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BMJ Open publishes all reviews undertaken for accepted manuscripts. Reviewers are asked to 

complete a checklist review form (http://bmjopen.bmj.com/site/about/resources/checklist.pdf) and 

are provided with free text boxes to elaborate on their assessment. These free text comments are 

reproduced below.   

 

 

ARTICLE DETAILS 

TITLE (PROVISIONAL) The abdominal drawing-in maneuver for detecting activity in the 
deep abdominal muscles: is this clinical tool reliable and valid? 

AUTHORS Kaping, Karsten; Äng, Björn; Rasmussen-Barr, Eva 

 

VERSION 1 - REVIEW 

REVIEWER Pawel Linek 
Department of Kinesitherapy and Special Methods in Physiotherapy. 
The Jerzy Kukuczka Academy of Physical Education in Katowice, 
Poland. 

REVIEW RETURNED 01-Jul-2015 

 

GENERAL COMMENTS I`m writing regarding the paper entitled: “The abdominal drawing-in 
maneuver for detecting activity  
in the deep abdominal muscles: is this clinical tool reliable and 
valid?”  
 
In general, the authors put interesting question regarding ADIM: “is 
this clinical tool reliable and valid? The first part of the question is 
clearly explained in the study. Similarly, the aspect covering 
concurrent validity. However, I have some doubts regarding 
discriminative validity. First, the age ratio of the participants is too 
wide. Second, some of the LBP patients can be treated as chronic, 
others do not. In ODI questionnaire most of the LBP participants 
have received around 22% this means that they have rather 
minimal/moderate disability. Third, for some patients It was the first 
episode of the LBP – they shouldn`t be mixed with recurrent LBP. 
Forth, in LBP exclusion criteria included nerve root compression, 
neurological disease etc. What about other possible sources of 
specific pain, such as spondylolisthesis? I think that only nonspecific 
LBP should be included. The mentioned aspects might have 
influenced the low sensitivity.  
 
More specific comments:  
Line 11-12 page 8  
“…If they had had LBP for at least two weeks… ”  
Is they suffered from LBP during the study?  
Line 1-2 page 9  
Why did you use ICC 2,1 for assess intra-rater reliability? In my 
opinion type 3 should be selected. How 0.94 was obtained? When 
was the second scanning procedure or the second measurement of 
the USI image? Elaborate it in more details.  
Line 11 page 9  
I do not have access to the publishing of the book from 1999, but in 
the book from 2004 the chapter contains ADIM procedure was 
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written by Hides J et all. Local segmental control. In: Richardson 
C,Hodges P, Hides J, editors. Therapeutic exercise for lumbopelvic 
stabilization. Edinburg: Churchill Livingstone; 2004. pp. 185e220. In 
this chapter (from 2004) I also haven`t seen the expression 
“abdominal hollowing”. Please check it.  
Line 22 page 11  
“yes indicating a correct contraction” ??  
Do you mean correct performance of the ADIM test presented by 
Hides et al?  
Line 19 page 14, Line 12 page 19  
Line 16 page 6 – Here the abbreviation (ADIM) have been 
introduced for the first time. It is enough for the whole paper.  
Table 2  
Some information is confusing to me. How was the preferential 
contraction assess? In the methodology section there is explanation 
of the TrA contraction ratio and TrA Preferential activation ratio. 
Maybe “Preferential contraction” column in fact shows the actual 
thickness of the muscles during ADIM?  
TrA, OI, OE total abdomen – How it was assessed?  
% change = percent change from resting to activated state during 
preferential activation” – Please elaborate expression: “…activated 
state during preferential activation.”  
Table 5  
What value of the contraction and preferential activation ratio of the 
TrA was treated as a positive or negative result? Now, It is not clear 
to me how sensitivity and specificity were assessed. 

 

REVIEWER Kelli Brizzolara 
Texas Woman's University  
USA 

REVIEW RETURNED 28-Aug-2015 

 

GENERAL COMMENTS 1. IRB approval from the institution was not explicityly stated.  
2. Discussion was appropriate, however, there is some other 
evidence by Teyhen et al. (Arch Phys Med Rehabil, 2009) that 
differs with the outcomes in this study. Teyhen et al. were able to 
find significant differences in TrA activation between those with 
unilateral lumbopelvc pain and healthy subjects. Was this 
information considered? Could it be used to strengthen the 
discussion or at least the knowledge that it is out there. Methods 
were different but ?  

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer: 1 
Reviewer Name   Pawel Linek 
Institution and Country Department of Kinesitherapy and Special Methods in Physiotherapy. The 
Jerzy Kukuczka Academy of Physical Education in Katowice, Poland. 
  

Remark: 

In general, the authors put interesting question regarding ADIM: "is this clinical tool reliable and valid? 
The first part of the question is clearly explained in the study. Similarly, the aspect covering 
concurrent validity. However, I have some doubts regarding discriminative validity. First, the age ratio 
of the participants is too wide. Second, some of the LBP patients can be treated as chronic, others do 
not. In ODI questionnaire most of the LBP participants have received around 22% this means that 
they have rather minimal/moderate disability. Third, for some patients It was the first episode of the 
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LBP - they shouldn`t be mixed with recurrent LBP. Forth, in LBP exclusion criteria included nerve root 
compression, neurological disease etc. What about other possible sources of specific pain, such as 
spondylolisthesis? I think that only nonspecific LBP should be included. The mentioned aspects might 
have influenced the low sensitivity. 

 

Reply: 

The study purpose was to include persons with LBP > two weeks.  We aimed to investigate the 

test’s validity towards healthy, rather that between subgroups of LBP, that is since question have 

been raised on whether the test is useful or not in subjects with LBP. Our study result found no 

difference in TrA muscle activity between subjects with LBP vs. healthy. To be able investigate 

differences in the sub groups of LBP we are deeply underpowered and moreover even if the 

question raised may be of interest. A major part of the subjects (n=31) reported pain >12 weeks 

while 6 subjects reported acute or sub-acute pain. The outcome of correct or not correct manually 

assessed ADIM and ADIM examined with ultrasound are presented below and we find no 

difference between the groups (as tested with chi
2
 testing). Regarding the age ratio we included 

subjects 18-65 years of age which is similar to previous studies of ADIM. See ref below.  

 

.  

 

 

 

 

 

   

     USI =Ultrasound, CR =contract ratio Pref CR = Preferential contract ratio 

 

The clinical examination of nerve root involvement was considered an exclusion criteria weather it 
was through a spondylolisthesis or not. However none of the enrolled subjects declared 
spondylolisthesis. This has now been clarified in the manuscript page 8 line 18-19. 

“Subjects with spondylosis, or spondylolisthesis were included if no signs of nerve root 
compression existed.” 

 

 

More specific comments: 
Line 11-12 page 8 
"If they had had LBP for at least two weeks. " 
Is they suffered from LBP during the study? 

Reply: 

We have clarified the sentence on page 8 line 12-14.  We also accordingly have changed this in table 
1 (regarding pain duration) specifying 2-4 weeks. Thank you. 

 

Acute and sub-acute LBP  

(n=6) 

Number of correct /not correct 

Chronic LBP 

(n=31) 

Number of correct /not 
correct 

Manual USI 
CR 

USI 
Pref 
CR 

Manual USI 
CR 

USI 
Pref 
CR 

4/2 3/3 5/1 20/11 26/5 22/9 
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“Subjects seeking care for a primary complaint of LBP were considered eligible and included if their 
LBP had lasted for at least two weeks and if they estimated their pain level to > 20” 

 

Line 1-2 page 9 
Why did you use ICC 2.1 for assess intra-rater reliability? In my opinion type 3 should be selected. 
How 0.94 was obtained?  When was the second scanning procedure or the second measurement of 
the USI image?  

Elaborate it in more details. 

 

Reply: 

We selected ICC 2.1 as this model calculates for systematic differences which is not the case with 
ICC 3.1. As presented below all three repeated measurements were selected for the data set in the 
ICC calculation. The result was however similar for all ICC calculations’ indicating no systematic 
differences. The pictures were recorded on same day by the same USI -examiner. The ICC was 
calculated on 35 subjects.  
 

ICC1.1 (single rater) = .839507821098019 

ICC1.k (mean of k raters) = .940092854862757 
F = 16.6924996627544 Sig. of F = 1.91108906477666E-10 
  
ICC2.1 (single rater) = .838993956572022 
ICC2.k (mean of k raters) = .939877979793064 
F = 15.7527131536227 Sig. of F = 1.05684760942637E-09 
  
ICC3.1 (single rater) = .831011745977104 
ICC3.k (mean of k raters) = .936518872003327  

 

To clarify the procedure we have added the following changes to the sentence see page 9 line 4-6. 

A same day intra-rater reliability was performed and calculated from the obtained USI measurements 
for 35 subjects and considered very good  (ICC 2.1, 0.94). 

 

Line 11 page 9 
I do not have access to the publishing of the book from 1999, but in the book from 2004 the chapter 
contains ADIM procedure was written by Hides J et all. Local segmental control. In: Richardson 
C,Hodges P, Hides J, editors. Therapeutic exercise for lumbopelvic stabilization. Edinburg: Churchill 
Livingstone; 2004. pp. 185e220. In this chapter (from 2004) I also haven`t seen the expression 
"abdominal hollowing". Please check it. 

 

Reply: 

The abdominal hollowing is a synonymous for ADIM and also used in various published scientific 
research articles. Please see proposed references below. 

Line 22 page 11 
"yes” indicating a correct contraction"  ?? 
Do you mean correct performance of the ADIM test presented by Hides et al? 

Reply: 

Thanks for pointing out this. Of course it should be indicating a correct performance of ADIM.  To 
clarify this we have changed the sentence accordingly: Page 12 line 1-2.  
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“The manual investigator filled out a paper chart with yes or no; yes indicating a correctly performed 
ADIM” 

 
Line 19 page 14, Line 12 page 19 
Line 16 page 6 - Here the abbreviation (ADIM) have been introduced for the first time. It is enough for 
the whole paper. 
 

Reply: 

Thanks for observing this; the abbreviation is corrected in the manuscript see below 

Page 15, line 6  

The present aim was to establish the concurrent and discriminative validity, and the inter-observer 
reliability, of the manually-assessed ADIM. 

Page 20, line 2  

validity of the manually-assessed ADIM, a commonly used clinical tool 

 

Table 2 
Some information is confusing to me. How was the preferential contraction assess? In the 
methodology section there is explanation of the TrA contraction ratio and TrA Preferential activation 
ratio. Maybe "Preferential contraction" column in fact shows the actual thickness of the muscles 
during ADIM? 
TrA, OI, OE total abdomen - How it was assessed? 

Reply: 

Yes it is clearly confusing to use the term “preferential activation”. As you noted, it is the real change 
in muscle thickness measured by the USI during ADIM. We understand the confusion and we have 
changed to ADIM both in table text and in the explanatory text please see below. 

 

Table 2.  Data from the USI measurements of muscle thickness (mm) at rest and during ADIM 

presented with mean and SD (n=52).  

 

 % change = percent change from rested state to activation of the deep abdominal muscles during 
ADIM.  

 

Remark Table 5 
What value of the contraction and preferential activation ratio of the TrA was treated as a positive or 
negative result? Now, It is not clear to me how sensitivity and specificity were assessed. 
 
Reply: 

The mean ratio values – 1SD, was calculated in the first algorithm to classify if a subject performed a 
correct (yes) or not correct (no) ADIM.  The “yes” and “no” were thus analyzed between healthy and 
subjects with LBP.  To clarify this we have added a sentence accordingly: Page 12 line 20-21.  

“A correctly or not correctly performed ADIM was scored as “yes” or “no” both for subjects with LBP 

and for healthy.”  

References 

 Henry SM, Westervelt KC, The use of real –time ultrasound feedback in teaching abdominal 
hollowing exercises to healthy subjects. J Orthop Sports Phys Ther, 2005. 35, 338-345 

 Pulkovski N, Mannion AF, Caporaso F, Toma V, Grubler D, Helbling D, Sprott H. Ultrasouns 
assessment of transversus abdominis muscle contraction ratio during abdominal hollowing: a 
useful tool to distinguish between patients with chronic low back pain and healthy controls? 
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Eur Spine J, 2012. 21 Suppl 6: p. S750-9.   
 

Reviewer: 2 
Reviewer Name Kelli Brizzolara 
Institution and Country Texas Woman's University USA   

 
1.  IRB approval from the institution was not explicitly stated. 

Reply: 

The information is now added in the section Study design  page 8 line 3-4.  

Remark 
Discussion was appropriate; however, there is some other evidence by Teyhen et al. (Arch Phys Med 
Rehabil, 2009) that differs with the outcomes in this study.  Teyhen et al. were able to find significant 
differences in TrA activation between those with unilateral lumbo-pelvc pain and healthy 
subjects.  Was this information considered?  Could it be used to strengthen the discussion or at least 
the knowledge that it is out there.  Methods were different but? 
 

Reply: 

Thanks for the reminding us of this interesting study. This particular study was in a previous version of 

the manuscript included in the discussion section. We have taken your remark into consideration and 

have again included the reference in the discussion. Page 16 Lines 20-25. 

“In contrast to these results, Teyhen et al. [38] showed significant differences in activity of the deep 

abdominal muscles assessed with USI in persons with LBP compared to healthy, performing an 

active straight leg raise test (ASLR).  It should however be noted that their study design differed from 

ours as no instruction of ADIM was given to the subjects prior performing the ASLR” 

References 

Teyhen, D.S., et al., Ultrasound characteristics of the deep abdominal muscles during the active 
straight leg raise test. Arch Phys Med Rehabil, 2009. 90(5): p. 761-7. 

 

 

 

VERSION 2 – REVIEW 

REVIEWER Pawel Linek 
Department of Kinesitherapy and Special Methods in Physiotherapy. 
The Jerzy Kukuczka Academy of Physical Education in Katowice, 
Poland. 

REVIEW RETURNED 07-Oct-2015 

 

GENERAL COMMENTS Thank you for explaining to me the aspects which were raised during 
the first revision process. I think that present version of the paper is 
more clear for future readers apart from the aspect covering 
reliability (page 8 line 10-14). Allow me to comment this aspect more 
clearly (see below). Regardless of this, the paper is worth 
publishing.  
 
Comment:  
It was expected that type 2 and 3 give similar results but not in all 
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cases. Selection of the appropriate model of calculation should be 
based on principles but not on the statement that the results are 
similar. If you want to use type 2 (for systematic differences as you 
state in comments) you also have to include randomization of the 
raters (raters have to be randomly selected and should be 
considered representative of a larger population of similar raters). As 
I know only one rater assessed the ultrasound image in the study.  
 
 
After correction I still haven`t found information that states basis to 
assess ICC. Does the obtained ICC value reflect reliability of the USI 
of the abdominal muscles at rest, during ADIM, or is it the percent 
change, contraction ration, etc.?  
 
 
How long was the gap between the first and the second round of 
measurements?  
 
 
Thank you for sending me the full set of ICC results. Why did you 
state that value of the ICC for 1th measurement is 0.94, whereas 
this value actually shows three repeated measurements. If I 
understand correctly performed analysis, the ICC for one 
measurement is 0.84 not 0.94.  
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