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Part of the results of this study have been presented in abstract form and as poster 

presentation at World Muscle Society Congress, Copenhagen, 2 October 2019 and at 

MYO-MRI Conference, Berlin, 18 November 2019.  
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Abstract 

Introduction/Aims: 

Limb girdle muscular dystrophy type R9 (LGMDR9) is characterized by progressive 

weakness of the shoulder and hip girdles. Involvement of proximal extremity muscles is 

well-described whereas information about axial muscle involvement is lacking. It is 

important to recognize the involvement of axial muscles to understand functional 

challenges for the patients. The aim of this study was to investigate the involvement of 

axial and leg muscles in patients with LGMDR9.  

Methods 

This observational, cross-sectional study investigated fat replacement of axial and leg 

muscles in 14 patients with LGMDR9 and 13 matched, healthy controls using quantitative 

MRI (Dixon technique). We investigated paraspinal muscles at three levels, psoas major at 

the lumbar level, and leg muscles in the thigh and calf. Trunk strength was assessed with 

stationary dynamometry and manual muscle tests.  

Results 

Patients with LGMDR9 had significantly increased fat replacement of all investigated axial 

muscles compared with healthy controls (p < 0.05). Trunk extension and flexion strength 

were significantly reduced in patients. Extension strength correlated negatively with mean 

fat fraction of paraspinal muscles. Fat fractions of all investigated leg muscles were 

significantly increased vs. controls, with the posterior thigh muscles being the most 

severely affected.  

Discussion  

Patients with LGMDR9 have severe involvement of their axial muscles and 

correspondingly have reduced trunk extension and flexion strength. Our findings define the 



 
 

axial muscles as some of the most severely involved muscle groups in LGMDR9, which 

should be considered in the clinical management of the disorder and monitoring of disease 

progression. 
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1. Introduction 

Muscular dystrophies are a heterogeneous group of disorders characterized by muscle 

wasting and weakness. Involvement of the intrinsic back muscles and muscles of the 

anterior and posterior trunk wall, in this study referred to as axial muscles, is unexplored in 

many of the dystrophies [1]. The axial muscles play a crucial role in postural stability, 

balance, and gait pattern. Knowledge of this is necessary to optimize the clinical 

management of the condition, to correctly interpret gait analyses, and to target exercises 

for distinct muscle groups for symptom relief and improvement of activities of daily living. 

Involvement of the paraspinal, abdominal, and iliopsoas muscles has been investigated 

systematically in LGMD types R2 (formerly 2B) [2] and R12 (formerly 2L) [3]. Paraspinal 

muscle involvement has been investigated in LGMDR14 (formerly 2N) [4] and FSHD [5], 

and involvement of the psoas muscle has been investigated in LGMDR1 (formerly 2A) [6]. 

Studies that systematically investigate the involvement of these muscles are of great 

importance to fully elucidate the pattern of muscle involvement and pathophysiology.  

To date, more than 30 genetically different LGMDs have been identified [7]. The most 

common type worldwide is LGMDR1, whereas LGMDR9 (formerly named type 2I) is the 

most frequent in Denmark and comprises more than one third of all Danish cases of 

LGMD [8].  

The clinical presentation of LGMDR9 varies in severity and age of onset. Common 

presenting features are exercise-induced myoglobinuria and difficulties in running and 

climbing stairs due to weakness of the hip girdle [9]. Other clinical findings include 

weakness of the shoulder girdle and hypertrophy of the calf muscles [10]. Age of onset is 

typically within the second decade of life, but varies with onset from early childhood to the 

fourth decade [11]. These clinical findings, as well as the pattern of muscle involvement in 



 
 

the legs are well-described in the literature [12, 13]. However, there is scant information 

about axial muscle involvement in patients with LGMDR9. The aim of this study was to 

investigate the involvement of axial muscles in patients with LGMDR9 and to test whether 

any involvement is correlated with or dissociated from involvement of lower limb muscles. 

Therefore, muscle strength was tested in the trunk and fat replacement of the axial 

muscles and the leg muscles was investigated by quantitative MRI.   

 

2. Methods  

2.1 Ethical approval 

The study was approved by the Danish National Committee on Health Research Ethics 

(approval number: H-16030358). All subjects provided written informed consent.  

2.2 Design and subjects 

This was an observational, cross-sectional study conducted from June 2018 to October 

2020. Fourteen patients with LGMDR9 were recruited from Copenhagen Neuromuscular 

Center, a national referral center for muscular dystrophies. They were compared with 

healthy controls. One of the controls was matched with two patients of the same sex and 

approximately the same age and body mass index (BMI), and all other controls were 

matched to one patient for age, sex, and BMI. The controls were recruited by word of 

mouth and were screened for neuromuscular conditions by answering a questionnaire 

regarding their general health. Inclusion criteria were: (1) genetically verified limb girdle 

muscular dystrophy type R9, and (2) age 18 years of age or older. Patients were excluded 

if they: (1) had co-existing back disorders that, in the opinion of the investigator, could 

confound the interpretation of test results, (2) had contraindications to MRI (including 



 
 

pregnancy), or (3) were unable to comply with the requirements of the study in the opinion 

of the investigator. Pregnancy was considered a contraindication to MRI because MRI is 

recommended in pregnant women only if it is medically beneficial to either the mother or 

the fetus. 

2.3 Clinical evaluations and muscle strength  

Clinical history including duration of symptoms, year of diagnosis, first and current 

symptoms was obtained. Manual muscle testing (MMT) was performed to assess neck 

extension, trunk flexion and extension, and hip flexion and extension.  Strength was 

graded using the Medical Research Council (MRC) scale for neck extension and hip 

flexion and extension, and a distinct scale from 0-5 was used for trunk flexion and 

extension. Trunk flexion was tested with the patient performing a half curl-up with the feet 

unsupported. Resistance was not applied, and the movement was scored according to 

positioning of the arms [14]. For both trunk flexion and extension, grades 0 and 1 were 

equivalent to MRC score (0: no muscle contraction and 1: visible/palpable contraction but 

no movement). For trunk flexion, the patient was able to lift the head and scapulae off the 

plinth with arms by the side for grade 2 and arms in front of the trunk for grade 3.  For 

grade 4 the full movement was performed with arms across the chest and for grade 5 with 

hands behind the ears. Trunk extension was performed with the patient in a prone position 

with a strap over the pelvis. As with the test of trunk flexion, the movement was scored 

according to arm position [14]. Grade 2: the patient was able to lift the head and upper part 

of the sternum off the plinth with arms by the side. Grade 3: the patient was able to lift the 

head and sternum off the plinth with hands behind the back. Grades 4 and 5: the patient 

performed a full trunk extension with arms behind the lower back for grade 4 and hands 

behind the head for grade 5. Stationary dynamometer (Biodex System 4 Pro, Biodex 



 
 

Medical System, Shirley, NY) was used to measure maximal isometric axial muscle 

strength. Trunk flexion and extension was measured seated with a dual-position back 

extension/flexion attachment (model number 830-450), and maximal strength was 

expressed in Newton-meter (Nm). The dual-position attachment was adjusted to each 

participant according to their height, and the anterior iliac spine was aligned with the axis 

of rotation. The chest and thighs were immobilized with Velcro straps  To test the maximal 

muscle strength, each participant was instructed to do a maximal isometric trunk extension 

or flexion and hold the contraction for five seconds. Paraspinal muscle strength was tested 

with the participant pushing against the back support of the attachment. Abdominal muscle 

strength was tested by leaning forwards. Participants were instructed to complete a total of 

three extensions and three flexions at the maximal force. Prior to the three maximal 

contractions, participants performed two practice contractions to familiarize them with the 

procedure. Axial muscle strength has previously been tested quantitatively in Becker  

muscular dystrophy [15] and LGMDR12 [16]. All muscle strength tests were performed by 

two experienced physiotherapists (KR, AMS) and verbal instructions were the same for all 

participants.  

2.4 MRI  

The participants were scanned using a 3.0T scanner (MAGNETOM Verio Tim System; 

Siemens AG, Erlangen, Germany). The MRI protocol included T2-localizers, axial T1-

weighted sequences and whole-body 2-point Dixon sequences with the following 

parameters: T1 (field of view (FOV) = 400-450 mm; slice thickness = 6.0 mm; distance 

factor = 20%; echo time (TE) = 19 ms; repetition time (TR) = 650 ms), Dixon (FOV = 400-

450 mm; slice thickness = 3.5 mm; distance factor =  0%; TE = 2.45 and 3.675 ms; TR = 



 
 

5.59 ms). The MRI protocol used in this study is based on a previously described protocol 

in a study from our center [5].  

2.4.1 Analysis 

All images were analysed by the same unblinded examiner (KLR) using Horos v2.4.1 to 

ensure consistency in how muscles were outlined. The assessor was unblinded as there 

was no intervention or time-dependent assessments that could be biased by unblinded 

design. A manually controlled drawing tool was used to outline regions of interest on the 

Dixon images. The muscles were all outlined along the inner edge of the muscle to 

minimize inclusion of subcutaneous fat, and to compare fat fraction and muscle strength 

corrected for cross-sectional area of the individual muscles. Fat signal was expressed as 

percentage of total water and fat signal, thereby representing the mean fat fraction (MFF) 

of the muscles. Weighted MFF of muscle groups was expressed as a composite score of 

the MFF of the individual muscles corrected for cross-sectional area of the muscle.  

Muscle involvement was investigated in five different cross-sectional slices (suppl. Fig. 1). 

Bone landmarks on the localizers were used to locate three anatomical regions of the 

spine and were as follows: C6, Th12 and L4/L5. Erector spinae was outlined bilaterally at 

spinal level C6 and both erector spinae and multifidus were outlined bilaterally at spinal 

level Th12 and at spinal level L4/L5. At the lumbar spinal level, psoas major was outlined 

bilaterally. At mid-thigh level (50% the length of femur) the following muscles were 

outlined: rectus femoris, vastus medialis, intermedius, and lateralis, sartorius, biceps 

femoris, semitendinosus, semimembranosus, adductor magnus, adductor longus, and 

gracilis. At 33% of the length of tibia, the following compartments were outlined: anterior 

(tibialis anterior, extensor hallucis longus, and extensor digitorum longus), peroneus group 

(peroneus longus and brevis), deep posterior (tibialis posterior, flexor digitorum longus, 



 
 

and flexor hallucis longus), medial gastrocnemius, lateral gastrocnemius, and the soleus 

muscle.  

The participants’ muscle strength tests and whole-body MRI were completed in one visit. 

Some controls were tested during one visit and others were previously scanned due to 

participation in former studies at Copenhagen Neuromuscular Center, using the same 

scanner and protocol as in this study and then invited for additional test of back strength, if 

the previous MR scan had been performed less than six years earlier.    

2.5 Statistical analyses 

All values are presented as means ± SD. The null-hypothesis, defined as no difference 

between patients with LGMDR9 and healthy controls, was tested using the Mann-Whitney 

U-test. A p-value < 0.05 was considered significant. A gender comparison was performed 

to evaluate differences between male and female participants. Spearman’s Correlation (rs) 

was used to test the relationship between the following quantitative variables: trunk 

extension strength and weighted MFF of the paraspinal muscles, hip flexion strength and 

weighted MFF of psoas major, weighted MFF of the paraspinal muscles and the thigh 

muscles, weighted MFF of the paraspinal muscles and disease duration, and weighted 

MFF of the paraspinal muscles and age. Data was analysed using SPSS v25 (IBM, 

Armonk, NY). 

 



 
 

3. Results 

3.1 Participants and clinical findings  

The study included 14 patients (six men) with genetically verified LGMDR9 (Fig. 1). The 

mean age of the patients was 36.8 ± 11.4 years (range 19-60) and they were all 

homozygous for the common c.826C>A (L276I) mutation. All patients presented a 

characteristic LGMD phenotype with proximal weakness of extremity muscles. Eleven of 

the 14 patients were able to walk without an aid, one walked with the aid of a 

crutch/walking stick, and two were nonambulatory. Patients showed variability in age of 

onset, disease duration, and disease severity varying from muscle weakness since early 

childhood to dark coloured urine as sole symptom (Table 1). Age at onset was defined as 

the first time the patient noticed any symptom interpreted as related to the diagnosis. 

Patients were matched according to age, sex, and BMI with 13 healthy controls (six men, 

mean age = 37.1 ± 12.6 years, range = 18-62). All controls underwent whole-body MRI, 

and ten completed muscle strength tests. Mean age for all men (LGMDR9 and controls) 

was 41.7 years and for all women 32.9 years.  

3.2 Gender difference in fat mean fraction 

When comparing MFF between men and women, a few minimal gender differences were 

found. In the healthy control group, men had a higher fat fraction of their left psoas major 

muscle alone (p = 0.01) vs. healthy women. In the LGMDR9 group, women had a 

significantly increased fat fraction of the peroneus group in the calf (p = 0.04) vs. men with 

LGMDR9. No other differences were found between men and women in patients with 

LGMDR9 and healthy controls. Therefore, data from both sexes was pooled and analysed 

as collective disease and control groups.  



 
 

3.3 Axial muscles  

3.3.1 Muscle fat fractions  

We found that patients with LGMDR9 had a significantly increased MFF vs. healthy in all 

the investigated muscles at the three levels of the spine (Fig. 2). Highest level of muscle 

involvement was detected at the lumbar spinal level with a MFF of 58% ± 17% vs. 21% ± 

6% in controls (p = 0.0001). In the patients, MFF of the psoas major was 54% ± 24% and 

in healthy controls the MFF was 11% ± 4%, (p = 0.00002), which makes it the most 

severely affected muscle of all the investigated axial muscles compared to healthy 

controls.  

Due to movement artefacts from respiration, abdominal muscles were not evaluated 

quantitatively. However, most patients showed increased fat replacement of the oblique 

abdominal muscles when evaluated qualitatively on T1-weighted images (Fig. 3).  

In healthy controls, mean fat fraction of the paraspinal muscles correlated with age (rs = 

0.588, p = 0.03). In patients, MFF of the paraspinal muscles did not correlate with age nor 

with disease duration. 

3.3.2 Trunk muscle strength  

Trunk extension strength, a measure that can be attributed almost entirely to the 

paraspinal muscles, was significantly reduced in patients with LGMDR9 compared to 

healthy controls (p = 0.001) measured by stationary dynamometry. Likewise, trunk flexion 

strength was significantly reduced in patients with LGMDR9 (p = 0.02). Weighted MFF of 

the thoracic and lumbar paraspinal muscles correlated negatively with back extension 

strength in patients (Fig. 4A).  



 
 

When evaluated by MMT, patients had the lowest score in trunk flexion (mean MRC-score 

= 2.4 ± 1.3) followed by trunk extension (mean MRC-score = 2.9 ± 1.1) (Fig. 5), 

underscoring that axial muscles are some of the most severely affected muscles in 

LGMDR9. Weighted MFF of the psoas major muscle correlated negatively with hip flexion 

strength evaluated by MMT (rs = -0.815, p = 0.001). 

3.4 Lower extremity muscles  

Patients had significantly increased MFF in all investigated muscles of the thigh but with 

varying severity. The most severely affected muscles were the hamstrings (Fig. 6). The 

weighted MFF of biceps femoris, semitendinosus and semimembranosus were increased 

more than 6-fold in patients vs. controls. Patients were most severely affected in the 

muscles of the posterior thigh and anterior thigh muscles were significantly involved as 

well (Fig. 7). There was a positive correlation between MFF of the paraspinal muscles and 

thigh muscles in patients (Fig. 4B). 

In the lower leg muscles, patients were most affected in the posterior muscles as observed 

in the thighs. Medial and lateral gastrocnemii had the highest level of fat replacement 

compared to controls, followed by the peroneus group and soleus muscle (Fig. 7).  The 

least affected muscles were tibialis anterior, extensor hallucis longus, and extensor 

digitorum longus (anterior compartment), with a MFF of 13% ± 5% (7% ± 1% in controls). 

 



 
 

4. Discussion 

4.1 Axial muscles  

The main finding of this study is that patients with LGMDR9 have severe fat replacement 

of paraspinal, psoas major and abdominal muscles combined with reduced trunk flexion 

and extension strength. Other findings are that the fat fraction of the thigh muscles 

correlates positively with the fat fraction of the paraspinal muscles and that  the trunk 

muscles are some of the most severely affected in this disorder with the lowest muscle 

strength score among all the examined muscle groups. These findings suggest that 

LGMDR9 is not solely a proximal limb muscle disorder, but also involves the axial muscles 

in an equally severe manner.  This contributes to a clearer understanding of the 

pathophysiology of the disorder and the pattern of muscle involvement. Studies of patients 

affected by LGMDR1 [6], R2 [2], [17], R3 [18], R12 [3], R14 [4], and R19 [19], report 

varying degree of paraspinal muscle involvement, evaluated by the semi-quantitative 

Mercuri score [20]. In patients with LGMDR14 [4] and R19 [19] lumbar paraspinal muscles 

have been found to be severely involved. Gonzalez-Quereda reported severe involvement 

of lumbar paraspinal muscles in three siblings with LGMDR3 [18]. A study from our center 

quantified axial muscle involvement in patients with LGMDR12, showing almost normal fat 

fractions of axial muscles in the patients compared to healthy controls [16]. Two studies 

described involvement of the abdominal muscles qualitatively in LGMDR2 [2] and R12 [3], 

and found moderate weakness of abdominal muscles. We found that in LGMDR9, the 

oblique abdominal muscles showed signs of severe fat replacement on T1-weighted 

images. These findings emphasize that axial muscles are involved in several different 

forms of LGMD including LGMDR9.    



 
 

Classically, the iliopsoas is classified as a hip girdle muscle. However, the psoas major 

topographically belongs to the posterior abdominal muscles, as it originates from vertebrae 

Th12 to L5. The consequence of reduced strength of the psoas major is an altered posture 

with excessive anterior pelvic tilt, which influences gait and can cause back pain and poor 

balance. Barp et al. recently investigated 27 patients with LGMDR1, and assessed the 

iliopsoas muscle at pelvic level, and found it to be moderately involved in this condition [6]. 

In contrast to this, we established quantitatively that the psoas major is the most severely 

affected of the axial muscles, and the fourth most affected muscle overall in LGMDR9. 

Another finding from Barp et al. was a strong correlation between level of fat replacement 

in the psoas muscle and a global functional activity score. The psoas major muscles have 

recently been investigated quantitatively in other limb girdle muscular dystrophies at our 

center, and they are well-preserved in LGMDR12 [3], [16] and Becker muscular dystrophy 

[21]. These findings underscore distinct differences between LGMDR9 and other limb 

girdle muscular dystrophies. 

In healthy controls, increased fat replacement of the paraspinal muscles is an age-

dependent phenomenon [22]–[24]. Findings in our study support this, since the MFF of the 

paraspinal muscles correspond with the absolute levels of MFF and age-dependent 

increments in MFF found in other studies [22]–[24]. We found that MFF correlated with age 

in healthy controls. Interestingly, this correlation was not found in the patients, which 

indicates that paraspinal fat replacement in LGMDR9 is likely determined more by the 

disease process than by age alone. It is reasonable to hypothesize that paraspinal fat 

replacement correlate with disease duration. However, such a correlation was not found in 

this study. The reason for this might be due to the small sample size, which allows outliers 



 
 

to have a large statistical impact. To fully elucidate muscle involvement at onset and 

disease progression, longitudinal studies will be of value.  

4.2 Lower extremity muscles  

Several studies have described the MRI pattern of muscle involvement in the legs of 

LGMDR9 patients. Common findings are involvement of primarily the adductors, biceps 

femoris, semimembranosus and semitendinosus. In the lower leg, the gastrocnemius and 

soleus muscles have been found to be the most affected in previous studies [12], [13], 

[20], [25]. Our findings support this pattern of muscle involvement. The most severely 

affected muscles of the thigh and lower leg are adductor magnus, biceps femoris, 

semitendinosus, lateral and medial gastrocnemius, and soleus. These findings suggest 

that our cohort is comparable to the cohorts in other studies. Our data demonstrate that 

the pattern of muscle involvement assessed by qualitative and semi-quantitative methods 

on MRI can be confirmed by the quantitative method used in this study. LGMDR9 and R1 

share common features in the pattern of leg muscle involvement [12], which can pose a 

diagnostic problem. However, involvement of the psoas major muscles may offer a 

discriminating feature. Investigation of the psoas major muscles in LGMDR1 and other 

LGMDs might therefore expand the currently described pattern of muscle involvement and 

thus help differentiate the diseases by MRI.  

Recently, Murphy et al. investigated leg muscle involvement by quantitative MRI in 23 

patients with LGMDR9 in a six-year follow-up study. They concluded that quantitative MRI 

is a more sensitive tool for monitoring disease progression than functional tests [26]. The 

same cohort was previously investigated by Willis et al., who studied leg muscle 

involvement in a one-year follow-up study and found significantly increased fat fraction in 9 

out of 14 investigated muscles [27]. These findings suggest that quantitative MRI is a 



 
 

sensitive tool for monitoring disease progression, and that changes can be detected with 

MRI before functional tests reveal deterioration of the involved muscles. Early identification 

of involved muscles is important to target rehabilitation exercises.  

4.3 Conclusion   

In conclusion, patients with LGMDR9 have severe involvement of their axial muscles in 

addition to the well-described fat replacement of leg muscles. The abdominal- and psoas 

major muscles are substantially involved as well. Muscle involvement was also reflected 

by severely reduced trunk extension and flexion strength. The correlation between fat 

fraction of the paraspinal muscles and thighs contributes to a clearer understanding of the 

pathophysiology of the disease and supports the hypothesis that proximal extremity 

muscles and axial muscles are equally involved in the disorder. Our findings encourage 

future longitudinal investigations on disease progression. MRI could be a supportive 

diagnostic tool, as the psoas major muscle seems to be more involved in LGMDR9 than in 

other LGMDs. Our findings provide insight into some of the functional challenges involving 

axial muscles in patients with LGMDR9, which should be considered in the clinical 

management of the patients as well as in the monitoring of disease progression. 
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Figure Legends  
 

Figure 1: Flow chart showing the inclusion of limb girdle muscular dystrophy type R9 

patients. 

 

Figure 2: Mean fat fraction ± SD at the cervical, thoracic, and lumbar spinal levels and in 

the psoas major.  

* indicates significance at p < 0.001. 

 

Figure 3: Increased fat replacement in abdominal muscles (white arrows) and psoas 

major muscle (yellow arrows) in a patient with limb girdle muscular dystrophy type R9 (left) 

compared to a healthy control matched with age and gender (right).   

 

Figure 4A: Correlation between mean fat fraction of paraspinal muscles at thoracic and 

lumbar levels (composite score corrected for cross-sectional area) and back strength on 

stationary dynamometry in 14 patients with limb girdle muscular dystrophy type R9. MFF: 

mean fat fraction, Nm: Newton meter. 

4B: Correlation between fat fraction of paraspinal muscles (composite score corrected for 

cross-sectional area) and fat fraction of thigh muscles in 14 patients with limb girdle 

muscular dystrophy type R9. 

 

Figure 5: Muscle strength measured by manual muscle testing ± SD using the Medical 

Research Council scoring system. MRC: Medical Research Council. 



 
 

 

Figure 6: Heat map showing the pattern of muscle involvement based on MRI-assessed 

muscle fat fraction. Each row represents a patient, the most severely affected at the top. 

Each column represents a muscle, with the most severely affected on the left. The 

patients’ sex, age, and disease duration are included. M: male, F: female, ADM: adductor 

magnus, BIF: biceps femoris, SET: semitendinosus, SEM: semimembranosus, GM: 

gastrocnemius medialis, GL: gastrocnemius lateralis, VAI: vastus intermedius, VAM: 

vastus medialis, VAL: vastus lateralis, SAR: sartorius, GRA: gracilis, REC: rectus femoris, 

PER: peroneus group, SOL: soleus, DP: deep posterior group, TA: tibialis anterior group. 

Blank cells: no data. 

 

Figure 7: Mean fat fraction ± SD of individual muscles. All differences between patients 

with limb girdle muscular dystrophy type R9 (LGMDR9) and healthy controls are significant 

at p < 0.004. 

Cerv.: cervical, ES: erector spinae, MS: multifidus, PSM: psoas major, REC: rectus 

femoris, VAM: vastus medialis, VAI: vastus intermedius, VAL: vastus lateralis, SAR: 

sartorius, BIF: biceps femoris, SET: semitendinosus, SEM: semimembranosus, ADM: 

adductor magnus, GRA: gracilis, TA: tibialis anterior group, PER: peroneus group, GM: 

gastrocnemius medialis, GL: gastrocnemius lateralis, SOL: soleus, DP: deep posterior 

group. 
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Table 1. Clinical findings 

Patient 

ID 

Age 

(years) 

Sex 

(M/F) 

First symptom or sign 

 

Age at first symptom 

and diagnosis 

(years/years) 

1 30 M Toe walking, muscle weakness Child/25 

2 50 M Dark coloured urine  16/45 

3 52 F Unable to keep up with peers  Child/21 

4* 19 F Dark coloured urine 12/17 

5 36 F Back pain and weakness of legs    30/24 

6* 27 M Dark coloured urine Teen/7 

7 21 F Difficulty running, weakness of arms 11/7 

8 36 M Difficulty running Child/33 

9 60 M Waddling gait and difficulty climbing stairs 34/38 

10 45 M Trunk muscle weakness    22/33 

11 34 F Difficulty running Child/15 

12 32 F Weakness of legs 24/32 

13 38 F Waddling gait and difficulty running 10/34 

14 30 F Difficulty climbing stairs  10/28 

 
M: male, F: female  
 
*Patients are siblings  
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