
directly. In the questionnaire 

comments, therapists reported 

self-treating and seeking informal 

treatment from colleagues. This 

was consistent with prior research 

and Halloran’s experiences, but it 

might not be the best way to ad-

dress WMSDs.1 

In terms of prevention, some ther-

apists in the study cited fi tness 

as an important preventive strat-

egy. Others cited body mechanics. 

These measures are unlikely to 

substantially reduce the risks asso-

ciated with physical therapy work. 

Only a cultural shift that involves 

both an honest appraisal of the 

risks involved with patient care 

and the use of equipment for high-

risk tasks is likely to reduce injury 

rates. Marras et al2 demonstrated 

that regardless of lifting tech-

nique, the transfer of a lightweight 

(110 lbs) and cooperative patient 

resulted in forces that exceeded 

tissue tolerances in the lumbar 

spine. The force levels, in some 

cases, exceeded the threshold for 

vertebral endplate mircofractures. 

In the clinic, patients are likely to 

be substantially heavier and not as 

cooperative. 

Although the focus of this study 

was work-related pain and inju-

ries, making the job less physical 

and less strenuous is another 

goal. Therapists may leave clinical 

practice before they get injured 

because the job becomes too 

strenuous. Clinicians should be 

able to pursue full-time clinical 

work for as long as they wish. The 

presence of experienced clinicians 

in all settings will benefi t patients 

as well as our less experienced 

colleagues. 

Marc A Campo

MA Campo, PT, PhD, OCS, is Associate Pro-
fessor, Mercy College, Dobbs Ferry, NY.

This letter was posted as a Rapid Response on 
May 16, 2008, at www.ptjournal.org.
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On “Test-retest reliability and 
minimal detectable change on 
balance…” Steffen T, Seney M. 
Phys Ther. 2008;88:733–746.

Translating reliability coefficients 

into clinically meaningful represen-

tations of measurement error is a 

necessary and important step when 

the goal is to link clinical research 

to clinical practice. The study by 

Steffen and Seney1 investigates the 

reliability of several balance and 

ambulation tests and converts the 

obtained coefficients into minimal 

detectable change (MDC) estimates. 

The authors apply Shrout and 

Fleiss2 type 3,k intraclass correla-

tion coefficients (ICC) to quantify 

relative reliability and, from these 

estimates, they calculate the stan-

dard error of measurement (SEM) 

to quantify measurement error in 

the same units as the original mea-

surement. For some of the balance 

and ambulation tests, 2 trials were 

performed on each of 2 occasions 

(eg, Timed “Up & Go” Test [TUG]); 

for other tests (eg, Six-Minute Walk 

Test [6MWT]), a single measure-

ment was performed on each of 2 

occasions. In the former case, the 

authors reported a type 3,2 ICC; 

in the latter case, they presented a 

type 3,1 ICC. 

The authors’ rationale for applying 

the type 3,k ICC was “The ICC(3,k) 

was used instead of the Pearson 

correlation coefficient (r) for test-

retest reliability because it assess-

es rating reliability by comparing 

the variability of different ratings 

of the same subject with the total 

variation across all ratings and all 

subjects.”1(pp740–741) In fact, the type 

3,1 ICC provides an estimate of 

reliability similar to the Pearson 

r because neither coefficient ac-

counts for a systematic difference 

in scores between the replicate 

measures (eg, either trials or occa-

sions in Steffen and Seney’s study). 

Presumably, in a test-retest reliabil-

ity study, one is interested in both 

systematic and random errors, and, 

if this is true, the type 2,k ICC is the 

better choice because it includes 

both sources of variance in the reli-

ability coefficient calculation. When 

the systematic error is zero, the type 

2,k and 3,k ICCs provide identical 

estimates of reliability. However, 

when systematic error is present, as 

in the case of Steffen and Seney’s 

6MWT data, the type 2,k ICC will 

be less than the type 3,k ICC. 

My second reflection addresses the 

use of the Shrout and Fleiss classifi-

cation system in situations where 2 

or more facets exist, such as for the 

TUG data. Here, the facets are trials 

and occasions. A dilemma occurs 

when attempting to interpret the 

meaning of the type 3,2 ICC report-

ed by Steffen and Seney. It is not 

clear if the second digit (2) refers to 

2 trials, 2 occasions, or 2 trials per-

formed on each of 2 occasions (ie, a 

total of 4 measurements). I propose 

that a generalizability3 approach to 

the analysis has the potential to pro-

vide a clearer picture of the sources 

of variance, their magnitude, and 

the relative merits of averaging over 

either trials or occasions, or both. 

To illustrate the points raised above, 

I have generated synthetic data for 

the TUG. Paralleling the design of 

Steffen and Seney, the synthetic 
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Table 1.
Synthetic Timed “Up & Go” Data 

Person Occasion 1 Occasion 2

Trial 1 Trial 2 Trial 1 Trial 2

Person 1 26.7 25.2 27.6 25.8

Person 2   4.6   6.9   7.6   7.1

Person 3   8.7   6.1 12.5 15.9

Person 4 18.1 19.1 26.1 28.5

Person 5 11.1   8.0 16.6 14.7

Person 6 20.7 24.0 20.4 22.6

Person 7 16.4 16.8 15.4 18.9

Person 8   4.3   6.4 16.0 14.2

Person 9 13.8 12.6 16.0 17.8

Person 10 25.7 24.8 34.5 34.6

Mean 15.0 15.0 19.3 20.0

Table 2. 
Trial and Occasion Means

Order

1 2

Trial 17.1 17.4

Occasion 15.0 19.6

Table 3. 
Type 2,1 and 3,1 Inter-trial and Inter-occasion Intraclass Correlation Coeffi cients (ICC) 

Occasion 1 Occasion 2

Inter-trial reliability

   Type 2,1 ICC .96 .96

   Type 3,1 ICC .96 .96

   Pearson r .96 .96

Trial 1 Trial 2 

Inter-occasion reliability

   Type 2,1 ICC .76 .72

   Type 3,1 ICC .86 .85

   Pearson r .86 .85

data represent 2 TUG trials per-

formed on each of 2 occasions for 

10 persons. The data presented in 

Table 1 were contrived to illustrate 

a systematic difference between 

occasions, but no systematic differ-

ence between trials. 

Table 2 reports the mean scores 

for trials and occasions. Of inter-

est is that the trial means aver-

aged over occasions are almost 

identical; however, the occasion 

means differ. Stated another way, 

a systematic difference exists be-

tween occasions, but not between 

trials averaged over occasions. 

Table 3 displays Shrout and Fleiss 

type 2,1 and type 3,1 ICCs ob-

tained by performing randomized 

block analysis of variance (ANO-

VA). Negative variance estimates 

were set to zero for all analyses. 

Pearson r values also are reported 

in this table. That the inter-trial 

type 2,1 and 3,1 ICCs are iden-

tical to 2 decimal places refl ects 

the similarity of trial means shown 

in Table 2. By contrast, the inter-

occasion means shown in Ta-

ble 2 differed, and this system-

atic difference is not refl ected in 

the type 3,1 ICC or in the Pear-

son r. Accordingly, the type 3,1 

ICC is greater than the type 2,1 

ICC because the variance due to 

occasion is greater than zero.

The following section illustrates 

a generalizability analysis that in-

cludes both trials and occasions in 

a single analysis. I applied a 3-way 

random effects ANOVA. The ratio-

nale for applying a random effects 

model was that I wished to gen-

eralize beyond the persons, trials, 

and occasions composing the study 

sample. The ANOVA and variance 

components were calculated using 

MINITAB statistical software*, and 

the results appear in Table 4. Once 

again, negative variance estimates 

were set to zero.

Inspection of the variance compo-

nents reveals the following impor-

tant fi ndings: (1) there is a large 

variance among persons, and this 

is desirable, (2) the variance be-

tween trials averaged over occa-

sions is zero (this refl ects the near 

identical means reported in Table 

2), (3) there is a relatively large vari-

ance due to occasions (this refl ects 

the difference in occasion means

reported in Table 2), (4) the per-

son by occasion (P × O) vari-

ance is substantially greater 
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than the person by trial (P × T) 

variance (this suggests that aver-

aging over occasion will have a 

greater effect than averaging over 

trials), and (5) the residual error is 

relatively small compared with the 

person variance.  

The variance components report-

ed in Table 4 can be applied to cal-

culate generalizability coeffi cients 

that represent inter-trial and inter-

occasion reliability. They also can 

be used to examine the distinct ef-

fect of averaging over trials, occa-

sions, or both. 

The theoretical inter-trial reliabil-

ity (generalizability) for a single 

trial is obtained by substituting 

the variance components into 

Equation 1 and by setting n
t
 and 

n
o
 to 1. The obtained value is .97, 

and this is analogous to the Shrout 

and Fleiss type 2,1 inter-trial ICCs 

of .96 reported in Table 3. The 

inter-trial reliability for an average 

of 2 trials can be obtained by set-

ting n
t
 to 2 and n

o
 to 1. This yields 

an inter-trial reliability of .98, 

which is analogous to a Shrout 

and Fleiss type 2,2 ICC. 

When the goal is to draw infer-

ences about the change status of a 

person, as is the case when MDC 

is applied, the inter-occasion reli-

ability (generalizability) coeffi cient 

is of interest. It is calculated by ap-

plying Equation 2. The theoretical 

inter-occasion reliability for a sin-

gle trial is obtained by substitut-

ing the variance components into 

Equation 2 and by setting n
t 
and n

o
 

to 1. This gives an inter-occasion 

reliability of .74, which is the av-

erage of the 2 inter-occasion reli-

ability estimates reported in Table 

3. The inter-occasion reliability for 

a single trial performed on each of 

2 occasions is obtained by setting 

n
t
 to 1 and n

o
 to 2. This yields an 

inter-occasion reliability of .85. 

Finally, one can examine the inter-

occasion reliability for the average 

of 2 trials on each of 2 occasions. 

This is accomplished by setting n
t 

to 2 and n
o
 to 2 in Equation 2. A 

value of .86 is obtained, and, to my 

knowledge, there is no equivalent 

Shrout and Fleiss coding scheme 

to represent this combination. 

Paul W Stratford 

PW Stratford, PT, MSc, is Professor, School 
of Rehabilitation Science, McMaster Univer-
sity, Hamilton, Ontario, Canada.

This letter was posted as a Rapid Response on 
June 3, 2008, at www.ptjournal.org.
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Equation 1: 

Equation 2: 

Table 4. 

Analysis of Variance and Variance Components 

Source Sum of Squares Degrees of 
Freedom

Mean Square Variance 
Components 
(rho2)

Person (P) 2114.88 9 234.99 54.66

Trials (T)       1.30 1     1.30   0

Occasion (O)   215.30 1 215.30 10.00

P × T (to)     23.17 9     2.58   0.21

P × O (po)   143.23 9   15.92   6.88

T × O (to)       1.44 1     1.44   0

Error (e)     19.40 9     2.16   2.16
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