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ABSTRACT
Background/Objective:  Emerging evidence suggests that muscle power (force times velocity) may be differentially or more strongly related than muscle strength (force alone) to motor performance, falling and disability in older adults.  A novel leg power measure, the force plate jump test, was implemented into visit 4 of the Osteoporotic Fractures in Men Study (MrOS) to examine relationships to physical function and falls in older men.  
Methods:  AMTI force plate data is being collected at 6 U.S. sites after 1 day central training and staff certification.  Participants are instructed to complete 3–5 counter movement jumps.  Each jump was rigorously evaluated by staff as either no protocol issues or data review flags (broken movement and/or failure to maintain a still position prior to “Go”) and/or participant safety flags (required stabilization from spotter, lost balance after landing, and/or pain during/after jump).  Data for first 10 participants/site were intensively reviewed and feedback was provided to sites regarding incorrectly flagged jumps or testing issues (slow downward movement, failure to lift off the force plate during jump, recording started too early, stepped off of the force plate before recording ended, data not saved).

Results:  For the initial intensive review, staff recorded flags on 37.7% (87/231) of jumps.  Of participants reviewed, 60% (36/60) had ≥1 jump with a staff-recorded flag, including 5.0% (4/60) reporting pain before/while/after jumping, 46.7% (28/60) with safety flags, and 40.0% (24/60) with data review flags.  Examiners appropriately flagged failure to maintain a still position prior to jumping for 92.6% jumps and broken movement for 96.5% jumps.  Testing issues occurred in 12.6% (29/231) of jumps.  Force plate data from all participants and jumps were able to be analyzed.  Peak power, velocity and force at peak power will be calculated with standardized programs. 

Conclusion:  The intensive initial review provided vital feedback for refining testing, showed examiner accuracy/competency in testing, and demonstrated that high quality data is collected for analyses.  This counter movement jump method is feasible for measuring leg power in a large multi-center epidemiological study of older men. These findings will have significant public health implications by relating leg power to functional abilities in our aging population.
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1.0  Introduction

The aging population is rapidly increasing and consequently the burden of physical limitations and disability that are associated with aging are subsequently increasing as well1.  Muscle power (force x velocity) is defined as the ability to exert force quickly2 and decline of power has implications on the health of the aging population.  Functional limitations measured by lower extremity physical performance predict future disability in older adults3, 4.  Furthermore, diminished leg power is an indicator of poor function and physical function may be preserved by maintaining higher power in the lower extremities5.  Though muscle strength is the most often used measure to assess physical function, muscle power decline ensues before muscle strength decline in older adults6, 7.
The impairments in the ability to exert force quickly with the lower extremities are important determinants of physical performance measures that predict disability in older adults7.  Decline in both strength and power are related to frailty and increased risk of falls in old age8 and fallers have less overall power for their weight than non-fallers9.  Muscle power at the ankle has been shown to be an important predictor of stair climb and chair rise performance, which are predictors of disability in older adults10, 11. 

Different protocols have been used to assess muscle power in older adults.  Leg power is often measured in the seated position using unilateral or bilateral leg press equipment.  The Nottingham power rig uses a fixed load (flywheel) that is pushed unilaterally through the leg press motion12.  The Concept II dynamometer, isotonic mode of the Biodex system III dynamometer and Keiser pneumatic leg press also measure leg power in the seated position similar to the Nottingham power rig.  Though these are commonly used measures of power, they may not be ideal for older adults, particularly those who are frail, with pain or chronic health conditions, because the force is applied externally and the important velocity component for these individuals is not assessed or incorporated into the measures.  Measures of power that incorporate older adults bearing their own body weight may more closely approximate physical function abilities related to daily living, like walking, climbing stairs, standing up from a chair or jumping.  Using force plate ergometry measurements, such as jumping mechanography (performing a counter movement, squatting jump), have been shown to be reproducible in older adults13, 50 and are weight bearing movement tests. 
1.1 Literature review
A literature review was conducted to investigate the utilization of jumping mechanography to assess leg power in studies of older adults.  The National Library of Medicine (PubMed) was used to identify articles published in English from January 1998 to November 2014 that measured leg power.  The keywords “jumping mechanography” and “counter movement jump” were combined with “muscle power”, “leg power”, “quadriceps power”, and “leg extensor power”. This search resulted in 100 articles [Figure 1].  
Abstracts and full articles were reviewed in order to select relevant studies of leg power assessment in older adults.  Due to the scarcity of existing literature, studies with participant ≥ 50 years old were considered old age.  Eighty-six studies met exclusion criteria.  Articles with mean participant age < 50 years old without separate analysis of those >50 years (n=82), unspecified mean participant age (n=1), non-English language (n=1) or not accessible (n=2) were excluded.  Two additional studies were found from a search of personal archives and cross-reference.  Overall, 16 articles met inclusion criteria and are included in this review; 7 are cross-sectional studies and 9 are exercise training intervention studies.

1.1.1 Cross-sectional studies

Cross-sectional studies using jumping mechanography are presented in Table 1.  Buehring et al.15, Rantalainen et al.16, and Runge et al.17 conducted cross-sectional studies in younger and older men and women to assess changes in jump power with age.  Buehring et al.15 studied men (older group n=20, age 81.4±7.5 years; younger group n=20, age 27.8±2.4 years) and women (older group n=20, age 74.2±9.0 years; younger group n=20, age 25.9±3.4 years) who were able to stand independently.  Jump mechanography was determined to be safe because self-reported pain did not change after jumping and no injuries or new vertebral fractures were sustained during counter movement jumps, even in those with low bone mass density (BMD) or previous vertebral fracture. They also found that mean jump power normalized to weight was significantly higher in the younger age group compared to the older age group (45.5±9.9 watts/kg vs. 20.7±6.5 watts/kg; p<0.0001) and jump height was significantly higher in the younger age group compared to the older age group (42.3±10.3 cm vs. 16.4±6.6 cm; p<0.0001). Rantalainen et al.16 studied athletic premenopausal women (n=221, age 23±4.7 years) and early stage osteoarthritic postmenopausal women with no regular physical activity (n=82, age 57.7±4.2 years) and found that women in the premenopausal group had higher jump power compared to women in the postmenopausal group (2660±550 watts vs. 1870±360 watts; p<0.0001).  Additionally, jump power was significantly correlated with bone strength indices (r=0.43 to 0.54; p<0.0001).  Runge et al.17 studied men (n=89) and women (n=169) aged 18-88 years in Germany who were free of motor performance limitations as defined by the ability to walk at least 800 meters without an aid, climb a standard staircase without difficulty and perform two-legged and one-legged jumps.  The major finding from this study was the correlation between higher age and lower weight-specific power (watts/kg) for both women (r = -0.81; p<0.001) and men (r = -0.86; p<0.001), though whether weight-specific power was assessed from the one-legged jump or the two-legged jump is unclear.  All three studies found that muscle power as measured by the counter movement jump is lower with higher age. However, the wide age range and lack of assessment of risk factors made it difficult to identify any other factors besides age that may influence jump power and muscle function.  

Buehring et al.18 conducted a cross sectional study that included a convenience sample of community dwelling or retirement community residing white men (n=48) and women (n=49) in the U.S. aged 80.7±5.5 years who live independently.  This study included individuals with sarcopenia (18.4% of women; 29.2% of men) and osteoporosis (36.7% of women; 12.5% of men), but excluded those with BMD T-scores below -3.5 and those with a prior fragility-related fracture.  They studied the association between tongue strength and muscle function as measured using jumping mechanography and observed  positive correlations (correlation coefficients not published) between anterior maximum tongue strength and jump power (p=0.04) and jump height (p=0.01).  This study included multiple muscle function tests (tongue strength, grip strength, repeated chair rise, gait speed, balance and jump mechanography), but the relationships between jump power and jump height with the other functional measures were not assessed.  Additionally, this study may have been underpowered and not generalizable due to the convenience sample of 97 older adults, where participants volunteered or were selected based on ease of access for study participation. 
Caserotti et al.19 conducted a cross-sectional study of community dwelling men (n=48) and women (n=37) aged 75 years in Denmark who had no regular physical activity.  They found that elderly men achieved higher peak muscular power normalized to weight than elderly women (23.0±4.09 watts/kg vs. 18.67±3.27 watts/kg; p<0.0001) during the concentric phase of the jump and elderly men jumped higher than elderly women (9.85±3.51 cm vs. 5.93±2.43 cm; p<0.0001).  This increase was primarily attributed to the velocity component of the counter movement jump.  Women had lower maximal jump velocity than men (1.38±0.17 m/s vs. 1.64±0.21 m/s; p<0.0001) and lower take-off velocity than men (1.06±0.22 m/s vs. 1.36±0.26 m/s; p<0.0001) during the concentric phase of the jump.  No gender specific motor strategies were observed for the counter movement jump when muscle power was normalized to lean body mass. No differences were observed between elderly men and women in the activities of daily living (ADL), mini mental state examination (MMSE) and physical performance test questionnaires. No correlations were observed between items from the physical performance test (chair rises, 2.8 meter walk, putting on and removing a jacket, and picking up a coin from the floor) and the results of muscle power.  These findings suggest that women may be more impaired in terms of having the ability to regain balance due to the slower velocity observed, which may explain why women fall more frequently.  These results show large gender differences in jumping mechanography measures (power, height and velocity),  but may be due to the differences in lean mass between men and women, especially since no differences were seen after adjustment for lean mass. These results are limited in generalizability due to the small sample size and the inclusion of only physically inactive older adults.   

Singh et al.20 conducted a cross sectional study of men (n=37) and women (n=33) in the U.S. aged 55-75 years to assess the link between sarcopenia and jump power.  All participants performed isotonic muscle strength tests (1-repition maximum tests for 2 leg presses, right hip abduction and left hip abduction) and the jump test (power, height and airtime).  Leg press strength and hip abduction strength were not significantly different between the sarcopenia group and normal group and results were not attenuated when normalized to body weight.  Jump height and airtime were not significantly different between groups. However, they found that those in the sarcopenia group (n=12) had significantly lower jump power normalized to body weight than those in the normal group (n=48) (9.95±0.32 watts/kg vs. 11.16±0.26 watts/kg; p=0.031). This study showed that jump power may be a better indicator of muscle performance in older individuals than isotonic muscle strength testing techniques that typically use external strength, which may make these results applicable to frail older adults.  However, the sample size of 60 total people and only 12 with sarcopenia was limiting. This study notes that longitudinal assessments are important to determine the effectiveness of using jump test results to predict sarcopenia, frailty and osteoporosis. 

Hardcastle et al.21 conducted a cross-sectional study of white men (n=70) and white women (n=119) aged 57.0±13.7 years from the high bone mass cohort in the U.K and assessed bone strength through peripheral quantitative computed tomography (pQCT).  Analyses were conducted using multiple linear regression and were adjusted for age, gender, height and weight to assess jump power (assessed by jumping mechanography) as a predictor of bone outcomes.  All outcomes and exposures were standardized and the standardized β coefficients represent standard deviation (SD) change in outcome per SD change in the log jump power (kilowatts) exposure. Jump power was strongly associated with total hip BMD (β=0.29; p=0.01) and positively associated with midtibial cortical area (β=0.29; p<0.01), cortical BMD (β=0.39; p=0.02), total bone area (β=0.10; p=0.33), cortical to total bone area ratio (β=0.26; p=0.11), and tibial SSI (β=0.26; p<0.01) and inversely associated with endocortical circumference (β=-0.24; p<0.01).  This study collected data on covariates that may be related to jump power, such as self-reported levels of physical function, diabetes, smoking status and alcohol use, but whether or not adjusting for all of these variables in multivariate models is not mentioned. 

Overall findings of previous cross-sectional studies that measure jump power using jumping mechanography are that jump power decreases with age15-17, is higher in elderly men compared to elderly women19, and is associated with functional outcomes associated with aging, like anterior maximal tongue strength18, BMD measures21, and sarcopenia20.  Summary of findings and results for cross-sectional studies are presented in Table 2.  The cross-sectional studies15-21 have small sample sizes (40-303 total participants) and limited measures of functional status, chronic disease risk factors, and life style risk factors.   Most studies included older adults of only one level of physically activity, either those who are physically active or those who are physically inactive, not both.  Additionally, these studies focused mainly on younger old groups, mean age of the older adults in these studies ranged from 57.0 years old to 80.7 years old, and not oldest old individuals.
1.1.2 Exercise training intervention studies 

Exercise training intervention studies have incorporated jumping mechanography as a measure of leg power in older adults to identify a test that can discriminate subjects over a wide range of performances and with the simplest set of instructions22, to assess the effect of training on improvements in selected functional motor performance23-25; 27-29, and to assess the reproducibility of multi-joint measurements (the counter movement jump) in older and elderly populations30. Exercise training intervention studies that used jumping mechanography are presented in Table 3.

Rittweger et al.22 first studied women (n=22) and men (n=14) aged 60.8±19.0 years who completed repeated testing of the Timed Up and Go, free gait speed, maximum gait speed, chair-rise test and jumping mechanography.  Testing was performed twice: the initial test and the retest two weeks after and at the same time of day as the initial test.  They found the smallest short term error (EST=3.6%), highest correlation coefficient (r=0.99) for test-retest values, but the highest coefficient of variation for intersubject variability (CV=45.4%) for the jumping mechanography test compared to Timed Up and Go (EST=5.28%; r=0.90; CV=25.5), freely chosen gait speed (EST=4.02%; r=0.93; CV=24.0), maximum gait speed (EST=3.69%; r=0.97; CV=30.6) and chair-rise test (EST=5.10%; r=0.91; CV=30.9;).  A second study to assess learning effects from the first study was conducted for 11 men and 11 women and investigators found no significant learning effects for jumping mechanography. Jumping mechanography resulted in the highest intersubject variability, which indicates that men perform this test with a wide range of strategies and that men with differing functional abilities can perform jump, though analyzing these data can be difficult.  Jumping mechanography was found to be reproducible in physically competent older adults, but the meaning of physically competent was not defined, making generalizability difficult.  
Caserotti et al.23 studied community dwelling men aged 75 years with no regular physical activity in Denmark (n=39).  No changes were found after the 36 week training period in pre-stretch enhancement in counter movement jump compared to squatting jump. The training group participated in sessions for 60 minutes twice a week for 36 weeks that included a 10 minute warm up, aerobics (walking and running), muscle strength exercises using own body weight, endurance, postural control exercises, flexibility and reaction exercises. Those in the intervention group (n=14) jumped higher after training (9.38±3 cm pre-training to 10.82±3.3 cm post-training; p<0.05) and had elevated maximal muscle power normalized to weight (22.8 ±3.2 watts/kg pre-training to 24.1±3.7 watts/kg post-training; P<0.05) during counter movement jumps.  Conversely, those in the control group (n=25) had decreased jump height (10.59±3.6 cm at baseline to 9.9±3.8 cm at 36 weeks; p<0.05) and maximal muscle power output (23.8±4.1 watts/kg at baseline to 23.0±4.5 watts/kg at 36 weeks; p<0.05) during counter movement jumps.  While the results of this study show that training elderly men effectively counteracts age-related decline in maximal mechanical muscle performance in older adults, women were not studied and training of this sort is not an option for all elderly adults, especially those with functional limitations who are not able to complete the tasks required for training.
Ramirez-Campillo et al.24 studied Hispanic women (n=60) who were healthy by self-report on a physical activity readiness questionnaire and free of heart disease, osteoarthritis, severe visual impairment, neurological disease, pulmonary disease requiring oxygen, uncontrolled hypertension, hip fracture or lower extremity joint replacement in the past 6 months and current participation in structured exercise or previous participation in strength training in the past 6 months.  Women were divided into 3 groups: 12-week high speed strength training (EG; n=20; aged 66.3±3.7 years), 12-week low speed strength training (SG; n=20; aged 68.7±6. yeas), and a control group (CG; n=20; aged 66.7±4.9 years).  Training sessions occurred three times per week for 12 weeks and consisted of a 10 minute warm up and stretching, strength training exercises (bench press, standing upper row, biceps curls, leg press, prone leg curl and leg extension), and a cool down with core stabilizing exercises. They observed that, after the training period, those in the EG and SG had larger increased jump height (cm) than those in CG (23% improvement in EG, 13% in SG and 1% in CG; all p<0.05).  Correa et al.25 studied Brazilian women (n=58; aged 67±5 years) and excluded women with severe endocrine, metabolic and neuromuscular diseases.  Women were first divided into 2 groups: experimental group (EG; n=41) and control group (CG; n=17).  After 6 weeks, women in EG were divided into 3 groups: traditional group (TG; n=14), power training (PG; n=13) or rapid strength training (RG; n=14) for jump test performance.  No difference in jump height (cm) was observed between EG and CG groups after the first 6 weeks, which is inconsistent with other studies measuring jump height, but is likely due to the shorter duration of training. After division of EG into TG, PG and RG training groups, they found that performance in counter movement jump was significantly (p<0.05) higher in the RG group (25% increase) compared to either the TG (4% increase) or PG (8% increase).  Both studies24, 25 found that training focused on muscle function, whether power or strength training, is an effective way to increase jump height in healthy elderly women.  However, the exclusion criteria of functionally limited older women make these results limited to only healthy women. 

Amesberger et al.26 studied the relationship between physical self-concept and physical fitness, including jump height measured during counter movement jumps, and compared those in a 12-week skiing intervention group (IG; n=27; aged 67.5±2.8 years) to those in a control group (CG; n=20; aged 67.3±4.4 years).  The Physical Self-Concept (PSK) scale, a self-assessment of motor abilities, including general sportiness, endurance, strength and global physical self, was used to compare subjective measures of physical health to objective measures of strength, including endurance, balance, and muscle strength and power.  They found that elderly individuals had a good mental representation from the PSK about their strength abilities, especially those in the IG.  This suggests that asking older adults how they perceive their physical function ability prior to testing, such as jumping mechanography, accurately reflects their objective ability to perform the test.  This study used both objective and subjective measures of physical health, but is limited by the fact that the intervention group consists of fairly high-functioning adults who are able to downhill ski.  

Pereira et al.27 studied white women aged 65.5±8.2 years (n=139) with no previous strength training and found that jump height (cm) increased in the 12-week training group from pre to post-training, regardless of the angiotensin-converting enzyme I/D (ACE) and alpha-actinin 3 (ACTN3) polymorphisms (reported as influencing variations in skeletal muscle function).  Pereira et al.28 studied white women either in the 12-week training group (EG; n=28; aged 62.5±5.4 years) or the control group (CG; n=28; aged 62.2±4.3 years).  They found that jump height (cm) significantly increased in EG (40% from pre to post-training; p<0.05) but not in the CG. Pereira et al.29 conducted a follow-up study to assess the change in jump height from the end of the 12-week training period to 6-weeks after training ended (DT).  They found that jump height was maintained by those in the EG but decreased in the CG at DT (10% change for CG; p<0.05).  In all of the Pereira articles, jumping mechanography was incorporated, but jump height, which has not been shown as a valid measure to assess physical function in older adults with poor motor performance and fall risk, was measured instead of jump power during counter movement jumps.
Larsen et al.30 studied healthy community dwelling elderly women (n=18) aged 72.3±6.6 years who were considered moderately trained and voluntarily participated in multi-component activities once per week.  Exclusions were those with no history of orthopedic or neurological disorders and no bone fractures in the lower extremities in the past 5 years. Single-joint isokinetic and isometric measurements of muscle strength for quadriceps, hamstrings and plantar flexor muscles and a multi-joint counter movement jump measurement of muscle power were collected at a test session and a retest session that occurred no sooner than 10 days and no later than 21 days after the test session.  They found no significant test-retest differences in mean power normalized to body weight (12.26±2.04 watts/kg test vs. 12.26±2.04 watts/kg retest; p=0.65) and concluded that reproducibility of power (CV=5.14%) measured by the counter movement jump was excellent (CV<5%) to good (CV<10%), while the reproducibility of isokinetic and isometric strength measures for the quadriceps (CV range 7.95 – 9.99%), hamstrings (CV range 7.35 – 18.99%) and plantar flexor muscles (CV range 7.95 – 9.99%) was good to moderate in aging women. Better reproducibility was found for the multi-joint measurements in this population of older women, though the study is limited due to a very small sample size of 18 and that no men were included.
Overall findings of previous exercise training intervention studies that incorporate jumping mechanography are that jump power increases with training23, jump height increases with training23, 24, 25, 27, 28, jumping mechanography has shown to have good test-retest reliability22, 30, and that muscle power is maintained 6 weeks after training ends29.  Summary of findings and results for exercise training intervention studies are presented in Table 4.  Many outcomes, like falls, disability and mobility outcomes that affect older people were not studied in relation to jump power from the jump mechanography measures, which is a limitation of the current literature.  
Though many studies have used jumping mechanography, use of these measurements to assess leg power as a predictor of mobility limitations, falls and disability in older adults have yet to be elucidated on a large epidemiological scale in observational or exercise training intervention studies.  Thus, the aim of this internship was to assist with the implementation of the novel AMTI force plate jump test into visit 4 of the Osteoporotic Fractures in Men (MrOS) Study, a large observational study in older men, and to perform leg power measures and data management for quality control from 6 US sites that will be used to examine the relationship of leg power to physical function, disability, falls and fall injuries in older men. 

2.0  Methods
2.1 Study population
A total of 5995 community dwelling, ambulatory men aged 65 years or older completed the baseline measurements required for MROS study enrollment from 2000-2002 across 6 clinical sites in the United States (Birmingham, AL; Minneapolis, MN; Palo Alto, CA; Pittsburgh, PA; Portland, OR; San Diego, CA)31. It is expected that 2,400 men aged 80 or older will complete the clinic 4 visit from 2014-2016, which includes leg power measurement from a counter movement jump.  The initial intensive quality control review of the AMTI force plate jump test includes data from 60 men who completed clinic visit 4 (10 men from each of the 6 sites).  Written informed consent was obtained from all participants prior to measures and the Institutional Review Board at each clinical center approved the protocol.  The participant in Figure 2 had written consent for use of his image in presentations and publications.  
2.2 exam start-up
The exam start-up included a 1 day central training session directed by Drs. Elsa Strotmeyer and Paolo Caserotti.  Trainees were required to read and study the force plate protocol, practice the measurement on other staff or volunteers, be able to recognize jumps of poor quality, identify a protocol issue with a jump from the graphic output, and discuss problems and questions with local experts or external consultants. In order to become certified, all MrOS staff had to complete the training requirements, conduct the test on 2 volunteers according to the protocol and meet all requirements on the quality assurance checklist during testing, which included checking for exclusion criteria, delivering the main points of the script correctly and clearly, describing the testing procedure correctly, demonstrating the movement correctly, taring the force plate without weight on it, correcting/recording any deviation from the protocol, reviewing form for completeness following conclusion of test and reporting any comments on the form concerning test performance.  Staff was also encouraged to practice the measurement prior to exam start-up.  
2.3 The jump test protocol

Participants with health-related issues were excluded from the force plate measurement if they were unable to walk or stand either with or without an aid, self-reported severe pain, or had one of the following procedures in the past 6 months: spinal surgery, lower extremity surgery, knee replacement, or hip replacement. Participants were excluded for non-health related reasons, such as refusal, examiner deemed test unsafe, could not perform without orthotics or had a shortened clinic visit (in which case other MrOS measures take priority, per MrOS protocol). Health-related reasons and other reasons are not mutually exclusive on the form, as examiners are instructed to mark all reasons that apply.  As a warm-up for the movement used in the jump and for staff to assess any balance issues, participants were asked to complete a series of 3 calf rises in which they were instructed to go up onto their toes as fast as possible and stop and slowly lower down.  They were excluded if they could not perform all 3 calf rises because they had severe pain, refused, were unable, could not understand the instructions, or other reasons as assessed by staff. 

Examiners explained to eligible participants that, per protocol, they would be expected to stand as still as possible before the jump, jump as quickly and as high as possible without pausing between bending the knees and jumping once examiner said “ready, go”, land smoothly, and stand up straight and remain still after landing [Figure 2].  Staff demonstrated a good jump and asked if they had any severe pain that would prevent them from completing a practice jump.  If severe pain was reported, they were excluded from the jump test. If they reported that they could not lift off the force plate, they were reassured that this would be acceptable as long as they could bend their knees and extend upward, though only when prompted by participants voicing this concern.  Participants practiced the counter movement jump, any protocol deviations were corrected and pain was assessed.  Participants who reported pain that was severe enough that they could not continue after the practice jump were excluded. Eligible participants were instructed to complete 3-5 counter movement jumps per protocol.  They were asked to report pain that was at any point severe enough that they could not continue so that the examiner could stop the test.  Each of the jump trials was rigorously evaluated by the examiner as having no protocol issues, data flags, participant safety flags, or any other occurrence that deviated from the protocol.  Additionally, participant comments were obtained after the leg power measurement.
2.4 data flags

The ‘failure to maintain a still position prior to “go”’ flag was recorded if there was movement, such as swaying back and forth with the trunk and lower body, prior to the examiner saying “ready, go”.  The ‘broken movement’ flag was recorded if the participant paused between starting the movement and prior to lift off for the jump.

2.5 participant safety flags

The ‘lost balance after landing’ flag was recorded if there was any loss of balance or failure to maintain a still position after landing from the jump.  The ‘required stabilization from spotter’ flag was recorded for any participant who needed to hold the examiner’s hands during the jump, or whose instability during or after the jump required the spotter to grab hold and help stabilize the participant. Pain was also recorded in a separate question if participants self-reported pain either before or after jumps.
2.6 other

The “other” flag was recorded for jumps that deviated from the protocol for reasons other than data or participant safety reasons, such as jumps that occurred without collecting 1-2 seconds of baseline data, jumps that occurred outside of the 6-second recording period, participant stepped onto the force plate after the recording had been started, participant stepped off the force plate before the recording had been stopped, and jump not saved by examiner.  

2.7 
intensive data review AND FEEDBACK
Jump curves generated using BioAnalysis Software were compared to TELEform data for each of the 60 participant during biweekly conference calls with Drs. Strotmeyer and Caserotti.  Incorrectly flagged jumps, jumps without flags that should have been flagged, and testing/technical issues were identified and feedback was provided to sites. Visual examples of jump with no protocol deviations [Figure 3] data flags [Figure 4 and 5], participant safety flags [Figures 6 and 7] and testing/technical issues [Figures 8-11] that were used during the initial intensive data review are provided.
2.8 
DATA ANALYSIS

Overall and site-specific counts and frequencies of participants and jumps with no protocol deviations, data flags, safety flags, data review flags and testing/technical issues were used to generate Figures 12-19.  Descriptive statistics of the TELEform flags recorded by staff at each site were generated [Figures 12 – 15] and examiner accuracy and competency in testing was assessed [Figures 16 – 19].  If the TELEform data was in agreement with the jump curve data (ie., TELEFORM flag and decision during data review of jump curve matched) and no testing/technical issues occurred, the jump was included in the “correct flag/no testing issues” group. If the TELEform data was in disagreement with jump curve data (ie., missing TELEFORM flag that should have been flagged based on decision during data review of jump curve) or a testing/technical issues occurred, the jump was included in the “incorrect flag/no testing issue” group.  If all jumps were correctly flagged and no testing/technical issues occurred for the participant, then the participant was included in the “correct flag/no testing issues” group.  If ≥1 jump was incorrectly flagged or a testing/technical issue occurred for the participant, then the participant was included in the “incorrect flag/testing issues” group.   

3.0  Results

Of 60 participants who completed 3-5 counter movement jumps, a median of 4 jumps were completed per participant and a total of 231 jumps for all participants are included the initial intensive review.  
3.1 teleform data

Data flags were recorded for 40% of participants; 10% of participants were flagged with failure to maintain a still position prior to “go” and 35% of participants were flagged with broken movement [Figure 12].  Data flags were recorded for 80% of participants at site 1, 20% at site 2, 50% at sites 3 and 6, and 40% at site 5 [Figure 13].  

Participant safety flags were recorded for 47% of participants; 42% of participants were flagged with lost balance after landing, 22% of participants were flagged with required stabilization from spotter, and 7% and 5% of participants reported pain before and after jumping, respectively [Figure 12]. Participant safety flags were recorded for 70% of participants at site 1, 30% of participants at sites 2 and 6, 40% of participants at site 3, 60% of participants at site 4 and 50% of participants at site 5 [Figure 13].   

Data flags were recorded for 22% of jumps; 4% of jumps were flagged with failure to maintain a still position prior to “go” and 20% of jumps were flagged with broken movement [Figure 14].  Data flags were recorded for 47% of jumps at site 1, 6% of jumps at site 2, 29% of jumps at site 3, 20% of jumps at site 4, and 22% of jumps at site 5, and 0% of jumps at site 6 [Figure 15].  

Participant safety flags were recorded for 25% of jumps; 22% of jumps were flagged with lost balance after landing and 15% of jumps were flagged with required stabilization from spotter [Figure 14].  Participant safety flags were recorded for 51% of jumps at site 1, 8% of jumps at site 2, 21% of jumps at site 3, 20% of jumps at site 4, 22% of jumps at site 5 and 23% of jumps at site 6 [Figure 15].

3.2 data review flags

Missing data flags and testing/technical issues were identified during biweekly reviews.  Examiners correctly flagged 78% of participants for data issues, while testing or technical issues occurred in 30% of participants [Figure 16].  Additionally, examiners correctly flagged 80% of participants at sites 1 and 5, 70% of participants at site 2, 90% of participants at sites 3 and 6 and 60% of participants at site 4 [Figure 17].  Testing or technical issues occurred in 20% of participants at sites 1 and 3, 40% of participants at sites 2 and 6, 10% of participants at site 4 and 50% of participants at site 5 [Figure 17].  

Examiners correctly flagged 90% of jumps and testing or technical issues occurred in 19% of jumps [Figure 18]. Additionally, examiners correctly flagged 91% jumps at site 1, 89% of jumps at sites 2 and 5, 95% of jumps at site 3, 82% of jumps at site 4 and 90% of jumps at site 6 [Figure 19].  Testing or technical issues occurred in 11% of jumps at site 1, 17% of jumps at site 2, 14% of jumps at site 3, 8% of jumps at site 4, 32% of jumps at site 5 and 39% of participants at site 6 [Figure 19].  

3.3 Participant comments

Participant comments include statements such as “it actually felt pretty good to jump like that”, “I didn’t know I could do that movement…I’m 90”, “I didn’t even know I could jump like that”, “those were quite easy exercises, actually” and “I’m older than dirt, but I can still do this”.

4.0  discussion

The initial start-up of the jump test in MrOS was successful since a high proportion of participants (78%) and jumps (90%) were correctly flagged by staff examiners and a reasonable number of testing/technical issues occurred (30% of participants; 19% of jumps).  A few limitations were noted, such as site-specific differences in TELEform flags and data review flags.  
Sample sizes in the studies that have previously measured jumps in older adults (Tables 1 and 2) range from 18 to 303 participants15-30.  MrOS expects to have 2,400 participants with jump data by the end of visit 4, providing a tremendous ability to consider the association between leg power and chronic disease risk factors, functional status, and falls that previous studies did not have statistical power to determine.  Very few studies include individuals over 80 years old 15, 17, 18, 22.  All MrOS participants with jump data will be 80 or older.  Rameriz-Campillo et al.24 and Correa et al.25 are the only studies to focus on non-white ethnic groups. MrOS includes men who are self-described white, black, Asian, Hispanic and other ethnicity, though the percentage of minorities is low at 11%31. Caserotti et al.19 showed that jump power is higher in elderly men compared to elderly women.  MrOS includes only men, so this relationship will not be assessed. It has been shown that jump power increases with 36 weeks of training23, jump height increases with 12 weeks of training24, 25, 26, 27, 28, but not with 6 weeks of training25, and that jump height is maintained 6 weeks after training ends29.  MrOS is an observational study, so these aspects will not be addressed.  Jumping mechanography has shown to have good test-retest reliability22, 30.  A reproducibility study to assess the test-retest reliability of jumping mechanography will be conducted in MrOS, allowing coefficient of variation for intersubject variability to be assessed across a large population of older men.  Additionally, though jumping mechanography was incorporated, jump height, which has not been shown to be a significant predictor of function in older adults with poor motor performance and fall risk, was measured instead of jump power during counter movement jumps in many of the exercise training intervention studies24-29.  Jump power has also been shown to be associated with functional outcomes associated with aging, like anterior maximal tongue strength18, BMD measures21, and sarcopenia20.  In addition to assessing the relationship of jump power with BMD measures and sarcopenia, MrOS will be able to assess the association between jump power and many other outcomes associated with aging (falls, disability and mobility limitations) both cross-sectionally and prospectively.
The MrOS measures and information collected at visit 4 include:  blood pressure and pulse, cognitive function (Teng modified mini-mental state exam (MMSE)32 and trails B33), depression (Geriatric Depression Scale34, 35), DXA measures (hip, spine and whole body) of lean fat mass, fat mass and BMD, fatigue (Pittsburgh Fatigability Scale36), general information (living arrangement and marital status), high-resolution peripheral quantitative computed tomography (HRpQCT) measures (cross sectional moment of inertia, finite element derived failure load, cortical porosity and trabecular density) and muscle composition, lifestyle risk factors (life-space37, social networks38, SOF functional status and SF-1239), medical history (back and joint health, CVD self-reported medical conditions, general self-reported medical conditions, hip pain, history of falls, intention to lose weight and limited activity days), Personality Questionnaire40-43, physical activity (accelerometry activity monitor, PASE44, 6-m walk45, 400-m walk46, chair stands45, grip strength44 and  SPPB balance test45), sleep (Pittsburgh Sleep Quality Index47-48), specimen data (serum, urine-spot collection and whole blood), tobacco and alcohol use (frequency and quantity), and self-reported visual function.  This list of measures is extensive and allows data from MrOS to be used to investigate associations of leg power to many chronic disease risk factors, functional status, falls and life style risk factors.
The results of this quality control study indicate that the jumping mechanography method used for the AMTI force plate jump test is a feasible method for measuring leg power in a large multi-center epidemiological study of older men. An important strength of this study is that it includes men >80 years old who are at highest risk for falls and fractures49 that may lead to further disability and even death.  The force plate allows jumps from varied motor strategies to be analyzed so we are able to obtain data on all men that jump.  Specifically, the initial intensive review provided vital feedback for refining testing, showed examiner accuracy and competency in testing, and demonstrated that high quality data is collected.  Our data also indicate that older men are very able to perform jumps without, or with very little, pain.

The MrOS study is limited in generalizability because it includes only men, a large percentage of white men, and those who are healthy enough to attend a clinic exam.  It was found during this force plate quality control study that these men have varying motor strategies so data cleanup must be more comprehensive. Examiners over flag jumps, especially broken movement and losing balance, which was good initially but required more time in the review process.  Therefore, the subsequent decision was made to review only jumps with data flags, incorrect/missing flags, and testing/technical issues, all of which could potentially affect jump data. Participant safety flags are no longer reviewed as they do not affect data clean-up, but will be important to assess the relationship of these flags (loss of balance, stabilization required and pain) to other measures from MrOS, like balance, during data analyses.  

Site-specific differences likely occurred due to examiner variability and inconsistent understanding of flags and the testing protocol across sites.  These issues are currently being addressed through critical review and updates of the manual of operations that better clarify the testing procedure, provide more detailed and comprehensive explanations of the data and participant safety flags, and provide visual references for testing/technical issues that may occur during participant testing.
The first 10 participants/site will be compared to subsequently collected participant data.  Additionally, peak power, mean power, eccentric power, concentric power, jump height, velocity and force at peak power will be calculated with standardized programs at the University of Southern Denmark (Caserotti P). The University of Pittsburgh Reading Center will create post-processing variables, normalized power (peak power/participant body weight), to identify outliers and identify other data issues not detected during initial review.  A final, cleaned dataset will be sent to the University of California, San Francisco Coordinating Center for use by MrOS study investigators. 

Though older men have varying strategies for jumping, the force plate data collected from all participants and jumps thus far will be able to be analyzed. In summary, the AMTI jump test is a feasible method for measuring leg power in a large multi-center epidemiological study of older men, as shown by participant capability and high examiner accuracy.  The jumping mechanography leg power data from a large study of a diverse group of men with a wide range of functional ability will provide a basis for assessing counter movement jumps in elderly adults and aging research in general.
APPENDIX A: tables
Table 1.  Cross sectional studies incorporating mechanography 
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Table 2. Cross sectional studies incorporating mechanography, findings and results summary

	Authors (reference)
	Findings
	Results

	Buehring et al. 2010 (15)
	Jump power ↓with age

Jump height ↓with age
	45.5±9.9 watts/kg younger adults vs. 20.7 ±6.5 watts/kg older adults***

42.3±10.3 cm younger adults vs. 16.4±6.6 cm older adults***

	Rantalainen et al. 2009 (16)
	Jump power ↓with age

CMJ correlated with bone strength indices
	2660±550 watts vs. 1870±360 watts***

r=0.43 to 0.54***

	Runge et al. 2004 (17)
	Jump power negatively correlated with age
	r = -0.81 women***; r = -0.86 men***

	Buehring et al. 2013 (18)
	Anterior maximal tongue strength  correlated with jump power

Anterior maximal tongue strength  correlated with jump height
	correlation coefficients not published*

correlation coefficients not published*

	Caserotti et al. 2000 (19)
	Jump power in men > women

Jump power in men > women

Jump maximum velocity in men > women

Jump take off velocity in men >  women
	23.0±4.09 watts/kg men vs. 18.67±3.27 watts/kg women***

9.85±3.51 cm men vs. 5.93±2.43 cm women***

1.38±0.17 m/s men vs. 1.64±0.21 m/s women***

1.06±0.22 m/s men vs. 1.36±0.26 m/s women***

	Singh et al. 2014 (20)
	Jump power ↓in sarcopenia
	9.95±0.32 watts/kg sarcopenia vs. 11.16±0.26 watts/kg normal*

	Hardcastle et al. 2013 (21)
	Jump power + related to hip BMD

Jump power + related to midtibial cortical area

Jump power + related to  cortical BMD 

Jump power + related to  total bone area

Jump power + related to  cortical to total bone area ratio

Jump power + related to   tibial SSI

Jump power - related to endocortical circumference
	β=0.29*

β=0.29*

β=0.39*

β=0.10

β=0.26

β=0.26**

β=-0.24*


* p<0.05

**p<0.01

***p<0.0001

Table 3. Exercise training intervention studies incorporating jumping mechanography
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Table 4. Exercise training intervention studies incorporating jumping mechanography, findings and results summary
	Authors (reference)
	Findings
	Results

	Rittweger et al. 2004 (22)
	Test-retest correlated for jump 
	r=0.99

	Caserotti et al. 2008 (23)
	↑ jump power in training group 

↓ jump power in control group

↑ jump height in training group

 ↓jump height in control
	22.8 ±3.2 watts/kg pre-training; 24.1±3.7 watts/kg post-training*

23.8w±4.1 watts/kg at baseline to 23.0±4.5 watts/kg at 36-weeks*

9.38±3 cm pre-training to 10.82±3.3 cm post-training*

10.59±3.6 cm at baseline; 9.9±3.8 cm at 36-weeks*

	Ramirez-Campillo et al. 2014 (24)
	↑ jump height for EG & SG after training
	EG: 23% improvement*; SG: 13% improvement*; CG: 1% improvement*

	Correa et al. 2012 (25)
	Rapid strength training more effective than standard strength/power training for jump test performance
	RG (25% increase) vs. TG (4% increase)*; RG vs. PG (8% increase)*

	Amesberger et al.2011 (26)
	Elderly have a good mental representation about strength abilities, especially those in IG
	

	Pereira et al. 2012 (27)
	↑ jump height from pre-post training regardless of polymorphism
	

	Pereira et al. 2010 (28)
	↑ jump height from pre-post training in EG
	40% increase from pre to post-training*

	Pereira et al. 2012 (29)
	Jump height maintained after training program ended in EG

↓jump height after training program ended in CG
	% not published 

10% from 6 weeks after study ended*

	Larsen et al. 2006 (30)
	No significant test-retest differences in mean power

Power measured by CMJ is reproducible
	12.26±2.04 watts/kg test vs. 12.26±2.04 watts/kg retest

CV=5.14%


* p<0.05

APPENDIX B: FIGURES
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Figure 1. Literature review search strategy and selection criteria of MEDLINE/PubMed articles (January 1998 – November 2014) on jump mechanography in older adults
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Figure 2. Example of stages of counter movement jump

 [image: image9.png]@ H B -

QI ove | e oeson

By Xew [Ftayout-

Bl Ced

S ramatpaner | ghe. secion-
=

TRANSITIONS ~ ANIMATIONS.

6 - A
B I U Saeh-na

Font

SLIDE SHOW

MrOS Force Plate SCM 10-6-14 FINAL - PowerPoint
REVIEW  VIEW

|Ift Text Direction

\NOoo | I
ALLL0 0
%N

Align Text

Convertto SmartArt

Paragraph Drawing

Landing: initial ground contact

Peak Force

ion phase

Onset of movement after land

ight phase

Arrange Quick

Styles

This is what Paolo calls a ‘perfect jump'. Force on the Also can see onset of movement, downwards movement, and upwards movement.

Describe axis and pieces of jump. 1 want to take a minute to explain this since I'll be showing many of these curves from MrOS in a minute.

2 Shape Fil # Find
Shape Outline = 35 Replace
Shape Effects [y Select+

ating

DR

»

NOTES B COMMENTS

B




Figure 3. Jump with no protocol deviations (source: personal contact with Caserotti P)
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Figure 4. Jump with ‘failed to maintain a still position prior to go’
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Figure 5. Jump with ‘broken movement’
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Figure 6. Jump with ‘lost balance after landing’
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Figure 7. Jump with ‘required stabilization after landing’
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Figure 8. Jump that occurred without collection of 1-2 seconds of baseline data
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Figure 9. Jump that occurred outside of the 6-secondrecording period
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Figure 10. Jump where participant stepped onto the force plate after the recording had been started
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Figure 11. Jump where participant stepped off the force plate before the recording had been stopped
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Figure 12. Proportion of participants with form flags (N=60)
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Figure 13. Proportion of participants with form flags, by site (N=60)
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Figure 14. Proportion of jumps with form flags (N=231)
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Figure 15. Proportion of jumps with form flags, by site (N=231)
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Figure 16. Examiner accuracy and competency in testing, by total number of participants (N=60)
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Figure 17. Examiner accuracy and competency in testing, by total number of participants and site (N=60)
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Figure 18. . Examiner accuracy and competency in testing, by total number of jumps (N=231)
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Figure 19. . Examiner accuracy and competency in testing, by total number of jumps and site
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QUALITY CONTROL OF A NOVEL CLINCIAL MEASUREMENT OF LEG POWER IN OLDER ADULTS: THE AMTI FORCE PLATE JUMP TEST
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2. Participant bends knees downward as quickly as possible, prepares for lift off





3. Participant jumps as high as possible





1. Before jump, participant stands as still as possible





5. After jump, participant stands up straight and quietly








4. Participant lands smoothly
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