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On The Hippocampus And Memory: Effects Of Selective 
Lesions Involving Different Subregions

Lisa Luu ’09, Biology Major; Monterey Park, California
Anna Hill ’11, Biology and Music Major; Richmond, Virginia 
L. Jarrard, Washington and Lee University, Robert Lee Telford Professor Emeritus*

I. INTRODUCTION
While it is generally agreed that the hippocampus is crucially 

involved in learning and memory, the exact nature of this 
involvement continues to be controversial. Recent research 
suggests that the structure does not function as a whole but 
rather that there are functional differences along the dorsal-
ventral axis (Moser, et al., 1993; Vinson, et al., 2007). Anatomical 
support for this view is provided by Cenquizca and Swanson 
(2007), who identified three major hippocampal areas that send 
projections to different cerebral cortical and subcortical areas.

The current research was undertaken to clarify any 
functional differences by selectively lesioning each of the three 
hippocampal areas using rats as subjects. On recovery from 
surgery the animals were trained and tested using a behavioral 

testing procedure that permits studying two kinds of learning 
and memory (reference and working memory), and the handling 
of two kinds of information (spatial vs. cue learning).

II. PROCEDURE
Forty-two rats were divided into the following lesion groups: 

complete hippocampus (CH), dorsal hippocampus (DH), 
intermediate hippocampus (IH), ventral hippocampus (VH), 
and control (operated and unoperated). Surgical damage to the 
hippocampus involved using multiple focal injections of small 
amounts of a neurotoxin (ibotenic acid) that selectively removes 
neurons (cell bodies) without affecting axons passing through 
the area. (See Jarrard, 1989 for details regarding surgery). 

*Supported by a grant from National Institutes of Health to L.E.J
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Following postoperative recovery, all animals were trained 
and tested on two versions of an 8-arm radial maze task as in 
Figure 1. The within-subjects procedure consisted of ‘baiting’ 
(with sucrose pellets) the same 4 out of 8 similar arms over trials 
for each rat on the spatial task, and consistently baiting 4 of 
8 cue arm inserts on the nonspatial, cue task. The removable 
inserts were made of different materials (e.g., carpet, screen 
wire, sandpaper) that covered the surface of the arms. The 
location of the cues on the 8 arms varied from trial to trial in 
the cue task, whereas, on the spatial task the same arms were 
baited over trials. It has been shown previously that with the 
spatial task animals use contextual room cues (door, group cage, 
experimenter location, etc.) to learn which arms are correct, 
while the nonspatial cue task is learned by utilizing specific 
characteristics of the various cue inserts.) A trial consisted of 
allowing the rat to choose arms or cues until the correct 4 were 
chosen. Two trials were given on each of the 2 tasks each day, 
and training continued for 50 trials on each task.

In the two tasks, the subject can make the following 3 types 
of errors: reference memory errors (RM), Working Memory – 
Correct errors (WMC), and Working Memory – Incorrect errors 
(WMI). RM errors are choosing arms or cues that are never 
baited.WMC errors are choosing arms or cues that were correct 
but have already been chosen on that trial, and WMI errors are 
visiting again an arm or cue that has never been baited.

III. RESULTS
Anatomical – Following behavioral testing the animals were 

sacrificed and the brains were removed for histological analysis. 
Rats with unacceptable lesions were not included in the final 
analysis of the behavioral data. The nature and extent of the 

damage to the 3 subregions of hippocampus is shown in the cell-
stained brain sections in Figure 2. The complete hippocampus 
lesion involved all three subregions.

Behavioral – Overall performance of control and lesion 
groups on the spatial vs. nonspatial cue tasks is shown in Figure 
3. Mean percent correct responses over the 5 blocks of 10 trials 

Figure 3. Mean percent correct data of all rat groups organized by blocks of ten trials for both place 
(spatial) and cue task. 
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is plotted separately for the groups on the spatial (left) and 
cue (right) tasks. These data were analyzed with analysis of 
variance followed by additional tests of significant terms. (Details 
of these analyses will not be presented here because of space 
limitations.) Performance of rats in the CH group is impaired 
compared to all other groups on the spatial (place) task, but 
there are no differences on the cue task. Rats in the DH group 
made slightly more errors than IH, VH, and controls on the 
place task, especially on Block 1, but do not differ from the 
other groups on the cue task. 

Analysis of the error data shown in Figure 4 indicates that 
removing all of hippocampus (CH group) results in a WM 
impairment that is especially apparent on the spatial (place) 
task. Further, within a trial CH rats tend to revisit correct arms 
that have already been chosen (WMC) on the place task more 

than repeating arms that were never baited (WMI). Rats with 
dorsal hippocampus lesions (DH group) tend to be impaired 
in working memory early in training (Block 1), while rats with 
lesions of the other subregions (IH, VH) do not differ from 
controls. 

IV. CONCLUSIONS 
In agreement with the findings reported in other research, 

complete removal of the hippocampus results in an impaired 
ability to handle spatial information, while cue based learning 
is minimally affected. When the damage is limited to dorsal 
hippocampus there is a slight impairment in handling spatial 
information, but lesions of intermediate and ventral hippocampus 
are without effects on either the spatial or cue tasks. 

Figure 4. WMC and WMI error data of all rat groups organized by blocks of ten trials for both 
place (spatial) and cue task. 
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A more complete analysis of the types of errors made 
suggests that the difficulty rats with complete hippocampus 
lesions have is in revisiting correct arms and cues that have 
already been chosen within that trial. With lesions limited to 
dorsal hippocampus, there is a similar problem but this tends to 
be minor and limited to early training as the task is learned.

Given that the major projections from the hippocampus 
to other areas of the brain differ for dorsal, intermediate, and 
ventral hippocampus (see Cenquizca & Swanson, 2007), it is 
surprising that the effects on learning and memory of selective 
lesions to these different subregions are so similar. These results 
suggest that the role of the hippocampus in handling spatial 
information cannot be attributed to any one anatomically 
defined subregion within the hippocampus.

V. REFERENCES 
Cenquizca, L.A. and Swanson, L.W. (2007) Spatial organization 

of direct hippocampal field CA1 axonal projections to 
the rest of the cerebral cortex. Brain Research Reviews, 56: 
1 – 28.

Jarrard, L.E. (1989) On the use of ibotenic acid to lesion 
selectively components of the hippocampal formation. 
Journal of Neuroscience Methods, 29: 251 – 259.

Moser, E., Moser, M-B, and Andersen, P. (1993) Spatial learning 
impairment parallels the magnitude of dorsal hippocampal 
lesions, but is hardly present following ventral lesions. The 
Journal of Neuroscience, 13(9): 3916-3925.

Vinson, B.T., Gallagher, N., Defterrali, C., and Jarrard, L.E. 
(2008) Ventral hippocampal involvement in inhibitory 
learning. The Washington and Lee Journal of Science, 9: 1-5.
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ADHD and Nicotine: A Hypothesis for the Reason ADHD Affected 
Individuals Often Smoke Cigarettes

Connell Owings ’10, Neuroscience Major; Columbia, South Carolina

Attention Deficit Hyperactivity Disorder
Attention deficit hyperactivity disorder (ADHD) is quite 

prevalent among today’s children, adolescents, and young adults. 
It is estimated that this disorder affects 3% to 7% of children 
today. It is also estimated that 75% of these children have ADHD 
symptoms that continue into adolescence and nearly 65% of 
these children even experience symptoms in adulthood (Levin, 
2007). Affected individuals have dysfunctions in dopaminergic 
circuits that cause problems in the reward system and defects in 
executive function; the affected regions mainly include areas in 
the frontal cortex and basal ganglia. Treatment options include 
the use of stimulants, buproprion, and other non-stimulants. 
However, this is a particularly difficult disorder for which to find 
an adequate and safe treatment method because the individuals 
are so susceptible to, and often already have developed, substance 
use disorders; thus, these treatments can be easily abused and 
progress to become larger problems (Szobot & Bukstein, 2008). 
Ideas as to what may contribute to the development of ADHD 
include diet, exposure to toxins like lead or mercury, pregnancy 
delivery complications, and the most prominent idea of fetal 
exposure to alcohol or nicotine (Das Banerjee et al., 2007). 
Because this is such a widespread disorder, it is obligatory 
that research is carried out to explore possibilities behind the 
development of the disorder and common trends that are 
associated with it. In this paper, I present evidence that ADHD 
affected individuals have a tendency to smoke cigarettes or to 
be dependent on nicotine due to the putative benefits nicotine 
provides; nicotine seems to serve as an agent to normalize some 
of the major symptoms of ADHD.

Diagnosis of ADHD
Diagnosis of ADHD can often be difficult due to the strict 

symptom guidelines it entails. The clinical diagnosis includes 
the presence of six or more inattention symptoms or six or more 
hyperactivity or impulsivity symptoms. Inattention symptoms 
and hyperactivity or impulsivity symptoms are the two main 
categories of ADHD symptoms. Additional requirements entail 
the existence of some impairing symptoms before the age of 
seven, having these impairing symptoms in two domains of 
functioning apparent in social, work, or school functioning, 
and finally, having symptoms that do not occur only when a 
developmental disorder such as schizophrenia is progressing. It 
is particularly hard to identify all these symptoms collectively 

when trying to diagnose an adult. Psychiatric comorbidity also 
presents a complication to the diagnosis of ADHD because of 
overlapping symptoms (Levin, 2007). 

ADHD and SUD
Attention deficit hyperactivity disorder (ADHD) has 

been shown to be closely related to substance use disorder in 
adolescents. Because of the early onset of ADHD in childhood, 
scientists believe the affected individuals can be treated to 
attempt to prevent the development of substance abuse disorders 
(SUD), such as substance abuse of nicotine. ADHD is often 
present several years before substance use disorders even begin 
which makes the possibility of targeting affected individuals 
quite promising (Szobot & Bukstein, 2008). One of the more 
common substances seen in association with ADHD is nicotine; 
it is clearly evident that there must be some logical reason behind 
the strong connection between this disorder and substance.

Association between ADHD and  
Nicotine: Dependence

A great deal of research has been conducted that has 
emphasized a strong dependence on nicotine in those affected 
by ADHD. For instance, Wilens et al. (2008a) studied the 
relationship between cigarette smoking and adolescents and 
young adults with ADHD; specifically, the study aimed to 
evaluate the risk and severity of cigarette smoking in these 
individuals. The sample group consisted of individuals that 
were either current smokers or had “ever smoked” or in other 
words had smoked a cigarette at least once. The study used the 
self-reported Fagerstrom Tolerance Questionnaire (FTQ) to 
assess individuals’ use of nicotine and severity of dependence on 
nicotine. Results evaluating overall smoking habits between those 
with ADHD and those without the disorder demonstrated that 
the two groups had very different rates of having ever smoked 
and current smoking. Results also showed that individuals with 
ADHD were much more likely to show a lifetime prevalence 
of smoking and also current smoking. Furthermore, the FTQ 
results indicated that ADHD individuals exhibited higher rates 
of smoking dependence which in turn points toward more severe 
nicotine addictions. The study also explored the relationship 
between specific ADHD symptoms and cigarette smoking; 

“difficulty playing/being quiet” was the only symptom shown 
to be more common in current smokers. But, as revealed by 
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Figure 1., as the number of individual ADHD symptoms that 
a person experienced increased, the proportion of smokers also 
increased dramatically. The examination of sex differences in 
smoking showed that females with ADHD tended to have 
more severe dependence on nicotine than males with ADHD. 
Environmental influences such has having friends who are 
smokers, having a parent who smokes, or living with someone 
who smokes, all indicated more severe dependence on nicotine as 
well. Overall, the study indicated that ADHD is most certainly 
a risk factor for more severe dependence on cigarette smoking 
(Wilens et al., 2008a).

Furthermore, Rodriguez et al. (2008) examined the 
relationship between nicotine dependence and ADHD in a 
nonclinical sample of high school students. The study also used 
the FTQ to assess nicotine 
dependence and a self-report 
ADHD form to describe 
ADHD symptoms. Results 
showed that hyperactivity-
impulsive type symptoms 
were significantly associated with the quickening of nicotine 
dependence symptoms in young adulthood. The results suggest 
a slightly different conclusion than most other research in 
that they indicate a relationship between the symptoms of 
ADHD in mid adolescence and a change in nicotine dependence 
symptoms in adolescence and young adulthood. Rodriguez 
et al. (2008) suggest that reasons behind this relationship 
may include an association between higher levels of ADHD 
symptoms and relations with more deviant friends or the fact 
that nicotine seems to lessen the symptoms of poor control 
and inattention and thus is a self-medication. However, these 
are only suggestions that the researchers bring up in order to 
attempt to explain their findings. 

Figure 1. Association between total ADHD symptoms and smoking rates; Wald test for 
logistic regression model [n=166;
 χ2(1)=14.0; p < .001].

Similarly, Ohlmeier et al. (2007) studied the relationship 
between ADHD and addictive substances such as nicotine and 
alcohol. The study used the self-reported Fagerstrom Tolerance 
Questionnaire (FTQ) to assess the dependence on nicotine. 
They also found a significant association between ADHD and 
substance abuse, particularly in terms of alcohol and nicotine use. 
These findings suggest that there may be some pathophysiological 
connections involving substances like alcohol and nicotine in 
association with ADHD; in other words, this may be a type 
of “self-medication.” Perhaps, this offers a deeper look into this 
strong connection between ADHD and nicotine. 

Additionally, Elkins et al. (2007) studied the relationship 
between ADHD and adolescent progression of substance use and 
abuse of tobacco, alcohol, and illicit substances. Their sample 

group included individual 
twins with ADHD that 
they examined three times 
at approximately ten years 
of age, fourteen years of 
age, and eighteen years of 

age. This particular study showed that males were more likely 
to have nicotine, alcohol, and cannabis abuse or dependence 
than females, which may be controversial to other experimental 
results. The hyperactive-impulsive (HI) symptom of ADHD was 
seen to be significantly associated with prediction of initiation 
of tobacco, alcohol, and illicit drug use. Overall, ADHD 
again was significantly associated with prediction of nicotine, 
alcohol, and cannabis use disorders. Especially notable, results 
indicated that a one ADHD symptom increase was predictive 
of a very apparent increase in the risk for developing a substance 
use disorder; for instance, one HI symptom was much more 
predictive of developing nicotine dependence than no HI 
symptom. Moreover, Ribeiro et al. (2008) studied substance 

Results predictably indicated that individuals with ADHD 
were significantly more inclined to use nicotine regularly 

than other individuals with different mental disorders. 
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use, specifically alcohol and nicotine use, in adolescents who 
had been admitted to a German clinic for psychiatric disorders. 
Results predictably indicated that individuals with ADHD were 
significantly more inclined to use nicotine regularly than other 
individuals with different mental disorders. Thus, it is not only 
a matter of those with ADHD and those without; even in a 
sample of individuals with many different mental illnesses, those 
with ADHD are still more likely to use nicotine regularly. 

Finally, Fuemmeler et al. (2007) examined the affect of 
ADHD on several different patterns of cigarette smoking 
progression. Scientists separated the symptoms of ADHD into 
two domains: inattention (IN) and hyperactive-impulsive (HI). 
The sample population consisted of individuals determined to 
be non-smokers or experimenters; an experimenter was defined 
as an individual who had smoked one full cigarette at least 
once and a regular smoker was defined as one who had ever 
smoked one cigarette daily for thirty consecutive days. Each 
participant completed three different in-home surveys, with 
Wave I from April to December of 1995, Wave II from April 
to August of 1996, and Wave III from August 2001 to August 
2002. During Wave III, the sample group reported frequency 
of ADHD symptoms between five years of age and 12 years of 

Figure 2. Trajectories of smoking progression and Ns for each group.

age on a Likert scale. Results showed that HI symptoms were in 
fact significantly related with the progression from non-smoker 
to regular smoker and from experimenter to regular smoker. 
Thus, the IN and HI symptoms of ADHD are significantly 
associated with progression of smoking and levels of nicotine 
dependence. The trend of increasing numbers of individuals 
becoming experimenters or regular smokers over time is clearly 
indicated in Figure 2.

Overall, the study indicates that HI symptoms are a big 
influence in the progression to regular smoking; however, no 
evidence was found to suggest that ADHD symptoms influence 
the progression to experimentation. At Wave III, subjects who 
were considered regular smokers also completed the Fagerstrom 
Test of Nicotine Dependence (FTND). Results indicated that 
HI and IN symptoms were significantly related to nicotine 
dependence and that IN symptoms were significant predictors 
of nicotine dependence. In other words, the number of reported 
IN symptoms in current smokers was related to the level of 
nicotine dependence (Fuemmeler et al., 2007). Therefore, these 
overall results again emphasize the fact that those affected by 
ADHD are much more likely to be or become dependent on 
nicotine and cigarettes. 
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Prior Stimulant Treatment
One other consideration when exploring the connection 

between nicotine and ADHD is the effect of prior stimulant 
treatment for the disorder. Wilens et al. (2008b) examined the 
effects of prior stimulant treatment exposure on the relationship 
between ADHD and risk for cigarette smoking and substance 
use disorders in adolescents. Instead of results that indicated 
an increase in risk for smoking and substance use disorders 
in adolescents with ADHD with prior stimulant treatment, 
results that suggested the contrary were found. The prior 
stimulant treatment seems to have a protective effect for ADHD 
individuals developing substance use disorders; these individuals 
were 73% less likely to develop 
a substance use disorder than 
those not exposed to stimulant 
treatment. Similarly, these 
ADHD individuals previously 
exposed to stimulant treatment also had a 72% lower risk rate 
and a later onset of cigarette smoking when compared to those 
not previously exposed to stimulant treatment. Thus, perhaps 
stimulant treatment is a good method to reduce the risk for 
substance use disorders and cigarette smoking in adolescents 
with ADHD; this is most certainly an idea to consider when 
searching for ways to minimize substance abuse disorders.

Self-Medication
The use of drug substances, most notably nicotine, is 

often referred to as a form of “self-medication” for individuals 
affected by ADHD; this is because after use of these drugs, 
the individual often feels or behaves more normally. This 
perceived improvement serves as an incentive for individuals 
to continue using these substances and often leads to abuse or 
heavy use of the substances. Nicotine has been connected to 
improvement in some cognitive functions in individuals with 
ADHD, perhaps, because of its stimulant properties (Szobot & 
Bukstein, 2008). Further, Ohlmeier et al. (2007) also suggested 
that due to the strong connection between ADHD and nicotine 
use that the results of their study indicated, there may be some 
pathophysiological connection; this is why the use of nicotine 
by ADHD individuals may be referred to as a form of “self-
medication.” It is very possible that the reason that so many 
individuals that have been diagnosed with ADHD are nicotine 
users is because of the possible improving effects of nicotine. 
Perhaps, nicotine users that have ADHD are self-medicating 
whether they realize it or are instead subconsciously doing 
it. Their addiction to this substance often manifests in the 
fact that it makes them feel more normal and behave in a 
manner more closely to an individual without ADHD. These 
speculations provide evidence to support the hypothesis that 
ADHD affected individuals have a tendency to smoke cigarettes 
or to be dependent on nicotine due to the putative benefits 
nicotine provides.

Improvement
The putative benefits of nicotine might offer clues explaining 

the link between nicotine addiction and ADHD sufferers. Potter 
and Newhouse (2008) explored this relatively new concept 
concerning the improving abilities of nicotine in young adults 
with ADHD. The sample group included fifteen young adults 
who were considered non-smokers and who had not taken any 
medication for lessening the symptoms of ADHD for at least 
three half-lives before the day the study was conducted. This 
research consisted of a double blind study using 7 mg Nicotine 
patch or a placebo patch that were each kept on for forty-five 
minutes. After removal of the patches, a series of cognitive tests 

began which were then followed 
by behavioral assessments. 
Cognitive testing included the 
Stop Signal Task, Stroop task, 
immediate recognition trials of 

the High-Low Imagery Task, choice delay task, and delayed 
recognition trial of the High-Low Imagery Task. Results from 
these tests indicated that one low dose of acute transdermal 
nicotine significantly improved the stop signal reaction time 
in young adults diagnosed with ADHD; this was signified by a 
considerable increase in the stop signal reaction time in subjects 
that had been administered the nicotine patch in comparison 
to those who had been administered the placebo patch. Results 
from the individual tests demonstrating the improving abilities 
of nicotine are illustrated in Figure 3. Potter and Newhouse 
(2008) discuss how the dopamine release in the 

striatum and increased dopamine release from the 
substantia nigra has been seen to be triggered by nicotine; 
this may suggest that nicotine does in fact help improvement 
of motor performance on the stop signal task. Also, nicotine 
was seen to reduce impulsivity which most likely lead to the 
overall improvements in clinical symptoms in this study. The 
results further suggest that nicotine serves as an agonist on 
the more behavioral symptoms of the disorder. In regards to 
the results of the choice task, individuals given the nicotine 
patch gave more delayed choices; in other words, there was an 
increase in tolerance for delay in the young adults that had been 
administered nicotine in comparison to the placebo. Also, in 
the recognition memory task, the increase in recognized words 
suggests that positive effects on recognition memory are triggered 
by nicotine. Overall, the results of the study importantly suggest 
a positive effect of a single acute dose of nicotine on young 
adults with ADHD. The most notable enhancements were 
seen in the areas of behavioral inhibition, delay aversion, and 
recognition memory. However, it must be noted that this study 
focused on subjects with ADHD-Combined type with pre-
existing deficits in behavioral inhibition; thus, more studies 
need to be conducted to test on other types of ADHD (Potter 
and Newhouse, 2008). Nevertheless, the improving abilities of 
nicotine are most definitely upheld by this study. These results 
give a solid reason as to why so many individuals affected by 

Overall, the results of the study importantly suggest 
a positive effect of a single acute dose of nicotine 

on young adults with ADHD.



9

Figure 3. a. Effect of nicotine on SSRT; b. Effect of nicotine on GO-RT and accuracy

ADHD are dependent upon nicotine and smoke cigarettes and 
provide substantial evidence for this hypothesis.

Optimization
Moreover, research has been conducted that suggests nicotine 

may optimize ADHD instead of improving performance on 
cognitive tasks. Poltavski and Petros (2006) conducted a 
study to examine the effects of acute transdermal nicotine on 
adult non-smokers in high and low attention groups. The low 
attention participants had not all necessarily been diagnosed 
with ADHD but had symptoms common to those of ADHD. 
A transdermal 7 mg nicotine patch or an identical placebo 
patch was administered to each participant for six hours. 
After removal of the patches, participants completed a series 
of cognitive tests including the Stroop task, Conners’ CPT, 
and Wisconsin Card Sorting Test (WCST). Overall, results 

indicated that participants in the low attention group that were 
treated with nicotine performed better than those in the group 
that were administered the placebo primarily on measures of 
sustained attention on the Conners’ CPT. Specifically, significant 
improvements included detectability, the number of errors of 
commission, and perseverations on the Conners’ CPT. However, 
impairing results were found for members of the high attention 
group treated with nicotine in the learning-to-learn category of 
the WCST. Both the low and high attention individuals who 
had received the nicotine patch performed more poorly than 
those in the placebo groups. Although the participants in this 
study had not necessarily been diagnosed with ADHD, it is 
nevertheless sound evidence to consider when examining the 
connection between nicotine and ADHD (Poltavski & Petros, 
2006). This study suggests that nicotine optimizes rather than 
improves the symptoms of ADHD which is a slight alteration of 
other research results. Even though it does not directly support 



10

the concept of nicotine as an improving agent, it clearly points 
toward the idea that there are some enhancing qualities noticed 
when ADHD individuals use nicotine. Thus, it seems reasonable 
that ADHD affected individuals would have more of a tendency 
to smoke cigarettes and become dependent on nicotine. 

Conclusion
Although the evidence that nicotine improves or optimizes 

the symptoms of ADHD has not been completely solidified, 
it is evident that there is some positive connection between 
ADHD and nicotine. This concept can be inferred by the 
strong association between ADHD affected individuals and 
nicotine substance use disorders. The most convincing argument 
is upheld by the large amount of evidence pointing to the 
fact that there is a significant association between nicotine 
dependence and individuals affected by ADHD; countless 
studies have been conducted that have produced results to 
emphasize this idea. The putative benefits of nicotine provide 
a very reasonable explanation behind this strong connection 
between ADHD and nicotine. However, although nicotine use 
may be lessening some of the symptoms of ADHD, it is not 
necessarily a healthy way to manage this disorder. Nevertheless, 
whether it is nicotine’s ability to improve or simply optimize 
symptoms of ADHD, this is a very plausible cause behind the 
large number of ADHD individuals who smoke cigarettes and 
are dependent upon nicotine; but, further research is most 
certainly needed to expand upon this concept.
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Case Study of Multiple Myeloma

Morgan Jones ’10, Biology Major; Columbia, South Carolina

I. Introduction
Cancer is the general term for a class of over one hundred 

types of diseases that result from abnormal cells that divide 
without any regulation or any limit. Nearly 1.5 million new cases 
of cancer were diagnosed and over 500,000 cancer-related deaths 
estimated in the United States in 2008; tremendous numbers 
of lives have been affected by cancer in some way (National 
Cancer Institute, 2008). There are five main categories of cancers: 
carcinomas, sarcomas, leukemia, lymphomas and myelomas, 
and central nervous system cancers (National Cancer Institute, 
2008). These categories are defined by the types of tissues where 
the cancer cells originate: carcinoma originates in endothelial 
cells, sarcoma in connective or supportive tissues (such as bone, 
blood vessels, fat, or cartilage), leukemia starts in tissues involved 
in blood formation, lymphoma and myeloma from cells of the 
immune system, and central nervous system cancers begin in 
either the spinal cord or brain (National Cancer Institute, 2008). 
One of these broad categories of cancer is controversial in its 
definition: myeloma. 

II. Multiple Myeloma
The Characteristics of Multiple Myeloma

Some authorities define myeloma as a cancer of immune 
cells, while others classify it as

a bone marrow or hematologic (blood) disease of the plasma 
cells (Multiple Myeloma Research Foundation, 2009a). In a 
sense, both of these definitions are correct. Multiple myeloma 
is a cancer of plasma cells that develop from B cells in the 
immune system (Multiple Myeloma Research Founation, 
2009a). Multiple myeloma refers to the specific conditions 
wherein several plasma cell tumors are spread throughout the 
bone marrow of the body, whereas a single plasma cell tumor 
is referred to as a plasmacytoma (American Cancer Society, 
2006a). Plasma cells are synthesized from B cells in the bone 
marrow and then exported in to the bloodstream for action in 
the body. Healthy plasma cells function as part of the human 
immune system, producing antibodies or immunoglobulins 
(these two terms will be used interchangeably) in response to 
an infection or disease (Faiman et al., 2008). In myeloma cases, 
however, significantly high numbers of abnormal plasma cells 
are produced in the bone marrow. These myeloma plasma cells 
have several immediate effects on the body—they overproduce 

monoclonal protein immunoglobulins (IgG, IgA, IgD, IgE) and/
or Bence-Jones proteins (free kappa and lambda light chains) 
and produce ineffective normal antibodies due to loss of bone 
marrow function, anemia, renal damage, decreased function of 
the immune system, osteoporosis, and hypercalcemia (Faiman 
et al., 2008). Specific multiple myeloma cases are defined by the 
immunoglobulin that is overproduced by the cancerous plasma 
cells (Multiple Myeloma Research Foundation, 2009a). All of 
these characteristics of the myeloma plasma cells can help a 
physician diagnose for multiple myeloma. The clinical diagnostic 
criteria are as follows: calcium elevation from excessive bone 
tissue breakdown, renal deficiency, anemia, bone disease (such 
as lytic lesions on bone that destroy bone tissue or osteopenia), 
presence of certain proteins in urine or blood serum, history 
of plasmacytoma, or cancerous plasma cells making up at least 
10% of the bone marrow (Faiman et al., 2008) (National Cancer 
Institute, 2008). Symptoms that patients experience include 
bone pain, fatigue, weight loss, numbness, and unexplained skin 
sensations; about one tenth of patients diagnosed with multiple 
myeloma experience no symptoms (Faiman et al., 2008).

Multiple Myeloma Incidence
Multiple myeloma is a relatively uncommon type of cancer. 

It accounts for 1% of all cancers and is the second most common 
blood cancer. There are approximately 20,000 new cases in 
the United States each year and about 100,000 Americans are 
estimated to currently be diagnosed with multiple myeloma. 
Nearly 11,000 people die of this disease yearly in the United States 
alone. The disease occurs slightly more frequently in men than 
in women and African Americans have the highest documented 
incidence of any ethnic group. Age is the predominant risk 
factor that has been identified thus far as over 80% of multiple 
myeloma patients are older than the age of 60 and 96% of 
all cases occur in people older than 45 years of age. While 
there is currently no clear cause of multiple myeloma, several 
hypotheses exist for its cause, including possible environmental 
or occupational factors, exposure to certain chemicals or to 
radiation, genetic mutations (particularly partial chromosomal 
translocations or deletions) or abnormalities in natural genetic 
coding, or the decline of the immune system with old age 
(Multiple Myeloma Research Foundation, 2009a). According 
to disease severity and progression, multiple myeloma cases are 
classified into three stages—I, II, III—using one of two staging 
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systems, which are based on a variety of factors (Faiman et al., 
2008). Of these stages, Stage I is the earliest stage, while Stage 
III is the most progressed and most serious. 

Treatment Options for Multiple Myeloma
There is currently no cure for multiple myeloma and long-

term remission with no recurrence is rare. With the standard 
treatments, the average survival time is only three years, while 
only 34% of multiple myeloma patients achieve a 5-year survival 
from the time of diagnosis (American Cancer Society, 2006b). 
However, new treatments are significantly increasing survival 
rate outlooks. For example, patients who undergo autologous 
stem-cell transplant have 
an approximately 70% rate 
of 10-year survival (Medical 
Record #1). While these 
novel treatments may be able 
to prolong life expectancies, 
there is currently no 
treatment that can cure multiple myeloma and this remains 
the biggest challenge and ultimate goal of professionals treating 
and researching myeloma (Faiman et al., 2008). 

Currently, several different approaches to the treatment of 
multiple myeloma exist. Traditional chemotherapy involves a 
combination of Melphalan, Doxorubicin, and Cyclophosphamide, 
medications that prevent cancer cell replication or cause cancer 
cell destruction by functioning as alkalating agents (Personal 
Communication with Sharon Risinger, 2009b). Steroid 
therapy is another widely used option, using Dexamethasone 
and Prednisone. Radiation therapy can also be used to try 
to combat multiple myeloma. Stem cell transplantation is a 
relatively new treatment option. Two types of transplants are 
used for multiple myeloma therapy: allogeneic and autologous. 
Allogeneic involves the harvest of stem cells from one individual 
for implantation into another; autologous is the removal and 
subsequent reintroduction of one individual’s healthy stem cells 
into himself or herself. Autologous transplant appears to be the 
more effective method of the two for longer remission periods 
and better prognosis. As awareness of and research for multiple 
myeloma increase, several new chemotherapeutic drugs are being 
developed and used in various combinations in an attempt to 
find the most effective tool for destruction of myeloma. Some 
of these novel treatments include Thalidomide (Thalidomid), 
Lenalidomide (Revlimid), Bortezomib (Velcade), and Liposomal 
doxorubicin (Doxil) (Faiman et al., 2008). 

Thalidomide, widely known as a prominent teratogen in the 
late 1950s and early 1960s, has been found particularly effective in 
treating several diseases, especially multiple myeloma. It reduces 
tumors’ ability to stimulate blood vessel growth into the tumor, 
angiogenesis, to supply the cancer with circulation—cutting off 
the blood supply to the tumor and eventually resulting in death. 
It is also an anti-inflammatory agent. Thalidomide suppresses 
cancer cells’ ability to produce cytokines—the molecules on a 

cell used for recognition and cell communication (Faiman et al., 
2008). When used in multiple myeloma patients, side effects 
include blood clots in the lungs or legs, severe and permanent 
nerve damage, severe birth defects, constipation, shaking, 
mood or mental state changes, severe dizziness, rash, change 
in heart rate, seizure, and increased risk of infection (Medical 
Record #2). Thalidomide can be used alone, in conjunction 
with dexamethasone, or as part of a multi-agent treatment 
approach. 

Velcade is a cancer treatment administered by injection. It, 
like Thalidomide, combats cancer by inhibiting angiogenesis. 
It also destroys tumors by inducing cell death (apoptosis) in 
cancer cells. Velcade functions as a chemotherapeutic agent by 

influencing the cell adhesion 
molecules on cancer cells, 
inhibiting the cells’ ability 
to effectively communicate 
and aggregate. It is also a 
proteasome inhibitor—
proteasomes are proteins 

within the cell that break down unneeded or ineffective proteins; 
this class of drugs is a newer method for cancer treatment 
(Wikipedia, 2009). Common side effects reported are general 
body pain and weakness, numbness, extreme fatigue, neuropathy, 
vomiting, nausea, diarrhea, and constipation (Faiman et al., 
2008).

X-Ray of Patient X’s Femur Showing Osteolytioc Lesions

As awareness of and research for multiple myeloma 
increase, several new chemotherapeutic drugs are being 

developed and used in various combinations in an attempt 
to find the most effective tool for destruction of myeloma.
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Doxil is one of the more established chemotherapy drugs 
for multiple myeloma treatment, doxorubicin, in a slightly 
updated formula and packaged in liposomes for a novel 
delivery mechanism that increases the drug’s efficacy. Doxil 
is almost exclusively used in conjunction with Velcade. In 
this combination, common side effects of Doxil are diarrhea, 
neuropathy, fatigue, and nausea (Faiman et al., 2008).

Revlimid is another medication used for its anti-angiogenic 
qualities; it limits cancer cells’ development or leads to their 
death. It is an anti-neoplastic medicine, meaning that it works 
to prevent the abnormal division and growth that define tumor 
formation. Futhermore, Revlimid inhibits cell recognition 
molecules that promote inflammation and activates those with 
anti-inflammatory effects on the cells (Faiman et al., 2008). 
Side effects include serious birth defects or fetal death, diarrhea, 
stomach pain and nausea, loss of appetite, difficulty sleeping, 
mental changes, serious allergic reaction, and severe heartbeat 
irregularities (Medical Record #3). 

With so many treatments options emerging, there are nearly 
infinite combinations of treatment; each patient’s specific therapy 
course is tailored to his or her case, involving an evaluation 
of their disease progression and effects, age, whether or not 
the disease is emerging or recurrent, and their own personal 
preferences (Multiple Myeloma Research Foundation, 2009b). 
The personalized approach to multiple myeloma therapy with 
the choice of many treatment plans allows the physician and 
patient, working in conjunction, to design the most effective, 
most desirable, and most practical plan for that patient. The new 
therapies also allow oncologists to target the specific molecular 
and cellular abnormalities of each case, rather than a “shotgun” 
approach wherein all possibilities are targeted in each patient. 
It seems that this new, customized approach has allowed more 
successful treatments and, as a result, improved patient prognoses 
post-treatment (Faiman et al., 2008). The only disadvantage to 
the plethora of new therapy options is that most have not been 
administered widely enough or for long enough to ascertain 
side effects or complications of these combinations. Neither 
medical care providers nor the pharmaceutical companies have 
yet been able to establish guidelines to mitigate unforeseen and 
potentially dangerous side effects. The medications may, over 
time, cause serious side effects that are can result severe decline 
in quality of life. Side effects that are allowed to persist without 
adjustment or management for long periods of time can lead 
to psychological problems, such as anxiety or depression, and 
can lead to social impairment, impeding the patient’s ability to 
function in personal or professional relationships. Furthermore, 
a variety of physiological side effects can drastically impair 
the patient’s health or even lead to death. These side effects 
include increased risk of infection, bruising, bleeding (internal 
or superficial), anemia, extremity numbness, paralysis, organ 
dysfunction, and gastrointestinal complications. Consequently, 
care managers must monitor patients on newer treatment plans 
particularly carefully to make sure that the combinations do 
not endanger the patient (Faiman et al., 2008). 

III. Case Study of X, a Multiple 
Myeloma Patient
Patient History and Diagnosis

At time of diagnosis, patient X was a 57-year-old white male, 
living in South Carolina with his wife and 19-year-old daughter. 
He is a psychiatrist at the University of South Carolina School 
of Medicine. He had been in excellent health his entire life, the 
only notable exceptions being dyslipidemia and a pilonidal cyst 
removal and repair in 1987. The patient exercises regularly, works 
in the yard, and is an avid runner. Family history is negative 
for multiple myeloma. However, family history does include 
prostate cancer, breast cancer, gastrointestinal cancer, coronary 
artery disease, and rheumatoid arthritis. The only environmental 
risk factor the patient has for disease is that his house is both 
near a major military base and near a forest. X went to see 
his general care provider, Dr. Martin Hester, in July 2007 to 
determine the cause of persistent abdomen discomfort. X-rays 
revealed that he had broken a rib; it was later determined this 
was caused by rolling over in bed. Dr. Hester suspected that 
osteoporosis would have to play a role in such a routine, low-
impact movement causing fracture and ordered a bone density 
study that revealed borderline osteopenia/ osteoporosis in the 
femur and definite osteoporosis in the lumbar vertebrae. A bone 
scan and further x-rays revealed several small fractures on at 
least three different ribs. A blood panel revealed that calcium 

X-Ray Showing X’s Port-A-Cath Placement
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levels were normal but that kappa to lambda light chain ratio 
was extremely high at over 3,000 (compared to a normal value is 
less than 25-30) (Personal Communication with Sharon Risinger, 
2009b). These blood results as well as the rib fractures led the 
general physician to suspect multiple myeloma and refer X 
to an oncologist specializing 
in multiple myeloma, Dr. 
Leland McElveen, at the 
South Carolina Oncology 
Associates. On 26 July 2007, 
Dr. McElveen performed a 
bone marrow aspiration on X 
from the right posterior iliac crest; the biopsy was sent for testing 
by Fluorescent In Situ Hybridization (FISH) analysis, using 
probes for multiple myeloma indicators to do chromosome 
analysis. The biopsy revealed the patient had Stage III Light 
Chain Multiple Myeloma (kappa type). Also, the patient was 
diagnosed with osteoporosis secondary to the myeloma (Medical 
Record #4). 

Treatment
Upon diagnosis, Dr. McElveen scheduled the patient to 

see Dr. Gary Spitzer of the Cancer Center of the Carolinas in 
Greenville, South Carolina. Dr. Spitzer is a renowned oncologist 
with special experience and training in multiple myeloma. He 
is also the Transplant Director at the Cancer Center of the 
Carolinas. After reviewing the patient’s history and diagnosis, Dr. 
Spitzer advocated immediate action. Since X’s multiple myeloma 
had already progressed to Stage III, an aggressive approach was 
necessary to combat the potentially life-threatening disease. 
Induction chemotherapy followed by two stem cell transplants 
was eventually chosen as the course of action (Medical Record 
#5). In August 2007, X had a chemotherapy port inserted in his 
upper right chest and was placed on a DT-PACE chemotherapy 
regimen. DT-PACE is a chemotherapy treatment of a 
combination of several drugs: Cyclophosphamide, Etoposide, 
Cisplatin, Doxorubicin, Dexamethasone, Thalidomide, and 
Velcade. Chemotherapy was given via the port, and later through 
a peripherally inserted central catheter (PICC) line (Medical 
Record #6). The chemotherapy regimen was a four round 
treatment in preparation for an autologous stem cell transplant. 
In addition to his DT-PACE, X therapy included several 
prophylactic medicines, which included Acyclovir (antiviral), 
Diflucan (antifungal), Prevacid (to prevent nausea and vomiting), 
Cipro (antibiotic), Neupogin (injections to stimulate white 
blood cell production in the bone marrow), Aredia (to promote 
bone strength and try to prevent osteoporosis advance), and 
Revlomid (a cancer suppression drug) (Medical Record #7). 
Along with the chemotherapy and protective agents, X was 
also administered Kytril intravenously during chemo infusions; 
Kytril is an anti-nausea medication that helps to prevent some of 
the undesirable side-effects of therapy (Personal Communication 
with Ric Jones, 2009a). 

In January 2008, X travelled back to the Cancer Center of 
the Carolinas for his first autologous stem cell transplant. Prior 
to and during bone marrow harvest, the patient’s Neupogin 
dose was increased to raise leukocyte counts and stimulate 
bone marrow production. Transplants began with the harvest 

of X’s stem cells by apheresis. 
Apheresis is a process in which 
the patient’s blood is removed 
from the body through a line 
inserted into the internal 
jugular and moved into a 
machine that uses centrifugal 

force to separate the cellular components of the blood by size, 
weight, and density. The portion of cells containing stem cells 
is removed for testing and transplant preparation. The patient’s 
blood is then warmed back to physiological temperature and 
put back into the patient’s body through another line inserted 
into a blood vessel. Each apheresis session last approximately 
eight hours; X had to undergo four days of apheresis to get 
enough stem cells from his blood to have enough for transplant 
(Personal Communication with Ric Jones, 2009b). After 
harvest, an extremely high dose of Melphalan chemotherapy 
was administered to completely wipe out X’s bone marrow 
and destroy all cancer cells therein, preparing the patient for 
infusion of healthy stem cells. When all marrow was completely 
dead, the healthy stem cells obtained by apheresis were re-
infused into his body (Personal Communication with Ric Jones, 
2009a). While waiting for the new cells to take hold and begin 
operating, X was kept under observation and had to rest to 
avoid overexertion while in this weakened state. During June 
and July 2008, X underwent his second autologous stem cell 
transplant. The second transplant followed the same protocol 
and treatment plan as the first (Personal Communication with 
Sharon Risinger, 2009a). Since the successful completion of this 
second transplant, X has had no further aggressive treatment 
and remains only on maintenance treatment. 

Side Effects and Complications
X experienced several common side effects of his DT-

PACE chemotherapy: profound fatigue, loss of appetite, a 
change in sense of taste, hair loss all over body, weight loss, 
and diarrhea. Fortunately, he did not experience any nausea 
or vomiting, thanks mostly in part to the addition of Kytril to 
his chemotherapy regime. Effects of the high-dose Melphalan 
chemotherapy prior to transplants were the same as those he 
experienced from DT-PACE. Immediately following reinfusion 
of stem cells, while waiting for the new stem cells to take hold 
in the body and begin functioning, the patient reports feeling 
his absolute worst—debilitating fatigue and complete loss 
of energy, taste, and appetite. Only one side effect from his 
treatment has been persistent. As a result of the Velcade infusions, 
X developed peripheral neuropathy (damage to the peripheral 
nervous system) that resulted in moderate-to-severe pain and 

As a result of the Velcade infusions, X developed pe-
ripheral neuropathy (damage to the peripheral nervous 

system) that resulted in moderate-to-severe pain and 
loss of feeling in the feet (Medical Record #8).
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loss of feeling in the feet (Medical Record #8). Nearly nine 
months after the completion of his therapy, X has persistent 
pain and numbness in both feet, especially at night. He was 
once on Lyrica to try to manage the pain, but experienced side 
effects and had to stop the medication. He currently is on no 
medication for the neuropathy (Personal Communication with 
Ric Jones, 2009a). 

The patient experienced several serious complications during 
the course of his treatment. In August 2007, during his first 
round of DT-PACE chemotherapy, the patient collapsed one 
morning without any previous symptoms or indications a serious 
problem. The patient’s heart 
rate dropped dangerously low 
and he had to be rushed to 
the emergency room by his 
wife and daughter. Emergency 
room physicians discovered that X was experiencing severe 
bradycardia as a reaction to the Thalidomide in his chemotherapy 
treatment. He remained in the Intensive Care Unit for two days, 
in the monitored unit with heart monitor for two more days, and 
was then moved to the oncology wing of the hospital for three 
more days before being discharged (Personal Communication 
with Sharon Risinger, 2009a). 

In September 2007, after two rounds of chemotherapy, the 
patient’s Port-A-Cath (port for chemotherapy) was removed 

because the implant site would not heal satisfactorily and posed 
an infection risk. The same day that the port was removed, X had 
a PICC line inserted into his right cephalic vein through which 
he would receive his chemotherapy from that point onward. 

After removal of the port, however, the wound still failed 
to heal properly and the patient contracted a skin infection 
(Personal Communication with Sharon Risinger, 2009a). This 
infection spread to the wound site, posing a serious threat for the 
immunocompromised patient. He underwent surgery to remove 
the area of infected tissue and was placed on antibiotics to 
eradicate any infection still remaining (Medical Record #9). 

On May 1, 2008, patient X found a tick embedded in his 
left thigh after he came inside from doing work out in his yard, 
which shares a border with a forest. His wife, also a physician, 
removed the tick. The following day, he spiked a fever of 100.8º 
and two reddish, inflamed, itchy areas appeared—where the bite 
had been on the left thigh and behind the knee of the right leg. 
His wife, concerned about possible tick infection, consulted an 
infectious disease physician at a local hospital and started the 
patient on Amoxicillin (antibiotic). The fever was not reduced 
by medication and the red areas on both legs were continuing to 
grow, so his wife consulted his oncologist, Dr. McElveen, who 
recommended he be medicated with Augmentin (antibiotic). 
This still did not reduce the fever, so his wife took him to the 
emergency room at Palmetto Baptist Hospital in Columbia, SC 
on May 5 (Medical Record #10). He was subsequently admitted 
to the hospital. In the hospital, his fever continued and the 
patient developed shaking chills due to the fever. Several lab tests 
were run to test for any possible infections and all came back 
with a negative result—particularly of interest is the negative 
result of the Ehrlichia Chaffeenis test (one of several possible 
infections possibly transmitted by the tick) (Medical Record 
#11). However, the patient’s condition worsened; he began to 
have diarrhea and go into the beginning stages of organ failure 
(Personal Communication with Sharon Risinger, 2009a). His 
oncologist felt that these labs results were enough to confidently 
conclude that the fever was not an infection from tick bite, 
but rather an adverse reaction to dapsone, one of the patient’s 
medicines for prevention of pneumonia (Medical Record #12). 
Upon this conclusion, the physician’s planned course of action 
was to treat the reaction with steroids. However, the patient’s 

wife would not allow the 
administration of steroids and 
instead insisted on treating 
for possible tick infection 
(Personal Communication 

with Sharon Risinger, 2009a) The patient began to improve 
upon treatment with an antifungal and antibiotic and discharged 
on May 12 (Medical Record #12). The patient went home, 
finished his medications, and seemed to be recovering. Within 
a few days of finishing his treatment, though, the patient spiked 
a fever of approximately 101º again. He was admitted to the 
stem cell transplant unit at St. Francis Hospital in Greenville, 
SC on May 23 (Medical Record #13). The physicians there felt 
that the supposition of dapsone reaction to explain the fever was 

X-Ray Showing PICC Line Insertion and Placement

The patient’s heart rate dropped dangerously low and 
he had to be rushed to the emergency room by his 

wife and daughter.
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incorrect and re-ran the lab tests for infection (Medical Record 
#14). This time, the test for Ehrlichia Chaffeensis returned a 
result that detected the presence of infection (Medical Record 
#15). He was treated for the tick infection and discharged. 

The final complication from X’s treatment came immediately 
following his second autologous stem cell transplant. Within 
a day of completing the stem cell reinfusion, X spiked a fever 
of nearly 102º. He was treated with antibiotics and hydration 
and the fever appeared to decrease. However, later that day, his 
fever again rose to above 100º (Medical Record #16). While 
these temperatures may not 
seem alarming to the normal 
population, the patient had 
just received an intensely 
strong dose of chemotherapy that completely destroyed all 
bone marrow and had new stem cells implanted that were 
not yet functional. With this level of immune compromise, 
even a low fever was sufficient reason for worry. The patient 
continued to have high fever, as well as weakness, sweats, chills, 
and lethargy (Medical Record #17). The patient was eventually 
admitted to the Intensive Care Unit at St. Francis Hospital in 
Greenville, South Carolina and remained there for three weeks. 
While his fever eventually resolved and caused no long-term 
damage, physicians have not been able to come up with any 
explanation about this serious incident.

Maintenance Treatment and Follow-Up 
Procedures

Since the completion of his second autologous stem cell 
transplant, X has been on suppression therapy—a combination 
of drugs to make sure that even though no signs of myeloma 
are seen on any blood or urine tests, no cells are active. The 
treatment acts to suppress the cancer cells and keep the patient in 
remission. The patient now takes Revlomid and dexamethasone 
as his suppression therapy. Immediately following transplant, 
Revlomid doses were relatively high, suppressing his cancer 
but also suppressing his bone marrow function. In order to 
make sure that white blood counts and platelets did not drop 
dangerously low, X had blood tests every three days. As more 
time has passed and his tests still show no sign of disease, the 
Revlomid dosage has been dropped significantly, allowing his 
platelet and white blood cell counts to increase and stabilize. 
Now, X has blood tests approximately every two weeks to 
make sure that his counts are still stable, no sign of myeloma 
is reappearing, and to make sure that his liver function has not 
been affected by the drugs at all. Also, post-stem cell transplant, 
the patient had to be re-vaccinated for several diseases to ensure 
immunity with the new bone marrow (Medical Record #18). 
Additionally, three months after transplant, and every three 
months since, X has had extensive blood and urine tests run to 
check for proteins that would indicate recurrence of the disease. 
These tests allow his physicians to make sure that the disease has 

not reappeared and allow them to be confident in his recovery 
(Personal Communication with Ric Jones, 2009a). 

Prognosis
On 30 September 2008, X underwent tests for his 100 day 

post transplant evaluation. These tests are a battery of blood 
and urine tests that check for proteins in both substances that 
would indicate the activity of any myeloma cells. After these tests 
were completed, his oncologist, Dr. McElveen, concluded with 

confidence that the results 
indicated that the patient 
was in complete remission. 
None of the tests showed any 

indication of proteins formed by active myeloma plasma cells 
and the bone marrow was found to be in complete remission. 
Since these tests are conducted every three months to monitor 
remission, another battery was run in January 2009. These tests 
showed that the patient continues to be in complete remission 
with no myeloma activity whatsoever detected (Medical Record 
#19). His physicians have given him a positive prognosis and 
believe that he has “quite some decades of life” (Medical Record 
11). X has an at least 80% chance of survival at ten years (Personal 
Communication with Sharon Risinger, 2009a). For multiple 
myeloma, this is a hugely positive conclusion and one that is 
nearly unprecedented in myeloma history (Medical Record 
#20). 

IV. Conclusion and Acknowledgements
Presently, X is an active 59-year-old man. He is still married 

and lives in Columbia, South Carolina. Since his second stem 
cell transplant, he has recovered and returned to work as a 
psychiatrist and professor at the University of South Carolina 
School of Medicine. He has gotten back to his schedule and 
hobbies he enjoyed previous to his diagnosis. He exercises and 
runs at least four times weekly, works in the yard regularly, and 
enjoys planning and overseeing construction and renovation 
on a new home. He plans to retire sometime in the next five 
years and is committed to staying in complete remission. He 
fully intends overcome his multiple myeloma enjoys every day 
of the life he has newfound appreciation for. 
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A Review of the “Mozart Effect”: 
Conflicting or Compatible Hypotheses?
Mary Hipp ’10, Neuroscience and Psychology Major; Atlanta, Georgia

Abstract
The “Mozart effect” was first revealed by Rauscher, Shaw, 

and Ky (1993) when they discovered that listening to a 10-minute 
clip of Mozart’s sonata could increase subsequent performance 
on an IQ test by 8-9 points, as compared to conditions not 
exposed to Mozart. Rauscher et al. neurologically explained 
this phenomenon with the priming hypothesis, which proposes 
that listening to music induces similar neural firing patterns as 
solving spatial-temporal tasks, and thereby primes the cortex 
for this type of problem solving and improves performance. 
Other scientists have argued, however, that the Mozart effect is 
actually a function of being in an aroused state that pleasurable 
or preferrable music induces. Great debate has ensued in the 
scientific world regarding which of these hypotheses is accurate, 
but recent research has added the third possibility that these 
hypotheses somehow are integrated and can both be used to 
explain the Mozart effect simultaneously.

Music and the Brain
 There is an irrefutable link between music and the 

brain that has been shown both physically, with neuroimaging, 
and behaviorally, with improved performance and behavior 
following music exposure. The brains of musicians and non-
musicians have been compared with neuroimaging techniques, 
and brains with substantial music exposure even look different 
than brains who are relatively musically naïve. Musicians have 
significantly larger left temporal lobes, and this implies that 
there is something involved in music proficiency that affects 
the development of this brain area (Schlaug, Jancke, Huang, 
& Steinmetz, 1995). The enlarged nature of their left temporal 
lobe should correspond with improved verbal skills and memory, 
since hemispheric specialization studies have confirmed that 
the left hemisphere of the human brain is responsible for the 
majority of verbal function. 

Having realized this, Ho, Cheung, and Chan (2003) 
conducted a study examining whether children who had 
undergone relatively extensive musical traning, and who they 
therefore assumed to have the enlarged left temporal lobe, had 
better verbal memory, but not visual memory, than children 
lacking music training. Their results, along with previous similar 
studies on adults (Chan, Ho, & Cheung, 1998), provide evidence 
that both adults and children with musical training have a better 
verbal memory but not visual memory than do those lacking 
musical training. Since both music and verbal function have 
been linked to the left hemisphere, this further confirms the 
relationship between music and the brain. Ho et al. (2003) even 

go so far as to suggest that musical training has a role in neural 
development and organization; if this is true, then it stands to 
reason that early musical training could organize the brain in a 
way that is more conducive to problem solving, a phenomenon 
that could have a substantial role in later discussions of the 
trion model.

Different music interacts differently with the brain, however. 
Bodner, Muftuler, Nalcioglu, and Shaw (2001) conducted a study 
in an attempt to determine what exactly the differences might 
be between classical music such as Mozart, and other music that 
has less specialized effects. As discussed in depth later, studies 
have shown that listening to a clip of Mozart, specifically, before 
problem-solving activities improve performance in comparison 
to those who listen to nothing or other music. Bodner et al. 
compared subjects who listened to Mozart, Beethoven, and a 
song belonging to the 1930s genre. The fMRI results showed 
similar patterns of activation in auditory areas across all of the 
conditions, but the Mozart condition also showed activation 
that no other conditions did in the dorsolateral pre-frontal 
cortex, occipital cortex, and the cerebellum. The fact that only 
the Mozart condition, the same one that has unique effects on 
spatial-temporal reasoning, had activity in these areas implies 
that there is an underlying system that these areas are involved 
in that concerns the interaction between the music and spatial-
temporal reasoning (Bodner et al., 2001).

The Classic Study: Rauscher, Shaw,
and Ky (1993)

In 1993, Rauscher, Shaw, and Ky designed the groundbreaking 
experiment that would go on to be acclaimed, criticized, and 
debated for over a decade. Going only off of research that earlier 
implied a cognitive connection between music and higher order 
brain functions, they decided to test whether listening to 10 
minutes of a Mozart composition had any effect on performance 
on spatial reasoning portions of an IQ test. Their within-group 
experiment included three conditions that each participant 
underwent: a Mozart condition that listened to 10 minutes of 
Mozart’s sonata for two pianos in D major, a relaxation condition 
that listened to 10 minutes of a relaxation tape, and a control 
condition that listened to 10 minutes of silence. After each ten 
minute period of listening, the participants was tested on the 
Stanford-Binet intelligence scale to measure their spatial skills, 
and these scores were translated into classic IQ scores. The 
participants’ pulse was also measured before and after the 10 
minute listening sections in an attempt to measure their level 
of arousal during the experiment.
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The findings revealed that the participants achieved 
significantly higher IQ scores after listening to the Mozart clip. 
On average, the Mozart condition scored 119, the relaxation 
condition scored 111, and the control condition scored 110. 
This difference of 8-9 points is very noteworthy and provides 
irrefutable evidence that listening to this classical clip composed 
by Mozart had some effect on their spatial performance that 
neither of the other two clips provided. Rauscher, Shaw, and Ky 
(1993) did note, however, that the enhanced performance is not 
maintained beyind the short time period in which participants 
completed the spatial evaluation.

The pulse measurements that the experimenters took 
revealed that arousal levels did not significantly change over 
the duration of the experiment, nor did these rates interact 
significantly with the listening condition. Because of this, the 
experiementers felt comfortable excluding arousal as a possible 
explanation for the improved performance following the Mozart 
clip. This is certainly interesting, because, as discussed later, one 
of the most supported hypothesis for this effect, coined the 

“Mozart effect”, is that of arousal. Even though Rauscher et al. 
(1993) found no evidence in support of the arousal hypothesis 
in this original experiment, many other studies that have been 
performed have, so the literature must be extensively reviewed 
to determine which hypothesis, if either, is accurate. 

The Priming Hypothesis
Rauscher, Shaw, and Ky’s (1993) initial motivation behind 

designing their groundbreaking study was to confirm the trion 
model theory proposed by Leng and Shaw (1990) that the 
brain processes that occurr while listening to music are similar 
enough to those involved in spatial-temporal reasoning that the 
neural activity of listening to music can prime brain activity 
and prepare it for the subsequent reasoning tasks. 

In 1978, Vernon B. Mountcastle determined that neural 
columns were the basic organizational units of the cortex, 
and that each of these 
columns consisted 
of minicolumns. It is 
these minicolumns that 
are known as the “ideal 
trions”, and they contain multitudes of neurons that have three 
different action potential firing rates. The different possible 
patterns of firing rates comprises the universal neural language 
of the cortex, according to Leng and Shaw (1990). Different 
functions and processes that the cortex is responsible for have 
different patterns of activation among the trion system (Leng 
& Shaw, 1990).

Neuroimaging studies have provided evidence that the 
activated brain areas during music exposure and the activated 
areas during spatial-temporal reasoning are proximal (Hetland, 
2000). Although this proves nothing, it does support the 
hypothesis that music and spatial-temporal reasoning activate 
similar trion firing patterns. If listening to music activates neural 
firing in a brain area involved in spatial-temporal reasoning, than 

it is possible that listening to music primes that area before the 
task, and performance is thereby improved compared to if the 
musical priming was absent (Hetland, 2000).

Replication Attempts
Two years after their initial study, Rauscher, Shaw, and Ky 

(1995) conducted another study. It was closely related to the 
first, just with a few more variables and details. The first day of 
this five-day experiment consisted of administering the Paper 
Folding and Cutting (PF&C) task from the Stanford-Binet 
intelligence test to the 79 subjects, the results of which were 
used to group them into three equivalently skilled groups which 
would form the three conditons. The second, third, and fourth 
days had the three conditions separated: one group listened 
every day to the same ten-minute clip of Mozart’s Sonata that 
was employed in the initial study, one group sat in silence for 
ten minutes all three days, and a third group, called the “mixed 
group”, listened to something different for ten minutes for each 
of the three days. On the second day, they listened to a lecture, 
on the third day they listened to an audiobook, and on the 
fourth day they listened to a piece of dance music. 

After each of these ten minute sessions, the subjects 
completed the PF&C task, and the analysis of these results 
were used to gather further evidence in favor of the Mozart 
effect. One confounding variable that arose in this study and 
not in the 1993 one, however, was the learning curve involved 
in the same subjects performing the task repeatedly over several 
days; it only stands to reason that the scores would improve as 
the days progressed. Rauscher et al. (1995), however, corrected 
for this by comparing the percentages by which the different 
conditions improved. From day 1 to day 2, the performance of 
the Mozart group increased 62%, while that of the silence group 
and mixed group only increased 14% and 11%, respectively. By 
the end of the five days, the performance of the silence group and 
the Mozart group did not significantly differ, but Rauscher et 

al. attributed this to the 
learning curve previously 
mentioned; the Mozart 
group performed 
exceptionally higher on 

day 2 than they did on day 1, and than the other groups did on 
day 2. They obviously did not learn the tasks faster than the other 
groups, so the learning curve can not possibly be responsible 
for their improved performance. The silence group, however, 
gradually performed better and better, so it is more likely that 
they were learning the task and therefore had better results as 
the days progressed (Rauscher et al., 1995).

This second study by Rauscher et al. (1995) contributed 
several details that the initial study of 1993 lacked. They included 
additional measures other than only the PF&C task, including 
memory items. The conditions did not significantly differ for 
these tasks that were not spatial-related, showing that the Mozart 
effect only applied to spatial-temporal reasoning tasks. They 
also included the mixed conditon to determine whether other 

Different functions and processes that the cortex is responsible 
for have different patterns of activation among the trion system 

(Leng & Shaw, 1990).
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music or auditory stimuli have an effect similar to that of 
Mozart. These findings implied that the clips used in the mixed 
condition did not significantly improve performance, and that, 
thus far, Mozart’s sonata was the only music that demonstrated 
the Mozart effect (Rauscher et al., 1995). 

Many others attempted to replicate the findings of these two 
studies, but most attempts were not successful. The overall idea of 
a 10-minute clip of music improving performance to a significant 
extent was hard for many cognitive neuroscientists to grasp, 
because it violated two major concepts that were thought to 
govern neural processes 
at the time: modularity 
and cognitive transfer 
(Hetland, 2000). 
Modularity refers to the idea that different areas of the brain 
are responsible for different functions, so, according to this 
theory, music and spatial processing should be controllled by 
separate and independent neural units. Cognitive transfer is an 
event that involves information transfer between areas of the 
brain that are responsible for different functions; in other words, 
practice in one neural field improves performance in another 
unrelated field. Cognitive transfer is not common, so the notion 
that musical ability or exposure could transfer to improve spatial 
reasoning was not easily accepted among neuroscientists. As 
Hetland (2000) points out, the Mozart effect violates both of 
these concepts: it implies that music and spatial reasoning are 
not processed in separate brain areas, and also that cognitive 
transfer occurs between them.

Since there was an inherent sense of doubt surrouding 
Rauscher et al.’s (1993, 1995) findings, other scientists hurried 
to attempt to replicate the Mozart effect. Many of these failed, 
but this has been attributed by some to the fact that other 
studies did not replicate the original study exactly, and that 
the changes they employed could be responsible for the failure 
to find significance. Some examples of noteworthy alterations 
to the original experiment are using professional musicians or 
children, exposing the subjects to music other than Mozart’s 
Sonata, or testing spatial abilities by means other than that of 
the Stanford-Binet intelligence test (Hetland, 2000). It was 
unclear, therefore, whether the Mozart effect was not a reliable 
phenomenon, or whether very specific guidelines just had to 
be followed in order to reveal the desired results.

Rauscher and Shaw (1998) responded to the criticism 
surrounding these replication attempts by suggesting more 
specific constructs that would produce the Mozart effect. In 
terms of the musical stimulus, they proposed that as long as the 
music chosen had complexity, than it should work. Althought 
they used Mozart’s sonata in their original experiments, they 
believed that any style or genre of music should suffice to 
stimulate the effect, as long as it was sufficiently complex. For 
the measure of spatial ability, Rauscher and Shaw suggested that 
tasks of spatial-temporal reasoning should be work best in the 
Mozart effect model. They defined tasks that would fall into 
this category as the capacity to mentally visualize an object that 
is not actually physically present and accurately trasnform it as 

desired (Hetland, 2000). They went even further to narrow the 
field of spatial-temporal reasoning into two more specific areas 
that they thought music would facilitate: “spatial imagery” and 

“temporal ordering of spatial components” (Hetland, 2000). As 
a result of this review, the PF&C became the default evaluation 
of spatial-temporal reasoning that most ensuing replication 
attempts utilized.

Subsequently, more replication attempts succeeded than 
previously. Many still did not, however, and the conductors 
of these studies turned to alternative explanations for the 

supposed Mozart 
effect, other than the 
priming hypothesis 
that Rauscher et al. 

(1993, 1995) proposed. The most popular of these alternative 
hypotheses are the arousal hypothesis, the mood hypothesis, 
and the preference hypothesis (Hetland, 2000). In reality, 
however, the mood and preference hypotheses are functions 
of the arousal hypothesis, because a mood corresponds with 
arousal, as does doing something that one prefers. The arousal 
hypothesis, therefore, can be studied by examining the mood 
and preference hypotheses. Some studies specifically focus on 
the preference hypothesis, but very few differentiate between 
the arousal and mood hypotheses.

The Arousal and Mood Hypotheses
Arousal has been known for years to affect performance; 

while high levels and low levels of arousal usually negatively 
affect performance on tasks, moderate levels have been shown 
to improve it (Sarason, 1980). It stands to reason, therefore, that 
scientists would propose that the Mozart effect is actually just 
a function of arousal that is created by listening to pleasurable 
music prior to a task. 

To test this hypothesis, Thompson, Schellenberg, and 
Husain (2001) designed a study based off of Rauscher et al.’s 
(1993) classic study. The relaxation condition, however, was 
replaced by a condition in which Albinoni’s Adagio was played; 
this piece is slower paced than Mozart’s sonata, with a sadder 
tone; Thompson et al., therefore, used it as a potential inducer 
of lowered arousal. The measure of spatial-temporal skills was 
the PF&C task, and the experimenters included additional self-
report measures of mood and arousal. Each subject underwent 
a music condition, either Mozart or Albinoni, and the silence 
control condition.

The results of the Mozart condition replicated the findings 
of Rauscher et al. (1993), but the performance of the Albinoni 
condition did not significantly differ from that of the control 
condition. This would imply that not all classical music can 
be used to induce the Mozart effect, and also that the differing 
effects on performance of the two songs could be attributable 
to their differing moods. In terms of the mood and arousal 
self-report measures, as expected, those in the Mozart condition 
scored significantly higher in both mood and arousal than 
those in the Albinoni condition. This confirms that the two 

The arousal hypothesis, therefore, can be studied by examining 
the mood and preference hypotheses.
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songs had different moods and levels of arousal-inducing 
power, and Thompson, Schellenberg, and Husain (2001) took 
this to mean that the Mozart effect is actually a function of 
arousal. One interesting point to make, however, is that the 
Albinoni condition did not score significantly lower than the 
control condition. Early studies proposed that lowered arousal 
would hurt performance just as heightened arousal would 
improve it (Sarason, 1980), so it is an interesting finding that 
the performance of the group with lower arousal scores did not 
score lower than the control.

Another similar study by Jausovec and Habe (2003) pre-
screened three classical songs and rated them according to their 
mood, complexity, and tempo. It has been proposed that mood 
and tempo affect arousal, and that complexity could affect neural 
priming, so all three of these elements have been considered 
responsible for the Mozart effect. The three songs used were 
Mozart’s sonata (MS), Braham’s Hungarian dance no. 5 (BHD), 
and Hadyn’s symphony no. 94. (HS). BHD was rated with the 
most pleasant mood, with MS rated as second most pleasant, and 
HS as least pleasant. BHD was also rated as the most complex, 
with the other two compositions following the same trend as 
mood. HS had the lowest tempo, with MS having the second 
lowest, and BHD having the fastest. All of these scores were 
determined by both non-trained, musically naïve listeners, as 
well as trained musicians (Jausovec & Habe, 2003). 

An electroencephalograph (EEG) recording was taken while 
subjects listened six-second clips of the songs; they listened 
to the three clip sequence 60 times, each time with the clips 
in a random order. The hypotheses of the study were based 
upon different types of brain wave differences. If the arousal-
mood theory was the explanation for the Mozart effect, than 
the EEG should show greater differences between the two 
lower alpha waves, which are responsible for alertness and 
anticipation (Jausovec & Habe, 2003). If the priming theory was 
the explanation, however, than there would be greater differences 
between the upper alpha waves and gamma bands, which are 
responsible for semantic memory and binding functions that 
are processed separately together (Jausovec & Habe, 2003).

Higher desynchronization in the lower alpha waves was 
detected during the MS clip than the other two clips, which 
supports the arousal-mood hypothesis. This pattern of activity 
implies that alertness and anticipation, two characteristics 
of arousal, were increased more while listening to MS. The 
other two compositions, however were on opposite extremes 
from each other in mood and complexity, yet they did not 
significantly differ with their EEG data. This complicates the 
arousal hypothesis, because the piece with the most pleasant 
mood and highest complexity, in this case BHD, should arouse 
the subject the most, but this was not the case in Jausovec and 
Habe’s (2003) study.

There are irrefutable flaws in the arousal hypothesis. If 
it is responsible for the Mozart effect, than it should also be 
responsible for improvements in tasks other than those related to 
spatial-temporal reasoning. Rauscher et al.’s (1995) earlier study, 

however, included elements of the Stanford-Binet intelligence 
test that included these non-spatial tasks, however, and the 
Mozart condition did not significantly outperform the others on 
these tasks. Also, Hetland’s (2000) meta-analysis determined that 
listening to music prior to a task only improved performance 
if the task was spatial-temporal, as opposed to non-spatial-
temporal.

The Preference Hypothesis
The preference hypothesis is undoubtedly linked to the 

arousal hypothesis, because it theorizes that performance 
improves when a subject is listening to something they prefer; 
this inevitably increases arousal, becaue the entire basis of arousal 
is that a person is doing something enjoyable, or, in other words, 
that they prefer. This hypothesis is best tested by presenting 
subjects with two conditions, and asking afterwards which 
condition was preferred. If the subjects perform better under 
the preferred condition, than this provides evidence in support 
of the preference hypothesis.

Cassity, Henley, and Markley (2007) designed a study, with 
the intentions of both confirming the arousal hypothesis via the 
preference hypothesis, and of designing an experiment that one 
would be more likely to encounter in the real world, rather than 
in the laboratory as most previous Mozart effect research has 
done. They used a popular skateboarding video game, the goal 
of which is to perform as many impressive tricks as possible; 
Cassity et al. therefore concluded that this could serve as a 
sufficient measure of spatial-temporal reasoning. Since most 
video games, including the one under examination, have music 
playing during it, this study provides an example of a situation 
where subjects would actually be expecting to associate music 
with problem-solving, perhaps unlike other Mozart effect studies. 
Two music conditions were used: one played a rock song that 
originally accompanied the game, and the other was Mozart’s 
sonata. After playing the two-minute game segment three times, 
each time listening to the same song, the subjects completed a 
post-hoc evaluation of preferred musical genres, including items 
that mentioned the two musical pieces in question.

The results of this study support the preference hypothesis: 
subjects scored significantly higher if they preferred the music 
that they listened to during the game. The major conclusions 
that Cassiety et al. (2007) drew from this was that, when the 
Mozart effect was placed in the context of the real world, it 
didn’t really apply. Although it is true that subjects who preferred 
classical music performed better in that condition, that is a 
function of preference, not of the music itself. 

Another study whose results support the preference 
hypothesis is that of Nantais and Schellenberg (1999). In the 
first of a two-experiment study, three conditions were used: one 
group listened to 10 minutes of Mozart’s Sonata, one group 
listened to 10 minutes of Schubert’s Fantasia for Piano, and one 
group sat in silence for 10 minutes. PF&C items were used as 
the dependent variable to measure spatial-temporal reasoning. 
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Both music conditions performed significantly better than the 
silence condition, so the results of the classic Mozart effect study 
were replicated. The subjects who listened to Schubert, however, 
performed just as well as those who listened to Mozart. This 
throws into doubt whether any classical music can be used in 
the Mozart effect, or only that of Mozart.

In their second experiment, Nantais and Schellenberg (1999) 
had only two conditions: one in which Mozart was played for 
ten minutes, and one in which a short story was played for 
ten minutes. This was a within-subject study, meaning that 
each subject underwent each condition. After their second 
completion of the PF&C task, the subjects were asked which 
of the two conditions they preferred, the Mozart music or the 
short story. Not only did the Mozart effect not appear in these 
results, but performance of the subjects improved depending 
on whether or not they were in the condition that played 
what they preferred. In other words, the Mozart condition 
only outperformd the short story condition if that subject 
preferred listening to the music over the short story (Nantais 
& Schellenberg, 1999).

These results can be analyzed in two ways: either (a) 
the exposure to a preferred, and therefore pleasant stimulus, 
improves performance or (b) the exposure to the non-preferred, 
and thereforing boring stimulus, impairs performance (Nantais 
& Schellenberg, 1999). Either way, the preference hypothesis, 
in this case, helps explain improved performance. This study 
also was notable because the experimenters used an auditory 
stimulus other than music, and were able to apply the arousal-
preference hypothesis to it.

Another study regarding the preference hypothesis was 
conducted by Caldwell and Riby (2007). They attempted to 
use event-related potentials (ERP) data to determine whether 
processes associated with music and problem-solving were 
conducted consciously or unconsciously. To do this, they 
examined whether ERP data showed activity at N2, associated 
with unconscious processing, or P3, associated with conscious 
processing. Musicians made up the subject pool of this study, 
and they were either trained in classical music or rock music. 
Two conditions were used: one listened to classical music and 
one listened to rock music. Preference in the form of experience, 
therefore, was able to be examined; it was assumed that classical 
musicians preferred classical music and that rock musicians 
preferred rock music (Caldwell & Riby, 2007). The measure of 
spatial-temporal reasoning in this study was the two-stimulus 
oddball paradigm.

From examinations of previous studies, Caldwell and Riby 
(2007) were able to form hypotheses based around the N2 and 
P3 ERP components. If the Mozart effect was a function of 
preference, than they expected to see more P3 activity, because 
preference is a conscious process. If the Mozart effect, however, 
is actually a function of some special quality of the Mozart music, 
than they expected to see more N2 activity, because this would 
be an unconscious process. 

The results of this ERP study showed that the P3 amplitude 
was significantly higher in the situations where the musicians 

were listening to the music that they preferred. This provides 
evidence that preference is a factor in cognitive processes. At 
the same time, however, these subjects also showed increased 
N2 amplitude in the classical music condition, regardless of the 
musician’s tranining background. Caldwell and Riby (2007) 
interepreted these conflicting results to imply that the Mozart 
effect is more complex than many realize; the fact that they were 
able to simultaneously demonstrate evidence for the priming 
hypothesis and the preference hypothesis shows that these 
hypotheses might not be mutually exclusive as many previously 
thought.

Broader Applications of the Mozart Effect
Regardless of the underlying mechanisms of the Mozart 

effect, it is undeniably a useful process that has many applications. 
In a meta-analyses of all available published and unpublished 
studies regarding this concept, Hetland (2000) determined 
that there was a causal relationship between music exposure 
and temporary enhancement of spatial-temporal reasoning 
performance. Whether that causality is founded upon neural 
priming, arousal, or both as Caldwell and Riby (2007) suggest, 
the existence of the causality itself is invaluable.

Clinical implications have been discovered for the Mozart 
effect. Hughes (2001) wrote a review that presented data in 
support of Mozart exposure affecting epileptiform patterns, 
and thereby reducing seizure frequency in epileptic patients. In 
a patient suffereing from chronic epilepsy, regualar, consistent 
exposure to Mozart’s sonata significantly decreased the number 
of seizures he suffered day to day. Hughes suggests that it is 
the complexity of Mozart’s music that has a role in epilepsy 
treatment, so he obviously is utilizing the priming hypothesis 
of the trion model of the cortex. As the data surrounding 
epilepsy and the Mozart effect shows, this phenomenon could 
have much broader implications than simply improving spatial 
task performance.

The Mozart effect has even been generalized to include 
animal models. Aoun, Jones, Shaw, and Bodner (2005) used 
maze tasks for mice to provide evidence that the enhancements 
provided by Mozart’s sonata in some areas applies to non-human 
animals, as well. In this two-experiment study, mice were either 
continuously or periodically, depending on which experiment, 
exposed to Mozart’s sonata or Beethoven’s Fur Elise. Afterwards, 
the ability of the mice to complete a maze was evaluated, and in 
both experiments, the mice who had been exposed to Mozart 
performed significantly better than those that were exposed to 
Beethoven. 

A perhaps more notable implication of this study, besides 
the generalizability to mice, was that the effects were long-term. 
In the second experiment, when the mice were periodically 
exposed to mice, they were not tested in the maze for 24 hours. 
The 10-minute exposure that is usually used in human studies 
results in only temporary task improvement, but Aoun et al.’s 
(2005) study suggests that extended exposure could result in 
extended effects.
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Conclusion
Early research on the Mozart effect was preoccupied with 

determining which hypothesis accurately explained this amazing 
useful phenomenon. As is true with most processes of the human 
brain, however, no perfect answer has been found. The priming 
hypothesis has been demonstrated with neuroimaging and 
behavioral studies, yet has also been unsuccessfully replicated 
by countless experimenters. The arousal hypothesis has been 
supported by many studies, but there are still many holes in 
this theory that don’t quite work. Caldwell and Riby (2007) 
have proposed some sort of joint hypothesis from the results of 
their ERP data showing both conscious and unconscious neural 
functioning during their own Mozart effect experiment.

As discussed previously, however, current research should 
continue to focus on ways to apply the Mozart effect clinically 
and experimentally, because it has been shown to have effects 
far beyond simply spatial-temporal reasoning tasks. Perhaps 
along the way a conclusive hypothesis will be developed that 
explains this phenomenon, but until then, this effect should be 
appreciated for the potential that it holds for future advantageous 
applications. 
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Retinoic Acid Causes Increased Mortality and 
Malformation in Early-stage Xenopus laevis Embryos
Ross Isbell ’10, Biology Major; Gadsden, Alabama

 Figure 2. Retinoic  Acid Caused Greater Mortality.  Mortality rates were 
compared when embryos were immersed in 2 concentrations of retinoic acid and 
2 corresponding concentrations of ethanol for controls.  

 

Figure 1. Digital Microscopic Imaging of 
Teratogenic Effects. Specimen immersed in 10-

7M RA (A). Specimen immersed in vehicle 
control 1 (B). Specimen immersed in vehicle 
control  2 (C).  

 

 

Introduction
Xenopus laevis is a species of African frog that is commonly 

used as a research specimen in developmental biology because 
embryos are large enough to be observed without a microscope. 
In my research, I wanted to discover the effects of Retinoic 
acid (RA), a teratogenic compound that is known to cause 
developmental abnormalities, on Xenopus embryos. Retinoid 
compounds are important in regulation of cell proliferation and 
differentiation and the patterning of the Central Nervous System 
(CNS) during Xenopus development2. In previous experiments 
on other species, it has been shown that the presence of excess 
RA significantly disrupts the organization and segmentation of 
the anterior hindbrain1,3. 

Methods
Xenopus laevus embryos develop normally when immersed 

in Steinberg’s solution, which is a saline mixture that simulates 
the typical environmental conditions in which Xenopus embryos 
develop in the wild. The experimental containers used were four 
separate 100mm petri dishes that contained 50mL of Steinberg’s 
solution plus additions of 50μL of 0.1M RA, 5 μL of 0.1M RA, 
50 μL of ethanol, and 5 μL of ethanol resulting in concentrations 
of 10-6M RA, 10-7M RA, 0M RA, and 0M RA respectively. 

The dishes that had ethanol added to them served as controls to 
account for the presence of ethanol as the RA dissolution vehicle. 
Stage 1 embryos (post- fertilization) were placed in groups of 15 
into each of the dishes. After the initial immersion, dishes were 
examined every 24 hours for 72 hours. At each examination, any 
dead embryos were removed. At hour 72, the remaining embryos 
were removed from the solution, rinsed, and fixed with PBS 
fixing solution. Lengths were measured from the nose to the 
tip of the tail using ImageJ software after images of all samples 
had been captured using microscopic photography.

Results
It was found that Retinoic acid causes significantly different 

anatomical abnormalities and decreases in average length in the 
experimental Xenopus laevis specimens compared to control 
specimens (Figures 1 and 3). Exposure to 10-7M RA solution did 
not seem to have any significant effect on Xenopus mortality 
and specimens exhibited the same mortality as those in the 
vehicle control 1 solution (Figure 2). Presence of RA significantly 
increased mortality after 48 hours (Figure 2). Mortality of 
specimens immersed in 10-6M RA was 100% by hour 72 (Figure 
2). No photos were taken of specimens immersed in 10-6M RA 
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because no photos were taken of specimens that died before the 
end of the experiment. From this research, it can be concluded 
that treatment with retinoic acid through the initial stages of 
development show high rates of mortality and malformation 
in Xenopus laevis embryos. 

References
1 van der Wees, J., et al. (1998). Development 125, 545-556.
2 Karanskaya, O. (2000). Development 127, 4981-4992. 
3Ruiz, A. and Jessell, T.M. (1991). Development 112, 945-958 Figure 3. Retinoic Acid Caused Decline in Average 

Length.  After hour 72, lengths were measured.  
Average length and standard deviation were 
calculated in Microsoft Excel.  
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The Effects of Adolescent Parenting on Poor Mothers 
and their Children
E. Grace Barnett ’11, Psychology Major; Baton Rouge, Louisiana 

Abstract
While the rates of adolescent childbirth have been declining 

throughout the last 50 years, the implications that it holds 
are actually increasing. Teenage mothers today face many 
barriers to success, such as lower levels of education, worse job 
opportunities, and limited knowledge of child development 
and appropriate parenting techniques. As a result, their children 
have cognitive, social, and emotional developmental delays and 
high rates of behavioral problems. These factors have serious 
implications for the later success of children of adolescent 
mothers. Some beneficial mediating factors include paternal 
and grandmother involvement and participation in intervention 
programs. This paper discusses each of these issues and how 
they cause a perpetual cycle of poverty for the individuals who 
are involved.

The Effects of Adolescent Parenting on Poor 
Mothers and their Children

Teenage pregnancy is a major cause of concern because of the 
negative impact that it has on the mothers, fathers, and children 
who are directly involved, and even the rest of the country. Each 
year, about a half a million American teenagers become mothers 
and more than 80% of these girls and their children will end up 
living in poverty (Maynard, 1996). Just like anything else, the 
situations and characteristics of teenage mothers are not the same 
across the board. Some of these girls are great parents; however, 
in the majority of cases, teenage parenthood has negative impacts 
on all parties involved. Teenage mothers are significantly less 
likely to graduate from high school or have a well-paying job 
and are more likely to 
be depressed than their 
peers. Despite these 
serious issues, much of 
the detriment is on the part of the children. The result of parental 
deficiencies on the children of teenage mothers is a serious 
concern. These children are more likely to have serious health 
problems and cognitive, educational, and social deficiencies. 
Children of adolescent mothers are at extremely high risk of 
being abused, neglected, or abandoned. Daughters are more 
likely to also become teenage mothers and sons have a high 
likelihood of going to prison (Maynard, 1996). Adolescent 
childbearing is not only a problem for those individuals who 
are directly involved; according to a study done by the Robin 
Hood Foundation, it costs taxpayers approximately 6.9 billion 
dollars a year (Maynard, 1996). Thus, it is clear that this problem 
has far reaching effects and some sort of improvement is greatly 
needed.

A significant amount of research has been done on the 
problems relating to and effects of adolescent parenting on 
all parties involved. The results of this research have been 
instrumental in the creation of many intervention programs 
that work to minimize the related negative impacts. However, 
these programs are not widespread enough to really diminish 
the problem. This paper attempts to explain how adolescent 
pregnancy plays into a continued and maintained cycle of 
poverty in the United States. It will discuss how becoming 
a teenage mother affects girls in the areas of mental health, 
educational attainment, and employment. These effects 
combined with limited knowledge about child development 
and appropriate expectations make adolescent parenting less 
than satisfactory. The following sections will also talk about the 
strategies of a successful intervention program: The MELD for 
Young Moms Program. The next area of discussion will be the 
impact of adolescent parenting on children’s physical health, 
social-emotional development, school achievement, and other 
lasting effects. Finally, paternal and grandmother involvement 
as mediating variables are discussed.

Effects on Mothers
Mental Health

The results of much research have indicated that teenage 
mothers have extremely high rates of depression. In a study on 
young mothers done by Reis (1989), 67% of the young adolescent 
(16 years old or younger) sample and 53% of the older adolescent 
(17 to 19 years old) sample were depressed. These numbers 
are shockingly high when compared to the total adolescent 

female population that 
has a depression rate of 
10% (DeNoon, 2004). 
The study found that, 

not only are more adolescent mothers depressed, but also they 
also suffer from more complex depression than older mothers. 
These mothers reported being sadder, lonelier, more bothered 
by things, having more crying spells, and having no appetite. 
Almost half of the mothers in the study said that everything is 
an effort for them. 

Significant depression is not good for the well-being of 
mothers and also diminishes their ability to parent effectively. 
Research has indicated that depressed mothers have more 
negative interactions with their children. They also communicate 
less appropriately and effectively and have less secure mother-
child attachments. Essentially, depressed mothers are not able 
to meet the needs of their children, which leads to an array 

Significant depression is not good for the well-being of mothers 
and also diminishes their ability to parent effectively. 
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developmental problems (Lovejoy, Graczyk, O’Hare, & Neuman, 
2000). Research on such children has found increased rates of 
internalizing and externalizing problems and other depressive-
like symptoms. For example, these children are more withdrawn, 
irritable, negative, and less active and vocal (Dawson et al., 
2003). Dawson and her colleagues (2003) also found interesting 
results indicating that the children of depressed mothers have 
less overall brain activation in the scalp region, which may be 
related to lower self-regulation and environmental engagement. 
The effects of depressed parenting on children are serious and 
long lasting.

Educational Attainment and  
Employment Opportunities

Adolescent childbearing seriously impacts the ability of 
young girls to complete high school. According to Meynard’s 
(1996) report, only about 30% of teenage mothers receive a high 
school diploma by the time they are 30. The amount of formal 
education that these girls receive is directly related to how old 
they are when they have their first child. Some researchers have 
wondered if these girls would have been likely to drop out 
regardless of pregnancy. Moore and Waite (1977) interviewed a 
representative, nationwide sample of adolescent girls and found 
that teenage mothers report having educational aspirations 
similar to those of their non-childbearing peers. In fact, three 
out of four 15 and 16 year old mothers in a New York sample 
said that pregnancy is the reason that they dropped out of school. 
Research has also found that young mothers’ educational losses 
do not diminish over time but are actually multiplied as their 
non-childbearing peers complete high school and go on to 
various college programs (Moore, & Waite, 1977). On a more 
positive note, mothers who have dropped out of high school 
are seeking and receiving GEDs at increasing rates (Maynard, 
1996). An additional problem with the minimal education 
achieved by these mothers is that parental education has been 
found to be a buffer against many negative impacts of poverty. 
Maternal depression has less negative impacts on children if 
the mother is educated. Also, educated parents are more likely 
to become involved in and have expectations for the education 
of the children; these factors have been found to positively 
influence a child’s educational efforts and outcomes. In fact, 
Sommer and her colleagues (2000) found that maternal IQ was 
the best predictor of child intelligence. Thus, dropping out of 
high school negatively impacts the potential of the mother as 
a potential employee and as a successful mother.

The relationship between adolescent mothering and 
employment opportunities is mediated by the low levels of 
educational attained by these women. As times change, the 
level of education expected for many jobs increases. Thus, the 
number of jobs available to women with minimal education is 
extremely limited and those that are available are typically low 
wage jobs with inconvenient hours. Also, according to Card and 
Wise (1978) adolescent mothers also have less job satisfaction 
throughout their lives than their peers. Employment problems 

are compounded by limited and expensive childcare options; 
thus, that many adolescent mothers are not able to start going 
to work as their children begin school. The problems that 
adolescent mothers have with employment are a large reason 
that so many of them end up living in poverty.

Expectations of Children
Additional research has found that young girls have limited 

knowledge about appropriate physical and psychological child 
development. Vukelich and Kliman (1985) gave a group of 
teenage mothers a questionnaire that tested their knowledge 
of child development. They found that many young mothers 
expected that children would perform certain behaviors earlier 
than is developmentally suggested. These behaviors include: 
toilet training, drinking from a cup, and sleeping through 
the night. It is plausible that each of these areas of confusion 
is related to mothers’ frustrations about their child’s lack of 
ability to perform such activities. The teenage mothers in this 
study also underestimated the developmental appropriateness 
of stimulating aspects of childhood, such as playing peek-a-
boo and when to expect their children to do what they are 
told. The study indicated that there is a large different in the 
amount of information had by adolescent mothers versus more 
mature mothers (Vukelich & Kliman, 1985). It is important 
that all parents have information about the development 
and appropriate expectations of their children. Having such 
knowledge prevents parents from being frustrated with the 
development of their children and also facilitates better parenting 
techniques. However, such knowledge is even more important 
for adolescent mothers who are already working against many 
other factors that diminish their ability to be good parents. As 
a result, many intervention programs have been developed to 
help young mothers in their time of need.

The MELD for Young Moms Program
The Minnesota Early Learning Design (MELD) for 

Young Moms Program was started to provide information and 
social support to adolescent moms with young children. The 
participating women are split into groups, which are lead by 
women who were once adolescent mothers themselves. These 
groups meet weekly for two years. In order to overcome common 
issues that limit participation, the program provides meals, 
transportation help, and childcare. Women are encouraged to 
talk about their problems and important decisions in a group 
setting where they receive support and advice from their peers 
and the group facilitator (Treichel, 1995). “The comprehensive 
curriculum discusses health, child development, child guidance, 
family management, use of community resources, home and 
community safety, balancing work and family, and other issues 
related to the parenting needs of the target group” (Smerlinder). 
A study was done to measure the effectiveness of the MELD 
program; results indicated a strong shift to more positive 
attitudes about parenting and less use of physical punishment. 
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MELD moms are also more likely to graduate from high school, 
less likely to neglect or abuse their children, and less likely to 
have another child while participating in the program (Treichel, 
1995). There is also a MELD for Young Dads Program and the 
pair have reached over 200 communities nationally. 

If the findings presented in Treichel’s review of the MELD 
for Young Moms Program are indicative of anything, it is that 
adolescent mothers desperately need support and information. 
The program is able to make 
such dramatic differences in 
the lives of its participants 
because it has learned how to 
most effectively capitalize on 
this need. Not only do these 
young women learn a lot of valuable information but they 
also gain a social network of girls in their community who can 
really relate to them. The group facilitator is a woman who has 
experienced life events similar to the women in the group; thus, 
she is able to provide advice and is an example of how adolescent 
can be successful mothers. The MELD program is an example 
of a great intervention program that more communities could 
benefit from. Not only do the participants of these programs 
benefit but there is also the potential to significantly decrease the 
6.9 billion tax dollars spent in relation to adolescent pregnancy 
each year. Adolescent mothers are an especially vulnerable 
group and more programs should be developed to help them 
flourish. 

Effects on Children
Physical Effects

Low-birth weight. Low birth weight (LBW) and premature 
babies suffer from a whole host of developmental issues. This is 
especially relevant to the babies of adolescent mothers because 
they are more likely to be born premature and 50% more 
likely to be born LBW than babies born to older mothers 
(Maynard, 1996). Doctors wondered if the high rates of LBW 
and premature babies born to young mothers were caused by 
biological immaturity or a lack of sufficient pre-natal healthcare. 
A study done by Frasier, Brockert, and Ward (1995) found that 
the correlation was due to inadequate pre-natal healthcare. In 
fact, they found that “within an age group, mothers who did 
not receive adequate care were approximately twice as likely to 
have low-birth-weight babies as those who received adequate 
care and more than twice as likely to have premature babies” 
(Frasier et al., 1995, p. 1115). There are many serious health and 
developmental issues related to LBW, including: infant death, 
blindness, mental retardation, dyslexia, hyperactivity and many 
chronic illnesses (Maynard, 1996). Research has also found 
that adolescents who were born LBW have significantly lower 
IQs than normal birth weight babies and are also less likely to 
graduate from high school (Hack, Flannery, Schluchter, Cartar, 
Borawski, & Klein, 2002). LBW has negative effects on children 
that last throughout their lives and significantly decrease their 
likelihood of success.

Physical abuse and neglect. Children born to teenage mothers 
are significantly more likely than children born to older mothers 
to be abused, abandoned, or neglected. This abuse is so severe that, 
according to Maynard (1996), “one of every four times Illinois 
receives a report that a child of an adolescent mother has been 
abused, it finds abuse so great it places the child in foster care” 
(p. 8). A study done by Dukewich, Borkowski, and Whitman 
(1999) found that there was a much greater abuse potential in 

adolescent mothers than older 
mothers, which is related to 
many developmental delays. 
Some of these developmental 
problems related to physical 
abuse include: delays in 

cognitive functioning, reduced language abilities, lower IQ, 
and more behavior problems, such as aggressive and impulsive 
behavior. 

Cognitive Development and Education
Much research has been done on the effects of adolescent 

parenting on the cognitive development and resulting 
educational achievement of children. The vast majority of this 
research has indicated that these children have lower IQs, less 
school readiness, and greater social adjustment problems than 
children of older mothers. Also, the majority of this research has 
found that maternal parenting styles are the greatest predictor 
of developmental deficiencies. On a school readiness assessment 
called the Preschool Inventory, researchers have found that the 
children’s scores are extremely low when compared to students 
from middle class families (Baldwin & Cain, 1980). In another 
interesting study about the cognitive delays associated with 
children of adolescent mothers, Sommer and her colleagues 
(2000) found that less than 30% of their sample of three-year-
old children had normal cognitive, emotional, and adaptive 
behavior; many of the children in the sample had deficiencies 
in more than one of those areas of functioning. These problems 
during early childhood have been shown to mediate negative 
effects that continue throughout a child’s lifetime. According to 
Maynard (1996), “Only 77 percent of the children of adolescent 
moms earn their high school diplomas by early adulthood, 
compared with 89 percent of the comparison group” (p. 9). 

Behavioral and Emotional Development & 
Social Competence

Behavioral and Emotional Development. Other areas that are 
negatively impacted by the parental styles of adolescent mothers 
are behavioral and emotional development. Characteristically, 
children of adolescent mothers exhibit either hyper activity or 
lower than normal levels of activity, more hostility, irritability, 
aggression, distractibility, express more negative emotions, and 
lack of impulse control (Baldwin & Cain, 1980; Dawson et al., 
2003; Dukewich et al., 1999). Such impairments inhibit these 
children’s abilities to develop a self-identity, make friends, and 

Not only do the participants of these programs benefit 
but there is also the potential to significantly decrease 
the 6.9 billion tax dollars spent in relation to adoles-

cent pregnancy each year.
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succeed in school. According to a study done by Tait, Osofsky, 
Hann, and Culp (1994), “infants whose attachment to their 
adolescent mothers are insecure or disorganized are more likely 
to develop internalizing or externalizing behavior problems 
during preschool than infants whose attachments are secure or 
organized” (p. 444). Internalizing and externalizing behavioral 
problems are associated with negative outcomes in later life, 
including: substance abuse, criminal behavior, and psychiatric 
diagnoses. They also previously noted that, at least of the mother-
child dyads in their study, the vast majority of relationships 
between adolescent mothers and their children are insecure, 
disorganized, or both. Other research has found that adolescent 
mothers, especially those that are suffering from depression, are 
less likely to have secure attachment relationships with their 
children. As a result of these deficiencies, girls born to adolescent 
mothers are 83% more likely to also become mothers before the 
age of 18 (Maynard, 1996). This trend helps perpetuate the cycle 
of poverty for daughters born to adolescent mothers.

Social Competence. While not unrelated to emotional and 
behavioral development, social competence is associated with 
social skills and the ability to make friends (Tait, Osofsky, Hann 
& Culp, 1994). Children who are unable to make friends are 
generally unhappy and miss out on an important aspect of 
social maturity. Such social development is also important 
in later life when these individuals are trying to find and 
maintain employment. Tait and her colleagues found that 
social competence is related to maternal characteristics; more 
specifically, a mother’s self esteem level is directly correlated 
with her child’s social competence. Thus, adolescent mothers 
with low self-esteem employ parenting techniques that restrict 
their children’s ability to develop socially.

Mediating Variables
Marriage

Family status has a huge impact on the development of 
children; much research has supported the hypothesis that two 
parent families are related to the best developmental outcomes. 
This poses a problem for the children of adolescent mothers 
because young mothers are less likely to be married at the 
time of childbirth and are also less likely to stay married to the 
father of their child if they do marry young. Fifty nine percent 
of white mothers and 89% of African American mothers aged 
15-19 were unmarried when they gave birth (Cooksey, 1997). 
When single mothers get married, children generally benefit 
from extra family income; however, research done by Cooksey 
(1997) found that “children in these families may experience 
diminished levels of social capital with the addition of a new 
adult family member and potential competitor for a mother’s 
time and attention” (p. 258). This research found that the best 
family situations for children were if the adolescent mother 
was married at the time of childbirth and remained married 
or never married at all. These results do not bode well for the 
children of adolescent mothers because, as noted, the vast 

majority of them are not married when they give birth. As a 
result of their own psychological problems, those that do marry 
tend to divorce and remarry more than their non-childbearing 
peers; this creates unstable economic and emotional situations 
for the involved children and is generally related to negative 
outcomes (Card & Wise, 1978). Stable involvement of fathers, 
even if they are not married is associated with more appropriate 
child development. According to Coley (2003), children with 
involved fathers are less depressed, have less risk taking behaviors, 
can communicate better with members of the opposite sex, and 
have stronger gender role identities. Thus, it seems that children 
with adolescent mothers and uninvolved fathers are 

Social Support
Strong social networks have been found to be beneficial in 

the lives of both adolescent mothers and their children. In fact, 
social support is so important that the Personal Responsibility 
and Work Opportunity Reconciliation Act of 1996 (PRWOR) 
mandates that adolescent mothers live with a guardian to receive 
government assistance (Black et al., 2002). The strongest and 
most reliable source of support is often the teenage mother’s 
own mother; however, this relationship sometimes produces 
mixed results. According to Caldwell, Antonucci, and Jacson 
(1998), conflict level increases between mothers and daughters 
when the adolescent daughter has a baby. This relationship 
change is likely due to the additional stress related to child 
rearing. In a minority of cases, adolescent pregnancy causes so 
much conflict that the daughter is forced to leave her home 
and family network. However, the majority of mothers feel 
that they have close relationships with their daughters and are 
willing to help in out in child raising. In fact, mothers report 
that the mother-daughter relationship is more positive and has 
less conflict than daughters do (Caldwell et al, 1998). A factor 
that plays into this finding is that grandmothers sometimes 
interfere more than they help. Interestingly, Caldwell and her 
colleagues (1998) found that African American families generally 
still considered their adolescent daughters children even after 
having a child of their own. White families were more likely to 
consider such daughters as adults. This different in perception 
reduced conflict in white families. 

Support of grandmothers also has serious impacts on the lives 
and development of the children of adolescent mothers. Black and 
her colleagues (2002) did research to test the common thought 
that, “children raised with both a mother and a grandmother in 
the household, rather than by a single parent, have better social 
adaptations during childhood, fewer behavior problems, less 
deviant behavior during adolescence, and, for children with low 
birth weight, better cognitive and health outcomes at 3 years 
of age” (p. 574). Although these results may be disputed, their 
research found that living in three-generation homes is actually 
harmful for mothers and their children. These mothers often 
do not learn effective parenting techniques because they are 
able to default onto their mothers. Thus, it seems that living 
separate from but maintaining support from grandmothers may 
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be the best situation for adolescent mothers and their children. 
Although three-generation households may not be the best living 
composition, the positive impact of grandmother involvement 
in the lives of their grandchildren should not be minimized. 
Much research has supported the claim that such children have 
much better developmental outcomes. 

Conclusion and Discussion
As already stated, 80% of adolescent mothers live in poverty. 

This trend is mediated by a whole host of factors that are directly 
related to adolescent parenting. Girls who become mothers 
during high school are significantly less likely to graduate 
from high school than their peers. A lack of education leads to 
minimized job opportunities, which causes many these girls 
to take low paying jobs with inconvenient hours. Adolescent 
mothers are commonly not ready to be parents and have limited 
knowledge of child development. They are also subject to a 
high number of life stressors that lead to increased rates of 
depression. As a result of adolescent parenting, children have 
cognitive, social, and emotional delays and high numbers of 
behavioral problems. The children of adolescent mothers are 
less likely to graduate from high school and more likely to have 
their own children during adolescence than their peers. For all 
of these reasons, adolescent parenting seriously perpetuates the 
cycle of poverty in the United States. Father and grandmother 
involvement have been found to improve circumstances for 
the children involved; however, there are low levels of father 
involvement and high levels grandmother-mother conflict, 
which make such positive outcomes unlikely. More intervention 
programs like the MELD for Young Moms Program should be 
developed to help provide these mothers with much needed 
information and support. Further, with a better comprehensive 
understanding of the causes and effects of adolescent parenting, 
more can be done to help end this vicious cycle.
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Congenital Limb Deficiencies: Causes and Treatments
Sarah Kelley ’10, Neuroscience Major; Florence, Alabama

In just a few short days, I will be back in the great state of 
Alabama, watching my younger brother Charlie play catcher for 
his school’s varsity baseball team. Charlie is only in the eighth 
grade, so my family and I are understandably very proud of his 
position. (It should be noted that he is duly praised and attention 
is showered upon him for every little thing he accomplishes; 
he is, after all, the baby.) What most people watching him run 
around the bases do not realize, however, is that Charlie was 
born with a congenital transverse limb deficiency, making his 
baseball skills that much more impressive. This condition left 
him with no foot or ankle, producing a stump at the end of his 
left leg. With the help of a custom-made prosthesis, he is fully 
functioning (and exhibits a great deal more athletic prowess 
than his older sister), and my family and I have never treated 
him any differently. In fact, on any given day, his condition 
goes unnoticed.

For a while, I have wondered what might be the cause of 
his amputation, which lead me to choose to research congenital 
amputations for this assignment. The following paper will first 
discuss the background and definition of congenital amputations, 
including their prevalence and characteristics. Next, the process 
of limb formation will be covered in detail, to provide a better 
understanding of where problems might arise. Following that are 
various sources and causes of congenital amputations, focusing 
specifically on amniotic band syndrome; maternal effects; and 
teratogens, in particular, thalidomide. Finally, the paper will 
look at treatments for individuals with congenital amputations, 
including prostheses. 

Background:
Congenital transverse limb deficiency, otherwise known as 

congenital amputation, failure of development, terminal absence, 
transverse media, or transverse arrest, is a condition characterized 
by an incomplete formation of limbs (Jain & Lakhtakia, 2002). 
McGuirk, Westgate, and Holmes (2001) defined it as “the absence 
or hypoplasia of a phalanx, metacarpal or metatarsal bone, or 
a portion of any long bone large enough to be detected at 
birth” (p. 2). Transverse deficiencies should be noted as different 
from longitudinal deficiencies, in which a major portion of 
a limb is missing while some distal elements remain1 (Krebs, 

1991). Taken together, these congenital amputations remain 
the most common cause of pediatric amputation (Krebs, 1991). 
Transverse deficiencies create a stump resembling that caused 
by any other type of amputation, with a complete lack of the 
limb distal to some point (Jain, 2002). The condition produces 
no pain or sense of phantom limb in the absent portion of the 
limb. The stump is usually slightly bulbous and well padded, 
and in certain cases, small nubbins can appear on the end of 
the limb (Jain, 2002). Other types of congenital abnormalities 
of the limbs include longitudinal absences, constriction rings, 
pseudosyndactyly, abnormal dermatoglyphs, and clubbed feet 
(Jain, 2002; Rushton, 1983). 

Yang, Khoury, Olney, and Mulinare (1997) stated that, 
“transverse limb deficiency has been associated with a variety 
of prenatal events, exposures, or maternal conditions” (p. 157). 
McGuirk et al. (2001) went one step further, classifying the causes 
of limb deficiencies according to percent, as follows: vascular 
disruption (including amniotic band syndrome or Poland’s 
anomaly, although often, the factor causing the disruption 
remains unknown) (34%), no recognized cause / indeterminate 
(32%), known hereditary disorders (such as Fanconi Anemia2) 
(15%), chromosomal abnormalities (specifically tri18, 4p-, and 
13q-) (6%), specific malformation syndromes (5%), familial 
phenotypes (4%), and known teratogens (3.9%). Jain (2002) 
stated that most congenital amputations appear as the result 
of a disruption rather than in association with a malformation 
syndrome. 

Author N.C. Nevin (1998) divided congenital malformations 
into four broad categories: chromosomal abnormalities, single 
abnormal gene malfunction (gene disorder), multifactoral 
(a product of the interaction between many genes and the 
environment), and purely environmental. However, he did 
conclude that many congenital limb deficiencies appear to be 
multifactoral, without a Mendelian pattern of inheritance or 
single identifiable chromosomal abnormality for congenital 
limb deficiencies. He went on to explain that even with these 
broad categorizations, identifying causation still remains 
somewhat “arbitrary,” in that even single gene disorders come 
about under influence from the environment and other genes, 
and what seems like a multifactoral-caused anomaly might 

1 An example of a longitudinal absence would be Proximal Femoral Focal 
Deficiency, or PFFD. In this case, the femur is markedly shorter, while the 
tibia, fibula, and foot are all normal, resulting in a very foreshortened limb. 
Another example includes phocomelia, in which the foot is attached directly 
to the pelvis (Krebs, 2001).

2 A genetic disorder characterized by a predisposition to gene mutations, 
most likely the result of an inability to repair chromosome damage. In 
addition to skeletal anomalies, the disorder is also associated with cardiac 
and renal anomalies, as well as a lack of all bone marrow elements.
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have a single gene as the driving force behind the malformation. 
Additionally, McGuirk et al. (2001) had similar difficulties 
clarifying distinctions between causation. For instance, one 
case reported an infant with what appeared to be amputation 
caused by vascular disruption, however a cousin of hers also 
reported a congenital amputation. In this case, both vascular 
disruption and familial phenotype were listed. 

In addition to the idea that congenital transverse limb 
deficiencies seem to vary in cause and origin, with a variety of 
factors playing a part, most authors also agree that inheritance 
does not play a part in causing this type of malformation. 
Rushton (1983) stated that these deficiencies were “non-recurrent 
in man” (p. 920), and Jain (2002) asserted that deficiencies had 
no familial involvements and were not inherited. 

There also appears to be a higher frequency of deficiencies in 
the upper limbs than in the lower limbs, although no explanation 
for this has been 
found to date. In the 
study performed by 
McGuirk et. al (2001), 
70% of reductions 
occurred in the arms only, 18% of reductions occurred in the 
legs only, and 12% or reductions occurred in both upper and 
lower extremities. Additionally, she found that reductions in 
the hands occurred more often than reductions in the feet, 
with fingers 3, 4, and 2 being the most targeted (in that order). 
Ephraim, Dillingham, Sector, Pezzin, and MacKenzie (2003) 
also found data to support the conclusion that deficiencies 
occur more frequently in the arms than in the legs, although 
their numbers were not as extreme, as they placed the rate of 
upper limb deficiency at about 2-3 times that of lower limb 
deficiency. Krebs (1991) found that nearly a quarter of childhood 
amputations are below-elbow amputations. Interestingly, in a 
1994 study by Jain, none of the females studied had lower limb 
deficiencies (cited in Jain (2002)).

Additionally, most limb deficiencies are unilateral, and there 
may be a tendency for deficiencies to occur more often in the 
left limb than in the right limb (Jain, 2002). Krebs (1991) noted 
that the tendency for the left side to be affected more frequently 
might be explained by “congenital teratologic side-specificity” 
(p. 921). Finally, approximately twenty percent of children have 
amputations of two or more limbs, many caused by complex 
congenital abnormalities such as PFFD (see earlier footnote) 
(Krebs, 2001). Approximately seven percent of children have 
reductions in three or more limbs (Krebs, 2001).

Worldwide, there has appeared a discrepancy among the 
incidence of congenital amputations, with the rate varying 
from country to country and population to population. There 
is not a known reason for this (Jain, 2002). The frequency of 
infant mortality has decreased over the past 100 years; however, 
the frequency of congenital malformations has not (Nevin, 
1998). A review of many studies of the frequency of congenital 
malformations indicated that the occurrence rate varies from 
around 2 in 10,000 births to 7 in 10,000 births, depending on 
population (Ephraim, et al., 2003). Additionally, Ephraim et 

al. (2003) stated that “limb deficiencies occur in association 
with other major congenital anomalies in 12%-33% of cases” 
(p. 753). 

Limb Formation and Development:
An understanding of the processes that occur in limb 

formation and development is a vital key to recognizing the causes 
of limb deficiencies. By studying how a normal limb develops, 
one can fully grasp where in the limb development process goes 
awry in different congenital anomalies. The process of limb 
formation consists of very complex communications between 
signals from genes and environmental factors. As Arteaga-Solis 
et al. (2001) described it, “limb patterning is controlled by 
complex interactions of four signaling centers that promote 
establishment of the main axes, growths, and cell differentiation” 

(p. 275). In week 
four of development, 
limb buds form, 
consisting of a layer 
of mesenchymal cells 

(those that differentiate into blood vessels and connective tissues) 
derived from the lateral plate mesoderm (Bryant, 1987). The 
mesenchyme is covered by a layer of ectoderm (those cells 
that later form the nervous system and skin) (Bryant, 1987). 
The information for the proximal-distal and anterior-posterior 
patterning comes from the mesodermally derived blastema 
(Bryant, 1987). The next four weeks (5-8) involve elongation of 
the limbs, triggered by the movement of mesenchymal precursors 
in a proximaldistal manner (Bryant, 1987). Following the initial 
migration, the cells that remain behind condense to form the 
cartilage model of what will later become bone (Bryant, 1987). 
The somites that migrate in week 5 give rise to the muscles of the 
limbs. Rotation occurs throughout the entire process, allowing 
for a specific range of movements in the limbs.

Studies have shown that the epidermis is necessary for 
limb outgrowth, with truncated limbs resulting if it is removed 
(Bryant, 1987). In some cases, if the epidermis is removed, new 
epidermis covers the end of the limb and growth can begin 
again; however, this does not hold true for all species (Bryant, 
1987). This result has implicated the apical ectodermal ridge, a 
thickened portion of the epidermis on the distal end of the limb 
bud, as the driving force behind cell growth (Bryant, 1987). The 
apical ectodermal ridge, better known as the AER, is responsible 
for the outgrowth of the limb bud, and the progress zone, 
which lies underneath, is responsible for the proliferation of 
undifferentiated mesenchyme (Arteaga-Solis et al., 2002). In the 
case of the aforementioned studies, the factor that determined 
whether the limbs could continue growing was whether the new 
epidermis had AER incorporated into it (Bryant, 1987). The 
AER does not carry positional information, instead providing 
a suitable environment for the underlying mesoderm, which 
retains information about cell position and direction (Bryant, 
1987; Arteaga-Solis, et al., 2002).

Worldwide, there has appeared a discrepancy among the incidence 
of congenital amputations, with the rate varying from country to 

country and population to population.
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In this case, like many other throughout human development, 
location determines cell fate (Arteaga-Solis et al., 2002). Limb 
growth is dictated by the polar coordinate model, first proposed 
in 1976 by French et al. (as cited in Bryant, 1987). This model 
encompasses the idea that “growth and patterning are causally 
linked, and that cell-cell interactions are fundamental to both 
processes” (Bryant, 1987, p. 677). A process called intercalation 
drives limb growth, which encourages cell division until every 
cell is in its appropriate position, both along the proximal-
distal axis and the circumference of the limb (Bryant, 1987). In 
addition, intercalation assures that neighboring cells are able 
to interact appropriately (Bryant, 1987). Studies have shown 
that repositioned cells change according to their neighbor and 
position, verifying that cells do, in fact, possess positional 
information (Bryant, 1987). In particular, it is the fibroblasts 
located in the limbs that contain the positional information, 
and the surrounding cells act as secondary followers that receive 
direction from the fibroblasts (Bryant, 1987).

This positional information is acquired and acted upon by a 
multitude of overlapping aspects, including extracellular signaling 
proteins and matrices. These factors act as a signal to induce cells 
to move and cause elongation. Specifically, interactions between 
the microfibrillar network and intercellular signals “control 
distribution and activity of limbs” (Arteaga-Solis et al., 2002, p. 
279). Extracellular proteins known to “control signal availability, 
such as proteoglycans and tissue proteases”, also direct intercellular 
signaling (Arteaga-Solis et al., 2002, p. 279). Fbn 2, or fibrillin 
2, was the first insoluble matrix element (glycoprotein) to be 
identified in conjunction 
with regulating limb 
patterning (Arteaga-Solis et 
al., 2002). Fbn deficiency is 
associated with disorganized 
microfibrals, and taken together, results show that, “specific 
intercellular signaling events” during limb formation depend 
on the correct formation of the microfibral extracellular matrix, 
which an Fbn deficiency prevents (Arteaga-Solis et al., 2002, 
p. 276). 

Specifically, a lack of Fbn leads to problems with digit 
formations, in that the protein is associated with negative 
mesenchyme differentiation early in the autopod formation, as 
opposed to later in the process, when interdigital apoptosis is 
required (Arteaga-Solis et. al, 2002). In normal development, 
digits are formed when “rays of condensing mesenchyme appear 
in the distal region of the bud (autopod)” (Arteaga-Solis, et 
al., 2002, p. 275). Similar to the rest of the limb, cartilage is 
formed after the cells grow and differentiate (Arteaga-Solis, et 
al., 2002). In order to separate the digits, the tissues located in 
between the newly forming digits undergo programmed cell 
death, creating interdigits (Arteaga-Solis, et al., 2002). Fbn 
deficiency causes the mesenchyme to act too early, producing 
malformed digits.

Amniotic Band Syndrome:
After a brief overview of normal limb development, one can 

begin to delve into specific gestational problems that may lead 
to congenital amputations. One such source of congenital limb 
deficiency is amniotic band syndrome, which leads to vascular 
disruption of the affected limb. Amniotic band syndrome causes 
three main types of congenital malformations: limb defects, 
craniofacial defects, and visceral defects (those affecting the 
internal organs) (Rushton, 1983). In his 1902 study, Ballantyne 
concluded that “amniotic bands and adhesion occur in relation 
to the head, abdomen, and back of fetus, between fetus and 
umbilical cord, and between one part of the fetus and another” 
(as cited in Rushton, 1983, p. 919). The exact incidence rate of 
the syndrome is unknown, with estimates ranging between one 
in 1200 births to one in 15,000 births (Rushton, 1983). Bands 
tend to cause local deformities only (Rushton, 1983). 

Debate continues as to whether the syndrome is, in fact, 
an actual syndrome, or simply a collection of abnormalities “of 
differing ateiology” (Rushton, 1983, p. 920). It is hypothesized, 
however, that amniotic band syndrome may be linked to 
inherited vascular instability; that is, the syndrome may be 
recurrent and/or have a genetic basis (Froster & Baird, 1993). In 
this case, the likelihood of amniotic band syndrome occurring 
in multiple generations may increase, and subsequently, the 
chances of congenital amputations in multiple generations may 
increase (Froster & Baird, 1993). As stated previously, however, 
the limb deficiency itself lacks a genetic basis.

To clarify, vascular 
disruption by amniotic 
bands is the specific initiator 
of a chain of events that leads 
to a group of malformations 
classified as amniotic band 

syndrome. Subsequently, vascular disruption affects the growing 
limb as follows: hypoxia, or a shortage of oxygen caused by the 
constricting bands; endothelial cell damage; hemorrhage, or 
extreme blood loss; tissue loss, and reperfusion (McGuirk et 
al., 2001). Amniotic band syndrome can be caused by a variety 
of factors, such as the drugs prostaglandin, misoprostol, and 
ergotamine; dilation and curettage; trauma; and Chorionic 
Villus Sampling3 (McGuirk et. al, 2001). The amniotic bands 
are thought to affect the growing limbs in a way described by 
Torpin (as cited in Rusthton, 1983). His theory hypothesizes 
that the amnion, or embryonic sac, tears, allowing the fetus 
to lie in a false cavity between amnion and the outer chorion, 

3 Chorionic Villus Sampling, or CVS, is a prenatal diagnostic screening test 
performed to test for chromosomal abnormalities (e.g. Downs Syndrome) 
and/ or other inherited disorders (e.g. Cystic Fibrosis). The procedure 
involves obtaining a sample of chorionic villi cells from the placenta, at 
the point where it attaches to the uterine wall, via the abdomen or cervix. 
Because of its invasive nature, the relatively safe procedure can cause at tear 
in the amnion, and subsequently,  ABS. http://www.americanpregnancy.
org/prenataltesting/cvs.html 

The exact incidence rate of the syndrome is unknown, 
with estimates ranging between one in 1200 births to one 

in 15,000 births (Rushton, 1983). 
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which envelopes the amnion. Amniotic bands then form from 
the torn amnion and encircle parts of the developing embryo. 
As the embryo grows, the bands retain the same size, restricting 
blood flow to the more distal parts of the body (Rushton, 
1983). An extension of this hypothesis includes the theory that 
major embryonic malformations may cause a disturbance in the 
formation of the amnion, or amniogenesis, which can lead to 
an incomplete amniotic sac from the offset (Rushton, 1983). 

Usually, if a congenital limb deficiency is classified as being 
caused by amniotic bands, it is because amniotic bands are found 
at birth, or the amputation phenotype resembles that of other 
amputations brought about by exposure to teratogens known 
to cause vascular disruption, such as CVS, misoprostol, and 
ergotamine (McGuirk et al., 2001). Often, however, amniotic 
band syndrome is very difficult to diagnose (McGuirk et al., 
2001). More specifically, “in a specific infant without such 
[known] exposure, the clinician cannot prove that [amniotic 
band syndrome] occurred, except indirectly when the fetal 
membranes show absence of the epithelium of the amnion, 
as occurs in case of amnion rupture” (McGuirk et al., 2001, 
p. 6). 

Maternal Effects:
As stated before, amniotic band syndrome can be caused 

by external factors that reach the embryo via the mother, e.g. 
certain prescription drugs. However, ABS is not the only mode 
by which outside factors can cause congenital amputations 
in the developing embryo, and drugs are certainly not the 
only teratogen known to cause birth defects. Like any other 
congenital malformation, congenital limb deficiencies can be 
influenced by the actions of the mother while pregnant. In 
particular, the vitamins the mother consumes, the teratogens 
to which she is exposed, and the stress she experiences have all 
been linked to congenital amputations. 

For example, Froster and Baird (1993) stated that acute 
maternal infections, such as rubella, measles, varricella, and viral 
infections, can cause limb deficiencies. These maternal infections 
are thought to cause congenital amputations via inhibition of cell 
reduction (Froster & Baird, 1993). In addition, chronic maternal 
diseases, such as maternal diabetes and maternal epilepsy have 
been linked to congenital amputations (Froster & Baird, 1993). 
Children born to mothers with diabetes mellitus are 2 to 4 times 
as likely to have a congenital malformation. It is suspected 
that these chronic diseases cause vascular disruption (Froster 
& Baird, 1993). Although there is an established association 
between diabetes and congenital limb deficiencies, it has yet to 
be confirmed as a definite link (McGuirk et al., 2001). Mothers 
with uterine anomalies during pregnancy may also have children 
with limb deficiencies caused by early in utero compression 
(Froster & Baird, 1993). Finally, maternal stress might be a 
cause of congenital limb deficiencies. Mothers who experienced 
a stressful event during the periconceptional period are more 
likely to have a child with a limb anomaly (Carmichael & 
Shaw, 2000). 

Maternal multivitamin use during pregnancy has been linked 
to a decreased risk of congenital limb deficiencies. However, 
the link only holds true if the vitamins are taken during the 
periconceptional period (the period from before conception to 
very early in pregnancy – Merriam-Webster Online Dictionary) 
(Yang et al., 1997). Specifically, the protective effect is higher when 
taken earlier in the periconceptional period, and if taken before 
conception, the risk might decrease even more (Yang et al., 1997). 
The degree to which maternal intake of multivitamins protects 
from limb deficiencies varies according to the type of deficiency 
(the risk of transverse limb deficiency decreases the most with 
vitamin use) (Yang et al., 1997). In particular, Shaw et. al (2002) 
found that multivitamin supplements containing folic acid 
might alter the association between maternal periconceptional 
fever and certain congenital defects, and possibly the association 
between maternal smoking and congenital defects. However, the 
exact reason that multivitamin use during the periconceptional 
period decreases risk of congenital amputation is not yet known 
(Yang, 1997). 

One of the most obvious sources of congenital amputation 
is teratogenic effects from maternal exposure to different 
substances, such as misoprostol, X-rays, cocaine, marijuana, 
and most notably, thalidomide (McGuirk et al., 2001). The 
various chemicals cause differing patterns of effects. For example, 
thalidomide causes intercalary transverse effects and hydantoin 
has been associated with terminal phalanges (Froster & Baird, 
1993). The effects of ethanol range over a variety of birth defects 
(Froster & Baird, 1993). Pesticides are highly suspected to lead 
to increased risk of limb anomalies at birth; however, the data 
remains somewhat imprecise (Shaw, Wasserman, O’Malley, 
Nelson, & Jackson, 1999).

Thalidomide:
The most widely recognized teratogen to be associated 

with limb defects is thalidomide, a potent toxin delivered in 
the form of a sleeping agent to pregnant women in the 1950’s 
and 1960’s (Knightly, Evans, Potter, & Wallace, 1979). Scientist 
Chemie Gruenthal developed the drug as a safe, side effect-free 
alternative to other sedatives on the market (Knightly, et al., 
1979). Even though previous studies had shown that drugs 
taken during pregnancy can affect a growing fetus, a major 
study performed by Jung (1956) reported nothing about the 
effects of thalidomide on a human or animal fetus (as cited in 
Knightly, et al., 1979). Most scientists found little or no side 
effects from thalidomide, and “Suffer the Children” (1979) 
believes that drug manufacturers attempted to suppress the few 
studies that found negative side effects. The Food and Drug 
Administration in the United States did not approve the drug; 
however, it was approved by similar agencies in Europe and 
Asia, even though adequate testing had not been completed 
(Knightly, et al., 1979). Even after McBride and Lenz described 
an association between limb defects and maternal thalidomide 
use in 1961 and its horrible effects were seen firsthand (as cited in 
D’Amato, 1994), the drug was still prescribed for many months 
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in Japan, Sweden, Canada, Argentina, and most heavily, in Italy 
(Knightly, et al., 1979). In all, over eight thousand children 
were born with thalidomide-related birth defects, including 
severe limb deficiencies and malformations, internal injuries, 
blindness, autism, epilepsy, and other forms of brain damage 
(Knightly, et al., 1979).

It is postulated that thalidomide causes inhibition of blood 
cells, resulting in death of the cells in limb buds (D’ Amato, 
1994). Thalidomide inhibits angiogenesis, or the formation of 
new blood vessels in the developing limb from the precursor 
blood vessels that already exist (D’Amato, 1994). This process 
is related to vasculogenesis, which is the formation of the 
capillary beds on which the blood vessels lie (D’Amato, 1994). 
Because these capillary beds are derived from mesenchymally-
differentiated endothermal cells, thalidomide’s ability to inhibit 
endothermal cell growth proves especially harmful (D’Amato, 
1994). In a study by D’Amato (1994), only thalidomide was able 
to inhibit angiogenesis after oral administration. Thalidomide 
has a well-established pattern of defects, including anomalies of 
the skeletal system, cardiovascular system, and functional defects 
(Froster & Baird, 1993). The pattern is symmetric, as opposed 
to asymmetric digit loss and synactyly seen in association with 
misoprostol use and CVS (McGuirk, et al., 2001). 

Complications:
Although most congenital amputations do not have any 

associated problems, one major complication may arise. If any 
part of the remaining limb contains vestigial articulations and 
epiphyseal bone plates, the possibility of appositional overgrowth 
occurs (Davids, Meyer, & Blackhurst, 1995). In this condition, 
the bone will continue to grow into a stiff spike (Davids, et 
al., 1995). The rate of prevalence for this condition, among all 
pediatric amputees (congenital and acquired), is between 4 
and 35 percent, and the condition is much more common in 
the humerous and tibia, and less so in the femur (Davids, et 
al., 1995). As to be expected, it usually occurs before skeletal 
maturity (Davids, et al., 1995). The condition can cause a variety 
of associated problems, including swelling, enythema, warmth 
and tenderness, formation of bursa, and in the most extreme 
cases, perforation of the soft tissue and/ or skin (Davids, et al., 
1995). Initial symptoms include sharp and clearly defined pain in 
the residuum, as well as a palpable and irregular spike (Davids, 
et al., 1995). A possible treatment involves a firm prosthesis at 
the end of the limb to prevent future growth, although this 
treatment remains controversial (Davids, et. al, 1995). Krebs et. al 
(1991), concluded that the end-bearing and mechanical loading 
treatment method remains beneficial to the child’s long-term 
well-being. In other words, the pressure from a prosthesis would 
effectively eliminate any possible additional growth.

Treatments:
Many aspects must be considered when deciding on 

the treatment for children with congenital amputations. 

According to Krebs et. al (1991), treatment should be chosen 
based on anticipated function, comfort, appearance, as well 
as the psychological and physiological needs of the child. In 
addition, personal financial resources and insurance coverage 
of the family must be considered. Treatment should “emphasize 
developmental function and avoid related residuum anomalies,” 
such as a terminal spike and distal bone overgrowth (Krebs, et 
al., 2001, p. 921).

Most children with congenital limb deficiencies choose to 
wear a prosthesis to assist with everyday tasks and movement, 
and for aesthetic reasons. Prostheses are designed to provide 
a certain level of stability, while also allowing for freedom 
of movement (Krebs, et al., 2001). This is generally achieved 
through maximum contact with the amputation, allowing 
sensory feedback and pressure to the limb (Krebs, et al., 2001). 
Prostheses can be made from a variety of materials, according to 
the needs and wishes of the child (Krebs, et al., 2001). Prostheses 
can be fitted as early as four to six months, depending on 
the type of amputation, and growth spurts dictate that new 
prostheses are required around every year or two (Krebs, et al., 
2001). Most upper-limb amputees receive a prosthetic hand or 
wrist that is capable of performing simple tasks like picking up 
and handling everyday objects (Krebs, et al., 2001). Lower limb 
prosthesis generally consist of a flat, solid ankle “foot” portion, 
allowing infants an initially flat contact with the floor, which 
later progresses into “natural” walking, with the normal heel-toe 
transition (Krebs, et al., 2001). Eventually, “storage-releasing” 
heels are used, allowing children to maintain the natural spring 
in their step (Krebs, et al., 2001). Lower-limb prostheses are 
usually fitted when the child first shows signs of standing, and 
upper-limb prostheses are generally fitted when the child can 
sit independently (Krebs, et al., 2001). Extended training and 
rehabilitation may be needed to assist in the transition and 
acclimation to wearing a prosthesis (Krebs, et al., 2001).

Conclusion:
Fortunately for me, I was able to take a class this semester 

that exposed me to the underlying genetic and environmental 
factors that play a role in human development. The mechanisms 
behind various aspects of development are extremely complex, 
as demonstrated by the complicated nature of congenital 
amputations. This somewhat simple birth defect, which, in 
most cases, is not linked to any other birth defects, has a vast 
range of potential causes and etiologies. This demonstrates the 
complexity of human development, and how much researchers 
still have to learn. Congenital amputations provide a great 
example of how genetic and environmental factors can each 
affect a growing embryo separately, and how the two can work 
together to cause problems. These factors act similarly in other 
aspects of embryonic development, and can cause problems by 
comparable methods in other systems of the body. 

Like my brother, most children with congenital transverse 
limb amputations are able to lead perfectly normal lives, and their 

“handicaps” are, in many instances, not handicaps at all. Research 
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into the causes and treatments of congenital amputations have 
wide-range utility, as this research can usually be applied to or 
acted upon with respect to other birth defects, such as neural 
tube defects (Yang, et. al., 1997). For now, with the help of 
such devices as prostheses, most children with transverse limb 
deficiencies lead normal lives. 
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