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ABSTRACT 

Objective: Vertical loading rate could be associated with residuum and whole body 

injuries affecting individuals fitted with transtibial prostheses. The objective of this 

study was to outline one out of five automated methods of extraction of vertical 

loading rate that stacked up the best against manual detection considered as the 

gold standard during pseudo-prosthetic gait.  

Methods: The load applied on the long axis of the leg of three males was recorded 

using a transducer fitted between a prosthetic foot and physiotherapy boot while 

walking on a treadmill for circa 30 minutes. The automated method of extraction of 

vertical loading rate combining the lowest absolute average and range of 95% CI 

difference compared to manual method was deemed the most accurate and precise.  

Result: The average slope of the loading rate detected manually over 150 strides 

was 5.56±1.33 kN/s while the other slopes ranged from 4.43±0.98 kN/s to 

6.52±1.64 kN/s depending on the automated detection method. Conclusion: An 

original method proposed here, relying on progressive loading gradient-based 

automated extraction, produced the closest results (6%) to manual selection.  

Significance: This work contributed to continuous efforts made by providers of 

prosthetic and rehabilitation care to generate evidence informing reflective clinical 

decision-making. 

ABBREVIATIONS 

%GC: Unit if time expressed in percentage of gait cycle; %BW: Unit of vertical force 

(FLG) expressed in percentage of body weight CI: Confidence in interval; FLG: Force 

applied on the long axis of the leg; FLG1: First loading peak during the first half of the 

support phase GC: Gait cycle; HC: Heel contact; Ma: Slope selected by expert a Mb: 

Slope selected by expert b; Mi: Method i (M1-M6) of automated detection of vertical 

loading rate S: Vertical loading slope; Si: Instantaneous vertical loading slope TO: 

Toe-off 
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INTRODUCTION 

Because the ability of individuals with lower limb loss to walk 

with a prosthesis is paramount to their quality of life, prosthetic 

care providers make bespoke clinical decisions intending to 

sustain the capacity of residuum to be fitted with a prosthesis. 

Allegedly, achieving satisfactory prosthetic attachment highly 

depends on the residuum health. This term can be defined as 

the holistic state of physical well-being of the residuum’s distinct 

neuromusculoskeletal system encapsulating resected skin, 

nerves, muscles and bone [1-3]. The intrinsic determinants of 

residuum health, including mainly the length of residuum and 

muscles reassignment, are established during surgical 

amputation [4,5]. Most common extrinsic determinants of 

residuum health could be substantially influenced by 

rehabilitation specialists and suppliers of components (e.g., 

manufacturers, prosthetists) who facilitate control of the 

prosthetic joint movements and fitting of components that, 

altogether, ultimately pertain level of activity [6]. 

Importance of loading to maintain residuum health 

By definition, clinical decisions around management of extrinsic 

determinants are more likely to have physical ripple effects on 

the residuum (e.g., Skin damage, muscle contracture, 

heterotopic bone growth, neuroma, phantom pain). These 

mechanical constraints constitute a loading profile broadly 

described as the pattern of three forces and moments applied 

on and around the anatomical axes of residuum over a series 

of gait cycles. 

For example, prosthetists seek to align ankle and knee units of 

a lower limb so that individuals could comfortably apply half 

and full bodyweight while standing and ambulating, 

respectively. Such symmetrical loading should enable a more 

balanced gait that, in return, might reduce incidence of falls as 

well as muscloskeletal injuries of sound joints due to overuse 

(e.g., back pain, osteoarthritis) [3,7,8]. Choice and alignment of 

components for typical socket-suspended prostheses are critical 

to generate suitable loading profile and subsequent intra-

socket pressure [9-13]. This could minimize risks of skin 

damages too often responsible for prosthesis abandonment. A 

Goldilocks loading regimen applied by bone-anchored 

prostheses is also critical for safe and efficient osseointegration 

around the implant during rehabilitation and beyond [14-16]. 

Under loading could lead to loosening and infection while 

overloading might compromise the bone–implant interface. 

Limitations of inverse dynamics 

Loading profile can be calculated using inverse dynamics 

equations providing comprehensive dynamics and kinematics 

information responsible for prosthetic and sound ankle, knee 

and hip joints kinetics [17-24]. However, this method relies on 

fixed equipment placed in delimited space. Ground reaction 

forces are collected using floor-mounted force-plates in 

walkways, stairs or ramps. Positions of lower limb segments 

within a calibrated volume are captured using 3D motion 

analysis systems [17,18,25,26].Valid dynamic measurements 

require sole contact of each foot on a force-plate that could be 

achieved through individualized arrangements of the starting 

point and/or force-plates positioning to avoid targeting 

and/or repetitive recording of invalid trials [17-19]. The sum 

of steps to be collected in a session is conditioned by the 

number and arrangement of force-plates and cameras [17-

19]. Otherwise, shortcomings with foot placement and number 

of steps could be alleviated by using an instrumented treadmill 

provided that 3D motion capture has the capacity to record for 

an extended period of time. Finally, inverse dynamics 

calculations are potentially sensitive to accurate extraction of 

inertial characteristics of prosthetic components [27,28]. In 

addition to being resource intensive, the extraction of the 

loading profile using this approach is, altogether, partially 

reflective of the true prosthetic loading regimen applied during 

daily ambulation [17,18,25]. Therefore, evidence provided this 

way showing effects of an intervention has limited strength. 

Benefits of kinetic portable devices 

Alternatively, loading profile can be directly measured using 

state-of-the-art portable kinetic systems including compact 

multi-axis transducers fitted within a prosthesis (Figure 1). Such 

systems are capable of recording and storing or sending 

wirelessly the actual load applied on residuum for a virtually 

unlimited number of steps during unrestricted daily activities. 

Therefore, they should provide more ecological prosthetic 

loading profile with better insights into the range of critical 

loading characteristics [29-33]. 

Direct measurement of loading profile has been conducted on 

case-series and cohort of individuals with Transtibial 
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Amputation (TTA) fitted with socket-suspended prostheses [4,9-

16,18,20,25,34-45]. These studies analysed force versus 

moment in various planes during several walking activities (e.g., 

walking and turning round a circle) to compare prosthetic feet, 

determine the effect of anteroposterior alignment 

perturbations on rollover and predict intra-socket pressures 

[34,35,46]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Loading profile has also been directly measured on cohorts of 

individuals fitted with transfemoral bone-anchored prostheses 

during rehabilitation program (e.g., static load bearing, use of 

walking aids), standardized (e.g., walking in straight line and 

around a circle, ascending and descending stairs and ramps) as 

well as unscripted daily activities (e.g., open environment, fall) 

[4,14-16,18,25,36-45]. These studies characterized the 

prosthetic loading profile using a range of variables 

associated with spatio- temporal characteristics (e.g., cadence, 

duration of Gait Cycle (GC) and support and swing phases), 

loading boundaries (e.g., maximum and minimum magnitude), a 

series of points of interest or local extremum (e.g., onset and 

magnitude of points of inflection between loading rate) and 

impulse [36-39,42,45,47,48]. Extraction of these variables for 

large number of steps usually generated during ecological 

recordings was facilitated by the semi-automated detection of 

gait events (e.g., heel contact (HC), toe-off (TO)) and points of 

interest using set loading thresholds as well as extraction of 

maximum or minimum loading magnitude within a time window 

selected manually, respectively [25,28,49-51]. 

Need for automated detection of loading rate 

Incidentally, a single-case study differentiated the specific 

loading profile of transfemoral bone-anchored prostheses 

fitted with either mechanical or microprocessor controlled knee 

units using vertical loading rate [45]. Expressed in kN/s, this 

slope of the loading rate corresponded to a quasi-linear 

section of the force applied on the long axis of the residuum 

(FLG) occurring between HC and First Loading Peak (FLG1) 

during the first half of the support phase (Figure 1) [25]. In 

contrast with points of interest represented by a magnitude of 

loading at a given time during the support phase, the vertical 

loading rate provided further information by reporting the 

variation of magnitude between two points of calculation 

occurring within HC and FLG1 at the critical initial loading 

phase. 

Additional information provided by vertical loading rate has 

been widely reported to explain lower limb musculoskeletal 

injuries and evidence efficiency of footwear on able-bodied 

[52]. Likewise, the vertical prosthetic loading rate could be 

used for a better understanding of the link between loading 

profile and residuum skin damages or development of 

osseointegration as well as muscloskeletal injuries of back, 

 

Figure 1: Overview of potential link between ankle units (A) 

affecting the long axis (F) of the Residuum (R) of individuals 

with Transtibial Amputation (TTA) fitted with either a socket 

(O) Suspended-Prosthesis (SSP) or a Bone-Anchored 

Prosthesis (BAP) through osseointegrated Implant (I), Kinetic 

Data (KIN) including the slope of vertical loading rate (S) of 

quasi-linear section of the force applied on the long axis 

(FLG) of the residuum, measured directly by Transducer (T) 

that occurred between Heel Contact (HC) and first loading 

peak (FLG1) during the first half of the support phase, and 

Adverse Events (AE) including skin damages of residuum 

and musculoskeletal injuries of Low back (L) and Hips (H) 

and Knees (K). TO: Toe-off, BW: body weight. 
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sound knees and hips (Figure 1). Nonetheless, this variable is 

still largely overlooked when analyzing ecological prosthetic 

loading profile measured directly. 

The underlying reasons for under reporting vertical loading 

rate might be found in the extraction process itself. At this 

stage, there is a lack of clear indications for the selection of 

points of calculation occurring within HC and FLG1 that should 

best represent the quasi-linear section of FLG. Detection of these 

points must be performed somehow manually while relying on 

visual inspection of FLG for each individual GC. Consequently, 

this manual selection of the slope could be subjected to high 

inter-raters variability. More practically, this method is simply 

unattainable when considering large data sets acquired during 

ecological assessments, reaching up to 3,000 steps in five hours 

recording [36-39,45]. 

Altogether, there is a need for elucidating vertical loading rate 

and slope extraction standards that will allow supplanting 

manual selection by specific algorithms capable of detecting 

automatically the slope produced during prosthetic gait. This 

will facilitate consistent reporting of loading rate data essential 

for cross-comparison of separate studies (e.g., benchmark, 

meta-analyses). 

Objectives 

The long-term aim of this work was to facilitate the 

development of an automated extraction of lower limb 

prosthetic vertical loading rate. 

The main purpose of this study was to outline a worthwhile 

automated method to detect points of calculation of vertical 

loading rate produced during pseudo-transtibial prosthetic 

gait. 

The specific objective was to compare the efficacy of five 

automated methods of detection against manual selection of 

vertical loading rate including three automated methods 

relying on criterion presented in the literature and two originals 

methods. 

METHODS 

Participants 

The recruitment of participants was dictated by constraints of 

protocol to record suitable kinetic data in experimental settings 

at the core of study design. Between 6-10 centimeters 

clearance was required to provide sufficient space to fit the 

transducer between the transtibial socket and the ankle unit. 

Recording of the large number of steps required was achieved 

by walking on a treadmill for up to 30 minutes. Based on 

discussions with clinicians, we came to the conclusion that 

requesting TTAs with short residuum to walk as needed could 

increase residuum skin damages risks (e.g., blister). Ultimately, 

exposure to these unnecessarily potential harms was deemed 

against ethical best-practice in clinical research. 

Alternatively, we recruited three able-bodied males (83±14.8 

kg, 1.77±0.1 m, 43±5 yrs) using an arm-length recruitment 

strategy between June 2017 and March 2018. No exclusion 

criteria were applied for ethnicity, gender, age, weight and 

height or level of activity. The specific inclusion criterion 

included to be free of lower limb injuries or pain at the time of 

recording and capable to walk for 30 minutes on a treadmill 

using pseudo-prosthesis. Human research ethical approval was 

received from University Human Research Ethics Committee of 

the Queensland University of Technology (1600001124) and 

approved by U.S. Army Medical Research and Materiel 

Command (USAMRMC), Office of Research Protections (ORP), 

Human Research Protection Office (HRPO). Written consent was 

obtained from all the participants. 

Apparatus 

Participants walked with two surrogate transtibial prostheses 

made of a physiotherapy boot and a solid ankle cushion heel 

foot. The loading applied on the left leg was measured using a 

portable kinetic system (i.e., iPecLab, RTC, US) including a 

transducer fitted between the boot and foot [23]. The 

transducer was positioned so that the vertical axis of its 

coordinate system was collinear with the long axis of the leg. A 

spacer replaced the transducer on the right side. 

FLG was recorded by the transducer set at 200 Hz and sent 

wirelessly to a laptop nearby while participants walked at 5 

km/h speed on a treadmill with a 1% incline for 25 to 30 

minutes [23]. 

Processing 

Gait events (e.g., HC, TO) were detected automatically when 

FLG crossed 10% of the bodyweight [29,31,32,53]. The first 

10 – 15 minutes of walk corresponding to circa 100 strides 

were discarded to avoid considering data clouded by the 

participants acclimation with the pseudo-prostheses. The slope 

of the vertical loading rate was calculated so that a high and 
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low magnitude indicated a steep and flat slope for six methods 

(M1-M6), respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

An overview of the criterion for automated detection of the 

slope of vertical loading rate including the section of the 

loading rate used to calculate the slope, the requirement for 

normalization of load with bodyweight (Newtons vs %BW) and 

time of GC (Seconds vs %GC) as well as supporting reference 

for each of the six methods compared is provided in (Table 1). 

In M1, the slopes was the average of the slopes selected by 

two experts (Ma, Mb) who manually identified a section of FLG 

expressed in Newtons over time expressed in seconds they 

deemed the most relevant, as described in Frossard et al., 

while characterizing loading rate of transfemoral bone- 

anchored prostheses fitted with different components during 

walking [45]. In M2, the slopes were detected automatically 

for the section between 20% and 80% of the maximum FLG 

expressed in %BW over time expressed in %GC, as described 

by Williams et al., while characterizing loading rate on able-

bodied during running [51]. In M3, the slopes were detected 

automatically for the section within the first 20 ms of FLG 

expressed in Newtons over time expressed in seconds, as 

described by Revill et al., while characterizing loading rate on 

able-bodied during walking [50]. In M4, the slopes were 

detected automatically for the section between 200N and 

90% of the maximum FLG expressed in Newtons over time 

expressed in seconds, as described by Lieberman et al., while 

characterizing loading rate on able-bodied during running 

[49]. In M5, the slopes were calculated between HC and FLG1 

expressed in %BW over time expressed in %GC, as described 

by Frossard et al., while characterizing loading profile with 

transfemoral bone-anchored prosthesis during walking with 

aids and fall [39,44]. Purposely designed for this study, M6 

relied on progressive loading gradient-based automated 

extraction method. The slopes were calculated between two 

points on FLG occurring when the Instantaneous Slopes (Si) 

were superior and inferior to 15% of the maximum gradient 

between HC and FLG1, respectively. Si was calculated as the 

numerical first derivative of the FLG expressed in %BW with 

respect to time expressed in %GC. 

Analysis 

The efficacy of a Given Method (Mi) was reported using the 

average and one standard deviation of all slopes detected for 

the three participants combined. M1 was considered as the 

gold standard. Automated methods were compared against 

M1 using the average and 95% Confidence Interval (CI) of the 

difference and represented in a Bland-Altman plot. A positive 

or negative difference indicated that the slope detected 

automatically was flatter or steeper than M1, respectively. The 

automated method combining the lower absolute average and 

range of 95% CI difference was deemed the most accurate 

and precise. 

RESULT 

A total of 150 gait cycles including approximately 50 cycles 

per participant were considered for analysis. The cadence, 

duration of GC and support phase was 46 strides/min, 

1.32±0.11 s, 0.80±0.08 s or 61±6 %GC, respectively. An 

 

Table 1: Criterion for automated detection of the slope 

of vertical loading rate (S) of during the first half of the 

support phase for each of the six methods compared 

including three automated methods relying on criterion 

presented in the literature (M2, M3, M4) and two 

originals methods (M5, M6). Y: Yes, N: No. 
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overview of the mean pattern of FLG during the whole support 

phase is provided in (Figure 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The average slope was 5.56±1.33 KN/s for M1, 6.52±1.64 

KN/s for M2, 5.13±1.94 KN/s for M3, 6.11±1.65 KN/s for 

M4, 4.43±0.98 KN/s for M5 and 5.24±1.41 KN/s for M6. 

The average slopes detected with M2 and M4 were 15% and 

9% steeper while the ones with M3, M5 and M6 were 9%, 

26% and 6% flatter than M1, respectively. 

Mean difference with M1 and 95% CI was -0.95 [-1.92, 0.02] 

kN/s for M2, 0.44 [-2.37, 3.25] kN/s for M3, -0.54 [-2.02, 

0.94] kN/s for M4, 1.13 [-0.68, 2.95] kN/s for M5 and 0.32 

[-0.79, 1.43] kN/s for M6 (Figure 3b-f). 

The ranking of the methods by decreasing absolute average 

and range of 95% CI differences combined was: M6, M2, M4, 

M3 and M5. 

DISCUSSION 

Key results 

The key outcomes of the study were: 

• The average slopes of vertical loading rate ranged 

between 4.43±0.98 kN/s to 6.52±1.64 kN/s for M2 to M5, 

respectively. 

• The difference between the manual (M1) and the 

automated (M2-M6) detection of slopes of vertical loading 

rate ranged between -0.96 kN/s and 1.13 kN/s for M2 to 

M5, respectively. 

Limitations  

A clear limitation of this work was the use of an instrumented 

physiotherapy boot by able-bodied to produce a pseudo-

prosthetic gait rather than actual loads applied by individuals 

with TTA during prosthetic gait. 

Another limitation was the appraisal of the differences in 

magnitude of slopes between manual and automated methods 

of detection. Altogether, the differences with M1 seemed 

generally low for each method based on basic algebraic 

interpretations. Regardless of the possible statistical 

significance of the differences, a more comprehensive 

understanding was limited since there is little evidence showing 

how minimal clinically important differences in vertical loading 

rate translate into noticeable outcomes for patients (e.g., 

comfort score, skin damage) as highlighted previously [54,55]. 

Interpretation 

Clearly, relying on easily detectable points of inflection, such 

as HC and FLG1, generated the worse results with 26% 

difference between M5 and M1. This confirmed that vertical 

 

 

Figure 2: Mean and standard deviation of force applied on 

the long axis of the leg (FLG) as well as mean onset and 

magnitude of FLG1 and FLG2 measured by transducer for 

150 gaits cycles. BW: average body weight. 

 

Figure 3: Mean and standard deviation of slopes of vertical 

loading rates generated with each of the six methods of 

detection (M1-M6) (a) as well as 150 slopes, mean and 95% 

confidence intervals of difference between M1 considered as 

gold standard and M2 (b), M3 (c), M4 (d), M5 (e) and M6 (f) 

represented by solid and dashed lines, respectively. 
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loading in pseudo-prosthetic gait generates transient 

intermediate loading phases before and after the loading rate 

instead of a linear progression between HC and FLG1. 

Methods relying on previously established selection criterion 

generated acceptable differences of less than 15% for M2-

M5. This indicates that set vertical loading thresholds extracted 

from dynamics studies on able-bodied during walking or 

running might only be partially transferable to prosthetic gait. 

Furthermore, this study revealed that M6 produced the smallest 

difference (6%) compared to M1, indicating that a progressive 

loading gradient-based automated detection of vertical 

loading rate during pseudo-prosthetic gait might be 

worthwhile. Finally, comparison with existing literature showed 

that, interestingly, FLG applied by the participants presented 

similar features as FLG applied by actual individuals fitted with 

transfemoral prostheses [38,39,45]. For instance, the force 

applied during the push off phase represented by FLG2 (e.g., 

76±6%SUP, 689.73±85.31 N or 86±8 %BW) was 

52.45±79.12 N or 7±10 %BW smaller that FLG1 (e.g., 

23±3%SUP, 742.18±133.90 N or 92±15 %BW). However, 

further comparison with loading rates published in the literature 

was challenging due to the discrepancy in measurements and 

reporting of the data. Frossard et al., showed that the loading 

rate on the long axis of a transfemoral osseointegrated 

implant during the initial part of a fall was 0.34 N/ms [44]. 

Frossard et al., indicated that the slope of the loading rate 

applied on long axis of osseointegrated implants by 

transfemoral bone-anchored prostheses was 70.56±1.86 deg 

when walking [45]. Revill et al., reported that the peak vertical 

force loading rate applied by abled-bodied during barefoot 

walking ranged between 100 and 120 BW/s. 

Generalisability 

Further generalization of the results was also impeded by the 

typical intrinsic limitations of this small case-series study. A 

reasonably large range of body mass and height within the 

group of participants should affect stride length and induced 

some variability in vertical loading patterns [37,38]. 

Nonetheless, other confounders that could potentially add 

variability were controlled as only able-bodied males walked 

with surrogate prosthesis at steady pace using a treadmill. 

Future studies 

The next logical step of this work will be to extract vertical 

loading rate applying M6 for larger cohorts of individuals with 

TTA performing actual daily activities [37,38,53,56]. Further 

longitudinal studies could improve the robustness of the 

algorithm proposed in M6 by considering cohorts with various 

lengths of residuum, body weights and functional classification. 

Further evidence of clinical utility of M6 could be achieved by 

additional cross-sectional studies establishing how vertical 

loading rate recorded with prosthetic components various 

anthropomorphic designs, alignments and methods of 

attachment (e.g., socket suspension, bone-anchorage) could be 

associated with particular adverse events affecting residuum 

and overall health (e.g., skin damages, development of 

osseointegration, injuries of sound joints) as well as participants’ 

experience (e.g., comfort, satisfaction) [1,43,44,47,48,57]. 

CONCLUSION 

This study provided critical technical information to report the 

efficacy of several methods of extraction of vertical loading 

rate for the first time. Indeed, an attempt to outline a 

worthwhile automated method relying on progressive loading 

gradient-based detection of points of calculation was shared. 

This study should be considered as a stepping-stone in the 

broad developments of automated characterization of 

prosthetic loading profiles of individuals with lower limb 

amputation. More particularly, this study could facilitate 

analysis of large ecological kinetic datasets obtained during 

rehabilitation and beyond. We will argue that extraction of 

loading rate as suggested could be used by prosthetic care 

providers to guide prosthetic adjustments aiming at maintaining 

residuum health including choices, fitting and alignment of 

components. In return, the knowledge of loading rate following 

these interventions could assist rehabilitation specialists to make 

differential diagnosis of most common issues compromising the 

residuum health such as skin damages, muscle contracture or 

heterotopic bone growth. 

Altogether, this work contributed to the on-going efforts made 

by all providers of rehabilitation and prosthetic care to 

generate ever better evidence informing reflective clinical 

decision-making. 

ACKNOWLEDGEMENT 

This work was supported by the Office of the Assistant 

Secretary of Defense for Health Affairs, through the Orthotics 



Physical Medicine & Rehabilitation Journal 

 08 

Kinetics of Lower Limb Prosthesis: Automated Detection of Vertical Loading Rate. Physical Medicine & Rehabilitation Journal. 

2019; 2(2):120. 

and Prosthetics Outcomes Research Program – Prosthetics 

Outcomes Research Award under Award No. W81XWH-16-1-

0475. Opinions, interpretations, conclusions and 

recommendations are those of the author and are not 

necessarily endorsed by the Department of Defense. The 

authors would like to acknowledge the contribution of Professor 

Scott Wearing to the development of the study design. The 

authors would also like to credit Alex Bek and Sally Cavenett 

for authorizing the use of the photos inserted in Figure 1. 

ETHICAL ADHERENCE 

Human research ethical approval was received from University 

Human Research Ethics Committee of the Queensland University 

of Technology (1600001124) and approved by U.S. Army 

Medical Research and Materiel Command (USAMRMC), Office 

of Research Protections (ORP), Human Research Protection 

Office (HRPO). 

REFERENCES 

1. Portnoy S, Yizhar Z, Shabshin N, Itzchak Y, Kristal A, et al. 

(2008). Internal mechanical conditions in the soft tissues of 

a residual limb of a trans-tibial amputee. J Biomech. 41: 

1897-1909. 

2. Sartori M, Llyod DG, Farina D. (2016). Neural Data-

Driven Musculoskeletal Modeling for Personalized 

Neurorehabilitation Technologies. IEEE Trans Biomed Eng. 

63: 879-893.  

3. Besier TF, Fredericson M, Gold GE, Beaupre GS, Delp SL. 

(2009). Knee muscle forces during walking and running in 

patellofemoral pain patients and pain-free controls. J 

Biomech. 42: 898-905. 

4. Pather S, Vertriest S, Sondergeld P, Ramis MA, Frossard L. 

(2018). Load characteristics following transfemoral 

amputation in individuals fitted with bone-anchored 

prostheses: a scoping review protocol. JBI Database 

System Rev Implement Rep. 16: 1286-1310.  

5. J Fernandez J, Zhang J, Heidlauf T, Sartori M, Besier T, et 

al. (2016). Multiscale musculoskeletal modelling, data–

model fusion and electromyography-informed modelling. 

Interface Focus. 6: 20150084. 

6. Sooriakumaran S, Uden M, Mulroy S, Ewins D, Collins T. 

(2018). Collins, The impact a surgeon has on primary 

amputee prosthetic rehabilitation: A survey of residual 

lower limb quality. Prosthet Orthot Int. 42: 428-436.   

7. Besier TF, Draper CE, Gold GE, Beaupre GS, Delp SL. 

(2005). Patellofemoral joint contact area increases with 

knee flexion and weight-bearing. J Orthop Res. 23: 345-

350.  

8. Besier TF, Gold GE, Delp SL, Fredericson M, Beaupre GS. 

(2008). The influence of femoral internal and external 

rotation on cartilage stresses within the patellofemoral 

joint. J Orthop Res. 26: 1627-1635.  

9. Boone DA, Kobayashi T, Chou TG, Arabian AK, Coleman 

KL, et al. (2013). Influence of malalignment on socket 

reaction moments during gait in amputees with transtibial 

prostheses. Gait Posture. 37: 620-626.  

10. Kobayashi T, Arabian AK, Orendurff MS, Rosenbaum-Chou 

TG, Boone DA. (2014). Effect of alignment changes on 

socket reaction moments while walking in transtibial 

prostheses with energy storage and return feet. Clin 

Biomech (Bristol, Avon). 29: 47-56.  

11. Kobayashi T, Orendurff MS, Zhang M, Boone DA. (2014). 

Individual responses to alignment perturbations in socket 

reaction moments while walking in transtibial prostheses. 

Clin Biomech (Bristol, Avon). 29: 590-594.  

12. Kobayashi T, Orendurff MS, Arabian AK, Rosenbaum-Chou 

TG, Boone DA. (2014). Effect of prosthetic alignment 

changes on socket reaction moment impulse during walking 

in transtibial amputees. J Biomech. 47: 1315-1323.  

13. Kobayashi T, Orendurff MS, Zhang M, Boone DA. (2016). 

Socket reaction moments in transtibial prostheses during 

walking at clinically perceived optimal alignment. Prosthet 

Orthot Int. 40: 503-508.  

14. Vertriest S, Pather S, Sondergeld P, Ramis MA, Frossard L. 

(2017). Rehabilitation programs after the implantation of 

transfemoral osseointegrated fixations for bone-anchored 

prostheses: a systematic review protocol. JBI Database 

System Rev Implement Rep. 15: 607-619.  

15. Vertriest S, Coorevits P, Hagberg K, Brånemark R, 

Häggström EE, et al. (2017). Static load bearing exercises 

of individuals with transfemoral amputation fitted with an 

osseointegrated implant: Loading compliance. Prosthet 

Orthot Int. 41: 393-401.  

16. Vertriest S, Coorevits P, Hagberg K, Brånemark R, 

Häggström E, et al. (2015). Static load bearing exercises 

of individuals with transfemoral amputation fitted with an 

https://www.ncbi.nlm.nih.gov/pubmed/18495134
https://www.ncbi.nlm.nih.gov/pubmed/18495134
https://www.ncbi.nlm.nih.gov/pubmed/18495134
https://www.ncbi.nlm.nih.gov/pubmed/18495134
https://www.ncbi.nlm.nih.gov/pubmed/27046865
https://www.ncbi.nlm.nih.gov/pubmed/27046865
https://www.ncbi.nlm.nih.gov/pubmed/27046865
https://www.ncbi.nlm.nih.gov/pubmed/27046865
https://www.ncbi.nlm.nih.gov/pubmed/19268945
https://www.ncbi.nlm.nih.gov/pubmed/19268945
https://www.ncbi.nlm.nih.gov/pubmed/19268945
https://www.ncbi.nlm.nih.gov/pubmed/19268945
https://www.ncbi.nlm.nih.gov/pubmed/29894396
https://www.ncbi.nlm.nih.gov/pubmed/29894396
https://www.ncbi.nlm.nih.gov/pubmed/29894396
https://www.ncbi.nlm.nih.gov/pubmed/29894396
https://www.ncbi.nlm.nih.gov/pubmed/29894396
https://www.ncbi.nlm.nih.gov/pubmed/27051510
https://www.ncbi.nlm.nih.gov/pubmed/27051510
https://www.ncbi.nlm.nih.gov/pubmed/27051510
https://www.ncbi.nlm.nih.gov/pubmed/27051510
https://www.ncbi.nlm.nih.gov/pubmed/29480094
https://www.ncbi.nlm.nih.gov/pubmed/29480094
https://www.ncbi.nlm.nih.gov/pubmed/29480094
https://www.ncbi.nlm.nih.gov/pubmed/29480094
https://www.ncbi.nlm.nih.gov/pubmed/15734247
https://www.ncbi.nlm.nih.gov/pubmed/15734247
https://www.ncbi.nlm.nih.gov/pubmed/15734247
https://www.ncbi.nlm.nih.gov/pubmed/15734247
https://www.ncbi.nlm.nih.gov/pubmed/18524000
https://www.ncbi.nlm.nih.gov/pubmed/18524000
https://www.ncbi.nlm.nih.gov/pubmed/18524000
https://www.ncbi.nlm.nih.gov/pubmed/18524000
https://www.ncbi.nlm.nih.gov/pubmed/23177920
https://www.ncbi.nlm.nih.gov/pubmed/23177920
https://www.ncbi.nlm.nih.gov/pubmed/23177920
https://www.ncbi.nlm.nih.gov/pubmed/23177920
https://www.ncbi.nlm.nih.gov/pubmed/24315709
https://www.ncbi.nlm.nih.gov/pubmed/24315709
https://www.ncbi.nlm.nih.gov/pubmed/24315709
https://www.ncbi.nlm.nih.gov/pubmed/24315709
https://www.ncbi.nlm.nih.gov/pubmed/24315709
https://www.ncbi.nlm.nih.gov/pubmed/24792233
https://www.ncbi.nlm.nih.gov/pubmed/24792233
https://www.ncbi.nlm.nih.gov/pubmed/24792233
https://www.ncbi.nlm.nih.gov/pubmed/24792233
https://www.ncbi.nlm.nih.gov/pubmed/24612718
https://www.ncbi.nlm.nih.gov/pubmed/24612718
https://www.ncbi.nlm.nih.gov/pubmed/24612718
https://www.ncbi.nlm.nih.gov/pubmed/24612718
https://www.ncbi.nlm.nih.gov/pubmed/26133191
https://www.ncbi.nlm.nih.gov/pubmed/26133191
https://www.ncbi.nlm.nih.gov/pubmed/26133191
https://www.ncbi.nlm.nih.gov/pubmed/26133191
https://www.ncbi.nlm.nih.gov/pubmed/28267022
https://www.ncbi.nlm.nih.gov/pubmed/28267022
https://www.ncbi.nlm.nih.gov/pubmed/28267022
https://www.ncbi.nlm.nih.gov/pubmed/28267022
https://www.ncbi.nlm.nih.gov/pubmed/28267022
https://www.ncbi.nlm.nih.gov/pubmed/27117014
https://www.ncbi.nlm.nih.gov/pubmed/27117014
https://www.ncbi.nlm.nih.gov/pubmed/27117014
https://www.ncbi.nlm.nih.gov/pubmed/27117014
https://www.ncbi.nlm.nih.gov/pubmed/27117014
https://www.ncbi.nlm.nih.gov/pubmed/25051557
https://www.ncbi.nlm.nih.gov/pubmed/25051557
https://www.ncbi.nlm.nih.gov/pubmed/25051557


Physical Medicine & Rehabilitation Journal 

 09 

Kinetics of Lower Limb Prosthesis: Automated Detection of Vertical Loading Rate. Physical Medicine & Rehabilitation Journal. 

2019; 2(2):120. 

osseointegrated implant: reliability of kinetic data. IEEE 

Trans Neural Syst Rehabil Eng. 23: 423-430.  

17. Frossard L, Cheze L, Dumas R. (2011). Dynamic input to 

determine hip joint moments, power and work on the 

prosthetic limb of transfemoral amputees: ground reaction 

vs knee reaction. Prosthet Orthot Int. 35: 140-149.  

18. Dumas R, Branemark R, Frossard L. (2017). Gait analysis 

of transfemoral amputees: errors in inverse dynamics are 

substantial and depend on prosthetic design. IEEE Trans 

Neural Syst Rehabil Eng. 25: 679-685.  

19. Dumas R, Cheze L, Frossard L. (2009). Loading applied on 

prosthetic knee of transfemoral amputee: comparison of 

inverse dynamics and direct measurements. Gait Posture. 

30: 560-562.  

20. Neumann E, Frossard L, Ramos M, Bidwell K. (2017). 

Prosthesis: Load Cell Applicability to Outcome 

Measurement - Chapter 6. In: Advances in Medicine and 

Biology. Berhardt LV, (editors). New York: Nova Science 

Publishers. 121: 133-172. 

21. Stephenson P, Seedhom BB. (2002). Estimation of forces at 

the interface between an artificial limb and an implant 

directly fixed into the femur in above-knee amputees. J 

Orthop Sci. 7: 292-297.  

22. Raphael Dumas, Laurence Cheze, Laurent Frossard. 

(2009). Load during prosthetic gait: Is direct measurement 

better than inverse dynamics? Gait & Posture. 30: S86-

S87.  

23. Koehler SR, Dhaher YY, Hansen AH. (2014). Cross-

validation of a portable, six-degree-of-freedom load cell 

for use in lower-limb prosthetics research. J Biomech. 47: 

1542-1547.  

24. Thesleff A, Ludvigsson S, Ohr E, Ortiz-Catalan M. (2018). 

Load exposure of osseointegrated implants for 

transfemoral limb prosthesis during running. Conf Proc IEEE 

Eng Med Biol Soc. 2018: 1743-1746.  

25. Laurent Frossard, Nathan Stevenson, John Sullivan, Maggie 

Uden, Mark Pearcy. (2011). Categorization of Activities of 

Daily Living of Lower Limb Amputees During Short-Term 

Use of a Portable Kinetic Recording System: A Preliminary 

Study. Journal of Prosthetics and Orthotics. 23: 2-11.  

26. Frossard L, Stevenson N, Smeathers J, Häggström E, 

Hagberg K, et al. (2008). Monitoring of the load regime 

applied on the osseointegrated fixation of a trans-femoral 

amputee: a tool for evidence-based practice. Prosthet 

Orthot Int. 32: 68-78.  

27. Futamure S, Bonnet V, Dumas R, Venture G. (2017). A 

sensitivity analysis method for the body segment inertial 

parameters based on ground reaction and joint moment 

regressor matrices. J Biomech. 64: 85-92. 

28. Narang YS, Arelekatti VN, Winter AG. (2016). The Effects 

of Prosthesis Inertial Properties on Prosthetic Knee Moment 

and Hip Energetics Required to Achieve Able-Bodied 

Kinematics. IEEE Trans Neural Syst Rehabil Eng. 24: 754-

763.  

29. Chia Bejarano N, Ambrosini E, Pedrocchi A, Ferrigno G, 

Monticone M, et al. (2015). A novel adaptive, real- time 

algorithm to detect gait events from wearable sensors. 

IEEE Trans Neural Syst Rehabil Eng. 23: 413-422.  

30. Crea S, Cipriani C, Donati M, Carrozza MC, Vitiello N. 

(2015). Providing time-discrete gait information by 

wearable feedback apparatus for lower-limb amputees: 

usability and functional validation. IEEE Trans Neural Syst 

Rehabil Eng. 23: 250-257.  

31. Khandelwal S, Wickstrom N. (2016). Gait Event Detection 

in Real-World Environment for Long-Term Applications: 

Incorporating Domain Knowledge Into Time-Frequency 

Analysis. IEEE Trans Neural Syst Rehabil Eng. 24: 1363-

1372.  

32. Maqbool HF, Husman MAB, Awad MI, Abouhossein A, 

Iqbal N, et al. (2017). A Real-Time Gait Event Detection 

for Lower Limb Prosthesis Control and Evaluation. IEEE 

Trans Neural Syst Rehabil Eng. 25: 1500-1509.  

33. Zhang F, D'Andrea SE, Nunnery MJ, Kay SM, Huang H. 

(2011). Towards design of a stumble detection system for 

artificial legs. IEEE Trans Neural Syst Rehabil Eng. 19: 

567-577.  

34. Edward S Neumann, Justin Brink, Kartheek Yalamanchili, 

Joon S Lee. (2013). Regression Estimates of Pressure on 

Transtibial Residual Limbs Using Load Cell Measurements 

of the Forces and Moments Occurring at the Base of the 

Socket. JPO Journal of Prosthetics and Orthotics. 25: 1-12. 

35. Edward S. Neumann, Justin Brink, Kartheek Yalamanchili, 

Joon S. Lee. (2012). Use of a Load Cell and Force-Moment 

Analysis to Examine Transtibial Prosthesis Foot Rollover 

https://www.ncbi.nlm.nih.gov/pubmed/25051557
https://www.ncbi.nlm.nih.gov/pubmed/25051557
https://www.ncbi.nlm.nih.gov/pubmed/21697197
https://www.ncbi.nlm.nih.gov/pubmed/21697197
https://www.ncbi.nlm.nih.gov/pubmed/21697197
https://www.ncbi.nlm.nih.gov/pubmed/21697197
https://www.ncbi.nlm.nih.gov/pubmed/28113632
https://www.ncbi.nlm.nih.gov/pubmed/28113632
https://www.ncbi.nlm.nih.gov/pubmed/28113632
https://www.ncbi.nlm.nih.gov/pubmed/28113632
https://www.ncbi.nlm.nih.gov/pubmed/19709886
https://www.ncbi.nlm.nih.gov/pubmed/19709886
https://www.ncbi.nlm.nih.gov/pubmed/19709886
https://www.ncbi.nlm.nih.gov/pubmed/19709886
http://www.laurentfrossard.com/biomechanics-of-individuals-with-limb-loss/publications
http://www.laurentfrossard.com/biomechanics-of-individuals-with-limb-loss/publications
http://www.laurentfrossard.com/biomechanics-of-individuals-with-limb-loss/publications
http://www.laurentfrossard.com/biomechanics-of-individuals-with-limb-loss/publications
http://www.laurentfrossard.com/biomechanics-of-individuals-with-limb-loss/publications
https://www.ncbi.nlm.nih.gov/pubmed/12077652
https://www.ncbi.nlm.nih.gov/pubmed/12077652
https://www.ncbi.nlm.nih.gov/pubmed/12077652
https://www.ncbi.nlm.nih.gov/pubmed/12077652
https://www.researchgate.net/publication/230583413_Load_during_prosthetic_gait_Is_direct_measurement_better_than_inverse_dynamics
https://www.researchgate.net/publication/230583413_Load_during_prosthetic_gait_Is_direct_measurement_better_than_inverse_dynamics
https://www.researchgate.net/publication/230583413_Load_during_prosthetic_gait_Is_direct_measurement_better_than_inverse_dynamics
https://www.researchgate.net/publication/230583413_Load_during_prosthetic_gait_Is_direct_measurement_better_than_inverse_dynamics
https://www.ncbi.nlm.nih.gov/pubmed/24612723
https://www.ncbi.nlm.nih.gov/pubmed/24612723
https://www.ncbi.nlm.nih.gov/pubmed/24612723
https://www.ncbi.nlm.nih.gov/pubmed/24612723
https://www.ncbi.nlm.nih.gov/pubmed/30440732
https://www.ncbi.nlm.nih.gov/pubmed/30440732
https://www.ncbi.nlm.nih.gov/pubmed/30440732
https://www.ncbi.nlm.nih.gov/pubmed/30440732
https://www.researchgate.net/publication/49121783_Categorization_of_Activities_of_Daily_Living_of_Lower_Limb_Amputees_During_Short-Term_Use_of_a_Portable_Kinetic_Recording_System_A_Preliminary_Study
https://www.researchgate.net/publication/49121783_Categorization_of_Activities_of_Daily_Living_of_Lower_Limb_Amputees_During_Short-Term_Use_of_a_Portable_Kinetic_Recording_System_A_Preliminary_Study
https://www.researchgate.net/publication/49121783_Categorization_of_Activities_of_Daily_Living_of_Lower_Limb_Amputees_During_Short-Term_Use_of_a_Portable_Kinetic_Recording_System_A_Preliminary_Study
https://www.researchgate.net/publication/49121783_Categorization_of_Activities_of_Daily_Living_of_Lower_Limb_Amputees_During_Short-Term_Use_of_a_Portable_Kinetic_Recording_System_A_Preliminary_Study
https://www.researchgate.net/publication/49121783_Categorization_of_Activities_of_Daily_Living_of_Lower_Limb_Amputees_During_Short-Term_Use_of_a_Portable_Kinetic_Recording_System_A_Preliminary_Study
https://www.ncbi.nlm.nih.gov/pubmed/18330805
https://www.ncbi.nlm.nih.gov/pubmed/18330805
https://www.ncbi.nlm.nih.gov/pubmed/18330805
https://www.ncbi.nlm.nih.gov/pubmed/18330805
https://www.ncbi.nlm.nih.gov/pubmed/18330805
https://www.ncbi.nlm.nih.gov/pubmed/28947159
https://www.ncbi.nlm.nih.gov/pubmed/28947159
https://www.ncbi.nlm.nih.gov/pubmed/28947159
https://www.ncbi.nlm.nih.gov/pubmed/28947159
https://www.ncbi.nlm.nih.gov/pubmed/26186794
https://www.ncbi.nlm.nih.gov/pubmed/26186794
https://www.ncbi.nlm.nih.gov/pubmed/26186794
https://www.ncbi.nlm.nih.gov/pubmed/26186794
https://www.ncbi.nlm.nih.gov/pubmed/26186794
https://www.ncbi.nlm.nih.gov/pubmed/25069118
https://www.ncbi.nlm.nih.gov/pubmed/25069118
https://www.ncbi.nlm.nih.gov/pubmed/25069118
https://www.ncbi.nlm.nih.gov/pubmed/25069118
https://www.ncbi.nlm.nih.gov/pubmed/25373108
https://www.ncbi.nlm.nih.gov/pubmed/25373108
https://www.ncbi.nlm.nih.gov/pubmed/25373108
https://www.ncbi.nlm.nih.gov/pubmed/25373108
https://www.ncbi.nlm.nih.gov/pubmed/25373108
https://www.ncbi.nlm.nih.gov/pubmed/26955043
https://www.ncbi.nlm.nih.gov/pubmed/26955043
https://www.ncbi.nlm.nih.gov/pubmed/26955043
https://www.ncbi.nlm.nih.gov/pubmed/26955043
https://www.ncbi.nlm.nih.gov/pubmed/26955043
https://www.ncbi.nlm.nih.gov/pubmed/28114026
https://www.ncbi.nlm.nih.gov/pubmed/28114026
https://www.ncbi.nlm.nih.gov/pubmed/28114026
https://www.ncbi.nlm.nih.gov/pubmed/28114026
https://www.ncbi.nlm.nih.gov/pubmed/21859635
https://www.ncbi.nlm.nih.gov/pubmed/21859635
https://www.ncbi.nlm.nih.gov/pubmed/21859635
https://www.ncbi.nlm.nih.gov/pubmed/21859635
https://www.researchgate.net/publication/273554300_Regression_Estimates_of_Pressure_on_Transtibial_Residual_Limbs_Using_Load_Cell_Measurements_of_the_Forces_and_Moments_Occurring_at_the_Base_of_the_Socket
https://www.researchgate.net/publication/273554300_Regression_Estimates_of_Pressure_on_Transtibial_Residual_Limbs_Using_Load_Cell_Measurements_of_the_Forces_and_Moments_Occurring_at_the_Base_of_the_Socket
https://www.researchgate.net/publication/273554300_Regression_Estimates_of_Pressure_on_Transtibial_Residual_Limbs_Using_Load_Cell_Measurements_of_the_Forces_and_Moments_Occurring_at_the_Base_of_the_Socket
https://www.researchgate.net/publication/273554300_Regression_Estimates_of_Pressure_on_Transtibial_Residual_Limbs_Using_Load_Cell_Measurements_of_the_Forces_and_Moments_Occurring_at_the_Base_of_the_Socket
https://www.researchgate.net/publication/273554300_Regression_Estimates_of_Pressure_on_Transtibial_Residual_Limbs_Using_Load_Cell_Measurements_of_the_Forces_and_Moments_Occurring_at_the_Base_of_the_Socket
https://www.researchgate.net/publication/273554426_Use_of_a_Load_Cell_and_Force-Moment_Analysis_to_Examine_Transtibial_Prosthesis_Foot_Rollover_Kinetics_for_Anterior-Posterior_Alignment_Perturbations
https://www.researchgate.net/publication/273554426_Use_of_a_Load_Cell_and_Force-Moment_Analysis_to_Examine_Transtibial_Prosthesis_Foot_Rollover_Kinetics_for_Anterior-Posterior_Alignment_Perturbations
https://www.researchgate.net/publication/273554426_Use_of_a_Load_Cell_and_Force-Moment_Analysis_to_Examine_Transtibial_Prosthesis_Foot_Rollover_Kinetics_for_Anterior-Posterior_Alignment_Perturbations


Physical Medicine & Rehabilitation Journal 

 010 

Kinetics of Lower Limb Prosthesis: Automated Detection of Vertical Loading Rate. Physical Medicine & Rehabilitation Journal. 

2019; 2(2):120. 

Kinetics for Anterior-Posterior Alignment Perturbations. 

JPO Journal of Prosthetics and Orthotics. 24: 160-174.  

36. Laurent Frossard, Jim Beck, Michael P Dillon, John Evans. 

(2003). Development and preliminary testing of a device 

for the direct measurement of forces and moments in the 

prosthetic limb of transfemoral amputees during activities 

of daily living. Journal of Prosthetics and Orthotics. 15: 

135-142.  

37. Lee WC, Frossard LA, Hagberg K, Haggstrom E, 

Brånemark R. (2007). Kinetics analysis of transfemoral 

amputees fitted with osseointegrated fixation performing 

common activities of daily living. Clin Biomech (Bristol, 

Avon). 2: 665- 673. 

38. Lee WC, Frossard LA, Hagberg K, Haggstrom E, Gow DL, 

et al. (2008). Magnitude and variability of loading on the 

osseointegrated implant of transfemoral amputees during 

walking. Med Eng Phys. 30: 825-833. 

39. Frossard L, Hagberg K, Haggstrom E, Branemark R. 

(2009). Load-relief of walking aids on osseointegrated 

fixation: instrument for evidence-based practice. IEEE Trans 

Neural Syst Rehabil Eng. 17: 9-14. 

40. Frossard L, Tranberg R, Haggstrom E, Pearcy M, 

Branemark R. (2009). Fall of a transfemoral amputee 

fitted with osseointegrated fixation: loading impact on 

residuum. Gait & posture. 30: S151-S152. 

41. Frossard L, Gow DL, Hagberg K, Cairns N, Contoyannis B, 

et al. (2010). Apparatus for monitoring load bearing 

rehabilitation exercises of a transfemoral amputee fitted 

with an osseointegrated fixation: a proof-of-concept study. 

Gait Posture. 31: 223-238. 

42. Frossard L, Hagberg K, Häggström E, Gow DL, Brånemark 

R, et al. (2010). Functional Outcome of Transfemoral 

Amputees Fitted With an Osseointegrated Fixation: 

Temporal Gait Characteristics. Journal of Prosthetics and 

Orthotics. 22: 11-20. 

43. Frossard LA. (2010). Load on osseointegrated fixation of a 

transfemoral amputee during a fall: Determination of the 

time and duration of descent. Prosthet Orthot Int. 34: 472-

487. 

44. Frossard LA, Tranberg R, Haggstrom E, Pearcy M, 

Brånemark R. (2010). Load on osseointegrated fixation of 

a transfemoral amputee during a fall: loading, descent, 

impact and recovery analysis. Prosthet Orthot Int. 34: 85-

97. 

45. Frossard L, Häggström E, Hagberg K, Brånemark R. 

(2013). Load applied on bone-anchored transfemoral 

prosthesis: characterization of a prosthesis-a pilot study. J 

Rehabil Res Dev. 50: 619-634. 

46. Neumann ES, Yalamanchili K, Brink J, Lee JS. (2012). 

Transducer-based comparisons of the prosthetic feet used 

by transtibial amputees for different walking activities: a 

pilot study. Prosthet Orthot Int. 36: 203-216. 

47. Lee WC, Doocey JM, Brånemark R, Adam CJ, Evans JH, et 

al. (2008). "FE stress analysis of the interface between the 

bone and an osseointegrated implant for amputees--

implications to refine the rehabilitation program. Clin 

Biomech (Bristol, Avon). 23: 1243-1250. 

48. Helgason B, Palsson H, Runarsson TP, Frossard L, Viceconti 

M. (2009). Risk of failure during gait for direct skeletal 

attachment of a femoral prosthesis: a finite element study. 

Med Eng Phys. 31: 595-600. 

49. Lieberman DE, Venkadesan M, Werbel WA, Daoud AI, 

D'Andrea S, et al. (2010). Foot strike patterns and collison 

forces in habitually barefoot versus shod runners. Nature. 

463: 531-535.  

50. Revill AL, Perry SD, Michelle Edwards A, Dickey JP. 

(2008). Variability of the impact transient during 

repeated barefoot walking trials. J Biomech. 41: 926-930.  

51.  Williams DS, McClay IS, Manal KT. (2000). Lower 

extremity mechanics in runners with a converted forefoot 

strike pattern. Journal of Applied Biomechanics. 16: 210-

218. 

52. An W, Rainbow MJ, Cheung RT. (2015). Effects of Surface 

Inclination on the Vertical Loading Rates and Landing 

Pattern during the First Attempt of Barefoot Running in 

Habitual Shod Runners. Biomed Res Int. 2015: 240153.  

53. Hansen M, Haugland MK, Sinkjaer T. (2004). Evaluating 

robustness of gait event detection based on machine 

learning and natural sensors. IEEE Trans Neural Syst 

Rehabil Eng. 12: 81-88. 

54. Orendurff MS. (2013). Literature Review of Published 

Research Investigating Microprocessor-Controlled 

Prosthetic Knees: 2010 – 2012. JPO: Journal of Prosthetics 

and Orthotics. 25: 41-46. 

https://www.researchgate.net/publication/273554426_Use_of_a_Load_Cell_and_Force-Moment_Analysis_to_Examine_Transtibial_Prosthesis_Foot_Rollover_Kinetics_for_Anterior-Posterior_Alignment_Perturbations
https://www.researchgate.net/publication/273554426_Use_of_a_Load_Cell_and_Force-Moment_Analysis_to_Examine_Transtibial_Prosthesis_Foot_Rollover_Kinetics_for_Anterior-Posterior_Alignment_Perturbations
https://www.researchgate.net/publication/27464673_Development_and_Preliminary_Testing_of_a_Device_for_the_Direct_Measurement_of_Forces_and_Moments_in_the_Prosthetic_Limb_of_Transfemoral_Amputees_during_Activities_of_Daily_Living
https://www.researchgate.net/publication/27464673_Development_and_Preliminary_Testing_of_a_Device_for_the_Direct_Measurement_of_Forces_and_Moments_in_the_Prosthetic_Limb_of_Transfemoral_Amputees_during_Activities_of_Daily_Living
https://www.researchgate.net/publication/27464673_Development_and_Preliminary_Testing_of_a_Device_for_the_Direct_Measurement_of_Forces_and_Moments_in_the_Prosthetic_Limb_of_Transfemoral_Amputees_during_Activities_of_Daily_Living
https://www.researchgate.net/publication/27464673_Development_and_Preliminary_Testing_of_a_Device_for_the_Direct_Measurement_of_Forces_and_Moments_in_the_Prosthetic_Limb_of_Transfemoral_Amputees_during_Activities_of_Daily_Living
https://www.researchgate.net/publication/27464673_Development_and_Preliminary_Testing_of_a_Device_for_the_Direct_Measurement_of_Forces_and_Moments_in_the_Prosthetic_Limb_of_Transfemoral_Amputees_during_Activities_of_Daily_Living
https://www.researchgate.net/publication/27464673_Development_and_Preliminary_Testing_of_a_Device_for_the_Direct_Measurement_of_Forces_and_Moments_in_the_Prosthetic_Limb_of_Transfemoral_Amputees_during_Activities_of_Daily_Living
https://www.ncbi.nlm.nih.gov/pubmed/17400346
https://www.ncbi.nlm.nih.gov/pubmed/17400346
https://www.ncbi.nlm.nih.gov/pubmed/17400346
https://www.ncbi.nlm.nih.gov/pubmed/17400346
https://www.ncbi.nlm.nih.gov/pubmed/17400346
https://www.ncbi.nlm.nih.gov/pubmed/17977050
https://www.ncbi.nlm.nih.gov/pubmed/17977050
https://www.ncbi.nlm.nih.gov/pubmed/17977050
https://www.ncbi.nlm.nih.gov/pubmed/17977050
https://www.ncbi.nlm.nih.gov/pubmed/19211318
https://www.ncbi.nlm.nih.gov/pubmed/19211318
https://www.ncbi.nlm.nih.gov/pubmed/19211318
https://www.ncbi.nlm.nih.gov/pubmed/19211318
https://www.researchgate.net/publication/230583523_Fall_of_a_transfemoral_amputee_fitted_with_osseointegrated_fixation_Loading_impact_on_residuum
https://www.researchgate.net/publication/230583523_Fall_of_a_transfemoral_amputee_fitted_with_osseointegrated_fixation_Loading_impact_on_residuum
https://www.researchgate.net/publication/230583523_Fall_of_a_transfemoral_amputee_fitted_with_osseointegrated_fixation_Loading_impact_on_residuum
https://www.researchgate.net/publication/230583523_Fall_of_a_transfemoral_amputee_fitted_with_osseointegrated_fixation_Loading_impact_on_residuum
https://www.ncbi.nlm.nih.gov/pubmed/19926285
https://www.ncbi.nlm.nih.gov/pubmed/19926285
https://www.ncbi.nlm.nih.gov/pubmed/19926285
https://www.ncbi.nlm.nih.gov/pubmed/19926285
https://www.ncbi.nlm.nih.gov/pubmed/19926285
https://eprints.qut.edu.au/29462/
https://eprints.qut.edu.au/29462/
https://eprints.qut.edu.au/29462/
https://eprints.qut.edu.au/29462/
https://eprints.qut.edu.au/29462/
https://www.ncbi.nlm.nih.gov/pubmed/20961183
https://www.ncbi.nlm.nih.gov/pubmed/20961183
https://www.ncbi.nlm.nih.gov/pubmed/20961183
https://www.ncbi.nlm.nih.gov/pubmed/20961183
https://www.ncbi.nlm.nih.gov/pubmed/20196690
https://www.ncbi.nlm.nih.gov/pubmed/20196690
https://www.ncbi.nlm.nih.gov/pubmed/20196690
https://www.ncbi.nlm.nih.gov/pubmed/20196690
https://www.ncbi.nlm.nih.gov/pubmed/20196690
https://www.ncbi.nlm.nih.gov/pubmed/24013910
https://www.ncbi.nlm.nih.gov/pubmed/24013910
https://www.ncbi.nlm.nih.gov/pubmed/24013910
https://www.ncbi.nlm.nih.gov/pubmed/24013910
https://www.ncbi.nlm.nih.gov/pubmed/22344316
https://www.ncbi.nlm.nih.gov/pubmed/22344316
https://www.ncbi.nlm.nih.gov/pubmed/22344316
https://www.ncbi.nlm.nih.gov/pubmed/22344316
https://www.ncbi.nlm.nih.gov/pubmed/18809231
https://www.ncbi.nlm.nih.gov/pubmed/18809231
https://www.ncbi.nlm.nih.gov/pubmed/18809231
https://www.ncbi.nlm.nih.gov/pubmed/18809231
https://www.ncbi.nlm.nih.gov/pubmed/18809231
https://www.ncbi.nlm.nih.gov/pubmed/19150253
https://www.ncbi.nlm.nih.gov/pubmed/19150253
https://www.ncbi.nlm.nih.gov/pubmed/19150253
https://www.ncbi.nlm.nih.gov/pubmed/19150253
https://www.ncbi.nlm.nih.gov/pubmed/20111000
https://www.ncbi.nlm.nih.gov/pubmed/20111000
https://www.ncbi.nlm.nih.gov/pubmed/20111000
https://www.ncbi.nlm.nih.gov/pubmed/20111000
https://www.ncbi.nlm.nih.gov/pubmed/18082165
https://www.ncbi.nlm.nih.gov/pubmed/18082165
https://www.ncbi.nlm.nih.gov/pubmed/18082165
https://doi.org/10.1123/jab.16.2.210
https://doi.org/10.1123/jab.16.2.210
https://doi.org/10.1123/jab.16.2.210
https://doi.org/10.1123/jab.16.2.210
https://www.ncbi.nlm.nih.gov/pubmed/26258133
https://www.ncbi.nlm.nih.gov/pubmed/26258133
https://www.ncbi.nlm.nih.gov/pubmed/26258133
https://www.ncbi.nlm.nih.gov/pubmed/26258133
https://www.ncbi.nlm.nih.gov/pubmed/15068191
https://www.ncbi.nlm.nih.gov/pubmed/15068191
https://www.ncbi.nlm.nih.gov/pubmed/15068191
https://www.ncbi.nlm.nih.gov/pubmed/15068191
https://journals.lww.com/jpojournal/Fulltext/2013/10001/Literature_Review_of_Published_Research.3.aspx
https://journals.lww.com/jpojournal/Fulltext/2013/10001/Literature_Review_of_Published_Research.3.aspx
https://journals.lww.com/jpojournal/Fulltext/2013/10001/Literature_Review_of_Published_Research.3.aspx
https://journals.lww.com/jpojournal/Fulltext/2013/10001/Literature_Review_of_Published_Research.3.aspx


Physical Medicine & Rehabilitation Journal 

 011 

Kinetics of Lower Limb Prosthesis: Automated Detection of Vertical Loading Rate. Physical Medicine & Rehabilitation Journal. 

2019; 2(2):120. 

55. Copay AG, Subach BR, Glassman SD, Polly DW Jr, Schuler 

TC. (2007). Understanding the minimum clinically important 

difference: a review of concepts and methods. Spine J. 7: 

541-546. 

56. Pitkin M, Cassidy C, Muppavarapu R, Edell D. (2012). 

Recording of electric signal passing through a pylon in 

direct skeletal attachment of leg prostheses with 

neuromuscular control. IEEE Trans Biomed Eng. 59: 1349-

1353. 

57. Douglas T, Solomonidis S, Sandham W, Spence W. (2002). 

Ultrasound imaging in lower limb prosthetics. IEEE Trans 

Neural Syst Rehabil Eng. 10: 11-21. 

https://www.ncbi.nlm.nih.gov/pubmed/17448732
https://www.ncbi.nlm.nih.gov/pubmed/17448732
https://www.ncbi.nlm.nih.gov/pubmed/17448732
https://www.ncbi.nlm.nih.gov/pubmed/17448732
https://www.ncbi.nlm.nih.gov/pubmed/22345523
https://www.ncbi.nlm.nih.gov/pubmed/22345523
https://www.ncbi.nlm.nih.gov/pubmed/22345523
https://www.ncbi.nlm.nih.gov/pubmed/22345523
https://www.ncbi.nlm.nih.gov/pubmed/22345523
https://www.ncbi.nlm.nih.gov/pubmed/12173735
https://www.ncbi.nlm.nih.gov/pubmed/12173735
https://www.ncbi.nlm.nih.gov/pubmed/12173735

