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ABSTRACT
Background: Duchenne muscular dystrophy (DMD) is a severe X-linked recessive neuromuscular disorder of childhood
characterized by progressive proximal muscle weakness and markedly elevated serum creatine kinase (CK) levels, but the
relationship between CK and motor function across different severity levels remains uncertain. The objective of this study
was to correlate serum creatine kinase levels with motor function in children with Duchenne muscular dystrophy using
Manual Muscle Testing (MMT) grades and functional scales.
Methodology: This hospital-based observational and analytical study was conducted in the Department of Paediatrics,
Mahatma Gandhi Medical College and Hospital, Jaipur, and included 50 genetically confirmed DMD patients aged 3-18
years. Demographic data, clinical features, MMT grades of neck flexors, shoulder abductors and knee extensors, Brooke
and Vignos functional scales and serum CK levels were recorded and analyzed using descriptive statistics, Kruskal-Wallis
test with Bonferroni-adjusted Mann-Whitney U test and Spearman and Pearson correlation coefficients.
Results: The majority of participants belonged to the 5-10 years age group (54%), followed by 11-15 years (38%), indicating
most commonly observed in middle childhood. The mean age was 9.68 + 3.285 years with a median of 9 years. Children
with lower average MMT scores (<2.0) had markedly elevated CK levels (mean 36,314.31 + 26,157.72 U/L; median 37,832
U/L), whereas those with moderate (2.0-3.0) and higher (>3.0) MMT scores showed progressively lower CK values (means
9,459.82 + 3,923.94 U/L and 5,030.06 + 4,693.34 U/L, respectively), and these differences were statistically significant
(Kruskal-Wallis H = 17.299, p = 0.0001, with all Bonferroni-adjusted pairwise comparisons p < 0.05). Serum CK
demonstrated a strong, highly significant negative correlation with average MMT score (Spearman p = -0.633, p < 0.001),
and similar inverse correlations were observed for neck flexors, shoulder abductors and knee extensors individually,
confirming that higher CK levels consistently corresponded to poorer motor function across the examined muscle groups.
Conclusion: Higher serum creatine kinase levels are associated with poorer motor function in children with Duchenne
muscular dystrophy, indicating that CK can serve as a useful biochemical marker that complements clinical motor
assessments in evaluating disease severity.
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INTRODUCTION

Duchenne muscular dystrophy (DMD) is a severe X linked recessive neuromuscular disorder of childhood
characterized by progressive muscle weakness and early loss of independent ambulation.? It is caused by
dystrophin gene mutations leading to absence or marked reduction of dystrophin, resulting in muscle
membrane instability and continuous muscle fiber damage.? Clinically, children present with delayed motor
milestones, difficulty in running and climbing stairs, frequent falls and Gowers’ sign. As the disease advances,
complications such as contractures, scoliosis, respiratory involvement and cardiomyopathy develop, making it
a life limiting condition.? Regular monitoring of motor function is therefore essential for clinical management.3
Serum creatine kinase (CK) is a muscle enzyme released into the bloodstream following muscle fiber damage.*
In DMD, CK levels are markedly elevated due to ongoing muscle breakdown and are widely used as an
inexpensive and early diagnostic marker.> However, CK reflects muscle injury rather than actual muscle
strength or functional ability. Its levels may fluctuate with physical activity, minor trauma and disease stage,
and in later stages of DMD, CK may decline despite worsening weakness due to loss of muscle mass and
replacement with fibrofatty tissue.®

Motor function in children with DMD is assessed using standardized clinical scales and timed functional tests
that evaluate activities such as standing, walking, running and stair climbing. These tools provide objective and
reproducible measures of disease severity and are important for monitoring progression, planning
physiotherapy and assessing response to emerging therapies.”® Since disease progression is variable and non-
linear, repeated assessments are necessary to capture individual functional decline over time. Although CK
indicates ongoing muscle damage and motor scales reflect functional ability, the relationship between them is
not clearly established. In early disease, very high CK levels may coexist with relatively preserved motor
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function, whereas in later stages CK may fall even as disability worsens. This inconsistency. creates challenges

in clinical interpretation and highlights the need to understand whether CK can meaningfully reflect functional-
status.>1? This study aims to investigate the correlation between serum CK Ievels\and motor function in

children with DMD to better understand the clinical relevance of CK beyond diagnosis. ’

METHODOLOGY

This was a hospital-based observational and analytical study conducted in the Department of Paediatrics,
Mahatma Gandhi Medical College & Hospital, Jaipur. The study period extended from April 2024 to September
2025 and included all eligible children with Duchenne muscular dystrophy presenting to the department
during this interval. All children diagnosed with Duchenne muscular dystrophy were considered for inclusion,
provided they met the eligibility criteria and consented to participate. The diagnosis of DMD was confirmed
using Multiplex Ligation-dependent Probe Amplification (MLPA) testing for dystrophin gene mutations. The
minimum required sample size was calculated as 47 using Fisher's z-transformation for correlation, assuming a
two-sided type | error of 0.05, 80% power and an expected correlation coefficient of 0.40 between serum CK
and motor function, and the final sample was rounded up to 50 children for feasibility. Inclusion criteria were:
(1) genetically confirmed DMD, and (2) written informed consent from parents or legal guardians. Exclusion
criteria were: (1) coexistence of major illnesses that could independently affect CK levels, such as liver disease,
myositis or acute viral infections.

Data collection and clinical assessment

Consecutive eligible patients were enrolled until the target sample size was reached. For each child, a
structured case record proforma was completed, documenting demographic data (age), relevant medical and
family history, socioeconomic status and detailed clinical examination findings. Classical DMD clinical features
such as Gower’s sign, waddling gait, toe walking, difficulty in supine-to-sitting transition and calf hypertrophy
were specifically recorded and later analyzed according to MMT categories. Motor function was assessed using
Manual Muscle Testing (MMT) based on the Medical Research Council (MRC) grading scale, which grades
strength from 0 (no contraction) to 5 (normal strength) with intermediate grades reflecting increasing strength
against gravity and resistance.A75-77 In this study, MMT was performed for neck flexors, shoulder abductors
and knee extensors, and an average MMT score was derived for each patient. In addition, functional status of
upper and lower limbs was evaluated using the Brooke Upper Extremity Functional Scale and the Vignos Lower
Extremity Functional Scale, respectively, which are commonly applied functional measures in DMD.

Laboratory assessment

Serum creatine kinase levels were estimated in all enrolled patients as part of the standard diagnostic and
assessment protocol. CK values were recorded in units per liter (U/L) and were later grouped according to
average MMT categories defined as low (<2.0), moderate (2.0-3.0) and high (>3.0) motor function.

Statistical analysis

All collected data were compiled, coded and entered into Microsoft Excel and analyzed using SPSS version
28.0. Descriptive statistics and frequency analysis were used to summarize demographic, clinical, laboratory
and motor function variables, with categorical data presented as frequencies and percentages and continuous
variables expressed using appropriate measures of central tendency and dispersion. The Chi-square test was
used to assess associations between categorical variables. Differences in serum creatine kinase levels across
motor function categories were analyzed using the Kruskal-Wallis H test, with post-hoc pairwise comparisons
performed using the Mann-Whitney U test with Bonferroni correction. The association between serum
creatine kinase levels and motor function scores was assessed using Spearman’s rank correlation, and
Pearson’s correlation was additionally applied after appropriate data transformation. A p-value of <0.05 was
considered statistically significant.

RESULTS

A total of 50 children with genetically confirmed Duchenne muscular dystrophy were included. The age
distribution of children included in the study.

Table 1: Age distribution
Age Group No. Percentage
<5 3 6%
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5-10 27 . -54%
11-15 19 . 38% ' I
>15 1 2%
Total 50 100%
Mean+SD 9.6813.285
Median (IQR) 9.00 (7.25 - 11.75)

The majority of participants belonged to the 5-10 years age group (54%), followed by 11-15 years (38%),
indicating that Duchenne Muscular Dystrophy (DMD) cases were most commonly observed in middle
childhood. A smaller proportion was seen in children below 5 years (6%) and very few cases were above 15
years (2%), reflecting the progressive nature of the disease and earlier diagnosis. The mean age was 9.68 +
3.285 years with a median of 9 years, suggesting that most patients were clustered around late childhood.

Table 2: Measurement of Global Development Quotient (%) according to MMT category

MMT category N Mean SD F-value p-value
Low (<2) 16 42.94 19.523
Mod?rate (2.0-3.0) 17 57.59 9.193 18.791 0.001
High (>3.00) 17 71.82 9.787
Total 50 57.74 17.774

The relationship between Global Development Quotient (GDQ) and Manual Muscle Testing (MMT) categories.
It was observed that children with low MMT scores (<2) had significantly lower GDQ (mean: 42.94 + 19.523),
while those with moderate MMT (2-3) showed improved GDQ (mean: 57.59 + 9.193). The highest GDQ values
were seen in children with high MMT scores (>3) (mean: 71.82 + 9.787). The difference across groups was
statistically highly significant (F = 18.791, p = 0.001). This indicates a strong positive association between
muscle strength and developmental status. In other words, better motor function is associated with higher
developmental outcomes in children with DMD.

Table 3: Presence of Clinical Features according to MMT category

Clinical Features Low (<2) '\(n:ggi;f (>I-Isi.golz)) Total x2 p-value
Gower's sign 10(1;50% 941.(15% 41.72% 783.3% 20.520 0.000*
Waddling gait 751;% 761.2% 17?6% 5623% 15.384 0.000*
Toe walking 931;% 52?9% 581.2% 683.3% 7.305 0.026*
Supine to sitting 811.:% 47.81% 17?6% 482.3% 13.368 0.001*
s | wmsk | ek | man | Taow | % | 04

* Significant (p<0.05)

The distribution of various clinical features across different MMT categories. It was observed that classical
features of Duchenne Muscular Dystrophy (DMD), such as Gower’s sign, waddling gait, toe walking and
difficulty in supine-to-sitting were significantly more common in children with lower MMT scores indicating
poorer muscle strength. Gower’s sign was present in 100% of patients in the low MMT group, compared to
41.2% in the high MMT group, showing a highly significant association (p < 0.001). Similarly, waddling gait and
toe walking were also more prevalent in low and moderate MMT groups with statistically significant
differences (p < 0.05). Difficulty in supine-to-sitting transition also showed a strong association with lower
muscle strength (p = 0.001). However, muscle hypertrophy did not show a statistically significant association (p
= 0.488), suggesting that it may be present across all stages of the disease irrespective of severity. Overall, the
table indicates that most clinical features worsen as muscle strength declines and are significantly associated
with disease severity.
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Table 4: Motor function using MMT Grading

Neck Flexors Shoulder Abductors . Knee Extensors
MMT Grade No. % No. % No. %
0 5 10% 6 12% 3 - 6%
1 10 20% 7 14% 11 22%
2 8 16% 10 20% 14 28%
3 10 20% 13 26% 13 26%
4 11 22% 10 20% 8 16%
5 6 12% 4 8% 1 2%
Total 50 100% 50 100% 50 100%
MeantSD 2.60 £ 1.565 2.52 +1.474 2.30+1.216
Median (IQR) 3.00 (1.00-4.00) 3.00 (1.25-4.00) 2.00 (1.00-3.00)

The distribution of motor function based on MMT grading across three muscle groups: neck flexors, shoulder
abductors and knee extensors. The results show that most children had muscle strength clustered around
grade 2 to grade 4, indicating moderate muscle weakness. For neck flexors, the majority of patients were in
grade 3 (20%) and grade 4 (22%) with a mean score of 2.60 + 1.565. Similarly, shoulder abductors showed a
concentration in grade 3 (26%) with a mean of 2.52 + 1.474. Knee extensors demonstrated comparatively
lower strength with the highest proportion in grade 2 (28%) and grade 3 (26%) and a lower mean of 2.30 +
1.216, suggesting earlier or more severe involvement of lower limb muscles. The median values further
support moderate muscle weakness across all groups. Overall, the findings indicate that proximal muscle
groups, especially in the lower limbs are more severely affected, which is consistent with the known
progression pattern of Duchenne Muscular Dystrophy.

Table 5: Serum creatine kinase (U/L) levels by average MMT category

Average MMT category n CPK CPK CPK
mean t SD median (IQR) min-max
Low (<2.0) 16 36314.31 +26157.72 37832 (12543-56882) 1070-79456
Moderate (2.0-3.0) 17 9459.82 +3923.94 8787 (7234-12765) 2800-18343
High (>3.0) 17 5030.06 + 4693.34 3456 (2662-4234) 1945-21100
Kruskal-Wallis H = 17.2990
p=0.0001

The distribution of serum Creatine Phosphokinase (CPK: Creatine Phosphokinase) levels across different MMT
(Manual Muscle Testing) categories. It was observed that children with low MMT scores (<2.0) had markedly
elevated CPK levels (mean: 36314.31 + 26157.72 U/L), whereas those with moderate MMT (2.0-3.0) had lower
levels (mean: 9459.82 + 3923.94 U/L) and the high MMT group (>3.0) had the lowest CPK levels (mean:
5030.06 * 4693.34 U/L). This indicates a clear inverse relationship between muscle strength and CPK levels.
The difference across groups was found to be highly statistically significant (Kruskal-Wallis H = 17.299, p =
0.0001). These findings suggest that higher muscle damage (reflected by elevated CPK) is associated with
poorer motor function in children with Duchenne Muscular Dystrophy.

Table 6: Pairwise comparisons of CPK between MMT categories (Mann-Whitney U; Bonferroni adjusted)

Group 1 Group 2 U statistic p value Bonferroni-adjusted p
Low Moderate 212.0 0.0065 0.0196
Low High 221.5 0.0022 0.0066
Moderate High 244.0 0.0006 0.0019

The pairwise comparison of serum CPK levels between different MMT categories using the Mann-Whitney U
test with Bonferroni adjustment. The results show that there was a statistically significant difference in CPK
levels between all groups. Specifically, significant differences were observed between low vs moderate
(adjusted p = 0.0196), low vs high (adjusted p = 0.0066) and moderate vs high (adjusted p = 0.0019) MMT
categories. This confirms that each level of muscle strength is distinctly associated with different levels of
muscle enzyme elevation. The findings reinforce that serum CPK is a sensitive biomarker that significantly
varies with disease severity and muscle function.
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Table 7: Association between serum CPK and motor function (correlation téSt‘s). % ’

Motor function Bk
measure Spearman p p-value Pearsonr (Ioglo),_\___ p-value
Neck flexors -0.636 0.0000* -0.653 . 0.0000*
Shoulder abductors -0.609 0.0000* -0.640 0.0000*
Knee extensors -0.577 0.0000* -0.582 0.0000*
Average MMT -0.633 0.0000* -0.654 0.0000*

*Correlation is significant at the 0.01 level (2-tailed)

The correlation between serum CPK levels and various motor function parameters using both Spearman’s
correlation coefficient (p) and Pearson’s correlation coefficient (r). A strong negative correlation was observed
between CPK levels and all motor function measures including neck flexors (p = -0.636), shoulder abductors (p
=-0.609), knee extensors (p = -0.577) and average MMT score (p = -0.633). Similar negative correlations were
also noted with Pearson’s test after logarithmic transformation. All correlations were found to be highly
statistically significant (p < 0.001). This indicates that as serum CPK levels increase, muscle strength
significantly decreases. Thus, serum CPK serves as a reliable indicator of disease severity and motor function
deterioration in children with Duchenne Muscular Dystrophy.

CPK Levels (U/L)
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DISCUSSION

The present study included 50 children diagnosed with DMD and aimed to correlate serum CPK levels with
motor function assessed by MMT grading of neck flexors, shoulder abductors and knee extensors. The findings
are discussed with published literature, focusing on motor impairment, CPK variation across functional groups
and the relationship between biochemical and functional markers. The mean age of the study population was
9.68 * 3.285 years, with a median age of 9.00 years. Most children were aged 5-10 years, 27 (54%), followed
by 11-15 years, 19 (38%), below 5 years, 3 (6%), and above 15 years, 1 (2%). This shows that DMD is mainly
evaluated during school age and early adolescence. Kim et al. (2017)3 reported maximum serum CK activity
between 2-5 years, while Sadek et al. (2017)}, Zhang et al. (2015)*2, Wang et al. (2017)*3, Luiz et al. (2019)
and Degan et al. (2025)*° also reported pediatric and adolescent age ranges comparable to DMD progression.
Hashim et al. (2011)*® described onset at 2—-3 years, which supports the early disease group in our cohort.

The study showed a significant positive relationship between motor function and Global Development
Quotient (GDQ). Mean GDQ increased from 42.94% in the Low MMT group to 57.59% in the Moderate group
and 71.82% in the High group (F = 18.791; p = 0.001). This suggests that poorer motor function is associated
with greater developmental impairment. Pane et al. (2013) reported borderline or low developmental
quotients in boys with DMD, while Connolly et al. (2013)*® found significantly reduced motor scores, especially
gross motor function. Cyrulnik et al. (2008)'° reported impairments in language, fine motor, attention and
memory domains. Rasic et al. (2015)%°, Chamova et al. (2013)?! and Goyal et al. (2021)?2 also reported cognitive
and developmental involvement in DMD patients.

Clinical Features by MMT Category
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Gower’s Sign: In the present study, Gower’s sign was present in 78% of-all children, with the highest
prevalence in the Low MMT group (100%) and lower prevalence in the High MMT group (41.2%). This is similar
to Goyal et al. (2021)%2, who reported Gower’s sign in 85.3% of Indian DMD patients. Sattenapalli et al. (2022)2
documented Gower's sign as universally present in ambulatory DMD patients, while Sarkar et al. (2023)%
reported it in 86% of their cohort. The decline across MMT categories reflects progressive hip extensor and
gluteal weakness.

Waddling Gait: Waddling gait was present in 75% of Low, 76.5% of Moderate and 17.6% of High MMT
children, showing a significant association (x* = 15.384; p = 0.000). This finding is consistent with Venugopal et
al. (2023)%, who described waddling gait as a characteristic early feature of DMD caused by proximal pelvic
girdle weakness. Goyal et al. (2021)?? also reported gait abnormalities in ambulatory DMD boys. The low
prevalence in the High MMT group suggests that waddling gait is more common in moderate-to-severe motor
impairment.

Toe Walking: Toe walking was observed in 93.8% of Low, 52.9% of Moderate and 58.8% of High MMT children
(x? = 7.305; p = 0.026). Although Sarkar et al. (2023)%* reported toe walking in only 11% of their cohort, Goyal
et al. (2021)?? reported it in 44.8% of Indian DMD children. Venugopal et al. (2023)?> described toe walking as
an early ambulatory-stage feature due to Achilles tendon shortening and calf tightness, explaining its
persistence even in children with relatively preserved MMT scores.

Supine to Sitting: Difficulty in supine to sitting was found in 81.3% of Low, 47.1% of Moderate and 17.6% of
High MMT children (¥ = 13.368; p = 0.001). This pattern is supported by Baranello et al. (2024)%, who
identified timed rise from floor as a sensitive marker of motor deterioration and earlier loss of ambulation in
DMD. Bushby et al. (2010)?” and TREAT-NMD care guidelines also describe difficulty rising from the floor as an
early functional loss reflecting proximal hip and knee extensor weakness.

Hypertrophied Muscles: Hypertrophied muscles were observed in 68.8% of Low, 64.7% of Moderate and
82.4% of High MMT children, with no significant difference across groups (x* = 1.436; p = 0.488). Kornegay et
al. (2012)% reported calf enlargement in 94% of Indian DMD patients, highlighting pseudohypertrophy as a
common and early feature. Droracle (2026)?° also confirmed calf pseudohypertrophy in 94% of DMD patients.
Similarly, Goyal et al. (2021)?? reported calf hypertrophy in 91.3% of their cohort, showing that muscle
hypertrophy may occur independently of functional severity.

Serum CPK Levels by MMT Category

Serum CPK levels were markedly elevated across all MMT categories in the present study, confirming the
characteristic biochemical profile of DMD. The overall CPK range was 1,070-79,456 U/L, far above the normal
pediatric range of 10-170 U/L and consistent with reports that CPK in DMD may be 50-200 times normal. Sun
et al. (2008)3° reported CK levels ranging from 2,595-45,495 U/L in 40 DMD children aged 3—14 years, which is
broadly comparable to our cohort. The Low MMT group showed the highest CPK levels, with a mean of
36,314.31 % 26,157.72 U/L and median of 37,832 U/L, suggesting greater biochemical evidence of muscle
destruction in children with severe motor impairment. Sun et al. (2008)%* reported peak CK levels of 27,750—
31,173 U/L in children aged 3-5 years, the period of maximal muscle necrosis. Awano et al. (2024)? similarly
found that CK levels remain extremely high until age 6 years and decline rapidly from ages 7-12 vyears,
corresponding with worsening motor decline.

A clear inverse gradient was observed, with CPK decreasing as MMT category improved: Low MMT mean
36,314 U/L, Moderate MMT mean 9,459.82 U/L and High MMT mean 5,030.06 U/L. Burch et al. (2015)3!
reported a mean serum CK of 7,443 + 6,357 U/L in a mixed-age DMD cohort, which is close to our Moderate
MMT group. Awano et al. (2024)? also confirmed that CK and related biomarkers decrease with declining
motor function, supporting the pattern seen in our MMT stratification. The Kruskal-Wallis test showed a
significant difference in CPK distribution across MMT categories (H = 17.299; p = 0.0001). Pairwise Mann-
Whitney U comparisons remained significant after Bonferroni correction, with Moderate vs. High showing the
strongest significance (p = 0.0019), followed by Low vs. High (p = 0.0066) and Low vs. Moderate (p = 0.0196).
The use of non-parametric testing with Bonferroni correction is appropriate because CPK values in DMD are
highly skewed, consistent with Diniz et al. (2012)32 and other DMD biomarker studies.

The significant difference between Moderate and High MMT groups suggests that CPK is not only a diagnostic
marker but may also reflect graded muscle damage within ambulatory functional stages. This supports the
view of Kim et al. (2017)3, who found CK to be an important correlate of functional outcomes even in children
who retained ambulation.

CONCLUSION
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The present study demonstrates a clear relationship between serum creatine kinase (CPK) levels and motor
function in children with Duchenne Muscular Dystrophy. The majority of patients presented in mid-childhood,"
with a mean age of approximately 9.7 years, highlighting the typical age of clinicé[‘manifestation. Motor
function, as assessed by Manual Muscle Testing (MMT), showed moderate weakness overall, with relatively
greater involvement of lower limb muscles. A significant association was observed between motor function
and global developmental status, with higher MMT scores corresponding to better developmental quotients.
Clinical features such as Gower’s sign, waddling gait, toe walking, and difficulty in rising from supine position
were more prevalent in patients with poorer motor strength, reinforcing their utility as indicators of disease
severity. Serum CPK levels were markedly elevated in patients with lower MMT scores and showed a
progressive decline with improvement in motor function. Statistical analysis confirmed significant differences
in CPK levels across all MMT categories, along with a strong negative correlation between CPK and muscle
strength. This indicates that higher enzyme levels are associated with greater muscle damage and poorer
functional status.
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