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Objectives

-Highlight the particularities of bone disease in 

CKD

-Discuss how should we assess bone disease 

in CKD

-Review the evidence on the prevention and 

treatment of CKD-induced bone disease



Typical case

71 years-old CKD stage 4 patient with diabete, hypertension…
Recent hip fracture
PTH 300-400 pg/mL, calcium 2.10 mmol/L, phosphate 1.5 mmol/L, 
vitamin D 40 nmol/L, Bicarbonate 19-20 mEq/L

A) Mineralisation defect
B) ABD disease since she has diabetes
C) Hyperparathyroidism bone disease
D) Mixed osteodystrophy
E) Post-menopausal osteoporosis
F) I don’t know



KDIGO 2009

CKD-MBD 

eGFR
RELATIVE RISK OF 

FRACTURE

< 65 ml/min/1,73m2 VERTEBRA 1,13

HIP 1,57

WRIST 1,79

< 55 ml/min/1,73m2 VERTEBRA 2,32

HIP 2,5

< 15 ml/min/1,73m2 HIP 4,0

Nicolas et al; KI; 2008



Fracture in CKD stage 5D

Sidibe et al, JBMRPlus 2018

Authors HD General 

population

Relative risk

Incidence per 1,000 person-years

Alem 2000, United States 13.6 7.4 4.4 

Tentori 2000, Multicenter 7.6 0.51 6.2 

Wakasugi 2013, Japan 17.4 1.8 4.9 



Naylor et al, CJASN 2020

Higher fracture risk even in CKD stage 3



Desbiens et al, NDT 2020

Higher fracture risk even in CKD stage 3



Desbiens et al, NDT 2020

CKD stage 3 is associated with high fracture risk 



Pathophysiology of renal osteodystrophy

Mac-Way et al, JBS 2012

SOST, DKK1, sFRP

Klotho

Age-induced 

bone loss



Types of bone disease in CKD

Turnover

Low
Normal

High

Mineralization

Normal 
Abnormal (osteomalacia)

Volume/Mass

Low
Normal

High

KDIGO, 2009



How to diagnose the type of bone disease in CKD?  

Turnover

Mineralisation

Bone volume

(bone microarchitecture)

Bone markers

Diagnostic imaging  



PTH, AP and Bone Formation Rate 

Coen et al, NDT 1998

Osteocalcin

P1NP

CTX, NTX

TRAP5b



PTH and bone turnover

Barreto et al, 2008



Measurement of BMD in CKD?



Yenchek et al, CJASN 2012

Does BMD predicts fracture?

Prospective study, n=2754

Mean age of 73 years

CKD 3-5

Does BMD predict fracture?



Yenchek et al, CJASN 2012

CKD

Non-CKD
CKD with or without OP



KDIGO 2017

DXA BMD measurement 

does not indicate the type of 

bone disease in CKD 



What to do?

71 years-old CKD stage 4 patient with diabete, hypertension…
Recent hip fracture
PTH 300-400 pg/mL, calcium 2.10 mmol/L, phosphate 1.5 mmol/L, 
vitamin D 40 nmol/L, Bicarbonate 19-20 mEq/L

A) Mineralisation defect (since calcium, vitamin D 
and bicarbonate are low)
B) ABD disease since she has diabetes
C) Hyperparathyroidism bone disease (even if PTH 
is not that high)
D) Mixed osteodystrophy
E) Post-menopausal osteoporosis 
F) I don’t know



Barriers to bone biopsy

1) Invasive procedure

2) I don’t know how to do it

3) Lack of bone histomorphometry specialist



Complications rate of bone biopsy

▪ Duncan et al, MBDRR 1980 

7

1

-

-

-

▪ Simard-Meilleur et al, Nephron Extra 2017



Bone biopsy (blind technique)

Performed by the

clinicians



Iliac crest bone biopsy by radiologist

Allowing direct visualisation of the outer and inner cortical 
bone

-Perfect specimen
-Even less complications

The technique can be performed in every centers where there 
is a interventional radiologist

Allows access to bone biopsy

Lavigne et al, J Nephrol 2020



Iliac crest bone biopsy by radiologist

Lavigne et al, J Nephrol 2020



Iliac crest bone biopsy by radiologist

Lavigne et al, J Nephrol 2020



Clinical utility

-Diagnosis of type of bone disease in CKD

-Guide treatment

Research

-Evaluate the effects of current 

treatments on bone turnover and 

mineralisation

-Translational and mechanistic studies

Bone biopsy in radiology 



Half bone biopsy with smaller kit?

Marie-Hélène Lafage, ASN 2020



EUROD Working group

NDT 2017

Position paper



2009 KDIGO

2016 KDIGO

Rationale



Anti-osteoporotic treatment in CKD?

Evenepoel, ASN 2020



Fracture in CKD: my approach

-Assess fracture risk (BMD and FRAX)

-Anti-resorptive therapy if no ABD and no mineralisation 

defect 

-Be extremely careful with denosumab in advanced CKD 

because of hypocalcemia

-Teriparatide if ABD (revealed by bone biopsy)



Khairallah et al, CJASN 2018



BV/TV = 9.9 % 
(N: 14,8±3.3)

ES/BS = 8.2%  (N:3.6 ±1.1)

OS/BS = 36.8 %  (N:12.1 
±7.5)

O.Th    = 6.6 µm

Ostéoclaste

Ostéoïde

Align. ostéoblastique

Fibrose

Dr Louis-Georges Ste-Marie MD

Ostéoïde épais

Ostéoclaste

Fibrose

OV/BV = 8.5 % (N:2.2  ±1.4)

Surface érodée

avec Fibrose

Ostéoïde épais

BV/TV = 9.9 % (N: 14.8  
±3.3)

Trabécularisation de l’os cortical

Mixed renal osteodystrophy



Marquage linéaire

Marquage 

diffus de tetracycline 

Marquage 

diffus de tetracycline 

Foyers d’ostéoïde épais et parfois tissé, trouble de minéralisation focal

Lumière polarisée

Lumière polarisée

Ostéoïde tissé
Ostéoïde épais

Ostéoïde lamélaire

Ostéoïde épais

Mixed renal osteodystrophy

Dr Louis-Georges Ste-Marie MD



CONCLUSION 

-Fracture is a major health issue in 

CKD population

-Facilitate access to bone biopsy 

(radiology?)

-The causes and treatment of CKD-

induced bone disease is unique and 

should be discussed with the 

nephrologist

-Translational research is needed to 

better understand the mechanisms of 

CKD-MBD in order to propose 

appropriate treatment 



Thank you!


