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Results 
 
Using Functional Magnetic Resonance Imaging (fMRI) and Diffusion Tensor Imaging (DTI) studies have located a 

multitude of regions of interest (ROI) to differentiate between PWS and fluent controls (see Figure 1). The left pars 

opercularis, Brodmann’s area (BA) 44, which is responsible for efficient syntactic and phonological processing, has been 

named in nearly all studies to show significant differences in PWS versus fluent controls (Beal et al., 2015). This gray 

matter area has been shown to retain its cortical thickness over the lifespan in PWS, however, this is abnormal compared 

to maturational norms (Beal et al., 2015). Additionally, the white matter connecting fibers in the left hemisphere (see 

Figure 2), which ensure effective auditory processing, phonological processing, and motor speech coordination, appear 

to be less efficiently connected. Chang et al., (2015) found the left SLF and AF to have a reduced fractional anisotropy 

(FA) in PWS (see Table 1). Subcortical structures (i.e., the basal ganglia, thalamus, putamen and cerebellum) in PWS 

also show anomalous activation and connection with cortical structures involved in processing and producing speech (Lu 

et al., 2010).  

Fig. 3: Gray matter volume across fluent,  persistent 

and recovered groups 
 

Bar graphs of the mean gray matter volumes (GMV) 

and standard errors for left Brodmann's area 44 (BA44) 

and left Brodmann's area 45 (BA45), the left superior 

temporal gyrus (STG), and the right STG sides in all 

three groups. 
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Background 

 
Developmental stuttering affects approximately 5% of children before elementary school, and while 1% persist in 

stuttering 3 years post onset, the remainder recover (Chang, Zhu, Choo, & Angstadt, 2015). Recent research in 

neuroimaging  has sought to discover anatomical and physiological differences in brain activity of people who stutter 

(PWS). The right hemisphere lateralization in PWS has been suggested to be a disadvantageous compensatory rewiring 

in the brain’s structure and function (Civier, Kronfeld-Duenias, Amir, Ezrati-Vinacour, & Ben-Shachar, 2015). Particular 

region and microstructure anomalies in PWS versus fluent controls have been highlighted and replicated by numerous 

studies using spontaneous, scripted and auditory tasks. Stuttering severity shows a strong correlation in predicting if a 

PWS will persist or recover, however, differentiating between neural activity differences in persistent versus recovered 

stuttering remains complex and not entirely conclusive. 
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Fig. 1: Cortical ROI 

 

The regions of interest depicted on the gray matter 

surface of the left hemisphere: (A) the anterior 

(green) and posterior (red) angular gyrus, anterior 

(pink) and posterior (blue) superior temporal sulcus 

and anterior (dark pink) and posterior (blue) 

superior temporal gyrus; (B) ventral (green) and 

dorsal (brown) premotor cortex, ventral (red) and 

dorsal (blue) primary motor cortex and ventral 

(pink) and dorsal (purple) sensorimotor cortex; (C) 

pars orbitalis (BA47); (D) pars triangularis (BA45) 

and (E). pars opercularis (BA44). 
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Table 1: Selected neuroimaging techniques used in stuttering research                                                                 

Discussion 

 
Further research into the neurological underpinnings differentiating subtypes of PWS is needed. Increasingly 

complex neuroimaging equipment and technology could aid in more reliable and less variable data. Future research 

is appropriately suggesting to test children closer to the age of onset, as opposed to adults, as this would control for 

timing in regard to neural plasticity changes which may not be directly causal of stuttering, but rather adaptive. 

While stuttering is considered a multi-faceted disorder, if particular brain anomalies are consistently and accurately 

reported, the nature of therapy and timing could provide a better prognosis for recovery in treatment. As with all 

communication disorders, early intervention is ideal in order to ensure the most efficient changes in individuals while 

neural plasticity is at its highest.  

Fig. 2.: White matter connections of interest – 

the superior longitudinal fasciculus (SLF) and 

the arcuate fasciculus (AF) 
 
Jang, S. H. (2013). Diffusion tensor imaging studies on arcuate fasciculus in stroke patients: a 

          review. Frontiers in Human Neuroscience, 7, 749. doi:10.3389/fnhum.2013.00749  

Limitations 

 
Neuroimaging techniques continue to improve as technology increases and new, more reliable data will be collected 

in future research. It is possible that using fMRI and DTI in combination would correct some of each other’s pitfalls, 

therefore providing more valid and reliable results in cortical and subcortical structure and function differences. 

Additionally, in nearly all studies of developmental stuttering, the participants are adults or have already progressed 

past the typical range for recovery; the issue with neuroimaging in this respect is such that it is difficult to determine 

which areas of the brain are causal versus adaptive over the participant’s lifetime (Loucks, Kraft, Choo, Sharma, & 

Ambrose, 2011).   
 

fMRI DTI 

Measures Blood oxygen levels, signifying neural 

activity 

FA - Rate and direction of water molecule 

diffusion along myelinated neurons in white matter 

tracts 

Considerations A functionally difficult procedure to use on 

young PWS near age of onset 

Connective fibers in the white matter tracts are 

bundled and tangled, and makes their specific 

functionality difficult to differentiate 

 

 
 

    Decreased activation:   

                                                 

-LEFT pars opercularis                                                

-superior temporal gyrus                                              

-superior longitudinal and arcuate         

  fasciculus                             

-thalamus  

-anterior corpus collosum 

Increased activation: 
 

-RIGHT pars opercularis 

-anterior insula 

-medial and lateral motor areas 

-middle and posterior temporal  

 areas 

-left putamen  

-right cerebellum 


