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Abstract

The type and frequency of diagnostic testing was analyzed in a population-based cohort of boys 

with Duchenne muscular dystrophy or Becker muscular dystrophy. Use of muscle biopsy declined 

from 66.0% of boys born between January 1982 and September 1987 to 32.6% born between 

April 1999 and September 2004. DMD mutation was documented for 345 (73.4%) boys. Deletions 

were more common and point mutations were less common than that has been reported in 

specialty clinic or laboratory-based cohorts. Deletion of one or more exons was detected in 270 

individuals (57.4% of all patients and 78.3% with a DMD mutation). Duplication was identified in 

39 individuals (8.3% of all patients and 11.3% with a DMD mutation). Point mutation, small 

insertion, or small deletion was found in 36 individuals (7.7% of all patients and 10.4% with a 

DMD mutation). Point mutation analysis was performed in only 37 of 130 (28.5%) individuals 

with negative deletion and/or duplication testing.
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Duchenne muscular dystrophy (DMD; MIM# 310200) and Becker muscular dystrophy 

(BMD; MIM# 300376) are allelic disorders caused by mutations of the DMD gene. DMD 
encodes the dystrophin protein and consists of 79 exons, including an actin-binding domain 

at the N-terminal, 24 spectrin-like repeats, a cysteine-rich domain, and a C-terminal domain. 
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DMD is the largest gene yet identified. Patients with Duchenne muscular dystrophy have 

mutations that result in no dystrophin protein production, whereas those with Becker 

muscular dystrophy produce abnormal dystrophin or a decreased, but not absent, quantity of 

dystrophin. Becker muscular dystrophy is associated with a milder clinical course than 

Duchenne muscular dystrophy, but in practice there is an overlap of clinical manifestations 

among patients with Duchenne muscular dystrophy and Becker muscular dystrophy, so that 

many clinicians and investigators prefer to use the term “dystrophinopathy” when referring 

collectively to Duchenne and Becker muscular dystrophy.

The diagnosis of Duchenne and Becker muscular dystrophy rests on the demonstration of 

either a mutation of DMD or an abnormal quantity or quality of the dystrophin protein on 

muscle biopsy. Mutation analysis for DMD has undergone progressive refinement since its 

introduction. The first clinically available testing used multiplex polymerase chain reaction 

(PCR) and Southern blotting to identify large-scale deletions. In subsequent years, other 

methods were developed to identify duplications.1,2 Newer methods of analysis have since 

been introduced into clinical practice, including multiplex amplifiable probe hybridization, 

multiple ligation probe amplification, and single condition amplification internal primer 

sequencing, which are designed to detect deletions, duplications, and point mutations.3–6 

Using these methods, it is now possible to identify DMD mutations in more than 95% of 

patients with a clinical diagnosis of Duchenne and Becker muscular dystrophy. Muscle 

biopsy may also be used for definitive diagnosis of Duchenne and Becker muscular 

dystrophy. Biopsy samples from skeletal muscle are examined histologically, along with 

immunochemistry and/or Western blot analysis, for an abnormal quantity or abnormal 

molecular weight dystrophin protein.7

The Muscular Dystrophy Surveillance Tracking and Research Network is a network of 5 

United States geographic regions (Arizona, Colorado, Georgia, Iowa, and western New 

York) that established the first population-based surveillance system for Duchenne and 

Becker muscular dystrophy in the United States.8 Muscular Dystrophy Surveillance 

Tracking and Research Network collects medical information on patients with a possible 

dystrophinopathy from multiple sources and applies a standard case definition for 

classification as a definite case, probable case, or noncase. The purpose of this report is to 

describe the frequency and type of diagnostic testing, changes in testing methods over time, 

and the types of DMD mutations identified in boys classified as definite or probable 

Duchenne and Becker muscular dystrophy in Muscular Dystrophy Surveillance Tracking 

and Research Network.

Methods

The study population includes all residents born or residing in the Muscular Dystrophy 

Surveillance Tracking and Research Network geographic catchment area between January 1, 

1982 and December 31, 2004. The investigations were approved by institutional review 

boards from each site. Medical records from multiple sources where individuals received 

medical care were reviewed. These sources include neuromuscular clinics, hospitals and 

hospital discharge databases, private physicians, service units for children with special 
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health care needs, and birth defect surveillance systems. Using a computerized abstraction 

instrument, trained medical record abstractors recorded relevant patient information.

Clinical and family history information was used to classify patients into a case definition 

category. Case definition is determined by a consensus review of neuromuscular specialists 

from each site. All patients in this report meet the criteria for a probable or definite case. 

Muscular Dystrophy Surveillance Tracking and Research Network designates a patient as 

being definite or probable to distinguish between clinically diagnosed patients with 

Duchenne and Becker muscular dystrophy who have molecular confirmation and those who 

are clinically diagnosed but who have not had a specific molecular or muscle biopsy 

abnormality identified. Patients in both these case definition categories have received the 

clinical diagnosis of Duchenne and Becker muscular dystrophy from a neuromuscular 

specialist at one of the Muscular Dystrophy Surveillance Tracking and Research Network 

sites. Definite cases have symptoms referable to a dystrophinopathy and either (1) a 

documented DMD mutation, (2) a muscle biopsy demonstrating abnormal dystrophin 

without an alternative explanation, or (3) a creatine kinase level at least 10 times normal, a 

pedigree compatible with X-linked recessive inheritance, and an affected family member 

with a DMD mutation or a dystrophin protein abnormality on muscle biopsy. Probable cases 

have symptoms referable to a dystrophinopathy, a creatine kinase level at least 10 times 

normal, and either no DMD mutation analysis or muscle biopsy, an inconclusive muscle 

biopsy, or a negative DMD mutation analysis. A complete description of Muscular 

Dystrophy Surveillance Tracking and Research Network methods has been published 

previously. 8 Diagnostic testing information was recorded for all cases. This included muscle 

biopsy results and results from DMD mutation analyses. When original source 

documentation of mutation analysis was available, details of the analyses such as the extent 

of deletions and duplications or the full description of point mutations were recorded.

Results

A total of 470 boys with the clinical diagnosis of Duchenne and Becker muscular dystrophy 

who met the case definition for either definite or probable Duchenne and Becker muscular 

dystrophy are included in the study population. Diagnostic testing patterns changed over 

time (Figure 1). The use of muscle biopsy declined from 66.1% of boys born between 

January 1982 and September 1987 to 32.6% of boys born between April 1999 and 

September 2004. Point mutation analysis ranged from a low of 1.8% in the January 1982 to 

September 1987 birth cohort to a high of 16.3% in the April 1999 to September 2004 cohort. 

No DMD mutation analysis was performed in 41 (8.7%) individuals, and DMD analysis was 

negative or there was insufficient information to determine conclusively that there was a 

DMD mutation in an additional 84 (17.9%) individuals (Table 1). A DMD mutation was 

documented for 345 (73.4%) boys. Deletion of one or more exons was detected in 270 

individuals (57.4% of all patients and 78.3% of those with a DMD mutation). Duplication 

was identified in 39 individuals (8.3% of all patients and 11.3% of those with a DMD 
mutation). Point mutation, small insertion, or small deletion was found in 36 individuals 

(7.7% of all patients and 10.4% of those with a DMD mutation; Table 1).
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A detailed description of the mutation was available for 317 individuals. Among the 251 

deletion cases for which the extent of the deletion was known, 60 (23.9%) had single exon 

deletions, 110 (43.8%) had deletions of 2 to 5 exons, and 81 (32.3%) had deletions of more 

than 5 exons (Table 2). The most common deletion observed was deletion of exon 45, 

present in 13 patients (5.2% of those with deletions and 3.8% of those with a DMD 
mutation). Deletions of exons 48 to 50 were found in 12 patients (4.8% of those with 

deletions and 3.5% of those with a DMD mutation), and deletions of exons 45 to 52 were 

found in 10 patients (4.0% of those with deletions and 2.9% of those with a DMD mutation). 

In all, 162 (64.5%) were deleted for at least one of the exons within the major hotspot region 

spanning exons 45 to 53.

Among the 34 patients with a detailed description of their DMD duplication available, 12 

individuals (35.3%) were members of kindreds with multiple affected family members 

(Table 3). The most common duplication was duplication of exons 10 to 16, seen in 4 

patients (11.8% of the 34 patients with duplication information available and 1.2% of all 

those with a DMD mutation). Most duplications (23 of 34, 67.6%) included at least one 

exon in the minor hotspot region spanning exons 2 to 20.

Point mutation analysis was performed in only 37 of 130 (28.5%) individuals with negative 

deletion and duplication testing. Among 32 patients with detailed results of point mutation 

analysis, 13 (40.6%) had a nonsense mutation that might be amenable to drug treatments 

that increase ribosomal readthrough of stop codons (Table 4).

Discussion

The importance of identifying a DMD mutation in individuals who have neuromuscular 

symptoms or who are at risk based on a positive family history cannot be overemphasized. 

Such information is critical for diagnosis, prognosis, recurrence risk, and possibly for 

selection of future treatments. Identification of a mutation confirms clinical diagnosis, and it 

is often useful in predicting the likely clinical course of the disease. Although there is some 

controversy regarding the full validity of what is known as the reading frame rule, it appears 

that about 90% of individuals with a mutation that disrupts the open reading frame of DMD 
will have a severe phenotype consistent with Duchenne muscular dystrophy, and a similar 

percentage of individuals with an in-frame mutation will have a milder clinical course most 

consistent with Becker muscular dystrophy.9,10

Knowledge of mutation status may also aid in recurrence risk counseling beyond its 

customary purpose for detection of carrier status in female relatives of affected males. 

Deletions are more commonly of maternal origin, whereas duplications and point mutations 

are more typically of grandpaternal origin.11,12 This means that when a duplication or point 

mutation is identified in a boy with no family history of Duchenne muscular dystrophy or 

Becker muscular dystrophy, the mother is likely to be a carrier. Furthermore, when a mother 

is negative for a duplication or point mutation identified in her son, it is unlikely that she has 

germline mosaicism. Finally, mutation status may in the future be used to direct treatment. 

In patients with nonsense mutations, drugs that suppress premature termination and 

selectively induce ribosomal readthrough to produce increased levels of functional protein 
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are being investigated13 and may provide clinical benefit in individuals with this specific 

class of mutation.

Large-scale investigations of the distribution of DMD mutations in Duchenne and Becker 

muscular dystrophy suggest that single or multiple exon deletions account for about 60% of 

mutations, exon duplications represent about 10%, and point mutations, microinsertions, and 

microdeletions account for the remaining 30%.14–16 The largest database of known DMD 
mutations is the Leiden Duchenne muscular dystrophy mutation database, which includes 

information on more than 4700 individuals, including published cases and those reported to 

their web-accessible database.9 In the Leiden database, intragenic deletions of one or more 

exons make up about 72% of cases, duplications about 7%, and small deletions, insertions or 

point mutations approximately 20%. In the Muscular Dystrophy Surveillance Tracking and 

Research Network cohort, we found deletions in 57.4% of the entire population of 

individuals with Duchenne and Becker muscular dystrophy (Table 1). When only DMD 
mutation–positive individuals were included, however, deletions were seen in 78.3%, which 

is higher than reported in the Leiden database and much higher than most other case series. 

Among the 251 individuals for whom a detailed description of the deletion was available, 

64.3% included at least 1 exon from the major hotspot region spanning exons 45 to 53. 

Whole exon deletions are detectable by multiplex PCR analysis, which is a relatively low-

cost and high-throughput diagnostic assay. In countries where more time-consuming, high-

cost, and high-technology analyses may not be available, multiplex PCR could therefore be 

expected to identify conclusively a mutation in about two thirds of affected individuals. The 

most commonly encountered deletion, a single exon deletion of exon 45 (Table 2), is also the 

most commonly reported deletion in the Leiden muscular dystrophy database.9

Among the 34 patients with an identified DMD duplication, 1 duplication spanning exons 10 

to 16 was seen in 4 individuals, and 7 duplications were seen in 2 patients each (Table 3). In 

keeping with the understanding that duplications tend to arise in spermatogenesis are often 

of grandpaternal origin and are therefore often familial, all but 2 of these recurrent 

duplications were present in multiple members of the same kindred. The single exon 

duplication of exon 2 is particularly common and has been found in 6% of all patients with 

duplications in the Leiden Duchenne muscular dystrophy database.9 In contrast with DMD 
deletions, 23 of 34 (67.6%) duplications in the Muscular Dystrophy Surveillance Tracking 

and Research Network cohort were found in the minor hotspot region that spans exons 2 to 

20. Previous reports have pointed to this region as the most common site for duplications, 

and more in-depth investigations have suggested that the mechanism for these duplications 

does not involve unequal crossing over of sister chromatids.17

As shown in Figure 1, point mutation analysis was undertaken in 37 of 130 individuals with 

negative deletion and duplication testing. Of the 37 individuals, 36 (97%) were found to 

have a point mutation, microinsertion, or microdeletion, which compares favorably with the 

approximately 90% detection rate reported in 2 large case series.4,14 These 36 individuals 

comprised 7.7% of all cases and 10.4% of those with DMD mutations, which is considerably 

lower than the estimated 30% that is reported in previous investigations.4,5 Of the 36 

individuals, 32 had additional information available regarding the point mutation, and 13 

(40.6%) of these had a nonsense mutation that might be amenable to treatments that can 
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induce ribosomal readthrough and produce increased amounts of functional protein. As 

therapies become available for patients with specific types of mutations, there will likely be 

renewed interest in a comprehensive approach toward genotyping all patients with unknown 

DMD mutations.18

The high percentage of deletion-positive cases in the Muscular Dystrophy Surveillance 

Tracking and Research Network cohort appears to be related to the relatively low percentage 

of point mutations tested for and detected. For many individuals in the Muscular Dystrophy 

Surveillance Tracking and Research Network, point mutation analysis has never been 

performed. As noted previously and depicted in Figure 1, among the 130 patients who have 

not had a deletion or duplication identified, point mutation testing has been completed in 

only 37 (28.5%). Ideally, a full complement of deletion, duplication, and point mutation 

testing would be available in all patients, but the patients we report represent a diverse 

clinical cohort, for whom extensive testing may not be practical or desirable. The availability 

of point mutation testing on a clinical rather than research basis is a relatively new 

phenomenon, which may explain its low use in this cohort. Other reasons why point 

mutation testing has not been performed are unknown, but may include lack of insurance to 

pay for diagnostic testing, insurers’ denial of authorization for such testing in patients with a 

clinical diagnosis of Duchenne muscular dystrophy or Becker muscular dystrophy, lack of 

perceived benefit by patients, families, and health care providers, or lack of familiarity with 

this type of test by treating physicians. However, the high frequency of deletions reported 

herein may reflect real differences between the Muscular Dystrophy Surveillance Tracking 

and Research Network cohort and the populations studied in previous investigations, 

because our data are population-based and not derived from a specialty clinic population or 

diagnostic laboratory sample. The rigorous case definition standards of Muscular Dystrophy 

Surveillance Tracking and Research Network are likely to eliminate patients who have 

another neuromuscular disorder or who may be included in other mutation frequency 

investigations.

The use of muscle biopsy declined considerably over time, from a high of 66.1% in 

individuals born between January 1982 and September 1987 to 32.6% of those born between 

April 1999 and September 2004 (Figure 1). In addition to the high operative, hospital, and 

laboratory cost of open muscle biopsy, complications of bleeding, infection, and patient 

distress make it a much less attractive alternative to DMD mutation analysis, which requires 

only venipuncture. Although it has been presumed that mutation analysis would largely 

replace muscle biopsy as a primary diagnostic tool, this report provides clear evidence of 

this change. It is likely, however, that the muscle biopsy will continue to play a role in 

differentiating Duchenne and Becker muscular dystrophy from other neuromuscular diseases 

in the DMD mutation–negative individual. In rarer circumstances, muscle biopsy may also 

be used to investigate for immunohistological and immunohistochemical features that may 

distinguish between the milder course of Becker muscular dystrophy and the more severe 

course of Duchenne muscular dystrophy.19

In conclusion, we report on the first population-based sample of boys with Duchenne and 

Becker muscular dystrophy in the United States. Although comprehensive mutation analysis 

is increasingly used for all patients with possible Duchenne and Becker muscular dystrophy, 
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results from Muscular Dystrophy Surveillance Tracking and Research Network suggest that 

muscle biopsy use will continue to decrease and will play an increasingly smaller role as a 

primary diagnostic test. The distribution of mutations in this population-based cohort 

differed from previous reports of specialty clinic or laboratory-based samples. Deletions 

were encountered more frequently, and point mutations were identified with a much lower 

frequency, presumably because point mutation testing was often not performed in 

individuals who were DMD deletion and/or duplication negative. The reasons for this low 

use are unknown, but future advances in DMD mutation analysis and Duchenne and Becker 

muscular dystrophy treatment may yield more clinically useful information and increase the 

number of patients who undergo this testing.
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Figure 1. 
Percent of definite or probable cases with documented diagnostic test results by date of 

birth.
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Table 1

Frequency of DMD Mutations in the Muscular Dystrophy Surveillance Tracking and Research Network 

Cohort

All Definite and Probable Cases Cases With Confirmatory Results

Negative testing or insufficient records 84 (17.9%) –

DMD deletiona 270 (57.4%) 270 (78.3%)

DMD duplicationb 39 (8.3%) 39 (11.3%)

DMD point mutationc 36 (7.7%) 36 (10.4%)

No DMD mutation analysis 41 (8.7%) –

470 345

a
Only 251 of 270 individuals with DMD deletion have mutation details for analysis.

b
Only 34 of 39 individuals with DMD duplications have mutation details for analysis.

c
Only 32 of 36 individuals with DMD point mutations have mutation details for analysis.
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Table 3

Muscular Dystrophy Surveillance Tracking and Research Network Duplications

Number of Cases Exon(s) Duplicated Number of Exons Duplicated

4 10–16 7

2 4–19 16

2 8–13 6

2 50–55 6

2 46–49 4

2 5–7 3

2 2–3 2

2 2 1

1 5–44 40

1 3–41 39

1 13–44 32

1 50–62 13

1 8–19 12

1 2–9 8

1 10–17 8

1 45–48 4

1 61–63 3

1 8–9 2

1 10–11 2

1 20–21 2

1 43 1

1 53 1

1 62 1

1 69 1
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Table 4

Muscular Dystrophy Surveillance Tracking and Research Network Point Mutations

Number of Cases Point Mutation Effect Point Mutation Description

3 Frameshift b c.6390delC Exon 43

3 Nonsense a c.7031T>A Exon 48

2 Unknown (IVS58-12 T>G) Intron 58

2 Frameshift b c.9139insA Exon 59

1 Frameshift a c.251dupT Exon 4

1 Nonsense a c.583C>T Exon 7

1 Nonsense a c.586C>T Exon 7

1 Missense a c.953C>T Exon 9

1 Nonsense b c.1301C>T Exon 10

1 Missense b c.1596G>A Exon 12

1 Nonsense b c.1823C>T Exon 14

1 Nonsense b c.1682G>A Exon 14

1 Missense a c. 3679C>T Exon 27

1 Frameshift a c.4572delG Exon 33

1 Nonsense b c. 5461G>T Exon 39

1 Frameshift b c.5979delAG Exon 41

1 Nonsense a c.5899C>T Exon 41

1 Missense a c.9808G>C Exon 68

1 Frameshift a c.9941insGTAA Exon 68

1 Frameshift b9897_9898delCA Exon 68

1 Nonsense a c.9978C>G Exon 69

1 Nonsense a c.10141C>T Exon 70

1 Nonsense a c.10171C>T Exon 70

1 Unknown Exon 5

1 Frameshift Exon 45

1 Nonsense Exon 64

a
Verified using the coding DNA reference sequence implemented on January 01, 2003. www.dmd.nl/seqs/murefDMD.html.

b
Verified using the coding DNA reference sequence based on Koenig et al.2 www.dmd.nl/seqs/murefDMD_old.html.
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