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Outline

• Muscle abnormalities
• Evaluating muscle quantity and quality
• Ultrasound for the evaluation of muscle quantity

→ Reliability/Validity
→ Utility

• Ultrasound for the evaluation of muscle quality
→ Validity
→ Utility

• Practical considerations
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Muscle fat 
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Mechanical 
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orientation

↓ elasticity
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tension

↓ generate force 
/ muscle 

contraction
Addison et al, Int J Endoc Article ID 309570, 2014

Infiltrating fat and fibrous tissue (white) were found to 
be interfibrous, filling the gap area created between the 
muscle fibres. 
Meyer et al.  J Orthopaedic Research 22, 2004 
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directly affect muscle 
function



Lower contractile area in patients on HD in 
comparison to healthy controls

Karolinska Institutet - a medical university 22/05/2025 5

(A) 72-year-old female control subject. 
(B)  70-year-old female hemodialysis subject. 

Fat infiltration

Johansen et al, Kidney Int; 63:291–297, 2003 

↓ Contractile muscle area

↑ Non-contractile muscle area
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Muscle US:
Which muscle and which point?

• Lower extremities are affected earlier by age-related loss compared to the muscles of the upper 
extremities 

• Reduction of the anterior thigh muscles occurs at a higher rate compared to the other leg muscles
Janssen I et al. J Appl Physiol (1985) 2000; 89: 81–88

Minetto MA et al. PM R 2016; 8: 453–462



Ultrasound as a valid tool to assess body composition in 
patients with kidney disease

VIT

RFT

RFCSA

Sabatino A et al Clin Nutr 2017; 36: 1710-1715

Muscle quantity

Muscle quality

↑ echogenicity = ↑ fat infiltration

Wilkinson et al. Nephrol Dial Transplant (2019) 34: 1344–1353



US to assess muscle quantity



Reliability studies (n = 13), validity studies (n = 6)

Intra-rater reliability: The highest intraclass 
correlation coefficient (ICC) scores were: vastus 
lateralis (ICC = 0.852 to 0.999), the rectus femoris 
(ICC = 0.72 to 0.997), the upper arm anterior (ICC = 
0.81 to 0.99), and the trunk (0.73 to 1.00).

Inter-rater reliability (4 studies): Reliability 
estimates ranged from 0.88 to 0.998

All studies found that ultrasound is valid for the 
assessment of muscles, with ICC scores ranging from 0.92 
to 0.999,and r = 0.761 to r = 0.911.



• A little less precise than CT, but consistent over time 
• The main limitation of US is its lack of standardized protocols and examiner-dependent factors, which 

can lead to evaluation errors and thus interfere with the reproducibility of results

Intraobserver reliability: ICC 0.97 – 1.00
Interobserver reliability: ICC 0.88 – 0.93
Test-retest reliability (before and after RRT): ICC = 0.97



Baseline association between RF-CSA 
(US) and RF volume (MRI):
r2 = 0.815, CI 0.661 to 0.903; P < 0.001

Cross-sectional area quantified by US is highly 
associated with muscle volume by MRI



Clin Nutr. 2019; 38:1232-1239
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Can US detect low muscle?

Lower in HD 
patients with 
malnutrition



US was also used to 
identify patients on HD 
with PEW

Sahathevan S et al Nutrients 2020; 12: 3597



Author Participan
t position

Measurement 
site

Scan plan 
palcement 
transducer

Definition 
variable Cut-off

Quant Imaging Med Surg 2025;15(4):3665-3

Need for  cut-off values that 
are sex and age-specific.

Healthy 
western

Healthy 
Greece

Healthy 
Greece

Cancer

Healthy 
The 
Netherlands

Healthy 
Italy

Hospital 
Italy

Sarcoidosis 
Turkey

Cut-off values?

Cut-offs to evaluate outcome 
(derived from the population 
under study) vs the effect of 
age (healthy young)  or the 
disease (healthy old) 



Other cut-offs specific to nephrology

181 pts from Italy
Used the median of the distribution

Eur J Clin Nutr. 2022;76:1719-1726; Nutrients 2020, 12, 3597; doi:10.3390/nu12113597; J Ultrasound Med 2021; 40:457–467

351 pts from Malaysia
Derived from ROC curves with 
presence of PEW as the 
reference

113 pts from UK. 
Derived from ROC curves using low 
muscle as assessed by ASM, ASMI 
and ASM/BMI as reference methods 
(cut-offs from EWGOSP and FNIHS)



As a monitoring tool:
- Sensible to short-term changes
- Changes associated to outcome

US as a monitoring tool

Front. Nutr. 8:622823. doi: 10.3389/fnut.2021.622823
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US as a prognostic tool

Adjusted for age, serum creatinine, serum albumin, diabetes 

and cardiovascular disease.

181 patients, ref value < 
median of the distribution

Eur J Clin Nutr. 2022;76:1719-1726



Sai et al. BMC Nephrology (2021) 22:191

Hazard ratio [95% CI], 2.33 [1.22–4.52], P < 0.001
Increased risk of falls in patients with 
lower total quadriceps muscle thickness



US to assess muscle quality



↑ echogenicity = ↑ fat infiltration

Qualitative US assessment of RF skeletal muscle 
pathology using Heckmatt’s scale.

Grade I: US appearance shows predominantly dark 
RF muscle bordered by subcutaneous fat (SC) 
and a bright, distinct bone reflection; 
Grade II: increased signal in the RF with preserved 
bone reflection; 
Grade III: moderately increased signal and 
reduced bone reflection; 
Grade IV: markedly increased signal and absent 
bone reflection.

Wilkinson et al. Nephrol Dial Transplant (2019) 34: 1344–1353





Wilkinson et al. Nephrol Dial Transplant (2019) 34: 1344–1353

• Intra-rater reliability of Heckmatt’s: Rater 1, ICC r 
= 0.769; Rater 2, ICC r = 0.773, both P<0.001) 

• Inter-rater reliability: ICC r = 0.760, P<0.001)
• Raters agreed on 84% of the gradings
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Correlation between echo intensity 
and Intermuscular adipose tissue by 
CT: r = 0,73 p < 0,001

J. Clin. Med. 2018, 7, 340; doi:10.3390/jcm7100340

Validation



Monitoring

Gonçalves T et al. Clinical Nutrition ESPEN 55 (2023) 200e207

→



Association of muscle echointensity with 
muscle function

Wilkinson et al. Nephrol Dial Transplant (2019) 34: 1344–1353



Lower quadriceps torque in healthy adults with 
worse muscle quality by echogenicity assessment

Bunout D et al. Clinical Nutrition ESPEN 55 (2023) 420e424



Association between Echo intensity and physical
performance – Ultrasound
CKD (not on dialysis) (n=61)

Sit-to-stand-60 second test Incremental shuttle walk test Endurance shuttle walk test 

r=0.36; P=0.04
r=0.32; P=0.012 r=0.15; P=0.25

↑ Echo intensity = ↑ intramuscular fat  →  ↓ physical performance 

55.6 ±14.2 years 

Wilkinson et al, Nephrol Dial Transplant 34:1344-1353, 2019



Comparing methods

Prado C et al. Clin Nutr 2022;41(10):2244-2263. doi: 10.1016/j.clnu.2022.07.041. 



Highly portable
Low cost
Easy to use



Open issues with US for clinical practice

• Diagnostic capacity: 
Population and sex based 
reference values still to be 
defined 

• Methodological issues: 
→ definition of site of scan
→ Identification of landmarks
→ patient position
→ Probe placement including angle 

and force applied

Impact accuracy of results and 
contribute to heterogeneity

Appropriate training with validation and 
reliability work should be performed to 
ensure consistency with measurements



Summary

Commonly used 
parameters Pros Cons

US

Muscle size (CSA, volume)
Muscle thickness
Echo intensity
Pennation angle

Inexpensive
No radiation
Portable 
Real time visualization of target 
structure
Clinical application
Monitoring tool
Association with outcomes

Operator skills and 
training required
Reliability and accuracy 
depend on operator
No diagnostic capacity  
- lack of cut-offs

• Muscle abnormalities is frequent in CKD/ESKD
• Assessment of muscle quantity, quality and function are essential 

itens in the comprehensive nutritional assessment



https://utbildning.ki.se/uppdragsutbildning/kursutbud/nutrition-care-for-patients-with-chronic-kidney-disease-an-immersive-workshop

https://utbildning.ki.se/uppdragsutbildning/kursutbud/nutrition-care-for-patients-with-chronic-kidney-disease-an-immersive-workshop
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