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Abstract 

Objective: To establish normative values of lower limb amputation mobility across primary 

etiologies based on age and amputation level. 

Design: Cross-sectional observational analysis of outcomes. A total of 11,995 lower limb 

prosthesis users were included in the analysis. Participants were grouped by etiology into four 

categories: cancer, congenital, trauma, and diabetes/dysvascular (DV). Mobility was assessed by 

using the Prosthetic Limb Users Survey of Mobility (PLUS-M).  

Results: Mobility across seven age groups for the four etiologies was established for both above-

the-knee amputation (AKA) and below-the-knee amputation (BKA). Differences were found 

between age groups for individuals- AKA: cancer (χ
2
 (6) = 40.97, p < 0.001), congenital (χ

2
 (3) = 

9.41, p = 0.024), trauma (χ
2
 (6) = 18.89, p = 0.004), and DV (χ

2
 (5) = 39.73, p < 0.001; BKA: 

cancer (χ
2
 (6) = 29.77, p < 0.001), trauma (χ

2
 (6) = 28.22, p < 0.001), and DV (χ

2
 (6) = 144.66, p 

< 0.001). 

Conclusion: The awareness of differences across amputation etiologies extending across the 

lifespan of ages can assist the goal-setting process as part of prosthetic rehabilitation. 

Additionally, refined normative values provide the ability to benchmark new and innovative 

changes in clinical practice.  

Keywords: outcomes, amputee, PLUS-M, rehabilitation, goal-setting, MAAT, reference values 
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Abbreviations: 

DV: Diabetic/dysvascular 

PLUS-M: Prosthetic Limb Users Survey of Mobility 

AKA: Above the knee Amputation 

BKA: Below the Knee Amputation 

 

What is known 

Normative values provide targets for goal setting. A previous study has established mobility 

normative values for the Prosthetic Limb Users Survey of Mobility (PLUS-M) using 

approximately 1100 patients. These mobility values were limited to large age bands (i.e., four 

groups at 15 year bands) and two etiologies (i.e., trauma and diabetes/dysvascular).  

 

What is new 

From a sample of 11, 995 patients, this study provided normative mobility values using the 

PLUS-M with smaller age bands (i.e., seven groupings at 10 year bands) and an increased 

number of etiologies (i.e., trauma, diabetes/dysvascular, cancer, and congenital) expanding the 

PLUS-M developmental work. These refined normative values can further help with goal setting 

through reduced ambiguity and the ability to demonstrate empathy across more etiologies when 

setting personalized mobility goals. 
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Introduction 

For lower limb prosthesis users, functional mobility is invaluable given its association 

with quality of life, satisfaction, and overall well-being.
1-3

 Validated mobility measures, such as 

the Prosthetic Limb Users Survey of Mobility (PLUS-M), provide the ability to assess patients‟ 

functional mobility.
4,5

 Such measures, when combined with normative values of the patient‟s 

peers‟ performance, may aid in setting expectations and goals. 

 

Normative values are often used to inform clinical decisions through an understanding of 

patients with similar clinical presentations. Such reference points may also provide lifetime 

expectations as patients age. For lower limb prosthesis users, amputation level, etiology, and age 

are important factors when anticipating mobility outcomes.
5-7

 The currently published normative 

values for PLUS-M demonstrate differences in mean and median across these three factors (i.e., 

age, etiology, and amputation level).
5
 These factors have been shown to significantly impact 

functional mobility. 

 

However, current PLUS-M normative datasets have limitations. In particular, the initial 

development sample yielded values for individuals with above-the-knee amputation (AKA) and 

below-the-knee amputation (BKA) within only two etiologies (i.e, traumatic and 

diabetic/dysvascular (DV)), and across only four age groupings (i.e., less than 35 years, 36-49, 

50-64, and greater than or equal to 65 years). Ultimately, the granularity of the available cohorts 

is limited by the number of individuals within each group. The result is large age bands with only 

two etiologies.  
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The limitation of normative values for only two etiologies can limit goal setting for other 

individuals. For example, goal setting for an individual with limb amputation/difference due to 

cancer or a congenital limb condition would need to be based on guidance drawn from either DV 

or traumatic amputation etiology. Studies have generally shown reduced functional mobility in 

individuals with DV etiology compared to those with traumatic etiology.
8-10

 There may not be 

functional differences between traumatic amputation compared to cancer or congenital etiology. 

However, the life journey for patients with either cancer or congenital limb deficiency differs 

substantially from that experienced by patients with either DV or traumatic amputation.  

 

Amputations attributed to cancer and congenital limb deficiency account for only 2.5% of 

the total population with limb loss/difference.
11

 Importantly, previous studies have noted that the 

care pathway from amputation to prosthesis fitting, as well as total prosthesis use time, differs 

clinically for cancer and congenital etiologies when compared to DV and trauma-related 

etiologies.
12,13

 This is consistent with the recommendation that patients with cancer or congenital 

limb amputations/differences should be managed differently than those with DV or traumatic 

etiology.
13

 This fact further underscores the need for refinement of any materials that could be 

used for goal setting.
13

  

 

Personalized goal-setting may be better facilitated through increased granularity of 

patient phenotypes for average mobility. Members of the rehabilitation team would have a better 

understanding of differences in mobility due to etiology, amputation level, and age to formulate 

improved care plans. Therefore, the purpose of this study was to expand patient demographics to 

establish normative values for increased age groups and etiologies for individuals with 
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amputation. This will provide the benefit of improved expectation setting and understanding 

differences in functional mobility for various patient phenotypes. The goal was to define 

normative values for age groupings of smaller size, according to the four primary lower limb 

amputation/difference etiologies (i.e., DV, trauma, cancer, and congenital) and across two 

amputation levels. These are the four etiologies commonly encountered in clinical practice.
14 

 

It was hypothesized that older individuals would exhibit reduced mobility within each of 

the four primary etiologies. Second, it was hypothesized that differences
10

 in mobility would be 

found across etiologies of trauma, cancer, congenital, and DV, with the latter experiencing the 

lowest mobility. Finally, it was hypothesized that the rate of mobility decline with aging would 

be greatest for individuals with amputation attributable to DV etiology. In addressing these 

hypotheses, it will be possible to establish expanded normative values for lower limb prosthesis 

user mobility.  

 

Methods  

Study design 

A retrospective cross-sectional analysis was performed on mobility outcomes completed 

in the United States between April 2016 and May 2019. The database consisted of adults (i.e., 

age 18 years and older) with unilateral lower limb amputation with prior experience using a 

prosthesis.
5
 Data were collected from private prosthetic clinics nationwide. Patients were treated 

at local clinics located in the northeastern, western, southern, and midwestern regions of the 

United States. As part of the standard of care, clinics involved in populating the database have 

implemented PLUS-M to assess mobility outcomes. In the event that a patient has multiple 
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outcomes over time, the highest mobility score was chosen as this was considered to reflect the 

highest functional mobility level the individual was able to reach at such time with standard of 

care. The latest mobility outcome was considered, but since prosthesis users are at times faced 

with transient issues such as open wounds, poor socket fit due to weight loss, and other factors 

which may limit functional mobility at the time of survey, the authors deemed it necessary to 

select the highest scores to set normative reference values, as these values may drive peer to peer 

competition. The highest score represents the greatest potential a patient can attain. Entries 

contributing to the database were restricted to adults with completed PLUS-M outcomes.
5
 This 

database review was approved by the Western Copernicus Group Institutional Review Board 

(protocol #20170059) and designated to be exempt from informed consent. This study conforms 

to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) 

guidelines (see Supplementary Checklist, Supplementary Digital Content 1, 

http://links.lww.com/PHM/B435). 

 

Subjects 

Adults with unilateral amputation were included in the final sample if the following 

criteria were met: (1) reported etiology as either cancer, trauma, congenital, or DV, and (2) 

reported amputation level as either AKA (i.e., transfemoral and knee disarticulation) or BKA 

(i.e., transtibial and Symes). Patients with missing etiology, amputation level, or who reported 

other amputation levels (e.g., partial foot) were excluded.  
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Primary Outcomes Measure 

Unlike other non-population-specific mobility instruments, the PLUS-M is specifically 

designed to assess the self-reported functional mobility of lower-limb prosthesis users, and has 

several advantages. The PLUS-M short form (v1.2) is a validated outcome instrument.
4
 It is 

sensitive to change over time and easy to implement, but possibly the greatest advantage when 

initiating in clinical practice is the existing normative data value set. Furthermore, the PLUS-M 

was proven to have strong psychometric properties such as convergent construct validity and 

known-groups construct validity. Convergent construct indicates that the PLUS-M is strongly 

correlated to other mobility instruments demonstrating that the instrument is mostly measuring 

the domain of mobility. Known-groups validity suggests that this instrument is discriminatory to 

amputation-related differences among people with lower limb amputation.
4
 The version used in 

the clinic consisted of 12 questions. Each question has five ordinal response categories ranging 

from “unable to do” to “without any difficulty”. Responses from the PLUS-M are summed to a 

raw score and then transformed into a standardized T-score per the PLUS-M guidelines.
5
 A T-

Score of 50 (magnitude) represents the population mean for all users. The process of developing 

cut points for the T-score is beyond the scope of this manuscript, but one can use the 25
th

, 

median, and 75
th

 percentile as a guide to determine their current functional mobility relative to 

the population or sample distribution. 

 

Independent Variables 

The two main independent variables used in this study were age and etiology. 

Participants were stratified into seven age cohorts: ≤ 24, 25-34, 35-44, 45-54, 55-64, 65-74, and 

≥ 75, within four categories of etiology (cancer, congenital, trauma, and DV). AKA and BKA 
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were analyzed separately. Age groupings were chosen to reduce the overall span from 15 years 

within four groups of 
5
 to ten years within seven groups while attempting to maintain a minimum 

of 15 individuals per group.  

 

Statistical Analysis 

Descriptive statistics were used to summarize patient demographics across etiology 

groups. Normative mobility values were described using mean, median, standard deviation, and 

quartiles for patients with AKA and BKA. Body mass index (BMI) was calculated to account for 

the missing lower limb.
16,17

 Mood‟s median test and a univariate quantile regression at the 50
th

 

percentile were implemented to test for group differences in mobility grouped by age and 

amputation level (hypothesis 1) for each of the four primary etiologies (i.e., DV, trauma, cancer, 

and congenital). All post hoc analyses were adjusted using Bonferroni correction for multiple 

comparisons. An additional quantile regression model was applied to the pooled data for each 

AKA and BKA to determine differences in mobility by etiology (hypothesis 2) while controlling 

for age. The quantreg package (version 5.67) was used to calculate the regression coefficient (β) 

and 95% bootstrap confidence interval (CI) based on the inversion of a rank test described by 

Koenker.
18

 Mood‟s median test and quantile regression models were utilized for the current 

study because of their robustness against outliers and non-normally distributed data.
19,20

 Lastly, 

the etiology-related rate of decline in mobility as a function of age (hypothesis 3) was cross-

sectionally assessed through separate lines of best-fit applied to the median values for AKA and 

BKA. This approach of using a regression line to identify the rate of decline for a dependent 

variable across cross-sectional age groups has been widely reported in the literature.
21-23
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A sensitivity analysis 
24

 was conducted to evaluate the influence of the excluded groups 

(i.e., those that did not reach the pre-defined 15 cases-per-group threshold) on the findings of this 

study. This analysis was completed by performing a robust check using quantile regression 

analysis to determine whether this inclusion/exclusion would significantly change the results, 

such as the directionality of the regression coefficients or the confidence intervals.
24

 All analyses 

were performed using R statistical computing software (version 4.0.2). 

 

Results 

Of the 15,626 patients with clinical outcomes recorded, 3,631 individuals did not meet 

the inclusion criteria due to foot and hip amputation, unreported etiology, unreported amputation 

level, and were excluded from subsequent analysis. A final sample size of 11,995 unilateral 

prosthesis users was analyzed (figure 1). In the final sample, 62% of the patients reported 

amputation attributed to DV. Individuals with DV had the highest weight, BMI, and age, 

followed by those with trauma, cancer, and congenital etiology (table1).  

 

Five subgroups defined by age, etiology, and amputation level did not reach the desired 

threshold of 15 individuals. Four of these subgroups were of congenital etiology and one was of 

DV etiology. Consequently, these age groups were omitted from the median test and regression 

analyses. The sensitivity analysis revealed that the exclusion of groups containing <15 

individuals did not significantly influence the magnitude of the estimates or change 

directionality. Thus, the estimates are robust to exclusion. Descriptive data for these omitted 

groups were presented for preliminary findings, but were excluded from the final statistical 

models (Tables 2 and 3). 
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Age-related differences in mobility for cancer etiology 

For individuals with AKA and amputation due to cancer, significant differences in 

mobility existed between the age groups (χ
2
 (6) = 40.97, p < 0.001). Post hoc analysis revealed 

that patients within the 25-34 age group had significantly higher mobility (median = 59.60, 

interquartile range [IQR] = 56.30 - 63.00) than those in the 35-44 (median = 52.80, IQR = 45.03 

- 56.55; p = 0.002), 45-54 (median = 52.35, IQR = 43.45 - 56.30; p = 0.004), 55-64 (median = 

49.10, IQR = 40.90 - 55.30; p < 0.001), 65-74 (median = 49.8, IQR = 40.75 - 57.58; p < 0.001), 

and ≥ 75 age groups (median = 45.20, IQR = 37.10 - 50.50; p < 0.001) (table 2). Similarly, for 

BKA cancer survivors, the model results showed significant differences in mobility between the 

groups (χ
2
 (6) = 29.77, p < 0.001). Pairwise comparison revealed that the mobility for patients in 

the 25-34 age group (median = 58.4, IQR = 54.40 - 64.50) was significantly higher than those in 

the 65-74 (median = 50.50, IQR = 41.20 - 54.45; p < 0.001), and ≥ 75 (median = 50.15, IQR = 

42.70 - 54.40; p = 0.001) age groups (table 3). 

 

Using a similar approach to Mood‟s median test, the quantile regression coefficient β and 

the 95% confidence intervals were estimated for cancer survivors with AKA (Table 2) or BKA 

(Table 3). Patients within the 75 and older cohorts had the lowest quantile regression estimates. 

When comparing patients within the 75 and older cohort to patients within the ≤ 24 age group for 

AKA and BKA, the median mobility estimates were β = -12.10 [95 % CI = -16.78, -0.40] and β 

=-3.90 [95 % CI= -11.51, -0.47], respectively. 
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Age-related differences in mobility for congenital etiology 

Differences in mobility between groups (χ
2
 (5) = 9.983, p = 0.125) for individuals with 

BKA and congenital etiology did not reach statistical significance. Conversely, for individuals 

with AKA and congenital etiology, differences in mobility between groups were statistically 

significant (χ
2
 (3) = 9.41, p = 0.024). However, post-hoc pairwise comparisons did not reach 

statistical significance.  

 

Using a similar approach to Mood‟s median test, the quantile regression coefficient β and 

the 95% confidence interval were estimated for individuals with congenital AKA or BKA. Since 

the 65 and older cohorts were not included in the model, patients within the 55-64 age group 

exhibited lower quantile regression estimates than some of the other groups. When comparing 

patients within the 55-64 cohort to patients within the 25-34 age group for congenital AKA, the 

median mobility estimate was β = -2.40 [95 % CI = -11.21, 2.16]. For individuals 65-74 years 

old with BKA, the median mobility estimate was β =-1.20 [95 % CI = -3.76, 7.45] relative to 

individuals within the ≤ 24 group. 

 

Age-related differences in mobility for trauma-related etiology 

For patients with AKA and traumatic etiology, there was a significant difference in 

mobility between the age groups (χ
2
 (6) = 18.89, p = 0.004). Subsequent post hoc analysis 

revealed that the mobility for those 25-34 years old (median = 52.00, IQR = 44.50 - 59.60) was 

significantly greater than the mobility observed among patients in the ≥ 75 age group (median = 

45.20, IQR = 37.25 - 53.38; p = 0.005). Likewise, significant differences were observed between 

the BKA trauma groups (χ
2
 (6) = 28.22, p < 0.001). Pairwise comparison revealed that patients in 

 

ACCEPTED



14 
 

the age 25-34 group had significantly greater mobility than individuals aged 45 years and older 

(p < 0.001).   

 

 Using a similar approach to Mood‟s median test, the quantile regression coefficient β and 

the 95% confidence interval were estimated for individuals with trauma AKA or BKA. Patients 

within the 75 and older cohorts had the lowest quantile regression estimates. When comparing 

patients within the 75 and older cohort to patients within the ≤ 24 age group for AKA and BKA, 

the median mobility estimates were β = -6.00 [95 % CI = -12.48, -2.12] and β = -3.10 [95 % CI= 

-9.10, 2.04], respectively. 

 

Age-related differences in mobility for DV etiology 

A significant difference in mobility was observed between the groups (χ
2
 (6) = 144.66, 

p<0.001) for individuals with BKA and DV etiology (table 3). Post hoc analysis revealed that the 

mobility of patients in the ≥ 75 years age group was significantly lower than that in the 

remaining six age groups (p < 0.001). Similar findings were noted for patients with AKA and 

DV etiology (χ
2
 (5) = 39.73, p < 0.001). 

 

Using a similar approach to Mood‟s median test, the quantile regression coefficient β and 

the 95% confidence interval were estimated for individuals with AKA or BKA due to DV. 

Patients within the 75 and older cohorts had the lowest quantile regression estimates. When 

comparing patients within the 75 and older cohort to patients within the 25-34 age group for 

AKA and ≤ 24 age group for BKA, the median mobility estimates were β = -8.10 [95 % 

(confidence interval) CI = -14.04, -5.68] and β =-14.20 [95 % CI= -16.61, -7.26], respectively. 
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Median test of mobility across four primary etiologies for AKA and BKA 

For AKA, significant differences existed in mobility between the groups of etiologies (χ
2
 

(3) = 346.95; p < 0.001). Post hoc tests revealed that patients with DV etiology (median = 40.30, 

IQR = 33.20 - 47.10) had significantly lower mobility than patients with trauma (median = 

49.10, IQR = 42.10 - 55.30; p < 0.001), cancer (median = 50.50, IQR = 43.30 - 57.30; p < 

0.001), and congenital etiology (median = 52.00, IQR = 47.10 - 57.30; p < 0.001). Using a 

similar approach, quantile regression applied at the median estimate showed that significant 

differences in etiologies persisted (p < 0.001) for AKA (table 4), while controlling for age.  

 

For BKA, similar results were noted for mobility across the groups (χ
2
 (3) = 464.78; p < 

0.001). Post hoc tests revealed that patients with DV etiology (median = 46.40; IQR = 39.00 - 

53.60) had significantly lower mobility than patients with trauma (median = 52.70, IQR = 45.80 

- 61.00; p < 0.001), cancer (median = 53.6, IQR = 46.40 - 61.00; p < 0.001), and congenital 

etiologies (median = 58.4, IQR = 49.10 - 65.15; p < 0.001). Lastly, etiologies remained 

significant (p < 0.001) after adjusting for age using quantile regression for BKA (table 4).  

 

Rate of mobility decline across etiologies 

Mobility decreased linearly and curvilinearly across age groups (figures 2A and 2B). The 

DV group showed the steepest decline in mobility with advancing age in both the AKA and 

BKA groups. 

 

 

 

 

ACCEPTED



16 
 

Discussion 

The current study sought to establish normative mobility values for individuals with 

lower limb difference/amputation due to cancer or congenital etiologies, and expand those 

available for etiologies associated with trauma and DV. These values may be used to improve 

individualized goal-setting. Clinicians can help patients set goals based on how well individuals 

that are similar to them are able to perform when achieving their highest reported mobility, 

subsequently preventing unrealistic goals as well as encouraging attainable goals. Importantly, 

normative values for amputation secondary to cancer and congenital limb deficiency were 

provided in this analysis. 

 

As hypothesized, older individuals with BKA or AKA reported reduced mobility across 

the four primary etiologies. As expected, the oldest age group had the lowest mobility across 

amputation level and etiology. The age-related decline in mobility for the traumatic and DV 

groups is consistent with the findings of previous studies.
5,6

 In particular, PLUS-M developers 

reported lower mobility values across amputation levels for older prosthesis users with traumatic 

and DV etiologies. The PLUS-M developmental sample found median mobility scores of 

prosthesis users over 64 years with AKA and BKA due to DV were 42.8 and 44.6, respectively.  

In the current study, the median mobility scores for the 65-74 (i.e., 40.30 ) and ≥ 75 (i.e., 37.70) 

age bands for persons with DV and AKA were lower than the PLUS-M developmental 

cumulative mobility scores for individuals over 64 years old. However, the mobility scores of 

persons 65-74 with BKA were higher (i.e. 65-74 group median = 45.80) than the PLUS-M 

aggregated score. This parsing out of the 65 and older group may suggest that having smaller age 
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bands, as reported in this analysis, provides improved ability for goal setting based on patient 

peers with increased similarity providing more relative peer-to-peer comparison.  

 

 The age-related decline in mobility for BKA was statistically significant for cancer, 

trauma, and DV, but not for congenital limb deficiency. However, the qualitative analysis of the 

linear trend across age groups reflects a consistent gradual decline with age. Subsequently, the 

statistical analysis may have been underpowered for the congenital amputation group, 

recognizing that three of the age groupings were omitted from the statistical model. The overall 

greater functional mobility reported among those with congenital limb deficiency is consistent 

with a previous study that demonstrated that patients with congenital limb deficiency tended to 

have improved physical function and psychosocial outcomes in adulthood.
12

 The study suggested 

that improved mobility outcomes for individuals with congenital lower limb 

difference/amputation may be attributed to patients‟ perception of limb differences. In particular, 

lower limb prosthesis users with congenital limb deficiencies are accustomed to their deficiency 

from birth. Therefore, they often do not perceive amputation as a disability or traumatic event, 

which may aid in willingness to participate in activities during childhood, subsequently driving 

motor development and ultimately leading to improved mobility in adulthood. It is not clear if 

long term living with amputation would have a similar effect, although it would be challenging 

to understand if such an effect can overcome the decline in mobility with the aging process. This 

should be further explored. 

 

It was also hypothesized that there would be differences in mobility among the four 

etiologies with the DV group demonstrating the lowest mobility. As expected, the DV etiology 
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had the lowest median mobility scores across amputation levels and was significantly different 

from trauma, cancer, and congenital disease. Montesinos-Magraner et al. reported significant 

differences in mobility (i.e., locomotor capability index) among the four primary amputation 

etiologies, which is consistent with our findings.
12

  

 

A recent classification analysis with amputation attributed to cancer, congenital, and 

trauma collapsed into a singular non-DV group when determining the functional ambulatory 

status among lower limb prosthesis users.
10

 The present study showed no statistical differences 

between the amputations attributed to cancer and trauma. A significant difference was found 

between amputation attributed to congenital versus cancer and congenital versus trauma. This 

finding supports larger-scale studies that collapse etiologies attributed to cancer and trauma into 

a single non-diabetes/vascular disease etiology to achieve increased statistical power. 

Nevertheless, for personalized goal setting and the ability to demonstrate empathy as a care 

provider, the separation of these etiologies is important.  

 

It is well reported that those with amputation secondary to DV have reduced mobility 

compared with non-DV etiology 
6
. For example, Davies et al. demonstrated that nonvascular 

amputees had increased mobility compared to vascular etiology.
6
 Therefore, it is not surprising 

that individuals with DV have a greater decline in mobility with age. It is interesting to note that 

the best-fit line for mobility versus age among individuals with DV and BKA had a linear fit, 

while the best-fit line for individuals with DV and AKA showed a logarithmic decline. In 

contrast to the steep drop in mobility for DV, the traumatic etiology had a gentle decline from 

age 18 to 54, which then flattened from age 55 and onwards for both amputation levels. The 
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weakest fit lines were noted in the congenital and trauma populations, although only the 

congenital above-the-knee group dropped slightly to what should be considered a medium effect, 

while all others are considered a large effect size.
25,26

 These findings are valuable and insightful 

because mobility seems to decline at different rates across amputation levels for cancer, 

congenital, and trauma compared to DV. This observation allows for targeted rehabilitation for 

those that require differing levels of intervention and care to increase and/or maintain mobility, 

allowing for improved resource allocation. Understanding the magnitude in the differences 

among the four etiologies may aid in the allocation of targeted interventions, and allows for a 

more nuanced discussion at the patient-clinician level for goal setting during the rehabilitation 

process. Individuals with amputation can struggle to understand realistic goal setting, which is 

also dependent on the underlying cause of amputation. For example, having more foresight that 

individuals with DV are likely to perform poorer than individuals with amputation associated 

cancer or congenital limb difference, may aid in the shared decision-making process by patient 

and clinician to provide intervention or set mobility goals to improve function. 

 

The normative values in the current analysis may also aid future intervention studies. In 

particular, with an understanding of the general decline in mobility due to aging, longitudinal 

studies may have the ability to benchmark intervention performance in “bending the curve” or 

reducing the rate of decline in mobility associated with age. Thus, an intervention that slows the 

decline in mobility with age could be considered an effective treatment. Additionally, future 

work should advance this effort through increased granularity, with greater specificity 

surrounding age, amputation level and/or residual limb length, and specifics regarding the 

primary categories of amputation etiology (e.g. type of trauma or type of cancer).  
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Study Limitations 

This study had some limitations. The generalizability of this study‟s findings may not 

extend to individuals with bilateral amputations. Future studies should consider age-related 

declines in mobility in individuals with bilateral amputation. However, this study represents a 

wide variety of lower limb patients that are diverse, which can increase generalizability among 

those with unilateral lower limb amputation. Normative values are useful for clinicians and 

patients with unilateral lower limb amputation and should be considered as a part of evidence-

based practice. Another limitation to this study is that there were a small number of age 

subgroups that did not consist of more than 15 individuals per group. Setting normative reference 

values with these smaller age groups may not provide an accurate representation of the group‟s 

functional mobility. Future studies are needed to further establish accurate reference values for 

these subgroups.  

 

It is known that unbalanced group sizes may impact the power of the study. Of note, 

conducting a post hoc power analysis for a retrospective study is debatable in the literature
27,28 

and some studies advise against the value of its use retrospectively.
29

 A power analysis was not 

conducted for this study due to the retrospective nature and the large sample size (n=402) 
30

 

entered in the model with the fewest individuals. However, 95% confidence intervals were 

presented to estimate the uncertainty around the effect of the estimate, which is commonly noted 

as more appropriate for retrospective studies rather than power analyses.
29 

 

Prior studies have indicated that having unequal group sizes may result in a reduction in 

power, but in most non-experimental studies having heterogeneous group sizes is not 
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uncommon. This is often a limitation with retrospective cross-sectional study designs. The 

strategy to address unbalance group sizes was to maintain a 15 person threshold per group and 

perform a subsequent sensitivity analysis to determine the impact of this inclusion/exclusion on 

the regression estimates. In addition, to remove patients from an analysis to achieve homogeneity 

in a group‟s sample size is not recommended by some studies. Therefore, the authors followed 

the guidance from prior work which recommended, that when measuring group differences, the 

analysis should have a reasonable sample size of 30 observations per cell to achieve 80% power 

but no fewer than seven observations per cell.
30 

 

Another limitation is that the amount of time an individual had used a prosthesis was not 

incorporated, which may have affected the outcomes. Additionally, these data were based on 

patient-reported outcomes, which may be influenced by recall bias or imprecision. For example, 

an individual‟s self-reported mobility may be higher than mobility measured in a different 

manner, which could influence the relationship between mobility and etiology or age, as assessed 

in this study. This is mitigated by the use of the PLUS-M instrument, which is highly validated 

for mobility, and several other studies have used patient-reported outcome measures with 

robustness.
4,10,31

  

 

Another limitation of this study is its retrospective nature and potential prescription bias 

for patients. For example, a recent study demonstrated that among a sample of 881 individuals 

with DV etiology that were eligible for advanced prosthetic technology, only 137 received that 

technology.
32

 This finding indicates a potential prescription bias, which may further contribute to 

reduced mobility outcomes among individuals with lower limb amputation beyond age and 
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etiology. As a result, the extent to which mobility differences are attributed to physiological 

differences versus a potential prescription bias, whereby non-dysvascular or younger patients 

have increased access to newer technologies with increased benefits. This prescription bias is 

facilitated by the current K-level classification system, which provides access to technologies 

such as microprocessor knees and energy-storage-and-return feet only to individuals that are 

healthier and have a higher classification. Future work is needed to understand the potential 

mobility that could be reached for individuals with amputation due to various etiologies while 

accounting for potential prescription bias. 

 

Conclusion 

In summary, the normative values established in this study can be used by clinicians and 

rehabilitation professionals to set personalized mobility goals for patients with similar age, 

etiology, and amputation levels. More resources should be provided to patients with DV to 

ensure that mobility is maintained according to the normative values provided in this study. 

Prosthetists evaluating patients with mobility scores far below the reported group medians should 

consider a more comprehensive evaluation that includes additional interventions aimed at 

maximizing mobility. Finally, the normative values in the current analysis provide a potential 

platform for gauging future intervention success in the presence of age-and etiology-related 

challenges. 
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Figure Captions: 

Figure 1: A database containing adults with unilateral amputation was reviewed. Patients with 

confirmed cancer, congenital, traumatic or diabetic/dysvascular (DV) etiology were identified 

and included in the final sample. 

 

Figure 2: The optimal best fit line across age group medians was plotted for cancer, congenital, 

trauma and diabetic/dysvascular (DV) etiologies for both individuals with above-the-knee (figure 

2A) and below-the-knee amputation (figure 2B). DV shows greatest decline with age. 
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Figure 1 
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Figure 2 
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Table 1. Patient Demographics by Etiologies 

 

Cancer  

(N= 510) 

Congenital  

(N= 402) 

Trauma 

 (N= 3610) 

Diabetes/ 

Dysvascular 

(N=7473) 

Variables Median (IQR) Median (IQR) Median (IQR) Median (IQR) 

Age at evaluation 

(years) 53.8 (36.0-66.4) 42.5 (31.0-56.1) 55.0 (43.0-65.0) 62.0 (54.0-70.3) 

Height (m) 1.73 (1.65-1.78) 1.70 (1.63-1.78) 1.75 (1.70-1.83) 1.75 (1.68-1.83) 

Weight (kg) 79.4 (66.8-90.7) 79.4 (67.1-92.5) 86.2 (74.8-101.6) 88.9 (74.8-104.8) 

Body Mass Index 

(Kg/m2) 29.2 (25.2-33.0) 29.3 (25.5-34.2) 30.2 (26.6-34.7) 30.9 (26.8-35.8) 

  N (%) N (%) N (%) N (%) 

Gender 

    Male 293 (57.5) 212 (52.7) 2892 (80.1) 5405 (72.3) 

Female 217 (42.5) 190 (47.3) 718 (19.9) 2068 (28.7) 

Amputation Level 

    Above-Knee 259 (50.8) 122 (30.3) 1051 (29.1) 1485 (19.9) 

Below-Knee 251 (49.2) 280 (69.7) 2559 (70.9) 5988 (80.1) 
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Table 2: Normative Values for Mobility among Above the Knee Prosthesis Users 

    Percentiles   95% CI for 

Median 

Mobility n Mean SD 25th  50th (Median) 

75th  

Mood's 

Median 

Test  

(P<0.05) 

β Lower 

Bound 

Upper 

Bound 

All 2917 44.79 11.22 37.70 45.20 52.70 __ __ __ __ 

Cancer 

≤ 24 17 52.61 10.35 45.80 57.30 61.00 ns *   

25-34 34 59.64 7.76 56.30 59.60 63.00 ns 2.30 -0.78 13.47 

35-44 38 49.85 11.01 45.03 52.80 56.55 b -3.70 -8.29 6.29 

45-54 32 50.35 8.82 43.45 52.35 56.30 b -4.60 -9.20 6.85 

55-64 57 48.49 8.92 40.90 49.10 55.30 b -8.20 -13.13 3.09 

65-74 42 48.97 10.22 40.75 49.80 57.58 b -7.50 -11.59 2.54 

≥ 75 39 43.99 9.90 37.10 45.20 50.50 b -12.10 -16.78 -0.40 

Congenital 

≤ 24 12 54.00 6.89 52.18 54.00 56.30 __ __ __ __ 

25-34 34 54.40 11.21 48.40 54.40 65.15 ns *   

35-44 26 49.45 6.82 45.78 49.45 52.00 ns -4.60 -11.33 -0.52 

45-54 16 54.95 8.11 49.98 54.95 59.60 ns -0.80 -7.72 4.89 

55-64 18 50.55 9.72 45.03 50.55 56.55 ns -2.40 -11.21 2.16 

65-74 13 55.30 10.57 47.75 55.30 60.45 __ __ __ __ 

≥ 75 3 42.10 4.37 37.10 42.10 __ __ __ __ __ 

Trauma 

≤ 24 21 51.01 8.69 44.55 51.20 57.30 ns *   

25-34 107 51.96 10.47 44.50 52.00 59.60 ns 0.80 -5.75 5.13 

35-44 151 50.36 10.56 42.70 50.50 57.30 ns -0.70 -6.53 3.64 

45-54 221 48.87 9.37 42.10 47.70 55.30 ns -3.50 -9.94 -0.56 

55-64 267 48.77 9.50 42.70 49.80 55.30 ns -1.40 -7.59 2.97 

65-74 192 48.01 10.12 42.10 49.10 54.40 ns -2.10 -7.61 1.51 

≥75 92 44.40 10.88 37.25 45.20 53.38 b -6.00 -12.48 -2.12 

Diabetic/Dysvascular 

≤ 24 12 49.67 11.03 41.65 51.70 56.80 __ __ __ __ 

25-34 23 47.95 9.17 43.90 45.80 53.60 ns *   

35-44 63 43.81 10.96 36.40 43.90 52.70 ns -1.90 -7.54 1.21 

45-54 177 41.79 11.36 34.10 40.90 48.05 b -4.90 -12.53 -1.75 

55-64 481 40.58 10.07 33.65 40.90 47.10 b -4.90 -10.38 -1.59 

65-74 454 40.15 10.11 33.20 40.30 47.70 b -5.50 -10.97 -2.85 

≥ 75 275 37.36 9.51 30.00 37.70 43.90 b,d,e,f -8.10 -14.04 -5.68 
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a, significantly different vs ≤ 24; b, significantly different vs 25-34; c, significantly different vs 35-44, d, 

significantly different vs 45-54; e, significantly different vs 55-64; f; significantly different vs 65-74; g, 

significantly different vs ≥ 75; ns, non-significant differences between groups, Age groups with less than 

15 individuals were not included in model. * Indicate reference category for quantile regression model 
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Table 3: Normative Values for Mobility among Below the Knee Prosthesis Users 

         

  Percentiles  

    95% CI for Median 

Mobility n Mean SD 25th       50th (Median)    

75th  

Mood's 

Median 

Test  

(P<0.05) 

β Lower 

Bound 

Upper 

Bound 

All 9078 48.87 11.3 41.5 49.1 56.3 _ _ _ _ 

Cancer 

≤ 24 21 55.88 10.35 48.05 54.40 65.50 ns *   

25-34 39 59.03 9.56 54.40 58.40 64.50 ns 4.00 0.49 9.44 

35-44 39 54.31 10.64 47.10 55.30 61.00 ns 0.90 -5.74 4.65 

45-54 38 55.05 9.55 49.45 56.30 63.00 ns 1.90 -4.14 5.17 

55-64 47 52.33 9.65 45.20 52.00 59.60 ns -2.40 -6.55 2.92 

65-74 45 48.35 10.18 41.20 50.50 54.45 b -3.90 -9.34 0.50 

≥ 75 22 49.00 10.45 42.70 50.15 54.40 b -3.90 -11.51 -0.47 

Congenital 

≤ 24 23 57.70 9.68 49.80 59.60 67.10 ns *   

25-34 64 60.60 10.03 53.80 62.50 71.40 ns 2.90 -1.25 11.59 

35-44 61 56.70 10.34 49.45 57.30 63.50 ns -2.30 -7.22 7.86 

45-54 50 59.60 9.56 51.45 59.60 71.40 ns 0.00 -3.39 7.48 

55-64 45 51.60 12.30 41.50 53.60 62.50 ns -6.00 -12.91 1.37 

65-74 24 58.00 10.58 51.80 58.40 66.45 ns -1.20 -3.76 7.45 

≥ 75 13 49.70 9.81 43.00 49.10 56.50 _ _ _ _ 

Trauma 

≤ 24 63 54.28 10.22 47.70 53.60 61.00 ns *   

25-34 243 56.34 9.78 50.50 56.30 62.50 ns 2.70 -2.48 8.02 

35-44 412 54.08 10.84 45.80 53.60 62.50 ns 0.00 -6.39 6.87 

45-54 533 53.12 10.59 45.80 52.00 61.00 b -1.60 -7.21 4.71 

55-64 635 52.47 10.89 44.50 52.70 61.00 b -0.90 -6.57 4.62 

65-74 463 52.99 10.44 46.40 52.70 59.60 b -0.90 -6.45 5.60 

≥ 75 210 50.18 12.17 41.95 50.15 59.60 b -3.10 -9.10 2.04 

Diabetic/Dysvascular 

≤ 24 16 54.97 6.78 48.93 56.30 60.65 ns *   

25-34 103 51.37 9.29 45.20 52.70 57.30 ns -3.60 -7.22 2.33 

35-44 381 48.04 10.51 42.10 48.40 55.30 ns -7.90 -10.27 -1.63 

45-54 1123 48.45 10.30 42.10 49.10 55.30 ns -7.20 -9.62 -0.84 

55-64 2004 46.91 10.70 40.30 47.10 54.40 b,d -9.2 -11.63 -2.82 

65-74 1594 45.68 10.79 38.40 45.80 52.70 a,b,d -10.50 -12.93 -4.12 

≥ 75 767 42.23 10.46 35.60 42.10 49.80 a,b,c,d,e,f -14.20 -16.61 -7.26 

a, significantly different vs ≤  24; b, significantly different vs 25-34; c, significantly different vs 35-44, d, significantly 

different vs 45-54; e, significantly different vs 55-64; f; significantly different vs 65-74; g, significantly different vs ≥ 

75; ns, non-significant differences between groups. * Indicate reference category for quantile regression model 
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Table 4: Quantile Regression Model at the 50th Percentile for Functional Mobility 

    95% CI   

  Estimate 

Lower 

Bound 

Upper 

Bound p 

AKA 

    Diabetes * 
  

 Cancer 9.54 8.14 10.51 < 0.001 

Congenital 8.44 7.06 9.27 < 0.001 

Trauma 7.36 6.49 8.43 < 0.001 

Age -0.13 -0.17 -0.11 < 0.001 

BKA 

    Diabetes * 
  

 Cancer 6.06 4.37 6.84 < 0.001 

Congenital 8.79 7.48 10.17 < 0.001 

Trauma 5.32 4.73 6.00 < 0.001 

Age -0.14 -0.17 -0.11 < 0.001 

AKA: above-the-knee amputation and BKA: below-

the-knee amputation 

 

 

ACCEPTED




