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The clinical assessment of neuromuscular diseases (NMDs) has historically been challenged by the extreme
heterogeneity of disease progression, phenotypic expression, and the varying degrees of motor impairment across
different age groups. From Duchenne Muscular Dystrophy (DMD) to Facioscapulohumeral Dystrophy (FSHD),
clinicians and researchers require a standardized, quantitative, and validated instrument to track disease evolution
and the efficacy of therapeutic interventions. The Motor Function Measure (MFM)has emerged as the gold-
standard generic scale designed to meet these rigorous requirements. Originally developed and validated by
Bérard et al. in 2005, the MFM provides a multidimensional framework for evaluating motor capacity without the
need for specialized laboratory equipment.

The Theoretical Framework of Motor Function Assessment

Motor function in the context of neuromuscular pathology is not a monolithic entity but a composite of axial control,
limb strength, and distal dexterity. The theoretical underpinning of the MFM scale is rooted in the need for a

generic instrument. While disease-specific scales exist, they often fail to capture the transition of a patient from
one diagnostic category to another or to compare outcomes across a spectrum of disorders. The MFM addresses
this by focusing on functional capacity rather than isolated muscle strength (manual muscle testing).

The scale was developed through a rigorous iterative process. Initial versions were tested and refined based on
psychometric analyses, leading to the widely adopted MFM-32 (for patients aged 6 to 62) and the subsequent
MFM-20(adapted for children under 6 years of age). The core philosophy of the MFM is to assess the "best
performance" a patient can achieve at a given moment, providing a snapshot of functional reserves.

Technical Breakdown of the Three Dimensions

The MFM-32 consists of 32 individual items, which are strategically categorized into three distinct functional
dimensions. This compartmentalization allows clinicians to pinpoint exactly where motor loss is occurring, whether
it be in postural transitions or fine motor skills.

Dimension 1: Standing Position and Transfers (D1)

This dimension includes 13 items that assess the patient's ability to maintain an upright posture and transition
between different positions. It is often the most sensitive dimension for early-stage DMD and other conditions
affecting the pelvic girdle. Tasks include:

¢ Rising from the floor (Gowers' maneuver evaluation).
e Standing on one foot.

e Walking 10 meters.

¢ Maintaining a standing position with feet together.

Dimension 2: Axial and Proximal Motor Function (D2)

Comprising 12 items, D2 focuses on the stability of the trunk and the function of proximal limb segments (shoulders
and hips). This is critical for assessing patients who may have lost the ability to walk but retain significant upper-



body function. Key tasks involve:

 Sitting on a chair without support.

¢ Raising the head while in a supine position.
e Lifting the arms to the head.

¢ Rolling from a supine to a prone position.

Dimension 3: Distal Motor Function (D3)

D3 contains 7 items dedicated to fine motor control and distal strength, particularly in the hands and feet. For many
late-stage neuromuscular patients, D3 remains the only dimension where measurable function persists. Items
include:

¢ Picking up a coin from a table.

e Touching each finger with the thumb (opposition).
» Drawing a circle in the air with the foot.

¢ Closing the eyes tightly (facial distal involvement).

Scoring Mechanics and Quantitative Methodology

The MFM utilizes a 4-point Likert scalefor each item, ranging from 0 to 3. The scoring criteria are strictly defined
to minimize inter-rater variability. The general logic follows this hierarchy:



Score Functional Definition Technical Requirement

0 No Movement The subject cannot initiate the
movement or the starting position
cannot be maintained.

1 Partial Completion The subject initiates the movement
but completes it only partially.

2 Compensatory Completion The subject completes the task, but
with compensations, slowness, or lack
of fluidity.

3 Normal Completion The movement is performed

according to the standard
physiological pattern, without
compensation.

The raw scores for each dimension are summed and then converted into a percentage of the maximum possible
score (e.g., D1 max score is 39, so a raw score of 13 equals 33.3%). A Total Scoreis then calculated as the
average percentage of the three dimensions. This percentage-based approach allows for longitudinal comparison
and ease of interpretation in clinical trials.

The Validation Study: Analysis of the 303-Patient Cohort

The landmark validation study conducted by Bérard et al. (2005) involved 303 patients across a diverse range of
diagnoses. This study remains the primary reference for MFM reliability. The demographic breakdown included:

e 72 patients with Duchenne Muscular Dystrophy (DMD).

e 32 patients with Becker Muscular Dystrophy (BMD).

¢ 30 patients with Limb-Girdle Muscular Dystrophy (LGMD).

¢ 39 patients with Facioscapulohumeral Dystrophy (FSHD).

Additional cohorts with Spinal Muscular Atrophy (SMA) and Charcot-Marie-Tooth (CMT) disease.

The study demonstrated high internal consistency (Cronbach's alpha &gt; 0.90 for the total score) and excellent
inter-rater and intra-rater reliability. It confirmed that the MFM could effectively discriminate between different
functional levels and was sensitive enough to detect changes over a one-year period, particularly in DMD patients.

Practical Implementation and Field Guide

Administering the MFM requires a trained physical therapist or clinician. The environment must be quiet, and the
patient should be wearing comfortable clothing. The following equipment is typically required:

An examination table (firm surface).

A chair with a backrest but no armrests.

A stopwatch for timed items.

A tennis ball and a small coin (0.5 or 1 Euro/Dollar size).
A standard floor mat.
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Standardized Testing Protocol

The examiner must follow the instruction manual strictly. For each item, the patient is given clear instructions and, if



necessary, a demonstration. Only one attempt is usually recorded, unless the patient did not understand the
instructions. It is vital to note that orthosesshould not be worn during the test, as the MFM measures intrinsic
motor capacity.

Interpreting the Results

A drop in the MFM total score of 5-10% over a year is often considered clinically significant in progressive NMDs.
Specifically, in DMD, Dimension 1 (D1) scores often drop precipitously during the transition to non-ambulatory
status, while Dimension 3 (D3) remains relatively stable until much later in the disease course. Understanding
these trajectories is essential for clinical management and the timing of interventions like corticosteroid therapy or
gene therapy.

Comparison Matrix: MFM vs. Other Clinical Outcome Measures

While the MFM is a robust generic scale, it is often compared to other tools like the North Star Ambulatory
Assessment (NSAA) or the Gross Motor Function Measure (GMFM).



Feature

Target Population

Age Range

Dimensions

Distal Assessment

Clinical Trial Use

Motor Function Measure
(MFM)

Broad NMD spectrum
(Generic)

6-62 years (MFM-32)

3 (Standing, Axial, Distal)

High (Dedicated D3 items)

High (Global validation)

North Star Ambulatory
Assessment (NSAA)

Ambulatory DMD patients

Pediatric (Ambulatory)

Single dimension

Low

High (DMD specific)

Gross Motor Function
Measure (GMFM)

Cerebral Palsy (primarily)

Pediatric

5 Dimensions

Minimal

Moderate (NMD

repurposed)

Case Study: Tracking Disease Progression in Duchenne Muscular Dystrophy

Consider a hypothetical 8-year-old male diagnosed with DMD. At his baseline assessment, his MFM-32 scores are
as follows:

e Dimension 1: 70% (Difficulty with running and climbing stairs).
e Dimension 2: 95% (Strong axial control).

e Dimension 3: 100% (No distal impairment).

» Total Score: 88.3%.

After 18 months, despite standard care, the patient shows signs of decline. Re-assessment yields:

e Dimension 1: 45% (Loss of ability to run; significant Gowers' sign).
e Dimension 2: 85% (Emerging difficulty with trunk rotation).

¢ Dimension 3: 98% (Stable fine motor skills).

 Total Score: 76%.

This 12.3% decrease in the total score provides objective data to justify a change in the rehabilitation protocol or to
evaluate the patient's eligibility for clinical trials focusing on ambulatory preservation.

Mathematical Model for Disease Sensitivity

The sensitivity to change in the MFM is often calculated using the Effect Size (ES) and Standardized Response
Mean (SRM). In the Bérard validation study, the SRM for the total score in DMD patients was approximately 0.8,
indicating a high sensitivity to disease progression over a 12-month interval. The formula for SRM is:

SRM = Mean Change Score / Standard Deviation of the Change Score

This metric is critical for biostatisticians when determining sample sizes for clinical trials. A tool with a higher SRM
allows for smaller patient cohorts while maintaining statistical power.

Troubleshooting Common Operational Challenges

Implementing the MFM in a busy clinical setting can present obstacles. Below are common challenges and their
technical solutions:

1. Floor and Ceiling Effects



In very young children or severely affected non-ambulatory patients, the MFM-32 may exhibit floor effects (scores
clustering at zero) or ceiling effects (scores clustering at 100%).Solution: Use the MFM-20for ~ younger  children
(under 6) and pay close attention to D3 sub-scores for advanced-stage patients to detect subtle changes in hand
function.

2. Patient Fatigue

Performing 32 physical tasks can be exhausting for patients with low muscle endurance.Solution:Allow  for  rest
periods between dimensions. Ensure the order of items follows the manual to optimize energy expenditure, starting
with the most physically demanding standing tasks.

3. Subjective Interpretation of "Compensations”

Determining a score of 2 versus a score of 3 can be subjective if the examiner is not well-trained.Solution: Utilize
standardized video training modules and ensure the clinical site undergoes centralized certification for MFM
administration.

The Future of MFM: Digital Health and Remote Monitoring

As we move toward decentralized clinical trials, there is significant interest in adapting the MFM for remote
monitoring. Video-based assessments, where a caregiver records the patient performing MFM tasks while being
guided by a remote therapist via tele-health, are currently under investigation. Furthermore, integrating wearable
sensors (accelerometers and gyroscopes) to provide objective kinematic data for MFM tasks could potentially
eliminate inter-rater variability entirely, providing a "Digital MFM" score.

The MFM remains an indispensable tool in the neuromuscular landscape. Its ability to provide a comprehensive,
gquantitative, and validated assessment across diverse pathologies makes it the bridge between clinical observation
and scientific data. Whether used in routine outpatient care or as a primary endpoint in global clinical trials, the
MFM scale ensures that motor function loss is caught early and that therapeutic benefits are measured with the
highest degree of accuracy.

Ultimately, the continued refinement and global adoption of the MFM scale reflect the broader evolution of precision
medicine in neurology. By standardizing the way we measure physical capacity, we empower clinicians to make
better-informed decisions, researchers to design more effective trials, and patients to receive treatments that are
truly making a measurable difference in their functional lives.
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