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Manuscript
Preoperative bone quality does not affect tibial component migration in
knee arthroplasty
•

A 2 year RSA study of 101 consecutive patients
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Abstract
Background
Bone quality and other preoperative predictive factors may affect the survival of knee
arthroplasty. Early implant migration in the first 2 postoperative years measured with
Radiostereometric Analysis (RSA) has been shown to predict long-term implant survival of
knee arthroplasty.
Methods
Longitudinal case study investigating the predictors of tibial component migration at 2 years
postoperative follow up at 101 patients with total knee arthroplasty or unicompartmental knee
arthroplasty (cemented stemmed tibial component, cementless monoblock tibial component
and cemented unicompartmental tibial component). Predictors consisted of questionnaires,
blood samples, DXA and the grade of osteoarthritis. The tibial component migration was
measured with Model-based RSA.
Results
The 101 included patients (65 females) had a mean age of 67.7 years (range 39-87). 15 patients
had osteoporosis (T-score £ -2.5) and 86 patients had osteopenia or a normal BMD. According
to defined migration thresholds for maximum total point motion (MTPM) for tibial components
at 1 year, 52.5 % had a migration below the “acceptable” limit, and the remaining tibial
components were considered “at risk” for later premature failure. There was no difference in
mean total OKS scores at 1 year follow up between patients with tibial component migration
>0.54mm compared to patients with tibial component migration <0.54mm (p=0.65). We found
no difference in tibial component MTPM at 2 years (all 3 implant types combined) for patients
with osteoporosis compared to patients with normal BMD (p=0.34). Implant sub-type tibial
component migration was also alike for patients with osteoporosis and normal BMD (p>0.06).
Conclusion
Migration of tibial components inserted with or without bone cement was not affected by the
preoperative bone quality in terms of systemic BMD, bone turnover markers and local
osteoarthritis grade in the knee.

7

Dansk resumé
Baggrund
Knogle kvalitet og andre præoperative parametre kan have indflydelse på overlevelsen af
knæproteser. Tidlig protese migration målt med Røntgen Stereometrisk Analyse (RSA) i de
første 2 år postoperativt har vist sig at have sammenhæng med tidlig proteseløsning.
Metoder
Longitudinelt kohorte studie vedrørende præoperative parametre som risikofaktorer for
protesemigration af tibia komponenten til 2 års postoperativ opfølgning af 101 patienter med
total knæ protese eller Uni-knæ (cementeret stemmed tibia komponent, ucementeret monoblock
tibia komponent eller cementeret uniknæ). De præ-operative parametre bestod af spørgeskema,
blodprøver, DXA og graden af artrose. Protesemigration blev målt med Model-based RSA.
Resultater
De 101 inkluderede patienter (65 kvinder) havde en gennemsnitsalder på 67,7 år (range 39-87).
15 patienter havde osteoporose (T-score £ -2,5), og 86 patienter havde osteopeni eller normal
knoglemineraltæthed. Ifølge den definerede grænseværdi for Maximum Total Point Motion
(MTPM) migration af tibia komponenter ved 1 år havde 52,5 % en migration under
grænseværdien (0,54mm). De resterende patienter blev betragtet ”i risiko” for senere løsning
af protesen. Der var ingen forskel i total OKS scores ved 1 års follow up mellem patienter med
tibia komponent migration >0,54mm sammenlignet med patienter med tibia komponent
migration <0,54mm (p=0,65). Vi fandt ingen forskel i tibia komponent MTPM ved 2 års follow
up (alle 3 protesetyper kombineret) mellem patienter med osteoporose sammenlignet med
patienter med normal knoglemineraltæthed. På protese type niveau var der heller ingen forskel
på tibia komponent migration mellem patienter med osteoporose og med normal knogletæthed.
Konklusion
Migration af tibia komponenter indsat med eller uden knoglecement blev ikke påvirket af den
præoperative knogle kvalitet i form af systemisk BMD, knogle omsætningsmarkører og graden
af artrose i knæet.
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Introduction
Osteoarthritis (OA) is the most common disorder in synovial weight bearing joints which cause
cartilage destruction. Severe osteoarthritis is the primary cause for insertion of knee
arthroplasty, which typically comprise of a total knee arthroplasty (TKA) or a
unicompartmental knee arthroplasty (UKA) that only replace one compartment, most often the
medial tibiofemoral compartment. Knee arthroplasty have a high success rate and less than 10%
of surgeries are revisions [1]. However, revision surgery of knee arthroplasty is difficult,
expensive and has greater complications compared with primary knee arthroplasty, and
therefore it is desirable to minimize the revision rate. Radiostereometric Analysis (RSA) is a
precise and highly accurate tool for the assessment of 3D migrations of joint implants with
respect to the bone [2, 3]. Migration of knee arthroplasty is therefore a proxy measure for
implant fixation in the bone, which can be measured with RSA. Early implant migration in the
first 2 postoperative years has been shown to predict long-term implant survival of knee
arthroplasty [4, 5].
Bone metabolism and bone quality are important for the initial stability of cementless hip
arthroplasty [6, 7]. Little is known about the effect of preoperative bone mineral density (BMD)
and bone turnover on the survival of knee prostheses and it is unknown if biochemical markers
of bone metabolism may be useful in assessment and prediction of knee implant fixation, but
there are some promising leads [8]. Bone markers could provide information about the bone
remodeling process. C-terminal telopeptide of type I collagen (CTX) and aminoterminal
propeptide of type I collagen (P1NP) are the two markers, which are recommended to use in
clinical studies as bone turnover markers [9].
Osteoporosis is an age-related disease and the prevalence of patients with a combination of
osteoporosis and osteoarthritis will increase in the coming years [10, 11]. Osteoporosis is also
common in elderly patients receiving knee arthroplasty [12], however these patients are not
systematically screened for osteoporosis prior to surgery. Currently, it is unknown if migration
of knee arthroplasty depends on bone quality or other pre-operative predictive patients related
factors besides young age. Cementless knee arthroplasty has been shown to have poorer
survival in registries compared with cemented knee arthroplasty [1], but the relation to bone
quality and bone metabolism has not previously been studies. In knee arthroplasty aseptic
component loosening is mainly related to the tibial component. To our knowledge this is the
first study investigating preoperative patient related predictors of knee arthroplasty migration
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in a large consecutive patient cohort. The study hypothesis was higher migration of the tibial
component in patients with low bone mineral density compared to patients with normal bone
quality.

Methods
Prospective preoperative evaluation of patients with knee OA scheduled for knee arthroplasty
at Aarhus University Hospital between 2014- 2015 (Auto-RSA database). The patients were
examined preoperatively with questionnaires, blood samples, standing knee radiographs and
dual-energy X-ray absorptiometry (DXA). Postoperatively baseline RSA of the knee was
performed, and at 1 and 2 years follow up the patients completed questionnaires and were
examined with RSA for implant migration [2].
Patients
The

first

128

patients

with

complete baseline data from the
Auto-RSA database (research year
study, unpublished data) were
assessed for eligibility. In total 27
patients were excluded (figure 1),
which resulted in 101 patients
included in the study.
Ethics

Figure 1: Flowdiagram

The study was reviewed by the Central Denmark Region Committees on Health Research
Ethics, and found to be a quality assessment study, and thus according to the Act on Research
Ethics Review of Health Research Projects, Act number 593 of 14 July 2011 section 14, no
IRB approval was required (case number 1-16-02-54-14 issued on March 3th 2014).
Questionnaires
Preoperatively all patients answered standardized questionnaires regarding smoking status
(former/current), alcohol (former alcohol abuse) and osteoporosis risk factors. At baseline, 1
and 2 years knee function was evaluated with Oxford Knee Score (OKS) [13] and Knee Injury
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and Osteoarthritis Outcome Score (KOOS) [14, 15]. In OKS each question was scored from 15, responses were then totaled to obtain a score between 0 and 48, with 48 being the best [13].
KOOS was reported in 5 subscales, where 100 indicating no symptoms and 0 indicating extreme
symptoms [14]. At 1 year follow up 99 patients out of the 101 included had completed
questionnaires.
85 patients out of the 101 included patients had complete questionnaires at 2 year follow up.
The 16 non-responders were not different according to age, BMI or T-score to the 85 patients.
Blood samples
Blood samples, BMD measurements and questionnaires were assembled on the same day.
Blood samples were obtained, stored and analyzed according to the guidelines of the clinical
department of biochemistry at Aarhus University Hospital Denmark. Blood samples were taken
as non-fasting.
C-terminal telopeptide of type I collagen (CTX) and aminoterminal propeptide of type I
collagen (P1NP) were analyzed by a electrochemiluminescence analysis. P1NP has a detection
limit of 13 µg/l, CTX of 0.03 µg/l and both have reference intervals adjusted for gender and
age. P-25-Hydroxy-Vitamin D (D3+D2) (Vitamin-D) was analyzed in serum by highperformance liquid chromatography with a detection limit of 10 nmol/l. Vitamin D deficiency
is classified as mild if <50nmol/l, moderate if <25 nmol/l and severe if <12 nmol/l. Parathyroid
hormon (PTH) was analyzed by electrochemiluminescence analysis. Basic Phosphatase
(BASP) and creatinine were determined by absorption spectrophotometry. From the creatinine,
age and gender eGFR was calculated. Plasma-Calcium-ion (pH=7.4) (Ca) was measured by
electrochemical method.
DXA
Preoperative systemic BMD was measured by DXA of both hips and the lumbar spine, GE
lunar iDXA (GE Healthcare, Madison, WI, USA), software version: enCORE Version 16. Tscore ≤ -2.5 was classified as osteoporosis, T-score >-2.5 and < -1 as osteopenia and T-score ³
-1 as normal [16]. The lowest T-score of hip or spine was used in the analysis. In the statistical
analysis patients with T-score >-2.5 were designated as having “normal BMD” and patients
with T-score ≤ -2.5 were designated as having “osteoporosis”.
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OA grade
All preoperative standing posterior/anterior (PA) knee radiographs were evaluated in consensus
with an experienced radiologist and graded for osteoarthritis according to Kellgren Lawrence
[17] and the Altman Atlas [18]. We further noted knee radiographs with attrition, defined as
bone deformity caused by bone loss, which is traditionally seen as a feature of advanced OA
[19]. Attrition was graded as either present or absent, and when in doubt attrition was graded
as absent.
Surgery
All patients were operated at Aarhus University Hospital by 3 experienced knee surgeons. The
surgeries were performed according to the recommendations from the arthroplasty
manufacturers. Three different implants were used (figure 2). 27 patients received the NexGen
stemmed tibial plateau (ZimmerBiomet, Warsaw, IN, USA) with bone cement under the tibial
plateau but not around the stem in combination with a cemented bicondylar femoral component
and patella resurfacing. 54 patients received the cemented medial Oxford Unicompartmental
Knee Arthroplasty (UKA) with a cemented 1-peg femoral component (ZimmerBiomet,
Warsaw, IN, USA). 20 received arthroplasty with cementless NexGen monoblock tibial
components, cementless NexGen femoral components and patella resurfacing (ZimmerBiomet,
Warsaw, IN, USA). In all cases the utilized bone cement was Refobacin Bone Cement R
(Zimmer-Biomet, Warsaw, IN, USA).

Figure 2: RSA image of the left picture from Oxford medial tibial component, NexGen stemmed tibial
component and the NexGen monoblock tibial component. The green model is the prosthesis CAD model, which
is fitted to the detected red implant contour in the radiograph. The marker models of the inserted beads are seen
underneath the prostheses.
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Criteria for cementless components were age below 75 years and good bone quality as judged
intraoperatively by the surgeon (preoperative T-scores were not viewed by the surgeon). All
patients received preoperative antibiotic prophylaxis with Dicloxacilline 2 gram intravenous.
During surgery 7 tantalum beads (1.0 mm) were inserted in the proximal tibia (Kulkanon,
Wennberg Finmek, Gunnilse, Sweden).
RSA
The RSA set-up consisted of a direct digital dedicated stereo X-ray system (AdoraRSA suite;
NRT, Aarhus, Denmark). 2 ceiling-mounted X-ray tubes with automatic positioning were set
vertically at 40 degrees with respect to each other. The digital X-ray image detectors (CXDI70C; Canon, Tokyo, Japan) where slotted underneath a uniplanar carbonfiber calibration box
(Carbon Box 24; Medis Medical Imaging Systems BV, Leiden, The Netherlands).
Baseline RSA images were performed non-weight bearing within two days postoperatively,
and with follow up at 1 and 2 years. At 1 year, double RSA examinations were made to validate
the precision of the RSA analyses. Stability and sufficiency of marker distribution were
evaluated by the mean error of rigid body fitting (ME) and the condition number (CN) [2]. The
upper limit for ME was 0.35, and the ME was 0.15 (SD 0.05). RSA images with CN>150 were
excluded from the analysis (n=2) [2]. The mean CN for the remaining (n=101) was 58.6 (SD
24.4; range 26-141).
Analysis of all stereo-radiographs was performed by one observer with Model-Based RSA
version 4.10 software (RSAcore, Leiden University Medical Center, The Netherlands). Implant
migration was evaluated with the postoperative stereo-radiograph as the reference. During
analysis the migration axis was placed at the prosthesis to minimize errors related to patient’s
variations in posterior slope [20]. Translations (implant movement along the axes) were
expressed as x-translation (medial and lateral), y-translation (cranial lift-off and subsidence), ztranslation (anterior- posterior), and the total translation (TT=Ö(x2+y2+z2)). Maximum total
point motion (MTPM) represents the length of the translation vector of the point in a rigid body
that has the greatest motion [2]. Rotations (implant movement about the axes) were expressed
as x-rotation (anterior-posterior tilt), y-rotation (internal-external rotation), and z-rotation
(varus-valgus tilt) as well as total rotation (TR=Ö(x2+y2+z2)).
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Precision of RSA
The precision and repeatability of the measurements were based on the double examinations at
1 year follow up on all 101 patients. The postoperative image was used as reference against
both images in the double examination, and the mean difference between the two analyses
represents the systematic error of the RSA system. The standard deviation of the difference
(SDdiff) represents the precision of the system, and the prediction interval (1.96* SDdiff)
represents the expected clinical precision (table 1).
Table 1: measurement error of RSA for tibial components from double-examinations stereo radiographs.
Translation and rotation are given. Mean value represents the systematic error, or bias of the system. The
standard deviation (SDDiff) represents the precision of the system. The prediction (PI) represents the expected
clinical precision.
Translation precision
Axis

Rotation precision

x

y

z

total

x

y

z

total

Mean (mm)

-0.00

-0.00

0.00

-0.01

0.01

0.01

-0.01

-0.02

SDDiff (mm)

0.04

0.02

0.08

0.05

0.12

0.16

0.13

0.15

Pi (1.96 * SD)

0.08

0.04

0.16

0.10

0.23

0.31

0.261

0.29

Minimum

-0.14

-0.06

-0.17

-0.19

-0.20

-0.54

-0.45

-0.45

Maximum

0.09

0.04

0.20

0.11

0.35

0.40

0.30

0.47

Mean (mm)

-0.02

0.00

-0.02

-0.01

-0.04

-0.18

0.04

-0.11

SDDiff (mm)

0.04

0.08

0.15

0.12

0.26

0.37

0.06

0.29

Pi (1.96 * SD)

0.09

0.15

0.30

0.23

0.52

0.72

0.12

0.57

Minimum

-0.12

-0.23

-0.30

-0.34

-0.60

-0.88

-0.07

-0.72

Maximum

0.08

0.28

0.33

0.20

0.76

0.73

0.18

0.57

Mean (mm)

0.01

-0.01

0.05

-0.01

0.16

-0.07

0.00

0.03

SDDiff (mm)

0.05

0.05

0.11

0.08

0.46

0.34

0.17

0.43

Pi (1.96 * SD)

0.09

0.09

0.21

0.16

0.91

0.66

0.34

0.85

Minimum

-0.06

-0.12

-0.20

-0.17

-0.65

-1.09

-0.33

-0.80

Maximum

0.13

0.07

0.22

0.16

1.40

0.74

0.44

1.23

UKA, tibia

NexGen stemmed, tibia

NexGen monoblock, tibia
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Statistics
Stata IC version 14.2 (StataCorp, Texas) was used for the statistical analysis. Normal
distribution of the data was evaluated by QQ-plots. If the data was not normally distributed log
transformed values were used. When comparing means between two groups the student’s t-test
was used after testing for equal variance A significance level of 0.05 was used in all analyses.
The variable MTPM was not normally distributed and should be presented as median (CI 95%)
[2], however former studies have used mean + sd and both values are presented in this paper
for comparative reasons.

Results
Demographic results
The 101 included patients (65 females) had a mean age of 67.7 years (range 39-87) and a mean
BMI of 28.5 (SD: 4.9) kg/m2. 15 patients had osteoporosis (T-score £ -2.5) and 86 patients had
osteopenia or a normal BMD (table 2). Demographic results and preoperative predictors were
listed by the defined migration threshold (MTPM) of 0.54 mm as the “acceptable” limit for
tibial components at 1 year [5] (table 3.1, 3.2 and 3.3). Only 4 patients had a MTPM migration
at 1 year >1.6mm and were included in the “at risk” group.

Table 2: Demographic table
UKA

NexGen stemmed

NexGen monoblock

Total

(n=54)

(n=27)

(n=20)

(n=101)

Age

65.4 (63.0; 67.7)

75.0 (72.6; 77.4)

64.1 (58.4; 69.7)

67.7 (65.7; 69.6)

<0.001

BMI

28.2 (27.0; 29.3)

29.0 (26.6; 31.4)

28.9 (26.7; 31.2)

28.5 (27.6; 29.5)

0.71

50%

92.6%

65%

64.4 %

13.0%

18.9%

15.0%

14.9 %

FemaIes #
Osteoporosis #

*P values from oneway ANOVA
#Proportion of patients

15

P value*

Tabel 3.1: Demographic table of UKA tibial component
Acceptable migration

At risk

Total

MTPM 1 year <0.54 mm*

MTPM 1 year >0.54mm*

(n=54)

(n=39)

(n=15)

Age

64.9 (61.9; 67.9)

66.6 (63.1; 70.1)

65.4 (63.0; 67.7)

0.51

BMI

28.5 (27.0; 30.1)

27.2 (26.1; 28.4)

28.2 (27.0; 29.3)

0.17

-0.84 (-1.22; -0.45)

-1.15 (-1.66; -0.64)

-0.92 (-1.22; 0.62)

0.37

Females†

59.0%

26.7%

50%

0.03

Former alcohol

2.6%

6.7%

3.7%

0.47

Current smoker†

7.7%

0.0%

5.6%

0.27

Former smoker†

66.7%

73.3%

68.5%

0.64

Attrition†

20.5%

13.3%

18.5%

0.54

P1NP(µg/l) ‡

41.3 (34.8; 48.9)

39.7(31.8; 49.5)

40.8 (35.7; 46.6)

0.79

CTX(µg/l) ‡

0.28 (0.24; 0.32)

0.22 (0.17; 0.29)

0.26 (0.23; 0.30)

0.12

Vitamin D (nmol/L)

87.2 (78.1; 96.2)

79.5 (61.1; 97.9)

85.0 (77.0; 93.1)

0.40

BASP(U/l)‡

66.6 (60.6; 73.1)

61.0 (53.2; 70.0)

65.1 (60.3; 70.2)

0.32

PTH (pmol/l) ‡

4.93 (4.44; 5.48)

5.08 (4.18; 6.17)

4.97 (4.54; 5.44)

0.77

Calcium-ion

1.29 (1.27; 1.30)

1.27 (1.25; 1.28)

1.28 (1.27; 1.29)

0.10

74.6 (69.3; 80.2)

80.9 (75.5; 86.8)

76.3 (72.5; 80.7)

0.10

KOOS pain#

87.6 (82.3; 92.9)

93.3 (88.4; 98.3)

89.2 (85.2; 93.2)

0.21

KOOS ADL#

88.0 (82.5; 93.4)

96.5 (94.4; 98.5)

90.33 (86.3; 94.4)

0.06

KOOS symptoms#

84.7 (78.9; 90.5)

94.0 (90.0; 98.1)

87.3 (82.9; 91.7)

0.06

T-score

P value

abuse†

(mmol/l)‡
eGFR (ml/min pr.
2

1.73m )‡

*As defined threshold of migration (pijls et al. 2012).
†Proportion of patients. P value from Chi-square test.
‡Analysis are performed on log scale and values are presented as median with confidence interval. P value from student’s t-test.
# mean, CI%95 and p value from student’s t-test
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Tabel 3.2: Demographic table of NexGen Stemmed tibial component
Acceptable migration

At risk

Total

MTPM 1 year <0.54 mm*

MTPM 1 year >0.54mm*

(n=27)

(n=10)

(n=17)

Age

76.2 (72.0; 80.4)

74.2 (71.0; 77.5)

75.0 (72.6; 77.4)

0.42

BMI

25.6 (22.7; 28.6)

31.0 (27.9; 34.1)

29 (26.6; 31.4)

0.02

-1.49 (-2.51; -0.46)

-1.49 (-2.10; -0.89)

-1.49 (-1.99; -1.00)

0.99

Females†

90.0%

94.1%

92.6%

0.70

Former alcohol

20.0 %

0.0%

7.41%

0.06

Current smoker†

30.0%

11.8%

18.5%

0.24

Former smoker†

60.0%

52.9%

55.6%

0.72

Attrition†

50.0%

41.2%

44.4%

0.66

P1NP(µg/l) ‡

38.7 (24.9; 59.9)

41.6 (33.2; 52.5)

40.6 (33.3; 49.5)

0.71

CTX(µg/l) ‡

0.19 (0.11; 0.33)

0.28 (0.21; 0.37)

0.24 (0.19; 0.31)

0.12

103.7 (79.8; 127.6)

81.1 (63.7; 98.5)

89.5 (75.7; 103.3)

0.11

BASP(U/l)‡

65.2 (54.0; 78.6)

70.7 (62.2; 80.5)

68.6 (62.1; 75.8)

0.43

PTH (pmol/l) ‡

5.20 (4.08; 6.63)

6.49 (5.34; 7.89)

Calcium-ion

1.28 (1.26; 1.31)

1.27 (1.25; 1.28)

1.27 (1.26; 1.29)

0.18

76.1 (65.6; 88.4)

73.6 (64.8; 83.6)

74.5 (68.0; 81.7)

0.72

KOOS pain#

81.7 (73.4; 89.9)

80.4 (70.2; 90.6)

80.9 (74.3; 87.5)

0.85

KOOS ADL#

77.1 (65.4; 88.7)

79.1 (71.0; 87.3)

78.3 (72.1; 84.6)

0.75

KOOS symptoms#

77.9 (64.6; 91.1)

78.8 (70.2; 87.3)

78.4 (71.7; 85.2)

0.89

T-score

P value

abuse†

Vitamin D(nmol/L)

0.14

(mmol/l)‡
eGFR (ml/min pr.
1.73m2) ‡

*As defined threshold of migration (pijls et al. 2012).
†Proportion of patients. P value from Chi-square test.
‡Analysis are performed on log scale and values are presented as median with confidence interval. P value from student’s t-test.
# mean, CI%95 and p value from student’s t-test
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Tabel 3.3: Demographic table of NexGen Monoblock tibial component
Acceptable migration

At risk

Total

MTPM 1 year <0.54 mm*

MTPM 1 year >0.54mm*

(n=20)

(n=4)

(n=16)

Age

67.3 (46.8; 87.7)

63.3 (56.8; 69.7)

64.1 (58.4; 69.7)

0.57

BMI

28.3 (20.6; 36.1)

29.1 (26.4; 31.7)

28.9 (26.7; 31.2)

0.78

-1.58 (-4.01; 0.86)

-0.48 (-1.30; 0.34)

-0.7 (-1.43; 0.03)

0.22

Females†

75.0%

62.5%

65.0%

0.64

Alcohol†

0.0%

6.3%

5.0%

0.61

Current smoker†

0.0%

6.3%

5.0%

0.61

Former smoker†

0.0%

50.0%

40.0%

0.07

Attrition†

50.0%

31.3%

35.0%

0.48

P1NP(µg/l) ‡

58.9 (31.6; 109.9)

38.5 (28.7; 51.7)

41.9 (32.5; 54.1)

0.17

CTX(µg/l) ‡

0.39 (0.16; 0.93)

0.25 (0.20; 0.31)

0.26 (0.23; 0.30)

0.08

66.5 (-0.02; 133.0)

95.1 (83.5; 106.7)

89.4 (76.2; 102.5)

0.07

BASP(U/l)‡

71.4 (65.7; 77.6)

66.8 (58.8; 76.9)

67.8 (60.9; 75.5)

0.35

PTH (pmol/l) ‡

6.12 (2.46; 15.2)

4.42 (3.78; 5.17)

4.72 (3.97; 5.61)

0.12

Calcium-ion

1.26 (1.17; 1.36)

1.27 (1.25; 1.29)

1.27 (1.25; 1.29)

0.68

79.3 (65.4; 96.2)

81.4 (76.0; 87.2)

81.0 (76.4; 85.8)

0.72

KOOS pain#

76.4 (33.3; 119.5)

78.1 (68.3; 87.8)

77.8 (68.7; 86.9)

0.87

KOOS ADL#

79.8 (43.5; 116.0)

79.5 (70.2; 88.8)

79.6 (71.1; 88.0)

0.98

KOOS symptoms#

79.5 (45.2; 113.7)

71.0 (62.4; 79.5)

72.7 (64.8; 80.7)

0.38

T-score

Vitamin D(nmol/L)

P value

(mmol/l)‡
eGFR (ml/min pr.
2

1.73m ) ‡

*As defined threshold of migration (pijls et al. 2012).
†Proportion of patients. P value from Chi-square test.
‡Analysis are performed on log scale and values are presented as median with confidence interval. P value from student’s t-test.
# mean, CI%95 and p value from student’s t-test
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OKS and KOOS results
The mean total OKS score at baseline for the 85 patients with complete questionnaires was 24.2
(CI95% 22.4; 26.0). At 2 years follow up the mean OKS score was 40.2 (CI95% 38.4; 42.1).
Resulting in a mean improvement in OKS total score of 16.0 (CI95% 14.2; 17.9). There was
no difference in mean total OKS scores at 1 year follow up between patients with tibial
component migration >0.54mm compared to patients with tibial component migration
<0.54mm (p=0.65).
There was no difference in KOOS pain, symptoms, function in daily living (ADL) or sports at
1 year follow up between patients with tibial component migration >0.54 mm compared to
patients with tibial component migration <0.54 mm (table 3). KOOS scores improved the most
during the first postoperative year (p<0.001), and there was no difference in knee function
between 1 and 2 years follow up (p>0.34) (figure 2).

Figure 2: Mean KOOS scores preoperative and 1 and 2 years follow up on all patients

RSA results
Mean signed migrations, TT and TR at 2 years follow up subdivided by prosthesis type are
presented in table 4. Furthermore, in table 5 mean (and median) MTPM at 1 and 2 years follow
up are presented. UKA tibial components had a lower mean MTPM than NexGen stemmed and
NexGen monoblock tibial components at 1 and 2 years follow up (p<0.02). Figure 3 shows the
mean MTPM 1 year postoperative and 2 year postoperative by prosthesis type. In total 21
patients out of 101 had a MTPM more than 0.2 mm (mean: 0.32, range from 0.20 to 0.67)
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between 1 and 2 years follow up, which according to Ryd et al. [4] is the criteria of continuous
migration. However, at group level the tibial components seemed to stabilize during the first
year postoperative (figure 3). The 21 patients were not different according to age, BMI or Tscore (p>0.62).
Table 4: Signed migration, TT and TR at 2 years follow up of the tibial component
Mean signed translation (SD)
Axis

x

y

z

UKA

0.14
(0.19)

0.10
(0.16)

NexGen
stemmed

-0.05
(0.29)

NexGen
monoblock

0.02
(0.21)

Mean signed rotation (SD)
x

y

z

-0.08
(0.24)

Total
translation
(TT)
0.32
(0.23)

-0.21
(0.50)

0.08
(0.34)

-0.23
(0.54)

Total
rotation
(TR)
0.73
(0.48)

0.15
(0.13)

-0.02
(0.50)

0.47
(0.39)

0.04
(0.65)

-0.06
(0.70)

0.10
(0.32)

0.78
(0.63)

-0.08
(0.26)

-0.08
(0.41)

0.46
(0.27)

-0.83
(0.93)

-0.19
(0.65)

0.02
(0.39)

1.27
(0.71)

Table 5: MTPM at 1 and 2 years follow up of the tibial component
UKA
NexGen stemmed
NexGen monoblock
MTPM 1 year
Mean (SD)

0.46 (0.30)*

0.81 (0.62)

0.98 (0.40)

0.38 (0.32; 0.45)

0.68 (0.53; 0.86)

0.90 (0.72; 1.11)

Mean (SD)

0.54 (0.34)**

0.85 (0.69)

1.04 (0.40)

Median (CI95%)

0.45 (0.39; 0.53)

0.69 (0.54; 0.88)

0.95 (0.77; 1.17)

Median (CI95%)
MTPM 2 years

*P value = 0.002, by ANOVA and Bonferroni adjusted
**P value = 0.017, by ANOVA and Bonferroni adjusted

Figure 3: mean MTPM postoperative and 1 and 2 years follow up
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According to the defined migration thresholds (MTPM) for tibial components at 1 year [5],
52.5 % had a migration below the “acceptable” limit, and the remaining tibial components were
considered “at risk” for later premature failure (table 3).
At 2 years follow up 51/54 UKA tibial components had measureable TT (above the precision
limit TT of 0.10mm). 20/27 NexGen stemmed tibial components had measureable TT (above
the precision limit TT of 0.23mm), and 19/20 NexGen monoblock tibial components had
measureable TT at 2 year follow up (above the precision limit TT of 0.16mm).

Migration and bone quality
In total 15 % of patients had osteoporosis (n=15). We found no difference in tibial component
MTPM at 2 years (all 3 implant types combined) for patients with osteoporosis compared to
patients with normal BMD (p=0.34). At sub-implant type tibial component migration was also
alike for patients with osteoporosis and normal BMD (p>0.06) (table 6 and 7).
Table 6: Comparison of mean MTPM at 2 year by BMD
Osteoporosis

Normal BMD

Mean MTPM (SD)*

Mean MTPM (SD)*

0.61 (0.40)
N=7
1.39 (1.29)
N=5

0.53 (0.34)
N = 47
0.73 (0.42)
N=22

0.31

0.64 (0.20)
N=3
0.88 (0.83)
N=15

1.11 (0.39)
N=17
0.69 (0.43)
N=86

0.06

UKA
NexGen stemmed
NexGen monoblock
Total

P-value#

0.17

0.34

* data are presented as mean + sd
# P value from Kruskal-Wallis rank test

Table 6: Comparison of median MTPM at 2 year by BMD
Osteoporosis

Normal BMD

Median MTPM (CI%95)*

Median MTPM (CI% 95)*

UKA

0.53 (0.32; 0.87)
N=7

0.44 (0.38; 0.53)
N = 47

0.45

NexGen stemmed

1.06 (0.41; 2.77)
N=5

0.62 (0.48; 0.80)
N=22

0.09

NexGen monoblock

0.6 (0.29; 1.32)
N=3

1.03 (0.8; 1.28)
N=17

0.07

Total

0.69 (0.48; 0.98)
N=15

0.57 (0.50; 0.65)
N=86

0.29

P-value

* data are presented as median values from student’s t-test from log transformed values with 95 % confidence interval
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In the UKA group the mean T-score was -0.84 (CI95: -1.22; -0.45) if tibial component
migration was <0.54mm, and the mean T-score was -1.15 (CI95: -1.66; -0.64) if migration was
>0.54mm, however there was no difference between the two means (p=0.37).
The migration of UKA tibial components was not affected by the grade of OA. There was no
difference in tibial component migration between patients were attrition was present compared
to not present (p=0.54), and no difference in tibial component migration when comparing
Kellgren Lawrence knee OA grade 3 and 4 (p=0.72).

Discussion
We investigated the association between tibial component migration, as measured with RSA
up to 2 years follow up, and bone quality as a preoperative predictive factor for later implant
failure, and to our knowledge this is the first study to do so. Bone quality was described by
preoperative systemic BMD measurements of the hips or lumbar spine (classic DXA
assessment for osteoporosis), bone turnover markers CTX and P1NP, and by description of
preoperative OA grade and attrition. Three different types of implants, cemented and
cementless TKA as well as cemented UKA, were evaluated in a large consecutive patient
cohort, but we found no indications that bone quality affected migration of the tibial
components.
The TT and TR migration of the NexGen monoblock in our study were similar to a study with
a randomized study population from the same institution [21]. Furthermore, when comparing
the mean signed translations and rotations for the cemented Oxford UKA in our study to
Kendric et al. (2015) [22] the migrations for cemented tibial components were alike. The mean
MTPM at 2 years in our study for the NexGen stemmed tibial component was 0.85 mm (SD
0.69) and the median MTPM was 0.69 mm (CI95% 0.54; 0.88). A study from 2007 measured
a mean MTPM at 2 years follow up of 0.47 mm (SD 0.17) [23], and another study from 2012
reported a mean MTPM of 0.65 mm (range 0.18-2.12) [24]. Both studies were randomized RSA
studies. The variation in migration could be due to the unselected patient cohort in our study
compared to randomized studies. Furthermore, in our study the stemmed tibial component was
only cemented under the base plateau and not fully cemented around the stem. Studies have
reported that stemmed tibial components with cement only under the base plateau have a higher
initial migration compared to fully cemented stemmed tibial components [25, 26], where a
study reported a median MTPM at 2 years follow up of 1.04 mm (range 0.25-8.7) on a stemmed
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horizontal cemented tibial component. Studies indicate that stemmed tibial components with
cement only under the plateau have the same revision rate as fully cemented [27, 28]. In
conclusion, the migration of the Nexgen stemmed prosthesis in our study was not higher then
reported in the literature.
According to Pijls et al. [5] tibial components with MTPM at 1 year >0.54 mm are at risk of
later component loosening, whereas tibial components with MTPM at 1 year <0.54 mm have
less than 3% revision rate, which are accepted as a 5-years revision rate. 47.5 % of the tibial
components in this study had a MTPM at 1 year >0.54 mm, but at group level there was a
stabilization period between 1 and 2 years postoperative. Higher migration in cementless
prostheses was expected, due to a need for osseointegration for secondary bone fixation. Both
the Oxford UKA and NexGen stemmed tibial components were cemented and therefore less
pre-disposed to initial migration in the first postoperative year.
Other studies have found that low BMD affects the stability and increases the migration of
cementless stem and cup in total hip arthroplasty [6, 7]. In these studies, the prostheses were all
cementless and the distribution in the groups with low or normal BMD were more equal than
in our study. However, the number of patients with osteoporosis in our study was normal for
the osteoporosis prevalence in knee arthroplasty patients (15%), but resulted in small analysis
subgroups even though the patient cohort was large.
Furthermore, the intraoperative evaluation of the bone quality in this study could have meant
that patients with poorer local bone quality did not receive cementless prostheses.

Strengths, limitations and perspectives

The main limitation of this study is the uneven distribution of osteoporosis patients compared
to patients with normal BMD. However, the prevalence of osteoporosis was as could be
expected in patients with knee OA based on our former assessment of preoperative data in the
Auto-RSA databse (research year study, unpublished data). The measured BMD represents the
systemic BMD and may potentially not represent the local BMD status in the proximal tibia.
The major strength of the study is the RSA analysis, which is a precise and accurate tool for the
assessment of tibial component migration. Also, the consecutive inclusion of patients scheduled
for KA makes the study clinically relevant and generalizable, whereas patients from
randomized RSA studies may be in better general health due to study patient selection criteria
compared to the overall knee arthroplasty patients, where typically patients with osteoporosis
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would not be included. In spite hereof, the tibial components in this study did not migrate more
than what is reported in the literature.
In conclusion, our results propose that migration of tibial components inserted with or without
bone cement is not affected by the preoperative bone quality in terms of systemic BMD and
bone turnover markers and local OA grade in the knee. The cemented NexGen stemmed tibial
components and the cementless NexGen monoblock tibial components migrated more than the
cemented medial Oxford UKA tibial components, but in general the mean migration of the
tibial components in this large consecutive patient group did not migrate more than reported in
the literature for tibial components of similar types in patients that were selected by more study
criteria excluding patients with poorer health.
As expected cementless tibia components migrated the most, and subanalysis of migration in
patients with low BMD should be further explored because the osteoporosis group was small.
We will continue to extend the consecutive Auto-RSA patientcohort and follow patients to
long-term, and thus larger patient groups with larger subgroups will become available for
migration analysis in relation to bone quality in the future.
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Background
The need for arthroplasty is increasing due to the ageing population. In Denmark approximately
5.000 knee arthroplasty operations are performed annually, and <10% are revised [1]. Revisions
are expensive and have greater risks of complications. Little is known about patient
demographics in knee arthroplasty, and their possible association with risk of revision. The
national registries have data on patient age, weight and gender. Bone metabolism and bone
quality is likely important for the survival of knee arthroplasty, however little is known about
the effect of preoperative bone mineral density and bone turnover on the survival of knee
prostheses and it is unknown if biochemical markers of bone metabolism may be useful in
assessment and prediction of implant fixation, but there are some promising leads [8].
Osteoarthritis (OA) is the most common disorder leading to knee arthroplasty. The criteria for
knee arthroplasty are both clinical, such as pain affecting sleep and function, and radiographic
with loss of tibiofemoral joint space on standing knee radiographs. Commonly cemented
implants are used for older patients, whereas a primary cementless implant may be a first option
for younger patients, because cementless implants leave a more intact periprosthetic bone for a
later expected revision. Expectations of an active lifestyle and high functional demands grow
into the ageing population and increase the future need for efficient prosthetic treatment of OA
in old and poorer bone quality.
Osteoarthritis and osteoporosis are the most common skeletal disorders, both are associated
with ageing. The relationship between OA and osteoporosis have been widely discussed [10,
11], and the general impression is that both do not occur in the same patient. Studies have
indicated that OA is associated with higher bone mineral density (BMD) [10, 29-31], and other
studies have shown that high BMD decreases the risk of progression of OA [32, 33]. Thus, the
relationship between OA and osteoporosis is complex, bone metabolism plays a role in the
pathophysiology of both, and the presence of OA does not exclude the simultaneous presence
of osteoporosis.
Osteoporosis is characterized by low bone mass and increased fracture risk, and is diagnosed
by a BMD measure obtained by dual-energy X-ray absorptiometry (DXA) scan. OA is
traditionally diagnosed on standard skeletal radiographs, however it can be suspected in
combination with the clinical symptoms [34, 35]. Both methods are relatively insensitive to
changes and do not describe which patients have a more progressive disease. OA is currently
known to be a whole-joint disease with interactions between different tissues around and within
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the joint [36]. Biochemical markers of the abnormal bone turnover may be useful as a more
specific and sensitive measurement of OA progression or the effect of treatment. Several
biomarkers of bone, cartilage and synovium have been described in animals and humans with
OA [37]. Potential markers are either resorption or formation markers, which are release during
the bone remodeling process, or markers which are important for bone metabolism (vitamin D,
PTH, phosphate, calcium, steroid hormones, cytokines) [38-41].
Bone markers could provide information about the bone remodeling process in OA and could
be a method to monitor changes caused by treatment. C-terminal telopeptide of type I collagen
(CTX) and aminoterminal propeptide of type I collagen (P1NP) are the two markers, which are
recommended to use in clinical studies as bone turnover markers [9]. An increase in CTX and
P1NP is associated with a higher bone remodeling process which could indicate a higher
fracture risk [42]. Possibly also patients with higher bone remodeling could be at risk of
premature implant aseptic loosening.
The main aim of the research year was to explore the prevalence of osteoporosis and
preoperative bone turnover in patients with knee osteoarthritis scheduled for arthroplasty, and
also to examine the association between preoperative BMD, bone turnover, medical treatment,
other risk factors for poor bone quality, such as alcohol and smoking, and early implant fixation
(RSA). With this new knowledge we hoped to develop an algorithm for treatment and
identification of patients with an increased risk of implant migration.

Project overview
The research year consisted of two studies related to knee osteoarthritis and knee arthroplasty.
The two studies originated from the Auto-RSA knee database, and included all patients
scheduled for knee arthroplasty at Aarhus University Hospital between 2014-2016.
Preoperatively the patients were examined with DXA (BMD measurement), blood samples,
standing radiographs and questionnaires and followed in 10 years concerning implant fixation
with RSA. The database is a quality database made to monitor prosthesis fixation in order to
identify patients (patient factors) with an increased risk of implant migration and to develop a
treatment algorithm to ensure these better results (longer implant survival).
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The research year included the following studies:
1) Baseline study – knee (study I):
Cross sectional study, where the aim was to explore the prevalence of osteoporosis and
preoperative bone turnover in relation to knee osteoarthritis grade in patients scheduled
for knee arthroplasty (KA)
2) 2 years follow up RSA study of KA (study II)
Longitudinal case study investigating the predictors of prosthesis migration measured
with RSA at 2 years postoperative follow up at 101 patients with Total Knee
Arthroplasty TKA or Unicompartmental Knee Arthroplasty (UKA). The baseline values
from study I was used in study II.
For the purpose of clarity, a short abstract/description of each study is presented below:
Study I: Bone mass is lower in patients with severe knee osteoarthritis and attrition*
Background
Bone quality is probably important for the survival of knee arthroplasty (KA), however little is
known about preoperative bone mass, bone turnover and vitamin D status.
Aim of study
To explore the prevalence of osteoporosis and preoperative bone mineral density (BMD) and
bone turnover in relation to knee osteoarthritis (OA) grade in patients scheduled for KA.
Methods
Prospective preoperative evaluation of patients scheduled for KA between 2014-2016. 450
patients (259 females) were examined with standing knee radiography, DXA (lowest T-score
of hip or spine), and biomarkers for bone turnover (CTX, P1NP) and vitamin D. OA grading
was made in consensus with an experienced radiologist by use of the Altman Atlas (AA) and
Kellgren Lawrence (KL).
Findings/results
The mean [SD] age was 67.9 years [10.0] with a range of 39 to 94. Mean BMI of 28.8 [4.8].
The median serum Vitamin D level was 78.5 nmol/L [31.6] with a range from 10 to 196. 80.4
% of patients had a normal serum vitamin D (>50nmol/l). The prevalence of osteoporosis was
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9.6 % (CI 95% 7.2; 12.7), while the proportion of patients with osteopenia was 36.0%. When
comparing KL grades 3 and 4 to KOOS scores by ANOVA no difference was found. No
significant difference between KL grade 3 and 4 and the T-score, p=0.06. When adjusting for
age and BMI the difference in T-score was -0.28 (CI95: -0.51; -0.05) when attrition was present
(P=0.02). When comparing serum vitamin D with the grade of OA no association was found:
KL (p=0.96), Altman total (p=0.88). When adjusting for age and BMI, P1NP was significantly
higher in KL grade 4 compared to KL grade 3 (p=0.03). No association between KL and CTX
(p=0.21).
Conclusion
10% had osteoporosis. Bone mass was significantly lower with severe knee osteoarthritis
(attrition). P1NP was significantly higher in a higher osteoarthritis grade. The results indicate
that a patient with radiographic severe osteoarthritis (presence of attrition) possibly should be
examined for osteoporosis by a DXA scan and that this may influence the type of prosthesis.
Furthermore, biomarkers of bone turn over may be associated with the grade of osteoarthritis
and could function as a possible marker of the progression of the disease.
* Full manuscript of study I is presented in the appendix.
Study II:
Preoperative bone quality does not affect the tibial component migration in knee arthroplasty
The second study is presented as the manuscript. The main aim of the second study was to
examine the association between preoperative BMD and bone turnover and early tibial
component migration (RSA). Implant fixation was followed postoperative and 1, 2, 5 and 10
years after surgery. Precision was assessed by double examinations at 1 year follow up.
Migration, of the implants at 1 and 2 years follow up, above determined limits is a predictor of
premature aseptic loosening at longer follow-up.

Argumentation for choice of methods
The Auto-RSA database
The database includes all patients scheduled for knee and hip arthroplasty at one hospital with
questionnaires, DXA scan and biomarkers. The database provides a large homogenous patient
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group with great research possibilities. The questionnaires are completed by the patients
(PROMs).
We chose to validate medicine and history of competing diseases by the electronic patient
journal, because it is commonly seen that there are doubts about medicine classification for
example which are diuretics or blood pressure medicine.

Biomarkers
CTX and P1NP were measured because they are considered as first choice as bone turnover
markers [9]. CTX as a bone resorption marker and P1NP as a bone formation marker.
Creatinin and eGFR reflect the kidney function. Poor kidney function affects calcium
metabolism and the bone quality, which may influence the survival of the prosthesis. Further,
blood samples which reflect calcium metabolism (vitamin D, BASP, PTH, calcium) were
measured.
Dual-energy X-ray absorptiometry (DXA)
Preoperative systemic BMD was measured by DXA of both hips and the lumbar spine. T-score
≤ -2.5 was classified as osteoporosis, T-score >-2.5 and < -1 as osteopenia and ³ -1 as normal
[16]. The lowest T-score of hip or spine was used in the analysis, since this is the method in the
clinic.
OA grading
We chose to do a consensus analysis between the research year student and an experienced
radiologist. Kellgren Lawrence (KL) [17] and Altman Atlas [18] were used as the methods for
measuring the grade of osteoarthritis. Kellgren Lawrence grading scale is frequently used in the
literature and is a rather simple grading scale, with 5 categories based on important OA features.
One of the reasons for choosing this grading system was for comparative reasons.
The Altman Atlas was chosen because of the detailed nature. Many important features of OA
were included but were separately graded. Altman Atlas is also frequently used in the literature,
however in the literature it is often specific parts of the grading score which are used.
By choosing these two grading systems the results were easily compared to the existing
literature.
We chose to grade a portion of patients with one grading scale before using another. Meaning
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that about 30-50 patients were graded with KL and then with Altman. We did this to make sure
that one grading scale did not have an impact on the score of another. We made double
examinations on 50 random selected patients, which resulted in a ICC value of 0.63 which
represents the precision of the intra-observer consensus.

Radiostereometric Analysis (RSA)
RSA was introduced in 1974 by Selvik [43], and is a precise and accurate tool for the assessment
of 3D migrations of joint implants with respect to the bone [2, 3]. Early migration can predict
long term stability of the implant [44, 45].

Discussion of sources of error
OA grading
Study I:
Kellgren Lawrence grading scale is a rather simple grading scale, which made it both easy
and hard to use. Since only one score was assigned to each knee/compartment the method was
quick. However, because of the simple structure it was sometimes difficult to divide patients
with OA into only 2-3 categories because the OA disease can have many different appearances.
The grading system was insensitive to small changes in the grade of OA, which made the
categories of OA grades very broad. Furthermore, often the posterior-anterior (PA)/anteriorposterior (AP) image did not present the entire manifestation of the disease, as the osteoarthritis
can be localized posterior at the joint or at the patellofemoral location. In these situations, the
KL grading scale only graded the manifestation of the disease as it looked at the AP image.
After grading the 472 knee patients, there was 54 (10%) patients with KL£2. Since Aarhus
University Hospital does not offer knee arthroplasty unless the symptoms and OA grade are
severe (and often only if there are “bone on bone” contact on the radiographs) we decided to
have another look at the 54 patients with the low KL grade. At the second grading, we used the
PA/AP and supplemented the grading with the lateral view, the patellofemoral view and an
MRI scan, if available. We used the scores from the second grading in the final paper.
After the second grading 22 patients were scored with KL£2, 15 patients of these had severe
patellofemoral osteoarthritis, 5 had osteonecrosis and the remaining 2 patients were scheduled
for surgery because of their clinical status or based on another x-ray image. The 22 patients
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were excluded from the analyses, because of a small group size in the KL£2 group and the large
variation in the appearance of the OA disease.
The reasons for the changes in KL score after the second grading were as follows:
•

Misjudgments (n=17)

•

Patellofemoral osteoarthritis (n=16)

•

Osteonecrosis (n=9)

•

Position of the knee not qualified for an optimal grading (therefore the inclusions of the
lateral view, the patellofemoral view and/or MRI scan) (n=6)

•

Other (fractures, former trauma) (n=6)

The 17 misjudgments were the worst errors. The possible reasons for the misjudgments could
be:
•

Learning curve (the errors was mostly in the beginning of the knee grading)

•

The KL grading scale included secondary osteoarthritis signs, however this seems less
important to surgeons where the joint space have the most influence on the grade.

•

Subjective grading scale

•

Possible coding errors

Because of the abovementioned results we concluded to make a double examination of 50
randomly selected patients to analyze the precision of the intra-observer consensus. This
resulted in a ICC value of 0.63. Since KL grading was a subjective analysis, with cases
sometimes between grading scores we would not expect a high ICC value. Therefore, we
accepted the ICC value of 0.63 although it was not stunning, however it was similar as to what
has been described in the literature [46].
Altman Atlas did not give any specific instruction for how to use the given scores in clinical
analysis. By reading in articles which have used Altman atlas we chose a combination of the
grading systems, which could provide to a total score (summarized score of osteophytes and
joint space narrowing). Furthermore, the presence of attrition was not defined in details in the
article and was supported by descriptions in other references [19].
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Since we only looked at patients with osteoarthritis it is possibly that results were skewed and
included some false negative scores, because we did not grade any “normal” knees, but
naturally we aimed to be objective and to avoid this.
The large patient number (n=450) and the consensus cooperation between the research year
student and an experienced radiologist support that the above-mentioned theoretical factors are
expectedly not a large bias of the x-ray grading in the study.
Coding errors
Most of the data from biomarkers and validation of medicine, history of diseases and
competitive diseases were coded by the research year student, which could have led to possible
random coding errors. However, it seems unlikely that this would lead to systematic bias.

RSA
RSA analysis was used in the second study. Even though the analysis is a precise and accurate
method, the following sources could increase possible errors of variations:
Calibration
The patients included in the second study were included during the first half year after initiation
of the Auto-RSA database, where the AdoraRSA suite had just been installed at the radiology
department. Hence the quality of the images was progressively improved with system
adjustments, and some image quality differences may be present in the inclusion period. It
seems that the use of RSA for all implants (hips and knees) in the department improved the
radiographers focus on image quality. Thus, errors such as the prosthesis covering some of the
important calibration fiducial and control markers (e.g. the grid corner markers) could result in
poorer image calibration. However, it was always manageable to minimize the errors, which
was similar or better compared with the previous RSA system.
Markers
Minimum 3 markers are required for the assessment of 3D marker position, however the
accuracy increases with the number of detected markers and their distribution in the bone [2].
Mean rigid body error (ME) is the mean difference between the relative distances of markers
in a rigid body in one examination compared to that in another examination – it describes the
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stability of markers. The distribution of markers is described by the condition number (CN). A
high condition number indicate poor distribution, whereas a low CN indicate appropriate
marker distribution. The international standard [47] suggests a CN limit of 120 in knee studies.
The guidelines for standardization of radiostereometry for implants from 2005 [2] states that
CN below 100-110 are very reliable and condition numbers above 150 should not be used.
Furthermore, the limit of the CN should be related to the magnitude of the mean rigid body
error. Since the mean error of rigid body fitting in our study was low we chose a CN limit of
150. ME was below 0.35 in all analyses, and analyses with CN>150 were excluded from the
analysis. Even though the ME and CN indicate appropriate stability and distribution of markers,
it is also of importance how the markers are distributed (geometry and distance) in relation to
the prosthesis. If the marker-model is poorly distributed e.g. linear the model will be less
accurate for evaluation of implant migration (figure 1) compared to a marker-model
appropriately distributed (figure 2).

Figure 1: Small and flat marker model due to poor distribution of markers (CN=141)

Figure 2: Good distribution of markers resulting in low CN value (CN=32)
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Prosthesis model and fitting
Different implant models have different appearances on x-rays, and shape factors on each
prosthesis model can influence the fitting of the model differently. In general, a cemented
prosthesis has metal edges on the radiographs, which are more difficult to detect compared with
a cementless prosthesis, regardless of changes in threshold and smoothness in the canny
function of implant detection in Model-based RSA. However, most often corners and edges of
the prosthesis make the fitting possible and appropriate.
The NexGen monoblock tibial component was relatively slim, and if the stereoradiograph was
focused perpendicular to the baseplate there was only a minimum of visible unique edges and
shapes from the baseplate (figure 3). This resulted in a higher variation in the rotation about the
x-axis. In these cases, the fitting was good (figure 3) and the pose estimation of the fitted models
was <0.15, which represented a proper fit of the model.

Figure 3: The fitting of the NexGen monoblock tibial component after contour detection is good as the thin black
projection line from the 3D implant model fit exactly the red detected contour lines of the implant in the
stereoradiograph.

Observer related errors
Even though the model-based RSA software is semi-automated, the user of the program has to
adjust settings and manually pick implant contours. Experience and training with the software
to understand and check for errors and to solve errors is necessary for proper analyses.
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Strengths and limitations
Study I
Strengths
The main strength of study I is the high patient number and the inclusion of all patients
scheduled for knee arthroplasty because of the quality control nature of the database. The data
was collected prospectively with a high level of completeness which ensured the homogeneity
of the patient material. Furthermore, the data contains much information about knee
arthroplasty patients, which can make ground for unique future research in the coming many
years.
Limitations
The limitation of study I is primarily the absence of a “non-arthritis” control group to compare
the preoperative results with. As described in the manuscript in the appendix we compared our
BMD results to “reference values” from an American and European database [48]. We also
compared the biomarkers in our study to biomarkers from a study from Aarhus University
Hospital [49] including a group of women with osteopenia, with similar age and without any
known knee disorders. In that way, we could compare our results to a “non-arthritis” control
group.
Because of the study design there is a lack of detailed knowledge regarding arthritis diseases or
osteoarthritis in other joints, which could affect the measured biomarkers and the systemic
BMD.
Study II: described in the manuscript
Strengths
The use of RSA as a surrogate marker for later implant loosening is a highly validated and very
accurate and precise method. This study is to our knowledge the first study to examine
migration of knee arthroplasty in relation to bone quality and other preoperative factors with a
possible relation to poor bone status and implant survival. The generalizability of the study is
high because nearly all consecutive patients were evaluated – and not just a highly-selected
patient group in better health status and at less risk of complications as it is typical for
randomized RSA implant trials.
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Limitations
The uneven distribution of patients with osteoporosis (15%) and normal BMD (85%) presented
statistical challenges. However, due to the prevalence of patients with osteoporosis we did not
expect an equally distributed population with low BMD/normal BMD. Furthermore, the
measured BMD represented the systemic BMD and may potentially not represent the local
BMD status in the proximal tibia. A few patients (n=4) were not included in the analysis
because they had different implants than in the 3 main implant groups and thus subgroups would
be impossible. The evaluation of predictive factors and the relation to implant migration is only
valid for the 3 implants investigated and may be different for other implants.

Statistical considerations
The variable maximum total point motion (MTPM) was not normally distributed and should be
presented as median + CI95% [2]. However, most studies have used mean+sd as variable
outcomes in their analyses. We discussed whether to report the median or the mean value, but
decided to represent them both since non-parametric testing of the data showed similarly results
(p-values) as parametric-tests, and for comparative reasons with the literature.

Ethical considerations
If blood samples showed results outside the normal area the patient and the patient’s own
physician where contacted regarding the results and given suggestions for follow-up based on
a standard operations procedure (SOP) that was develop in collaborations with the department
of endocrinology (MEA). When in doubt professor Langdahl at MEA gave advise for treatment,
referrals and follow up. If the DXA scan was £ -2.5 the patient was referred to MEA, where
interval medicine colleagues evaluated the results and blood tests and wrote a recommendation
letter to the patient’s regular physician and patients were instructed to contact their physician.

Conclusion and perspectives
This study is highly clinically relevant as no previous similar investigation exists in the
literature neither concerning evaluation of preoperative bone quality and OA grade in patients
scheduled for knee arthroplasty, and nor for comparison of preoperative bone quality and other
possible risk factors for implant failure and tibial component migration measured by RSA. The
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results highlight the complex relationship between osteoarthritis and osteoporosis, and suggest
that patients with severe osteoarthritis should be examined for osteoporosis, furthermore that
biomarkers for bone turnover (P1NP) may predict the severity of the osteoarthritis grade.
Surprisingly, the second study does not support the initial hypothesis of a higher tibial
component migration in patients with low BMD. However, the RSA results are comforting for
patients and surgeons as preoperative BMD status does not seem to influence migration in
cemented medial Oxford UKA tibial components and cemented NexGen stemmed tibial
components. For the cementless NexGen monoblock the results are a bit more uncertain due to
small subgroups. Thus, whether or not the BMD status can affect the migration of cementless
tibial components needs further evaluation with greater sample size.
The database work on the preoperative data during the research year has made ground for future
studies in the area. Additionally, the research year has given the student extended research
experience and network connections, which will be invaluable throughout the rest of her
medical career.

Future Studies
The patient inclusions in the Auto-RSA database will continue consecutively for both knee and
hip arthroplasty as a continued RSA quality database. Meaning that follow up with larger
subgroups will be available in the future, and patients with hip osteoarthritis will also be
available for examination. Studies, similarly as the ones performed during the research year,
will be performed on patients with hip osteoarthritis scheduled for total hip arthroplasty after
the research year.
It is expected that the second study (and/or the others) will be presented at national and
international conferences.
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Bone mass is lower in patients with severe knee osteoarthritis and attrition
Introduction
Osteoarthritis (OA) and osteoporosis are the most common skeletal disorders and the need for
efficient treatment is increasing due to the ageing population. OA and osteoporosis are both
diseases associated with ageing, and the relationship between OA and osteoporosis have been
widely discussed [1, 2]. The general impression is that both do not occur in the same patient.
Studies have indicated that OA is associated with higher bone mineral density (BMD) [1, 3-5],
and other studies have shown that high BMD decreases the risk of progression of OA [6, 7].
Thus, the relationship between OA and osteoporosis is complex, bone metabolism plays a role
in the pathophysiology of both, and the presence of OA does not exclude the simultaneous
presence of osteoporosis.
Bone metabolism and bone quality is probably important for the survival of knee arthroplasty,
however little is known about the effect of preoperative bone mineral density and bone turnover
on the survival of knee prostheses and it is unknown if biochemical markers of bone metabolism
may be useful in assessment and prediction of implant fixation, but there are some promising
leads [8].
Osteoporosis is characterized by low bone mass and increased fracture risk, and is diagnosed
by low BMD detected by dual-energy X-ray absorptiometry (DXA). OA is traditionally
diagnosed on standard skeletal radiographs, however it can be diagnosed in combination with
the clinical symptoms [9, 10]. The methods for diagnosing OA are relatively insensitive to
changes and do not describe which patients have a more progressive disease. OA is currently
known to be a whole-joint disease with interactions between different tissues around and within
the joint [11]. Biochemical markers of the abnormal bone turnover may be useful as a more
specific and sensitive marker of OA progression or the effect of treatment. Several biomarkers
of bone, cartilage and synovium have been described in animals and humans with OA [12].
Potential markers are either resorption or formation markers, which are produced or released
during the bone remodeling process, or factors which are important for bone metabolism
(vitamin D, PTH, phosphate, calcium, steroid hormones, cytokines) [13-16].
Bone markers could provide information about the bone remodeling process and could be a
method to monitor changes caused by treatment. C-terminal telopeptide of type I collagen
(CTX) and aminoterminal propeptide of type I collagen (P1NP) are the two markers, which are
recommended to use in clinical studies as bone turnover markers [17]. An increase in CTX and
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P1NP is associated with a higher bone remodeling process which could indicate a higher
fracture risk [18]. The aim of the study was to explore the BMD and preoperative bone turnover
in relation to knee osteoarthritis grade in patients scheduled for knee arthroplasty.
Materials and methods
The study was a prospective study of patients with OA scheduled for knee arthroplasty at
Aarhus University Hospital between 2014- 2016 (Auto-RSA database).
Patients
The patients were examined preoperatively with DXA, blood samples and questionnaires and
will be followed for 10 years concerning implant fixation evaluated by Radiostereometric
Analysis (RSA) [19]. The first 701 patients in the Auto-RSA database where assessed, and
patients with complete baseline data were included. In total 229 patients were excluded
(participating in another study n=68, cancellation of surgery n=28, dead n=4, missing
questionnaires n=26, revision prosthesis or patellofemoral prosthesis n=28, no tantalum beads
in bone n=46, other reasons n=29). The remaining 472 patients (279 females) were analyzed.
Questionnaires
Preoperatively all patients answered standardized questionnaires regarding smoking status
(former/current), alcohol (former/current alcohol abuse), calcium and vitamin D supplements,
medical history, medications, competitive diseases, osteoporosis risk factors and knee function
scores Oxford Knee Score (OKS) [20] and Knee Injury and Osteoarthritis Outcome Score
(KOOS) [21, 22]. In OKS each question was scored from 1-5, responses are then totaled to
obtain a score between 0 and 48, with 48 being the best [20, 23]. KOOS consists of 5 subscales;
Pain, other symptoms, Function in daily living (ADL), Function in sport and recreation
(sport/rec) and knee related quality of life (QQL). Each question is assigned a score from 0-4,
and a score for each subscale is calculated, where 100 indicating no symptoms and 0 indicating
extreme symptoms [21].
Data concerning medication and competitive diseases were validated by the electronic patient
journal. Information regarding height, weight and age was collected at the time of the DXA.
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Blood samples and DXA
Blood samples, BMD measurements and questionnaires were assembled on the same day.
Blood samples were obtained, stored and analyzed according to the guidelines of the clinical
department of biochemistry at Aarhus University Hospital Denmark. Blood samples were not
taken as fasting.
C-terminal telopeptide of type I collagen (CTX) and aminoterminal propeptide of type I
collagen (P1NP) were analyzed by a electrochemiluminescence analysis. P1NP has a detection
limit of 13 µg/l, CTX of 0.03 µg/l and both have reference intervals adjusted for gender and
age.
P-25-Hydroxy-Vitamin D (D3+D2) (Vitamin-D) was analyzed in serum by high-performance
liquid chromatography with a detection limit of 10 nmol/l. Vitamin D deficiency is classified
as mild if <50nmol/l, moderate if <25 nmol/l and severe if <12 nmol/l. Parathyroid hormon
(PTH) was analyzed by electrochemiluminescence analysis. Basic Phosphatase (BASP) and
creatinine were determined by absorption spectrophotometry. From creatinine eGFR was
calculated. Plasma-Calcium-ion (pH=7.4) (Ca) was measured by electrochemical method.
Preoperative systemic BMD was measured by DXA of both hips and the lumbar spine, GE
lunar iDXA (GE Healthcare, Madison, WI, USA), software version: encore Version 16. T-score
≤ -2.5 was classified as osteoporosis, T-score >-2.5 and < -1 as osteopenia and ³ -1 as normal
[24]. The lowest T-score of hip or spine was used in the analysis. If patients were included in
the Auto-RSA database with both knees in the same year DXA was not repeated due to x-ray
exposure and costs.
X-ray and grading
OA grading was made in consensus with an experienced radiologist by use of the Kellgren
Lawrence (KL) scale [25] and the Altman Atlas (AA) [26]. The grading was made on a standing
posterior/anterior (PA) or anterior/posterior (AP) image from the preoperative examination.
The KL grading scale is a 5-point scale (0-4) with 0 presenting a normal knee and 4 severe
osteoarthritis. The KL scale was used for both medial and lateral compartment analyses. The
compartment with the worst score was used in the analysis. If the worst score was ≤2 a second
grading was made where the AP image was supplemented with the lateral view, patellofemoral
view, and a MR if possible. Double examination on 50 randomly selected knees resulting in a
ICC of 0.63.
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The Altman Atlas is a detailed atlas with scoring
systems (0-3) for osteophytes and Joint Space
Narrowing (JSN). Sclerosis and attrition were
not graded but stated present or absent. Attrition
(figure 1) is defined as a deformity of the bone
caused by bone loss, and is traditionally seen as
a feature of advanced OA [27].
In the analyses a total score (summarized score
for osteophytes and JSN) was used. A binomial
scale was used, when attrition or sclerosis were
stated present or absent.
Statistics

Figure 1: Attrition in the medial compartment.

Stata IC version 14.2 (StataCorp, Texas) was

Attrition is defined as a deformity of the bone

used for the statistical analysis. Normal

caused by bone loss

distribution of the data was evaluated by QQ-plot and histogram. If the data was not normally
distributed, log-transformed values were used in the further analysis. In order to analyze blood
samples with unmeasurable low or high values the cutoff point was used (eGFR=90, Vitamin
D=10, P1NP=13).
When comparing the means between groups the student’s t-test was used. In correlation
analyses Spearman Rank test was made. A simple regression model was used to examine the
relationship between the grade of OA and T-score and adjusted for covariates (age and BMI).
A significance level of 5% was used in all analyses.
Results
Descriptive results
Baseline characteristics are shown in table 1. The number of patients with KL grade 3 were 219
and 231 patients had KL grade 4 (severe). Only 22 (4.7%) patients scored KL grade ≤2, where
68.2% of these had severe patella femoral osteoarthritis, 22.7 % had osteonecrosis and the
remaining 2 patients were scheduled for operation because of their clinical status or based on
another x-ray image. The 22 patients were excluded from the analyzes because of a small group
size and the large variation in the appearance of osteoarthritis.
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Of the 450 finally included patients 259 were females. The mean [SD] age was 67.9 years [10.0]
with a range of 39 to 94. Mean BMI was 28.8 [4.8] kg/m2. The median serum Vitamin D level
was 78.5 nmol/L [31.6] with a range from 10 to 196. Vitamin D level was significantly lower
in men then in women p<0.001. 59.8 % of the patients answered yes to daily intake of VitaminD supplements. The proportion of patients with a serum Vitamin D < 25nmol/l was 4.2 % and
80.4 % of patients had a normal serum vitamin D (>50nmol/l).
The average total hip and lumbar spine (L1-L4) T-score was -0.85 [1.24]. Mean BMD for
lumbar spine (L1-L4) if female was 1.18 (95% CI: 1.10; 1.25) and if male 1.05 (95% CI: 0.99;
1.20). Mean BMD for total hip was if female was 0.89 (0.87-0.91) and if male 0.94 (0.90-0.98).
Table 1: Comparison of the osteoarthritis grade
Moderate
osteoarthritis
KL grade 3
(n=219)
66.0 (64.6; 67.4)
28.7 (28.2; 29.3)
-0.73 (-0.89; -0.58)

Severe osteoarthritis
KL grade 4
(n=231)

Total
(n= 450)

P value#

69.8 (68.5; 71.0)
28.8 (28.1; 29.5)
-0.96 (-1.12; -0.79)

0.00
0.87
0.06

Vitamin D
(nmol/L)*
Total OKS score*

78.5 (74.4; 82.5)

78.6 (74.4; 82.8)

67.9 (67.0; 68.9)
28.8 (28.3; 29.2)
-0.85 (-0.96; 0.73)
78.5 (75.6; 81.4)

22.3 (21.3; 23.3)

22.8 (21.7; 23.8)

22.5 (21.8; 23.2)
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Males†
Daily vitamin D
supplements†
Current smoker†
Former smoker†
Former alcohol
abuse†

44.3 %
57.5 %

40.7 %
62.0 %

42.4 %
59.8 %

0.44
0.34

13.2 %
58.45 %
5.0 %

12.6 %
48.5 %
6.1 %

12.9 %
53.3 %
5.6 %

0.83
0.03
0.63

CTX (µg/l) ‡
P1NP (µg/l) ‡
PTH (pmol/l) ‡
BASP (U/l) ‡

0.25 (0.23; 0.27)
41.9 (39.4; 44.6)
4.89 (4.65; 5.13)
68.2 (65.5; 70.9)

0.27 (0.25; 0.29)
45.9 (43.4; 48.6)
5.06 (4.82; 5.32)
70.8 (68.4; 73.3)

0.26 (0.25; 0.27)
43.9 (42.1; 45.8)
4.97 (4.81; 5.15)
69.5 (67.8; 71.3)

0.21
0.04
0.31
0.14

Creatinin (µmol/l) ‡
eGFR (ml/min pr.
1.73m2) ‡
Calcium-ion
(mmol/l) ‡

72.2 (70.0; 74.5)
76.5 (74.5; 78.6)

73.4 (70.9; 76.0)
73.3 (70.6; 76.1)

72.9 (71.2; 74.5)
74.9 (73.2; 76.6)

0.48
0.07

1.28 (1.27; 1.29)

1.27 (1.27; 1.28)

1.28 (1.27; 1.28)

0.40

Age (years)*
BMI*
T-score*

*Data are presented as mean with 95 % CI. P-value from student’s t-test.
#: P value for the difference between KL grade 3 means the Kl grade 4 means
†Proportion of patients. P value from Chi-square test.
‡Analysis are performed on log scale and values are presented as median with confidence interval. P value from student’s t-test.
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0.96

The prevalence of osteoporosis was 9.6% (CI 95% 7.2; 12.7), while the proportion of patients
with osteopenia was 36.0%. Meaning that the proportion of patients with low BMD was 45.6%.
The mean Altman total grade was 7.2 with a range from 1-17. Attrition was present either lateral
or medial in 163 (36.2%) patients. Sclerosis was present in 93.6% of the patients at one of the
four possibly places (medial femoral, medial tibial, lateral femoral, lateral tibial). 33.5% of
patients received diuretics and 26.0% received anticoagulants.
Osteoarthritis grade, knee function scores and BMD
The mean OKS was 22.51 [SD 7.74] with a range from 2-43. There was no difference in the
total OKS score between KL 3 and 4 (table 1). When comparing KL grade 3 and 4 by KOOS
scores by a t-test no difference was found (figure 2).

Figure 2: Graph box of KL grade 3 and 4 of pain, symptoms, function on daily life, sport or quality of life.
By t-test no difference was found, pain p=0.72, symptoms p=0.73, ADL p=0.92, sport p=0.71, QQL p=0.82,
total p=0.93.
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When analyzing the relationship between T-score and the grade of OA, there was no association
between T-score and the Altman total grade, rho=-0.02, p=0.7. The mean T-score if KL grade
3 was -0.73 (CI95: -0.89; -0.58), and the mean T-score if KL grade 4 was -0.96 (CI95:-1.12; 0.79), however there was no significant difference between the two means, p=0.06.
The crude estimate of the difference in T-score when attrition was present comparing to absent
was -0.43 (CI95: -0.67; -0.19, p<0.001). When adjusting for age and BMI the difference in Tscore was -0.28 (CI95: -0.51; -0.05, p=0.02). Meaning that the T-score was significantly lower
when attrition was present compared to absent. Patients with attrition were not different
according to sex, knee function scores, alcohol or smoking status compared to patients without
attrition. No difference in T-score when sclerosis was present compared to absent (p=0.21).
Biomarkers
Serum levels of vitamin D was not associated with the grade of OA by KL (p=0.96), Altman
total (p=0.88). Significant, but weak association between Altman total and P1NP (rho=0.15,
p=0.002) and no association between CTX and Altman total (rho=0.09, p=0.05) was found. No
association was found between KL and CTX (p=0.21). However, P1NP was significantly
higher in KL grade 4 compared to KL grade 3 (p=0.04), when adjusting for age and BMI by
multiple regression analysis the difference was still significant (p=0.03).
The median CTX value of 0.26 µg/l was used as a cutoff value to compare the lowest 50% to
the highest 50% of CTX measurements in order to analyze the well-known relationship between
CTX and the T-score. In the group with high CTX, the mean T-score was -1.17 (CI95: -1.32; 1.03) which was significantly lower than the mean T-score of -0.54 (CI95: -0.71; 0.36) in the
group with low CTX (p<0.001). Adjusted for age and gender the mean T-score was still
significantly lower in the group with high CTX (p<0.003). No significant association was found
between the presence of attrition and a high CTX (p=0.78).
Discussion
BMD and osteoarthritis
We investigated the relation between the severity of radiological knee OA in patients scheduled
for knee arthroplasty and BMD and biochemical markers of bone turnover and calcium
metabolism and found a significantly lower T-score when attrition was present compared to
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absent and a tendency towards a lower T-score in KL grade 4 compared to KL grade 3.
Furthermore, P1NP was significantly higher in KL grade 4 compared to KL grade 3.
30 years ago Foss and Byers [1] reported that osteoporosis and OA was inversely related based
on their findings during surgery. Despite of years of research the relationship between
osteoporosis and osteoarthritis is still discussed. It is well known that both diseases are
positively associated with ageing and that both diseases depend on bone metabolism. However,
it is unknown if the prevalence of osteoporosis is equal, lower or higher in a population with
osteoarthritis compared to individuals without osteoarthritis. In our study the prevalence of
osteoporosis was 9.6% in a patient group with mean age of 67.9 years. Approximately 500.000
Danish citizens have osteoporosis, which is equal to about 5-10% of the population between
50-70 years and 15-25% between 70-80 years [28]. Some studies have indicated that a large
proportion (>20.7%) of patients awaiting arthroplasty also had osteoporosis [29, 30]. When
comparing the mean BMD of lumbar spine L1-L4 in our study population with reference BMD
values [31] adjusted for sex and to an age-related BMD value, the BMD of the lumbar spine in
our population was not significantly different, showing that a population with osteoarthritis is
equal to a reference population in BMD values of L1-L4 (table 3).

Table 3: Showing mean BMD for the lumbar spine L1-L4 measures and the reference mean, reference upper
limits for osteopenia and osteoporosis and P value for the difference between data mean and reference mean.
Data
Reference
Reference
Reference
SEM*
95% CI
P Value#
mean
Normal†
Osteopenia‡ Osteoporosis§
Lumbar spine L1-L4
Males;
Mean age
66.07
(N=100)
Females;
Mean age
66.36
(N=159)

1.18

0.04

1.10 – 1.25

1.17

1.05

0.87

0.88

1.05

0.03

0.99 – 1.10

0.99

0.87

0.69

0.05

*SEM: Standard error of the mean.
†

Reference Normal: Normal BMD reference value at 65 years.

‡

Reference Osteopenia: Upper BMD limit for reference osteopenia (Reference mean – (1*SD)) at 65 years.

§

Reference Osteoporosis: Upper BMD limit for reference osteoporosis (Reference mean – (2.5*SD)) at 65 years.

#P Value: P value for the difference between data normal means and reference normal.
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However, when comparing mean BMD of the hip in our study population with a reference
BMD value [31] BMD was significantly higher in females and lower in males (table 4). It is
unknown whether the significant higher BMD is caused by the presence of osteoarthritis or the
fact that the population seems to be a generally well informed study population (in regards to
daily vitamin D and Calcium intake). The BMD results and the abovementioned prevalence of
osteoporosis support the conclusions of Schneider et al [32] that osteoporosis should not be
overlooked in women or men regardless if they already have a diagnosis of osteoarthritis.
Table 4: Showing mean BMD for Total Hip measures and the reference mean, reference upper limits for
osteopenia and osteoporosis and P value for the difference between data mean and reference mean.
Data
Reference
Reference
Reference
SEM*
95% CI
P Value#
mean
Normal†
Osteopenia‡ Osteoporosis§
Total Hip
Males;
Mean age
67.27
(N=162)
Females;
Mean age
67.71
(N=231)

0.94

0.02

0.90 – 0.98

0.995

0.865

0.670

0.01

0.89

0.01

0.87 – 0.91

0.865

0.745

0.565

0.02

*SEM: Standard error of the mean.
†

Reference Normal: Normal BMD reference value at 65 years.

‡

Reference Osteopenia: Upper BMD limit for reference osteopenia (Reference mean – (1*SD)) at 65 years.

§

Reference Osteoporosis: Upper BMD limit for reference osteoporosis (Reference mean – (2.5*SD)) at 65 years.

#P Value: P value for the difference between data normal means and reference normal.

In the present study, we found no significant difference between KL osteoarthritis grades and
the T-score, although there was a tendency towards a lower T-score with a high KL grade.
However, it was interesting that the T-score was significantly lower when attrition was present.
Attrition was graded as a binomial score, and if in doubt attrition was graded as absent, in order
to minimize false positive outcomes. According to the Framingham study [3] the explanation
between attrition and a low T-score could be that patients with low BMD are bone absorbers
and therefore more sensitive to bone attrition. Furthermore, the Framingham study [7] suggest
that subjects with OA progression (presence of attrition) have a lower BMD, and that a high
BMD could decrease the risk of developing attrition in the knee joint. It could also be a
possibility that patients with a higher grade of OA have more pain and therefore are less active
which would lead to a decrease in the BMD. However, when comparing the grade of
osteoarthritis and the KOOS and OKS scores (which represent pain, symptoms, sport, quality
of life) no correlation was found. Meaning that there was no difference in pain scores between
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the grades of osteoarthritis. This is as expected that pain is not associated with the features of
osteoarthritis on x-ray.
Vitamin D and biomarkers
Vitamin D is an important factor for skeletal health and vitamin D deficiency and OA have
been shown by studies to coexist [33]. Furthermore, some studies have shown a relation
between vitamin deficiency and progression of OA, even though conflicting results have been
reported [34].
A study from Denmark [35] found the median serum level of vitamin D to be 48 nmol/l in a
sample from the general population aged 30-60 years and the prevalence of serum levels
<25nmol was 13.8%. In our study the median serum vitamin D was 78.5 nmol/l which is higher
than expected, and the proportion of patients with serum vitamin D < 25nmol/l was only 4.2%.
59.8% of patients confirmed a daily intake of vitamin D supplements. Patients most likely had
attention on their bone health because of their knee arthritis pain. In this study there was no
association between low serum levels of vitamin D and the grade of osteoarthritis in knee
patients.
Biochemical markers which could predict incidence and progression of OA have been
researched intensively. However, no definite conclusion has been made. Molecules or
fragments from cartilage, bone or synovium are the best candidates so far [16, 36]. CTX and
P1NP are measured because they are considered as first choice as bone turnover markers when
observing osteoporosis and the risk of developing osteoporosis [17]. CTX as a bone resorption
marker and P1NP as a bone formation marker. Some studies have shown that CTX may increase
when the implant is loosening [37] [38], however there are no validated biomarkers for early
diagnosis of wear and corrosion in joint arthroplasty at this time [8]. In patients with
osteoarthritis we would expect lower biomarkers because of the possibly inverse relationship
between osteoarthritis and osteoporosis.
In this study CTX showed no association to the grade of OA, however P1NP was significantly
higher in KL grade 4 compared to KL grade 3. The elevated P1NP represent a higher bone
formation activity with a higher grade of osteoarthritis, which could be associated with bone
remodeling and the formation of new bone (osteophytes).
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The reference intervals for CTX and P1NP are adjusted by age and gender. CTX has a reference
interval of 0.03-0.83 µg/L for a female older than 50 years, and a reference interval of 0.081.05 µg/L for a male older than 70 years. P1NP has a reference interval of 13-116 µg/L for a
postmenopausal woman and a reference interval of 21-110 µg/L for a male older than 18 years.
When comparing the measured medians of CTX and P1NP to control data, the medians were
in the reference interval, but in the lower end (P1NP: 43.9 (CI 95% 42.0; 45.7) µg/L), (CTX:
0.26 (CI 95%: 0.25; 0.27) µg/L). The low serum CTX and P1NP is associated with a decreased
risk of osteoporosis, as was expected for the patients since they have osteoarthritis. A study
from Aarhus University Hospital [39] including a group of women with osteopenia and a mean
age of 67.4 (SD 0.38) measured a baseline serum value of P1NP: 56.5 (CI 95% 53.6; 59.5) µg/L
and CTX: 0.40 (CI 95% 0.38; 0.43) µg/L, collected as a fasting sample. The group was recruited
from the same background population as in the present study. When comparing median serum
values from the two studies by t-test, it is clear that P1NP and CTX are lower in this study
comprising osteoarthritis patients compared to women with osteopenia (p<0.0001).
The blood samples were not collected in the fasting state which can affect the results. CTX
decreases with food intake, which could act as a confounder effect on our results. This means
that the true serum values could be higher than the ones measured [18], however CTX
approximately decreases with 20% after breakfast, and even if we add 20% to the measured
mean CTX value, it is still lower than the group of women with osteopenia in the before
mentioned study.
Strengths, limitations and perspectives
The limitation of this study is primarily the absence of a “non-arthritis” control group to
compare the results with. Because of the study design there is a lack of detailed knowledge
regarding other arthritis disease or osteoarthritis in other joints, which could affect the
biomarkers and the systemic BMD.
The x-ray image quality for grading was adequate, however sometimes the radiation dose and
the position of the knee made it difficult to make the grading precisely.
Finally, there could have been possible coding errors, however it seems unlikely that the abovementioned factors would lead to systemic bias.
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The main strength of the study is the large number of patients and the inclusion of all patients
scheduled because of the quality control nature of the database. The excluded patients did not
seem to differ from the included, and is therefore not regarded a reason for selection bias.
This study showed a relation between a significant lower T-score and the presence of attrition.
However, there was no significant association between other grading systems and the T-score.
P1NP was significantly higher in KL grade 4 compared to KL grade 3, however there was no
association between other biomarkers and the grade of osteoarthritis. Further, the results are
from baseline measurements and does not involve the potential influence of BMD or
biomarkers on the progression of OA.
In conclusion, the results of this study confirm the complex relationship between osteoporosis
and osteoarthritis, which may differ in different stages and sites of the disease. The results
indicate that a patient with radiographic severe osteoarthritis (presence of attrition) possibly
should be examined for osteoporosis by a DXA scan and that this may influence the type of
prosthesis. Furthermore, biomarkers of bone turn over may be associated with the grade of
osteoarthritis and could function as a possible marker of the progression of the disease.
This study highlights the need of further research in the relationship between osteoporosis and
osteoarthritis, and how bone mineral density and bone turn over may affect the survival of the
prosthesis.
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