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Changes in bone mineral density of the proximal 
tibia after uncemented total knee arthroplasty 
A 3-year follow-up of 25 knees 

Michael M Petersen, Poul T Nielsen, Jes B Lauritzen and Bjarne Lund 

We measured bone remodeling of the proximal tibia 
prospectively for 3 years after uncemented total 
knee arthroplasty (TKA) in 25 knees with primary 
arthrosis. In the trabecular bone below the tibial 
component, bone mineral density (BMD) was meas- 
ured in 6 different regions of interest (ROI), using 
dual photon absorptiometry (DPA). In the tibial con- 
dyles, where the change in knee alignment indicated 
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Bone strength and bone mineral in the trabecular 
bone of the proximal tibia are a critical determinant 
of the failure rate in total knee arthroplasty (TKA) 
(Christensen et al. 1982, Hvid and Hansen 1986, 
Harada et al. 1988, Hvid 1988, Zysset et al. 1994). 
The failure rate following TKA has decreased during 
the past years (Knutson et al. 1994), but one problem 
is still the fixation of the tibial component (Windsor 
et al. 1989, Moran et al. 1991). Only a few investiga- 
tors have measured prospectively the changes in bone 
mineral density (BMD) of the proximal tibia, below 
the tibial component, following TKA (Bohr and Lund 
1987, Hvid et al. 1988). We measured the changes in 
BMD in the proximal tibia following uncemented 
TKA and evaluated the influence of pre- and postop- 
erative knee alignment on bone remodeling. 

Patients and methods 

28 consecutive patients with primary arthrosis of the 
knee were included in the study. All were given an 
uncemented TKA (PCA Modular@). 3 patients were 
excluded during the study period; 1 patient died with- 
in the first postoperative year and 2 patients were 
unable to keep the knee still during examination, 
causing poor quality in the BMD scannings, thus 
leaving 25 patients with 25 TKAs for the study (Table 
1). The operations were performed as decribed by 
Hungerford et al. (1982). and the clinical outcome of 

that the load was reduced postoperatively, a fast 
bone loss of 7-20% was seen during the first 6 
months after surgery. A small, but significant 
increase in BMD of 2-7% was seen in the tibial con- 
dyles, where the load was increased. On average, 
the density for all ROI below the tibial component 
showed a significant and progressive decrease in 
BMD, reaching 22% at  3 years follow-up. 

of Copenhagen, Blegdamsvej 9, DK-2100 Copenhagen 0, 

the operations was evaluated by The Hospital for 
Special Surgery Knee-rating score (HSS knee-score) 
(Insall et al. 1976) (Table I).  

All knees had pre- and postoperative measure- 
ments of the mechanical axis, measured as the hip- 
knee-ankle angle on long-leg standing radiographs 
(Table 1). 21 patients had preoperative varus align- 
ment corrected to either valgus or neutral alignment 
(n 12), decreased varus alignment (n 7) or increased 
varus alignment (n 2). 2 patients had an unchanged 
alignment after the operation and 2 patients had val- 
gus alignment corrected to varus and decreased val- 
gus alignment, respectively. 

Measurements of BMD in the proximal tibia were 
performed by dual photon absorptiometry (DPA) 
using the radiation peaks of 44 and 100 KeV from a 

Table 1. Clinical data in 25 patients 

Patients 
70 (52-81) Age 

Femalehnale 19 I 6 

Preop. 51 (32-65) 
1 year 84 (56-96) 
3 years 85 (52-97) 

HSS-score 

Knee alignment (HKA) 
Preop. 1 72" (1 60°-1860) 
Postop. 1 80" (1 72'-196") 

-_  - - ___ - - ~- 
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Figure 1 .  Scan plot from a DPA-scanning performed in the 
proximal tibia after implantation of an uncemented total knee 
arthroplasty (PCA ModulaF)). The location of the ROI used for 
the measurements of BMD medially and laterally below the 
tibial component is shown. ROI 1 is the area located proximal- 
ly between the fixation peg and the medialllateral peripheral 
rim of the bone, ROI 2 is the area located distally just below 
the fixation peg in the medialllateral tibial condyle, and ROI 3 
is the area located proximally in the central part of the bone 
between the fixation screw and the medialllateral fixation peg. 

153gadolinium source (200 mCi) in a custom-made 
knee scanner (GT-50, Tibia-la, Gammatec A/S, 
Stormly 16, Vrerl~se, Denmark). The scanner was 
specially designed for bone mineral measurements in 
the proximal tibia. Scanning was performed with a 
spatial resolution (pixel size) of 2 by 2 mm. To obtain 
reproducible scanning statistics, the scan speed (3-6 
mm/s) was automatically adjusted according to 
source decay. The scannings were performed in the 
coronal plane, with the knee extended and the foot in 
an upright position, and placed in a device designed 
to secure the same rotation of the limb at follow-up. 
On the computerized scan plot 6 regions of interest 

(ROI) in the trabecular bone below the tibial compo- 
nent were selected for BMD measurements; 3 ROI 
around the medial fixation peg and 3 ROI around the 
lateral peg (Figure 1). The ROIs in the majority of the 
patients were of 0.8 x 0.8 cm (16 pixels). In some of 
the patients one or more of the ROIs were smaller 
because of the anatomical dimensions of the proximal 
tibia; the minimal acceptable size was 8 pixels, which 
was very seldom used. The initial size of a ROI in a 
patient was kept at the same size throughout the 
study. In all patients BMD measurements were 
performed within 2 weeks after the operation and at 
follow-up after 6 months, I, 2 and, 3 years. The pre- 
cision of BMD measurements was evaluated in 8 
patients measured twice on the same day, with full 
reposition between each scanning. 

Statistics 
The precision expressed as the coefficient of varia- 
tion (CV) was calculated as CV = SD/mean. The 
nonparametric test a.m. Wilcoxon for paired data. and 
nonparametric two way analysis of variance 
(Friedman test) for repeated measurements were 
used. Results are given as mean and total range. 

Results (Table 2) 

The mean precision of measurements of BMD in the 
trabecular bone of the proximal tibia below the tibial 
component was 3.8 (2.8-4.7)%. On the basis of the 

Table 2. Changes in mean BMD (gkm2) at different locations in the proximal tibia in patients who had a change in knee allgn- 
ment (leading to altered load in the tibial condyles) following TKA (n 23), and the mean changes in BMD in all areas (ROI num- 
bers 1-3 in both tibial condyles) (n 25). Mean (range) and percent change of mean compared to initial postop value 

- - __ -. - 

ROI number (load) Postop 6 months 1 year 2 years 3 years 

ROI 1 (decreased) 0.85 

ROI 2 (decreased) 0.80 

ROI 3 (decreased) 0.74 

ROI 1 (increased) 0.69 

ROI 2 (increased) 0.67 

(0.52-1.33) 

(0.561.24) 

(0.45-1.08) 

(0.39-1.04) 

(0.40-1.08) 
ROI 3 (increased) 0.62 

(0.49-0.93) 
All ROI (11-25) 0.73 

(0.51-0.99) 

0.68 ' -20% 
(0.26-0.99) 

(0.40-1.04) 

(0.28-1 -03) 
0.73 6% 
(0.35-1.21) 
0.728 7% 
(0.42-1 .lo) 
0.63 2% 
(0.18-1.23) 

0.70' -13% 

0.693 -7% 

0.69 -5% 
(0.41-1.00) 

0.62 ' -27% 
(0.1 9-0.86) 

(0.37-0.98) 

(0.23-0.99) 
0.68 -1% 
(0.30-1.15) 
0.69 3% 
(0.39-1.16) 
0.61 -2% 

0.67' -16% 

0.65 ' -12% 

(0.16-1.20) 
0.67 ' - 8 O h  
(0.39-0.92) 

0.60a -29% 
(0.17495) 
0.64' -20% 
(0.31-1.06) 
0.63' -15% 
(0.21 -0.96) 
0.63' -9% 
(0.31-1.02) 
0.67 0% 
(0.33-1.04) 

(0.23-1.17) 
0.63 ' -14% 
(0.37-0.91) 

0.55 -11% 

0.51 a -40% 
(0.04-0.88) 
0.61 ' -24% 
(0.32-1.05) 
0.56' -24% 
(0.27-1 .OO) 

0.54 a -22% 
(0.14-1.00) 
0.59 a -12% 
(0.24-1.12) 

(0.16-1 . lo) 
0.49" -21% 

0.57' -22% 
(0.30-0.91 ) 

a Significantly different (p < 0.05) from initial value (Wlkxxon test). 
Friedman test p < 0.00005 (repeated measurements over time). 
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change in alignment of each knee, we decided wheth- 
er the load in the medial and lateral tibial condyles 
had decreased or increased as a consequence of the 
operation. In the condyles with decreased load (n 23). 
a significant decrease in BMD, starting at 6 months 
and continuing throughout the study period, was seen 
in all ROIs. In the tibial condyles with increased load 
(n 23), a temporary increase in BMD was seen, fol- 
lowed by a slow decrease. The average density of all 
ROIs below the tibial component (n 25)  showed a 
significant and progressive decrease in BMD, reach- 
ing 22% at 3 years of follow-up (Table 2). 

Discussion 

The average precision of measurements of BMD in 
ROI in the trabecular bone below the tibial compo- 
nent was 3.8%. This precision is not essentially dif- 
ferent from that obtained when BMD of the proximal 
tibia is measured in patients without TKA or other 
orthopedic implants (Madsen et al. 1994, Petersen et 
al. 1995). It is also on the same level of precision 
obtainable using DEXA around the femoral compo- 
nent in uncemented total hip or knee arthroplasty 
(Kearns McCarthy et al. 1991, Kiratli et al. 1992, 
Kilgus et al. 1993, Trevisan et al. 1993, Robertson et 
al. 1994). 

In the tibial condyles, with decreased load, a fast 
bone loss of 7-20% was seen. A small increase in 
BMD of 2-7% was seen in the tibial condyles, with 
increased load. These early changes in BMD are in 
agreement with Wolff’s Law and recent studies on 
bone remodeling as a response to altered mechanical 
load (Andersson and Nilsson 1979, Lanyon 1984, 
Margulies et al. 1986). Increased load proved to be a 
stimulus so strong that it could induce a local increase 
in BMD, despite the fact that the patients evaluated 
had a mean age of 70 years. In a study using quantita- 
tive computed tomography, Hvid et al. (1988) meas- 
ured trabecular bone remodeling of the proximal tibia 
following TKA with a cemented non-metal-backed 
tibial component in 18 patients (9 with arthrosis and 
9 with rheumatoid arthritis) within the first postoper- 
ative week and 2 years postoperatively. During the 
observation period, the mean bone density had 
decreased significantly in the preoperatively more 
loaded tibial condyle, while the density in the preop- 
eratively less loaded condyles was unchanged. We 
consider the adaptive bone remodeling in this study 
to be in agreement with our results. 

Posttraumatic loss of bone mineral following frac- 
tures is well known (Andersson and Nilsson 1979, 
Petersen et al. 1992). but it is uncertain to which 

degree the bone loss is caused by immobilization or 
by the trauma of the bone itself. Operation with inser- 
tion of a knee or a hip arthroplasty represents a sub- 
stantial trauma to the bone. Several studies have 
shown, that even though the level of activity of these 
patients is increased postoperatively, no permanent 
increase in bone mineral occurs (Lindberg and 
Nilsson 1984, Ruegsegger et al. 1986, Bohr and Lund 
1987, Hvid et al. 1988, Adolphson et al. 1993). In our 
study, the long-term change in average BMD of the 
proximal tibia following uncemented TKA was an 
overall loss of bone mineral of 22% during the first 3 
postoperative years. In the study by Hvid et al. 
(1988). the average decrease in bone density after 2 
years was 32% in rheumatoid arthritis and 11% in 
arthrosis. In a study by Bohr and Lund ( I  987). a tem- 
porary increase in average BMD in the proximal tibia 
was found 6 months after uncemented arthroplasty. 
During the next year, BMD decreased to the initial 
level. However, because of the study design, the 
results of this study were strongly influenced by age- 
and sex-related inter-individual differences in bone 
mineral of the proximal tibia (Bohr and Schaadt 
1987, Petersen et al. 1993). An average bone loss of 
more than 20% in the proximal tibia 3 years after 
TKA must be considered to be of clinical importance 
in relation to the normal annual loss of 1 % (Bohr and 
Schaadt 1987, Checovich et al. 1989, Petersen et al. 
1993). It is well known that there is a close relation 
between BMD and the strength of trabecular bone 
(Hansson et al. 1980, Hvid et al. 1985). and theoreti- 
cally an increased risk of fractures or loosening of the 
tibial component might be expected in patients with a 
high postoperative bone loss. However, the long-term 
results following TKA are satisfactory with a low 
revision rate and fractures of the proximal tibia are 
rare. Preoperatively, most patients with arthrosis of 
the knee have bone mineral values of the proximal 
tibia above average in normals (Petersen et al. 1993) 
and a part of the bone loss after TKA might represent 
a return to normal of the relatively high-density 
arthrotic bone. 
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