a need exists
for more sensitive tools to evaluate interventions designed to
enhance neuromuscular performance. Jumping mechanography
quantitatively measures an individual’s ability to generate power
and correlates with the methods noted above. However, only
limited data evaluating the safety of older adults performing
maximal countermovement jumps (CJ) on a force platform exists.
As such, this study investigated safety and utility of jumping
mechanography in 40 (20 men/20 women), community-dwelling
adults over age 60. At baseline, jumping mechanography of two-leg
CJ was performed on a force platform (Leonardo, Novotec,
Pforzheim, Germany). All participants completed three maximal
CJ; maximal jump height [cm] and specific power [W/kg] were
calculated. Main outcomes were worsening pain and new vertebral
fracture. Pain was assessed using a visual analog pain scale before
and immediately after jumping and 7 days later. Bone mineral
density (BMD) and vertebral fracture assessment (VFA) were
performed using a Lunar iDXA densitometer (GE Healthcare,
Madison, WI) prior to CJ and VFA was repeated in 7 days.
Stadiometer measured height was obtained at baseline and day 7.
Data were analyzed using linear regression and t-test. Age [mean (±
SD, range)] and BMI were 77 (± 9, 63-91) years and 25.5 (± 3.6,
19.4-34.1) kg/m2 respectively. Mean lowest T-score of the L1-4
spine, total femur or femur neck was -1.43 (± 1.1; range +2.4 to -3.1).
At baseline, 7 participants had prevalent fractures; 4 had multiple
fractures. Power and jump height were lower in older volunteers
and did not differ by gender. Mean jump height in women was 14.4
cm ± 5.8 and 16.4 cm ± 6.8 in men. Mean power in women was 19.2
W/kg ± 5.6 and 21.1 W/kg ± 6.3 in men. Pain was low at baseline
and follow-ups, ranging from 0 to 5. Pain was reported by 8
individuals before jumping; after jumping, 4 reported a pain change
of 1, two noted new pain, one worsened and one improved. A week
later, compared to baseline, 6 reported worsening pain and 6
improved. No height or vertebral fracture status change was
observed after jumping. In summary, jumping mechanography
demonstrates lower jump height and generated power with
advancing age. Additionally, it is safe with no substantial increase
in pain or worsening of vertebral fracture status in older adults,
including those with low BMD and prevalent vertebral fracture.
Further evaluation of this methodology as a tool to evaluate change
in neuromuscular performance of older adults is indicated.

Decline in neuromuscular function is common with advancing
age and is strongly associated with increased risk for falls, hip
fractures and decreased quality of life. Existing methodologies to
assess neuromuscular function are suboptimal in that they require
a substantial amount of disability to become abnormal but cannot
be performed at all in those with severe disability. Jumping
mechanography correlates well with currently used tests, may
discriminate individuals over a wider range of physical
capabilities and gives quantitative results. However, only limited
data evaluating the safety of older adults performing maximal
countermovement jumps on a force platform exists. This study
examined whether jumping mechography can be performed in
older adults without causing new vertebral fractures or pain.

FIGURES

a)

b)

c)

Figure 1: The Countermovement
Jump. Starting from an upright
position (a) the body’s center of
gravity (CoG) is lowered (b) before
accelerating for take-off (c+d). At
the end of the air-borne phase an
individual prepares for landing (e).
Energy during landing is absorbed
by initiating ground contact with
the balls of the feet (f) and lowering
the CoG again (g). The individual
returns to the original upright
position (h).
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Note: In contrast to this picture
series, participants in this study
did not keep their hands on their
hips at all times.
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METHODS

Participants
• 40 (20 men/20 women), community-dwelling adults over age 60
• Height was measured using a wall-mounted stadiometer
Jumping Mechanography (Figure 1)
• Two-leg countermovement jumps (CJ) were performed on a force
platform (Leonardo, Novotec, Pforzheim, Germany)
• All participants completed three maximal CJ
• Maximal jump height [cm] and specific power [W/kg] were
calculated using Leonardo software version 4.1 (Figure 2)
Bone Assessment
• Bone mineral density (BMD) and vertebral fracture assessment
(VFA) were performed using a Lunar iDXA densitometer (GE
Healthcare, Madison, WI)
• BMD and VFA were done before CJ and VFA was repeated seven
days after jumping

Figure 2: Tracing of a Countermovement Jump. Letters depict different stages of a
jump as noted in Figure 1. Force is represented by the blue line. Initially, during
quiet stance, the participants mass is determined by dividing force by earth’s gravity.
Force is subsequently used to calculate velocity, jump height and power. Velocity
(green line) is calculated using the measured force and the integration of acceleration
(not displayed) over time. Power (red line) is the product of force and velocity.
Integrating velocity over time results in displacement of the center of gravity
(jump height).

RESULTS
Participants
• Age mean (± SD), [range]: 77 (± 9.0, 63-91) years
• BMI mean (± SD, range): 25.5 (± 3.6, 19.4-34.1) kg/m2
Jumping Mechanography
• Mean jump height and jump power:
- Women; 14.4 cm ± 5.8 and 19.2 W/kg ± 5.6
- Men; 16.4 cm ± 6.8 and 21.1 W/kg ± 6.3
• Power and jump height were lower at older ages (Figure 4)
• No statistically significant differences were found between
genders (Figure 5 a + b)
Bone Assessment
• Mean lowest BMD T-score of the L1-4 spine, total femur or
femur neck was -1.43 (± 1.1; range +2.4 to -3.1)
• At baseline, seven participants had prevalent fractures; an
additional three met osteoporosis criteria by DXA T-score of -2.5
• No change in height or vertebral fracture status by VFA was
observed after jumping
Pain
• Pain was low at baseline and follow-up, ranging from 0 to 5,
with a mean value of 0.4
• Pain was experienced by eight individuals before jumping
• Immediately after jumping four reported a pain change of one,
two noted new pain, one worsened and one improved
• Seven days later, compared to baseline, six reported more pain
and six reported less
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Figure 3: Examples. Representative participants in this study; an 86 year old
female (a) and an 87 male (b) performing countermovement jumps.
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Figure 5: Impact of Gender on Jump Height (5a) and Jump Power (5b). Though
numerically greater jump height and power was observed in males, this was
not statistically different.

SUMMARY

• Countermovement jumps are used to measure jump height and
jump power on a force platform.
• Jumping mechanography correlates with other tests commonly
used to assess neuromuscular function.
• Jumping mechanography has potential advantages to deliver
quantative results in broad patient populations.
• Participants in this study included older males and females with
and without osteoporosis.
• These results indicate that jumping mechanography is safe in
this population and does not cause new vertebral fractures or
additional pain.
• Jump height and jump power is lower in older volunteers
• No significant gender difference was found in jumping
performance, this might be due to small study size and selection
bias.

Jump Height (cm)
Jump Power (W/kg)

40

Pain Assessment
• Pain was assessed using a 10 cm visual analog pain scale
• All participants completed the pain scale before, immediately
after and seven days following CJ performance
Statistical Analysis
• Data were analyzed using linear regression and t-test
• Visual analog pain scale results were reported descriptively
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Figure 4: Impact of Age on Jump Height and Jump Power. Both
height and power are lower in older adults.

• Countermovement jumps can safely be performed in an older
population with and without osteoporosis.
• There was no evidence of new vertebral fractures or increased
pain in our participants.
• Jump power and height are lower at older ages.
• Larger studies, including prospective evaluation of interventions
and/or agents, are necessary to determine the value of this tool
in assessing neuromuscular function as a surrogate for fall risk
and sarcopenia.

