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August 23, 1999 
 
 
 
Dear Dr. Kauffmann-Zeh: 
 
With some excitement, we are returning a revised version of our manuscript entitled: 

 
Growth Patterns in the Developing Human Brain 

Detected Using Continuum-Mechanical Tensor Mapping 
 
After 8 months of additional work, we now have considerably extended and refined the 
original study. The original manuscript reported the development of a new approach that 
creates spatially-detailed maps of dynamic growth patterns in the developing human 
brain. We have now applied the approach to a range of children spanning the age range 3 
to 15 years, and this has led to a variety of surprising results. In a developmental context, 
the ability to delineate both the progressive and regressive processes of late development 
reveals their considerable local complexity and regional characteristics, and shows 
enormous promise for diagnosing and monitoring normal and aberrant brain 
development. 
 
Revised Manuscript.   In your letter of 18 December 1998, you very kindly agreed 
to reconsider a revised version of the manuscript. Reviewer #1 found the manuscript 
acceptable for publication, while Reviewer #2 pointed out 4 specific questions that 
should be addressed before the manuscript could be regarded as acceptable for 
publication.  
 
We have now addressed each of these 4 points in detail. Our detailed responses to 
Reviewer #2 are detailed below, describing how we have considerably expanded the 
scope of the original manuscript, re-scanned subjects, and performed additional 



experiments to address each point. In the course of this work, striking new features of 
growth were identified, and previously undetectable trends in the rates and localization of 
growth patterns were detected and related to cognitive functions emerging at different 
stages of cognitive development.    
 
Detailed Responses to Reviewer #2 
 
The comments of Reviewer #2 were extremely valuable in improving the manuscript.  
The area in which the most substantial work has been done is in acquiring longitudinal 
MR data at very long time-spans from more subjects. This work is summarized in Figure 
1. The reviewer quite rightly requested that the data found in the original report be 
replicated in more subjects. We were able to re-scan new subjects, as well as subjects 
examined in the earlier report, at both very long and very short time intervals. The major 
advantage of this has been to cover the 7-15 age range in detail by scanning children at 
ages 7 and 11, 8 and 12, 9 and 13, and at age 11 and 15. The consistency of the findings 
in these subjects is summarized in figure 3, and led to some additional experiments. 
Although the logistics of serial scanning and subject motion make this quite difficult, we 
were able to acquire longitudinal data at an interval of 3 years from a child age 3 to 6, and 
scans exactly a year apart from a subject age 6 and 7. The scans at ages 6 and 7 and at 
ages 11 and 15 were especially useful as they further corroborated the profile of most 
rapid growth in the posterior corpus callosum in this developmental age-range. At the 
same time, the absolute rates of growth were attenuated in the oldest child examined.  
 
Specific Points 
 
Point #1. “..at least several different subjects would have to be studied to make a 
plausible case.”  We have now expanded the number of subjects (N=6, with repeat 
scans at long intervals). The new data have allowed us to improve the presentation and 
replicate the findings. Fortunately, the new data not only corroborate the earlier findings 
on the particular localization of growth patterns, but also reveal additional trends that 
were not appreciated in a single subject. After performing these additional studies, we re-
wrote the sections to reflect the increased number of subjects, and as Reviewer #2 
suggested, we made comparative observations among the different subjects.   
 
Point #2.  “..[is] the control … the same individual whose brain is said to change 
markedly over a period of four years… This important point is not made clear.”    
 
We now provide maps based on data acquired from the same subject at both very short 
and very long time intervals. One of the authors, we were able to recall one of the 
pediatric subjects to be re-scanned four years after their baseline scan and then have them 
come back again for additional scan exactly 2 weeks after the first re-scan. Details of this 
new data are now presented in a new figure, Fig. 4, and are described in the main text. 
The old figure has been eliminated.   
 



Point #3. “The paper is, to an extraordinary degree, couched in imaging jargon…”. We 
have now tried to eliminate imaging jargon as far as possible, but retain details of the 
methodology. 
 
 
Specifically, there are several sections that have been fixed. Where an imaging term is 
used, we have defined it with a short phrase, e.g., 
 
“3D image registration [3] .. algorithms were applied to mutually align the scans for 
further processing. Registered scans were histogram-matched (i.e., their intensity 
distributions were equalized).” 
 
Another deficiency was that we did not define properly what a tensor map is, and we 
have now said: 
 
“.. to produce a variety of tensor maps (e.g., Figs. 1, 3-5, and 8(c),(d)). These maps reflect 
the magnitude and principal directions of tissue dilation or contraction, and the local 
rates, divergence and gradients of the growth processes detected in the dynamically 
changing brain.” 
 
In addition, it was unclear how the directional characteristics of growth could be 
measured using a tensor map. We now show this more explicitly in Fig. 5, where there is 
an outward radial expansion of tissue in rostral regions. Again we have added another 
definition to clarify this in the legend to Figure 5.  
 
 The only place where we have left some technical language is footnote [3], to enable 
imaging researchers to have full information on the technical algorithms used.  
 
Point #4. “The figures are presented in an abstract style that makes it hard to evaluate 
the quality of the primary data.”  We have addressed this in two ways. To indicate the 
anatomical context of the maps, we have used insets to show which region of the 
anatomy is analyzed (Figures 3,5,8). If an oblique view is used, we have shown this by 
shearing the inset (Fig. 1). Most of the MRI data is shown with ‘hot-metal’ color 
enhancement to help discriminate structure boundaries. Secondly, to clarify the quality of 
the raw data in the area of the caudate, the internal capsule and interstitial tracts are 
shown in conjunction with the growth map overlaid in Figure 7(c). Additional context is 
provided in Figure 7(d), where the relationship between the modeled cortical boundary 
and the raw MR intensity data are shown.  We hope that these additional elements of the 
figures help to clarify the relationship between the models and maps and the raw 
tomographic data.   
 
Again, we are very grateful to Reviewer #2 for pointing out these areas. We have now 
made efforts to address each of the individual points with a range of new experiments in 
additional subjects.   
 



We now feel that our revisions have resulted in a significantly stronger manuscript that 
presents surprising and exciting findings about the extremely complex dynamics of 
human brain development. We very much hope that the resulting manuscript will be of 
interest to the readership of Nature.  
 
Should you require additional information, please do not hesitate to contact me.  
 
 
Sincerely,  
 
 
 
**etc. 
 


