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Research Continuum 

Bone and Cartilage  

Basic Research

Applied Research

Instrumentation

Clinical Research

Epidemiology

Medical

Physics

Profs R. Korhonen and

J. Töyräs 

Biophysics of bone and cartilage

Imaging

Biomechanics

Prof. P. Karjalainen

Gait analysis

Clinical Medicine

Surgery /Orthopaedics/ KMRU
Profs. H. Kröger, R.Sund,  J.Sirola

Clinical research, imaging, 

epidemiology, histomorphometry

Osteoporosis/Osteoarthritis (OA)

Physical Medicine and Rehabilitation

Prof. O. Airaksinen

Physical function and rehabil.

of spinal and joint disorders

Kuopio Musculoskeletal Research

”Musculoskeletal Diseases - research community (RC)

covering two faculties”

Musculoskeletal Research is one of the

UEF strong research areas



Musculoskeletal
diseases – research

community

Basic research
- Better understanding

Treatment
- Rehabilitation, surgery, 

pharmaceuticals

Diagnostics
- Imaging, biomarkers, 

prognosis

Impact and Health 
consequences

- Economics, quality of life

Imaging
Modeling Biomechanics

Orthopaedics

Neuro-
physiology

Register
studies

Health 
economics

Exercise
physiology

Biology

Principal investigators
Kröger H, orthopaedics, bone research
Korhonen R, biomechanics and modeling
Töyräs J, imaging
Julkunen P, neurophysiology
Nieminen P, cell and molecular biology
Sund R, register studies, epidemiology
Martikainen J, health economics
Sirola J, orthopaedics
Nissi M, magnetic resonance imaging
Tikkanen H, exercise physiology
Karjalainen P, motion analysis
Koivumaa-Honkanen P, psychiatry/well-being
Airaksinen O, rehabilitation

Methods can be applied in 
other research areas

- Diabetes
- Neurosciences

• Clinicians
• Physicists/engineers

• Biologists and 
physiologists

• Epidemiologists
• Health economists

Relevant collaborators
University of Queensland
Massachusetts Institute of Technology
Utrecht University
University of Calgary
University of Oulu
University of California San Francisco
University of Cambridge
University of Minnesota
Aalto University

>3 M€ 
annually

Areas of development
(within UEF, through collaboration or recruitment)

• Excercise/sports medicine
• Drug therapy
• Tissue engineering
• Translational bone research

Randomized
trials

https://www.uef.fi/en/research

https://www.uef.fi/en/research


Kuopio Musculoskeletal 

Research Unit (KMRU)

Epidemiological studies 

(OSTPRE – study)

Bone histomorphometry 

laboratory

Bone Densitometry laboratory 

(DXA, pQCT, QUS)

Randomised controlled trials 

RCT (KFPS, Phase II-III drug trials)

Mediteknia



Department of Orthopaedics, Traumatology and 

Handsurgery

Clinical RCTs

Recruitment and follow-up of 

clinical patient materials

Testing of novel instruments, 

implants

Bone/cartilage samples

Excellent radiological facilities
in the hospital



Kuopio Musculoskeletal Research Unit (KMRU)-

Main Research Lines

I OSTPRE –study - population based 30 yr follow up osteoporosis study (n=14 400)

with fall prevention, sarcopenia and national registers substudies

II Bone Quality – characterization of bone specimens using sophisticated techniques

III Improved Diagnostics –development of new techniques for diagnostics of OP

and OA, eg. intra-artic. ultrasound, cone-beam CT, spin-off companies…

IV Physical function, gait and rehabilitation in OA –
RCTs in knee and hip  OA, Spinal stenosis - project

V RCTs in clinical orthopaedics – local and multicenter RCT trials

VI National health care registry - studies

more than 500 publications since 1991…



Biophysics of Bone and Cartilage Group (BBC) –

Main Research Lines 

I Development of novel diagnostic 

methods (US, MRI, CT, optical, 

mechanical) for osteoarthritis and 

osteoporosis

II Development of microscopic and 

spectroscopic techniques for evaluation

of cartilage and bone

III Biomechanics of soft tissues, hard 

tissues and cells

IV Computational modeling of knee OA,  

functional imaging
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MD Nadia Afrin

Health-related predictors and outcomes of falls in postmenopausal women (2021)

MD Timo Nyyssönen

Achilles tendon rupture (2020)

MD Toni Tapaninen

Bone mineral density changes and histomorphometric findings after hip 

arthroplastic surgery (2019)

Dsc Noora Airaksinen

Accidents among cyclists, moped drivers and motorcyclists - factors related to 

injuries and accident statistics (2018)

MD Antti Jaroma

Assessment of bone after total knee arthroplasty (2018)

MD Miettinen Simo

Results and complications of large diameter head cementless metal-on-metal total

hip arthroplasty and hip resurfacing arthroplasty (2018)

MD Xiaoyu Tong

Cortical bone histomorphometry – microarchitectural heterogeneity across

anatomical sites in healthy males (2017)

MD Jaakko Järvenpää

Patient and operation related factors influencing the outcome of knee arthroplasty 

(2016)



STUDIES 

OSTPRE-FPS

”Fracture Prevention Study”
Ca+Vit-D supplementation RCT

2003-2007
N=3000

KUOPIO OSTEOPOROSIS STUDY(OSTPRE)

WORK PACKAGES
I Fractures

II Sarcopenia

III Bone-Brain-Atherosclerosis (BBA)

IV National Registers

2009-2019
N=14 222

OSTPRE-KFPS

”Kuopio Fall Prevention Study” 

Exercise intervention with municipality

2016-2019
N=1078

Random stratified sample of 3222 women
DXA scans and functional tests

at 5-year intervals1989-2021

Kuopio Province in Eastern Finland

All women aged 47-56 years (N=14 220)
Baseline postal enquiry in1989

Follow-up enquiries at 5-year intervals; 

1994 & 1999 & 2004 & 2009 & 2014 & 2019

Women´s Healthy Aging
WP1 Functional Capacity

WP2 Subjective Wellbeing
Methods: DXA, body composition, functional tests, psychosocial 

scales, questionnaires registries (N=3 222-14 220, 2016-2022)

NATIONAL
REGISTRIES

✓ Hospital discharge

✓ Hip fractures

✓ Causes of death

✓ Work disability

✓ Medications

✓ Cancers

✓ Implants

SUBGROUP 

MEASUREMENTS
✓ Neuropsych. tests

✓ Carotid Artery & 

Bone  Ultrasound

✓ Blood samples;
Biochemistry, Genetics,

Metabolomics

MAIN STUDY FLOW
ADDITIONAL DATA

AQUIRED



Bone Density and Cumulative Risk Factors
Predict Fractures in Early Menopausal Women

- Kuopio Osteoporosis Study (OSTPRE)

Huopio et al. Osteopor Int 2000



2018



2020



N=1450



Fig.4 Fall risks (OR, 95 % CI) related to number of musculoskeletal disorders (MSDs)

Table 7. Adjusted risk of frequent falls (≥2 falls/12months) related to 

multimorbidity by type of fall 

Morbidity Slip fall Nonslip fall 

 OR (95 % CI) OR (95 % CI) 

Healthy 1.0 1.0 

1–2 diseases 1.34 (1.13–1.60) 1.89 (1.51–2.37) 

3+ diseases 1.45 (1.12–1.87) 2.64 (1.95–3.58) 

*Adjusted for age, 3-category number of medications and smoking (No/Yes). 

MSDs are common and an important risk factor for falls and especially nonslip falls 

among postmenopausal women. The number of excess falls due to MSDs in this 

population group is greater than that due to any other disease class.



History of falls (especially injurious falls) 

predicts subsequent fractures (mainly

other than major osteoporotic fractures) 





Periprosthetic

Bone Loss

Loosening and

Migration Fractures
Problems in

Revision

Osteolysis

Other

Factors

Stress

Shielding

Periprosthetic Bone Loss after Arthroplasty



Periprosthetic BMD Change during 3 Years Follow-up

Gruen Zone 3

0 6 12 18 24 30 36
-30

-25

-20

-15

-10

-5

0
Uncemented

Cemented

Months

B
M

D
 c

h
a
n

g
e
 %

Gruen Zone 7

0 6 12 18 24 30 36
-30

-25

-20

-15

-10

-5

0

Months

B
M

D
 c

h
a
n

g
e
 %

Venesmaa et al. JBMR 

2001 & Venesmaa et el. 

Acta Orthop 2003





Periprosthetic tibial bone mineral density changes after 

total knee arthroplasty

A 7-year follow-up of 86 patients

Jaroma A, Soininvaara T, Kröger H Acta Orthopaedica. 2016

The baseline BMD of the medial tibial 

metaphyseal region of interest (ROI) was higher 

in the varus aligned knees (25%; p < 0.001). 

Tibial metaphyseal periprosthetic bone is 

remodeled after TKA due to mechanical axis 

correction, resulting in more balanced bone 

stock below the tibial tray. 



Retrospective population-based cohort study of incidence, 

complications and survival of 202 operatively treated periprosthetic 

femoral fractures
Miettinen S et al. J Arthroplasty  (submitted)



Lumbar fusion surgery was associated with higher rate of hip 

prosthesis dislocation and higher risk of revision surgery. 

Femoral head component of 32 mm (or larger) associates with 

lower risk of dislocation in patients with previous lumbar 

fusion.

Following total hip arthroplasty: femoral head component 
diameter of 32 mm or larger is associated with lower risk of 
dislocation in patients with a prior lumbar fusion 
a retrospective cohort study of 101, 443 total hip arthroplasties

Mononen H, Sund R, Halme J, Kröger H, Sirola J Bone Joint J 2020;102-B(8):1003–1009.

Data used in this study were compiled from several Finnish national health registers, 

including the Finnish Arthroplasty Register (FAR) which was the primary source for 

prosthesis-related data. Other registers used in this study included the Finnish Health 

Care Register (HILMO), the Social Insurance Institutions (SII) registers, and Statistics 

Finland



Number of complications

and technical errors

were also increased in

BMI > 30 Group



Injury 2019



Operatively treated ankle fractures in Finland 1987-2018 

Happonen V, Kröger H, Sund R (unpublished data)

N = 115 258

Data extracted from the National Hospital Discharge Register (HILMO)

Bi- and trimalleolar ankle fractures seem to increase especially in older women (>70 yr)



Drug treatments associated with Achilles tendon rupture. A case‐control
study involving 1118 Achilles tendon ruptures (2018)
Nyyssönen T, Lantto I, Luthje P, Selander T, Kröger H

The increased risk for AT rupture in patients using
antihypertensive ACE-2 antagonists is a new and
interesting finding.

The increasing AT rupture incidence, especially in
middle aged and elderly patients, might partially
be a consequence of increased use of certain drug
treatments.

https://onlinelibrary.wiley.com/journal/16000838
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Nyyss%C3%B6nen%2C+Timo


Injury 2018

Bicycle helmet in use:  0 % !



N=102     72





Bone Quality -project

Bone strength depends not only on bone

mass but also:

• Microarchitecture

• Mineralization

• Bone material properties

– Collagen, mineral

• Bone turnover

• Microcracks

Human bone samples (hip, calcaneus,

patella, tibia, iliac crest ) n = 100 (18-80+yr)

Bone material characteristics are

assessed by histomorphometry, micro-ct,

acoustic microscope, nanointendation and 

IR/Raman spectroscopy



Iliac crest bone biopsy and quantitative bone
histomorphometry



OsteoMeasure Digital Video System

2MM



ABSOLUTE CORTEX AREA ENDOCORTICAL  BONE AREA CANCELLOUS BONE AREA

ZONE 1 ZONE 2 ZONE 3

Development of new 

criteria for cortical bone 

histomorphometry in 

femoral neck

Tong et al. JBMM 2015, Calcified

Tissue Int 2015 
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Bone histomorphometry publications - KMRU





Bone 2020
N=26



Bindex® 

• Measures cortical bone thickness at the tibial and radius shaft and 

gives an estimate from proximal femur BMD (Density Index, DI)

Karjalainen et al. Osteoporos Int 2012

Karjalainen et al. Osteoporosis Int 2016

Karjalainen et al. Osteoporosis Int 2018

Based on 9 study sites from Finland and USA

including 1830 subjects,  only 30 % of the cases

needed referral to axial DXA in osteoporosis 

diagnostics (sensitivity and specificity 82-87 %)





*

NIR arthroscopy
Ex vivo and in vivo measurements

Ex vivo

In vivo

Healthy cartilage

Diseased meniscus

Diseased cartilage

Arthroscopy



MIR arthroscopy
Device

MIRACLE
Mid-infrared arthroscopy innovative imaging system for real-time clinical 
in depth examination and diagnosis of degenerative joint diseases

MIR-ATR arthroscopy probe

Quantum cascade lasers (QSLs)

MIRACLE will enable the in vivo accurate evaluation of the
biochemical status and composition of articular cartilage

Prototype of the MIR-ATR based arthroscopic
system



Department of Orhopaedics, Traumatology

and Hand Surgery

KMRU staff
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