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foot pain, abnormal foot posture and function, which 
lead to limitations in weight-bearing activities, such as 
standing and walking (3, 7, 8). This, in turn, contributes 
to restrictions in participation in life situations (9–11). 
Therapeutic footwear (TF), as part of the usual non-
pharmacological care for foot problems (12), is often 
prescribed at considerable cost. As an example from 
the Netherlands, this cost is approximately 60 million 
Euros per year (13). 

In daily clinical practice, foot-care specialists and 
other healthcare professionals involved in the pres-
cription of TF normally assess the wear-and-tear of 
TF. Firstly, they do so to monitor the adequacy of the 
prescribed footwear. If, for instance, there is a pattern 
of wear-and-tear at a specific position on the footwear, 
this may indicate that the prescription is suboptimal 
and should be improved for current or future footwear. 
Secondly, they assess wear-and-tear of TF in order 
to gain an indicator of its use and, related to this, to 
determine the necessity for a new pair of TF. 

This raises the questions of how foot-care specialists 
and other professionals involved in the prescription 
of TF can quantify the assessment of wear-and-tear, 
and, related to this, what is the reliability of such as-
sessment. We have developed a wear-and-tear scale: 
a simple, rapid, clinically applicable and inexpensive 
indicator of the wear-and-tear of TF. The aim of the 
current study is to evaluate the intra- and inter-rater 
reliability of the wear-and-tear scale (14).
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Objective: Therapeutic footwear is often prescribed 
at considerable cost. Foot-care specialists normally 
assess the wear-and-tear of therapeutic footwear 
in order to monitor the adequacy of the prescribed 
footwear and to gain an indicator of its use. We de-
veloped a simple, rapid, easily applicable indicator 
of wear-and-tear of therapeutic footwear: the wear-
and-tear scale. The aim of this study was to investi-
gate the intra- and inter-rater reliability of the wear-
and-tear scale. 
Methods: A test set of 100 therapeutic shoes was 
assembled; 24 raters (6 inexperienced and 6 expe-
rienced physiatrists, and 6 inexperienced and 6 ex-
perienced orthopaedic shoe technicians) rated the 
degree of wear-and-tear of the shoes on the scale 
(range 0–100) twice on 1 day with a 4-h interval 
(short-term) and twice over a 4-week interval (long-
term). Generalizability theory was applied for the 
analysis.
Results: Short-term, long-term and overall intra-ra-
ter reliability was excellent (coefficients 0.99, 0.99 
and 0.98; standard error of measurement (SEM) 2.6, 
2.9 and 3.9; smallest detectable changes (SDC) 7.3, 
8.0 and 10.8, respectively). Inter-rater reliability 
between professions, experience and inexperienced 
raters, and overall was excellent (coefficients 0.97, 
0.98 and 0.93; SEM 4.9, 4.5, and 8.1; SDC 13.7, 12.4 
and 22.5, respectively).
Conclusion: The wear-and-tear scale has excellent 
intra-rater, inter-rater, and overall reliability.

Key words: therapeutic footwear; use; wear-and-tear; gene-
ralizability theory; reliability.

Accepted Mar 7, 2018; Epub ahead of print May 16, 2018

J Rehabil Med 2018; 50: 569–574

Correspondence address: Rutger Dahmen, Amsterdam Rehabilitation 
Research Center | Reade, PO Box 58271, 1040 HG Amsterdam, The 
Netherlands. E-mail: r.dahmen@reade.nl

The estimated prevalence of foot problems in the 
general population varies from 26% to 30% (1). 

Foot problems are common features of chronic diseases 
such as diabetes mellitus (2), rheumatoid arthritis 
(RA) (3) and osteoarthritis (4). The prevalence of foot 
problems in RA varies from 50% to 90% (5, 6) and in 
osteoarthritis from 12% to 17%. Foot problems include 

MAIN MESSAGE
People with conditions such as diabetes mellitus, rheu-
matoid arthritis and osteoarthritis often experience foot 
problems that cause pain and abnormal form and fun-
ctioning, leading to limitations in standing and walking. 
In the Netherlands, therapeutic footwear (TF) is part 
of the usual care prescribed and controlled at the mul-
tidisciplinary foot-care clinic by physiatrists and ortho-
paedic shoe technicians. These professionals judge the 
wear-and-tear of TF in order to monitor the adequacy of 
the prescribed footwear, to gain an indicator of its use, 
and to determine the necessity for a new pair of these 
expensive TF. The aim of this study was to evaluate a 
tool for measuring the wear-and-tear of TF: the wear-
and-tear scale.

http://crossmark.crossref.org/dialog/?doi=10.2340/16501977-2339&domain=pdf
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570 R. Dahmen et al.

Study procedure

The study design aimed to match clinical practice in the Nether-
lands. In brief, TF is prescribed, delivered and evaluated at a 
multidisciplinary foot-care clinic. The patients’ visits to the 
clinic are scheduled over the whole day and the intervals bet-
ween visits to the multidisciplinary foot-care clinic vary from 
3–6 weeks. Both physiatrists and orthopaedic shoe technicians 
are involved in the foot-care clinic. In both, experience with 
TF varies considerably. 

For the study, raters rated all shoes twice on one day with a 
4-h interval (short-term intra-rater test-retest). This procedure 
was repeated after 4 weeks (long-term intra-rater test-retest), 
so each rater rated all shoes 4 times. A total of 24 raters parti-
cipated: 12 physiatrists (including trainees) and 12 orthopaedic 
shoe technicians; in each group 6 persons were experienced 
and 6 inexperienced. The raters’ skills level was not measured, 
but their degree of experience was assessed by recording the 
years of experience at the multidisciplinary foot-care clinic. 
The median years of experience at a multidisciplinary foot-care 
clinic was chosen as the cut-off point to distinguish experienced 
from inexperienced raters. 

The numbered boxes with shoes of the test set were presented 
to the raters in a random order at all 96 (= 24 [raters] × 4 [ses-
sions]) measurement sessions. Raters were blinded for their 
own previous ratings and the results of the other raters. Test 
conditions (rooms, light and temperature) were standardized. 
The total number of ratings for this study consisted of 9,600 
(= 100 [shoes] × 2 [hour] × 2 [week] × 2 [profession] × 2 [experi-
ence] × 6 [rater]) ratings.

Statistical analysis

Descriptive statistics (mean (SD)), based on the 24 scores by 
all raters of each shoe, were used to describe the wear-and-tear 
of each individual shoe and of all shoes. Independent samples 
t-test were used to compare wear-and-tear scores of all right and 
all left shoes. Moreover, the wear-and-tear scores within each 
pair of shoes were compared. In addition, descriptive statistics 
(median, interquartile range (IQR)) were computed for the years 
of experience of the involved professional). SPSS, version 20 
calculated descriptive statistics (www.spss.com).

Given the multiple potential sources of lack of reliability or 
error-variance (short-term and long-term test-retest, profession, 
experience, and rater) generalizability or G-theory was used 
for this study (16, 17). In G-theory, it is recognized that in 
any measurement situation there are multiple sources of error 
variance. Moreover, in the first stage of G-theory, a so-called 
Generalizability or G-study, the individual error variances are 
estimated simultaneously. In this G-study all the plausible sour-

METHODS
The study was reviewed by the ethics committee of Slotervaart 
Hospital and Reade, who undertook an expedited review and 
determined that the research activities described met their re-
quirements of exemption from review.

Shoes

A test set was assembled from 100 consecutive eligible thera-
peutic shoes (50 pairs) collected from different orthopaedic 
shoe companies and patients. Most shoes had been prescribed 
to patients with diabetes mellitus, RA, or osteoarthritis, and 
shoes were not currently in use by the patient. 

The test set was constructed in order to resemble daily clinical 
practice with respect to mean wear-and-tear and to cover the 
full range of wear-and-tear of the therapeutic shoes. Therefore, 
a preliminary test set was composed based on a reference study 
we conducted (15). In this reference study, we found a mean 
wear-and-tear score of 40.3 ((standard deviation; SD) 18.7; 
range 2.5–80.3) 6 months after delivery of the shoes in 87 
patients with RA. We assumed the mean of 40.3 to be a valid 
representation of the mean in daily clinical practice, but the SD 
to be an underestimation, as in the clinic we see the full range 
from never used to totally worn out. Thus, in order to construct a 
test set representing wear-and-tear seen in daily clinical practice, 
we aimed to compose a test set with a mean wear-and-tear of 
approximately 40.3, a SD greater than 18.7, and including shoes 
with a minimum score of 0 and maximum score of 100. To assess 
the representativeness of the preliminary test set, 2 physiatrists 
first rated all shoes in this test set. Their mean ratings indicated 
an under-representation of never or seldom worn shoes and ex-
tremely worn shoes. As a consequence, the preliminary test set 
was enriched with never or seldom, and extremely worn shoes. 
Thus, the final test set included more shoes at the extremes of the 
range. This final test set was used in the current study.

Wear-and-tear scale

In the wear-and-tear scale (Appendix I), raters are instructed 
to pay attention to the following details when rating the shoes: 
wrinkling of the upper, wear-and-tear of laces and Velcro, dam-
age to the leather, especially at the shoe’s nose, damage to the 
outer sole and heel, discoloration and visibility of the footprint, 
and other signs of wear or repair. Subsequently, raters are asked 
to rate the degree of wear-and-tear of each therapeutic shoe 
separately on a 100-mm visual analogue scale (VAS), with 0 
and 100 indicating “not at all worn out” and “totally worn out”, 
respectively. The distance (in mm) from 0 to the marked bar of 
the raters is recorded by a research assistant.

Table I. Overview of the reliability coefficients of the wear-and-tear scale that were calculated, their interpretation, and the facets of 
generalizability that were considered to be random and fixed, respectively

Type of reliability Interpretation 

Facet of generalizability

Hour Week Profession Experience Rater

Intra-rater or test-retest 
Short-term: hour 0 vs hour 4 Reliability for the same rater with a 4-h interval Random Fixed Fixed Fixed Fixed 
Long-term: week 0 vs week 4 Reliability for the same rater with a 4-week interval Fixed Random Fixed Fixed Fixed 
Overall Reliability for the same rater with a 4-h or 4-week interval Random Random Fixed Fixed Fixed 

Inter-rater 
Profession: physician vs shoe technician Reliability between physicians and shoe technicians Fixed Fixed Random Fixed Fixed 
Experience: ≤4 years vs >4 years Reliability between inexperienced and experienced raters Fixed Fixed Fixed Random Fixed 
Overall Fixed Fixed Fixed Fixed Random

www.medicaljournals.se/jrm
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571Wear-and-tear scale for therapeutic footwear

wear-and-tear scores of the least worn shoes of each 
pair and most worn shoes was –3.3 (95% CI –4.6–1.9), 
indicating a minimal difference. Raters had a median 
(IQR) years of experience of 4.0 (IQR 1–10). 

The reliability coefficients, SEMs, SDDs and SDCs 
are summarized in Table II. The short-term, long-term 
and overall intra-rater or test-retest reliability coef-
ficients were 0.98–0.99, which can be interpreted as 
excellent. The related SEMs ranged from 2.6 to 3.9, and 
SDDs/SDCs from 7.3 to 10.8. The inter-rater reliability 
coefficients were 0.97 to 0.98, which can be interpre-
ted as excellent. The related SEMs ranged from 4.5 to 
4.9, and SDDs/SDCs from 12.4 to 13.7. The overall 
reliability or ability to generalize from a single rating 
was 0.93, which can be interpreted as excellent. The 
related SEM and SDC/SDD were 8.1 and 22.5, respec-
tively. For researchers who want to calculate their own 
coefficients, SEMs, and SDDs/SDCs, the underlying 
variance components are shown in Appendix SI1. An 
overview of different wear-and-tear scores is shown 
in Appendix SII1

DISCUSSION

The results of this generalizability study show that 
the wear-and-tear scale is a reliable instrument to 
measure the wear-and-tear of TF, with an excellent 
intra-rater and inter-rater reliability and an excellent 
overall reliability. 

For the G-Study we carefully composed our test set. 
This study included TF with a mean wear-and-tear 
score comparable to the mean wear-and-tear found in a 
recent reference study at 6 months after delivery of TF 
in patients with RA (15). However, the SD of the mean 
wear-and-tear score of the test set used in this study was 
intentionally higher than the SD in the reference study. 
A higher SD will result in a higher variance with respect 
to the wear-and-tear in the test set. Higher variances 
result in better (higher) reliability coefficients. As the 
variance seen in daily clinical practice is expected to 
be lower, the reliability of the scale in practice will also 
be lower. Therefore, for future research we recommend 
continued validation of the wear-and-tear scale. For 
instance, through collecting new ratings of TF directly, 
6 months and 1 year after delivery, in order to determine 
whether our test set consisted of shoes with a wear-and-
tear comparable to daily clinical practice.

The test set was assembled from shoes of patients 
with diseases in which the feet are generally symmetri-
cally affected. This is reflected by the small difference 
between the wear-and-tear scores of the least and most 

ces of error are incorporated into a single analysis of variance, 
and the individual variance components are computed. Then, 
through the second part of G-theory, the Decision or D-study, 
the impact of the sources of error-variance and various combi-
nations can be examined.

G-Study. A 5-facet fully crossed design was used (16). The ob-
ject of measurement or facet of differentiation was: shoe. The 5 
facets of generalization were: hour (hour 0 vs hour 4), and week 
(week 0 vs week 4), profession (physician vs shoe technician), 
experience (≤ 4 years vs > 4 years) and rater (rater 1 to rater 6).

D-Study. Absolute reliability coefficients (or intraclass correla-
tions coefficients for agreement) (14) of intra-rater, inter-rater 
and general reliability were calculated by considering different 
facets of generalization as fixed or random factors (14). Table 
I gives an overview of the facets of generalization that were 
considered fixed or random, respectively. G-theory was applied 
with the software program G_string_IV, version 6.3.7. (18). 

Reliability coefficients were interpreted as follows: <0.40: poor; 
0.40–0.74: fair to good and ≥ 0.75 excellent (19, 20).

Sample size. In generalizability studies there is no feasible 
strategy to compute sample size (21). Therefore, the sample 
size was chosen on the basis of convenience and feasibility. 

In addition to the reliability coefficients, relative measures 
of reliability, the standard errors of the measurement (SEMs), 
absolute measures of reliability, were calculated (17) and from 
these SEMs the smallest detectable differences (SDDs) (22) or 
smallest detectable change (SDCs) (20) were derived. The SDD 
indicates the difference between ratings of different shoes on 
the measurement scale, and the SDC indicates the change in 
ratings of the same shoe. This means that these values (SDD 
and SDC, respectively) numerically represent a real difference 
or change, i.e. not attributable to measurement error. For this 
study, the SEMs were calculated as the square-root of the mean 
square estimate for the error term at issue, determined using 
G-theory, and the SDDs and SDCs as 1.96 × √2 × SEM (18).

RESULTS

The mean wear-and-tear score of the shoes was 39.7 
(SD 33.3) with 7 shoes with a score < 5.0 and 3 shoes 
with a score > 95.0. No significant differences were 
found between left (mean 39.8; SD 33.7) and right 
(mean 39.6; SD 32.9) shoes (p = 0.72). The mean dif-
ference of the wear-and-tear scores between the left 
and right shoe was –0.2 (95% confidence interval (95% 
CI) –1.6–1.1) and the mean difference between the 

Table II. Intra-rater and inter-rater reliability coefficients of the 
wear-and-tear scale and associated standard errors of measurement 
(SEM) and smallest detectable difference (SDD) or change (SDC)

Type of reliability

Absolute 
reliability 
coefficient SEM SDD or SDC

Intra-rater or test-retest
Short-term: hour 0 vs hour 4 0.99 2.6 7.3 
Long-term: week 0 vs week 4 0.99 2.9 8.0 
Overall 0.98 3.9 10.8 

Inter-rater 
Profession: physician vs shoe technician 0.97 4.9 13.7 
Experience: ≤ 4 years vs > 4 years 0.98 4.5 12.4 
Overall 0.93 8.1 22.5 

1http://www.medicaljournals.se/jrm/content/?doi=10.2340/16501977-2339

J Rehabil Med 50, 2018
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572 R. Dahmen et al.

worn shoes of each pair. In our view, generalization to 
patients with asymmetrically affected feet, e.g. patients 
after stroke, is possible because we investigated the 
reliability separately for each shoe. Further research 
is necessary, to investigate the differences in the relia-
bility of the wear-and-tear scale of the least and most 
worn shoes. In the meantime we recommend rating the 
most worn shoe in asymmetrical cases. 

For the G-study we carefully chose our facets of dif-
ferentiation. The chosen time intervals were realistic and 
relevant to daily clinical practice. The included profes-
sions were relevant for the multidisciplinary foot-care 
clinic that participated in our study. Moreover, the full 
range of experience of raters was covered for the setting 
of our multidisciplinary foot-care clinic. Finally, the 
results of this study are based on a large number of ra-
ters. For future research we recommend including other 
prescribers of TF, e.g. orthopaedic surgeons, as raters.

In the D-study the different reliability coefficients 
were calculated. All reliability coefficients were above 
0.93. This is relatively high in comparison with other 
studies (20). In the calculation of reliability coefficients 
the variance in the object of measurement is divided 
by the variance in the object of measurement plus the 
error variance (17, 20). Consequently, a relatively high 
variance in the object of measurement, as was intentio-
nally the case in this study, will result in high reliability 
coefficients. Moreover, the error variance in this study 
was, by applying generalizability theory, attributed to 
5 different sources of variation. In the calculation of 
specific reliability coefficients, only the error variance 
that is attributable to the source of variation at issue 
is included. In our view, this reflects one of the great 
advantages of generalizability theory.

The short-term and long-term intra-rater reliability 
are more or less comparable, with coefficients of 0.99, 
indicating that ratings by the same person are as reliable 
when separated by a short period of time compared 
with a long period of time. Possible explanations for 
these comparable coefficients are the large number of 
shoes in the test set, with a small chance of recall of 
previous ratings, even in case of repeated ratings on the 
same day. Moreover, when stored in a box under stable 
conditions, the wear-and-tear of the therapeutic shoe did 
not change over time. In other reliability studies there is 
often an issue that reliability has to be studied in “stable 
patients” and, related to this, if the reliability is poor, 
to differentiate between the lack of reliability of the 
instrument vs the lack of stability of the phenomenon 
at issue in the patients under investigation (20). Clearly, 
this issue does not apply in the current study because the 
wear-and-tear was studied in “stable shoes”, which may 
result in reliability coefficients that are relatively high 
in comparison with other reliability studies. Given the 

mean wear-and-tear score (40.3) in our reference study 
at 6 months after delivery of TF, the SDCs (7.3–10.8) 
are small enough to detect change over time if the wear-
and-tear scale is applied by one rater only. 

The inter-rater reliabilities and overall reliability 
coefficients were 0.97, 0.98 and 0.93, respectively. The 
SDCs are relatively high (12.4–22.5). However, they 
are still sufficiently small enough for the application 
of the wear-and-tear scale by different raters in clini-
cal practice, if we assume that the wear-and-tear will 
increase linearly, in the time interval from 6 months 
up to one year after delivery of the shoes, even above 
40.3. However, this assumption should be confirmed 
in future research covering the full-time interval up 
to one year after delivery. For the application of the 
wear-and-tear scale in daily clinical practice, i.e. in the 
setting of a multidisciplinary foot-care clinic, and in 
order to detect smaller changes, we recommend using 
the scores of one rater over time or the mean scores of 
2 different raters. The mean scores of 2 ratings, by an 
inexperienced or experienced physiatrist or orthopa-
edic shoe technician, result in a reliability coefficient 
of 0.96 and a SDC of 15.9.

There is a limited, although greater, consistency bet-
ween ratings made by the same rater (0.99) compared 
with ratings made by different raters (0.97–0.98). This 
might be explained by the fact that each rater makes their 
own weighting of the different indicators of wear-and-
tear observed on the shoes separately and/or together.

The present study found that the wear-and-tear 
scale is a reliable indicator of wear-and-tear of TF. 
For its application in daily clinical practice, we chose 
one global judgment with 1 VAS score instead of 
4 separate VAS scores for the different parts of the 
shoe, which gives detailed information, but is rather 
time-consuming. The wear-and-tear scale may be used 
by TF prescribers and professionals involved in TF 
prescription to endorse the replacement of TF with a 
new pair, although threshold values for replacement 
are not yet available. Future studies should focus on 
threshold values for replacement of TF.

With respect to application of the wear-and-tear 
scale in daily clinical practice, the question arises as 
to whether the wear-and-tear scale might also be used 
by TF prescribers and professionals involved in the 
prescription of TF, as an indicator of TF use. Studies 
have shown that TF use is suboptimal, with varying 
non-use rates of 17–25% (15, 23), thus reducing its 
effectiveness (24). Several instruments are available 
to assess TF use. Subjective instruments comprise 
patient-reported measurement instruments (25) and 
objective instruments are mostly performance-based 
(26). They have disadvantages, such as the potential for 
response bias, missing data, not being very feasible in 

www.medicaljournals.se/jrm
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573Wear-and-tear scale for therapeutic footwear

daily clinical care, and being costly. The wear-and-tear 
scale tackles these downsides: it is a simple, rapid, clini-
cally easily applicable and inexpensive measurement 
instrument. However, a drawback of the wear-and-tear 
scale is that the extent of wear-and-tear of the shoes 
may also be influenced by the patient’s weight, asym-
metrical gait patterns, lower limb (mal)alignment, the 
applied shoe materials, walking surfaces and climate 
or weather conditions. Thus, the wear-and-tear scale is 
not a pure indicator of TF use. For future research we 
recommend studying the validity of the wear-and-tear 
scale as an indicator of TF use by comparing the scale 
with currently existing indicators of use. In these stu-
dies associations between wear-and-tear and use, will 
have to be corrected for potential confounders, such 
as patient’s weight, asymmetrical gait patterns, shoe 
materials applied, and climate or weather conditions.

Study strengths and limitations
The strengths of this study are its design, with a 
carefully assembled test set with a large number of 
therapeutic shoes and a large number of raters, com-
bined with application of the G-theory. According to 
the COSMIN (COnsensus-based Standards for the 
selection of health status Measurement INstruments) 
criteria the methodological quality of this study is 
excellent because no ratings were missing, the sample 
size was adequate (100), more than 2 measurements 
were available, the administrations were independent, 
the time interval was appropriate (4 weeks), the object 
of measurement, the wear-and-tear of the therapeutic 
shoe, did not change over time, test conditions were 
similar for all measurements, there were, to our know-
ledge, no important flaws in the design of methods of 
the study, and intraclass correlation coefficients for 
agreement were calculated (27). 

A limitation of the current study is that it was con-
ducted in the Netherlands and therefore may not reflect 
clinical practice in other countries. Furthermore, there 
was no detailed information about the wear-and-tear of 
all shoes in the interval between taking off the shoes for 
the last time and commencement of the study, and shoes 
of patients with diseases with asymmetrically affected 
feet were not included. Future studies into the reliability 
of the wear-and-tear scale in other clinical settings and 
in patients with asymmetrically affected feet are needed.

Conclusion

This generalizability study, with both a large number of 
therapeutic shoes and raters, showed that the wear-and-
tear scale is a feasible, simple and rapid measurement 
instrument that can be used to reliably measure the 
wear-and-tear of TF.
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Appendix I. Wear-and-tear scale. 

Instructions 

 

 

Attention points 
� wrinkling of the upper  

� wear-and-tear of laces and Velcro 

� damage of the leather, especially at the shoe’s nose 

� damage of the outer sole and heel  

� discoloration and visibility of the foot print 

� other signs of wearing or repair 
 

Example 
A totally worn out shoe as is indicated on the line as follows: 
 
   not at all   totally 
   worn out  worn out 
  

 

Your opinion 
Mark with a  on the line the extent to which the shoe is worn: 
 
Right shoe: 
 
   not at all   totally 
   worn out  worn out 
 
 
Left shoe: 
 
   not at all   totally
   worn out  worn out 
 

Would you please be so kind to give your opinion on the extent to which the shoe is worn? Before 
this, please read through the attention points carefully. The attention points consist of wearing 
characteristics of the different parts of the shoe. Now, formulate your opinion on the extent of the 
wearing out of the shoe by means of marking a bar on the horizontal line.    
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