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Remodeling of the tibial plateau after knee 
replacement 
CT bone densitometry 

Ivan Hvidl, Ssren M. Bentzen2 and Jsrgen Jsrgensen3 

We measured the changes of bone density by computed tomography of the 
proximal tibia after total knee replacement in 18 patients, 9 with arthrosis and 
9 with rheumatoid arthritis. All the patients had good results after 1 and 2 
years. There were no significant radiolucencies at the cement-bone interface. 
At the early postoperative measurements, we found abnormal mediolateral 
distributions of density, closely related to the preoperative tibiofemoral angle 
( r  = -0.67). This distribution was within normal limits after 3 months in knees 
with preoperative valgus and after 2 years in knees with preoperative varus. 
The mean tibial density did not differ between patients with arthrosis and 
rheumatoid arthritis at the early postoperative examination, but the density 
in rheumatoid patients decreased by one third during the 2-year period. 
Although the overall change after knee replacement was loss of density, the 
preoperatively less loaded condyles had a slight tendency towards increasing 
density with time, a response that was considerable in some cases. 

Compressive failure of trabecular support is prob- 
ably the most common mode of tibial component 
loosening (Bargren et al. 1983, Cameron and 
Hunter 1982, Ducheyne et al. 1978, Rand and 
Coventry 1980, Walker et al. 1984). Comparison 
of the compressive strength of the tibial plateau 
in relation to estimated unit loads during walking 
suggested that static strength was sufficient in 
almost all the knees presenting for arthroplasty. 
However, disregarding the possible beneficial 
effect of postoperative bone remodeling, nearly 
40 percent were thought to be at risk of sustaining 
a local fatigue fracture (Hvid 1988). 

Quantitative computed tomography relates 
closely to the compressive strength of tibial tra- 
becular bone (Bentzen et al. 1987, Hvid et al. 
1987). We have employed this method to study 
tibial condylar densities during a 2-year period 

after total knee arthroplasty in patients with 
arthrosis and rheumatoid arthritis. 

Patlents and methods 

Twenty patients with arthrosis or rheumatoid 
arthritis scheduled for total knee arthroplasty 
were randomly selected for the investigation. The 
patients were operated on during the period 
September 1983 to February 1984. The total 
number of patients operated on in this period was 
55. Two patients were excluded later, one because 
of a large, cement-filled cyst interfering with 
tomography, the other because of wound compli- 
cations related to a total ankle replacement per- 
formed shortly after the knee operation. Of the 
remaining 18 patients, 9 were operated on for 
arthrosis (8 women, 1 man, mean age 72 (63-81) 
years, and 9 for rheumatoid arthritis (7 women, 

men, mean age 61 (3s73) years). 
At operation, malalignment was corrected by 

excision of marginal osteophytes and release of 
tight collateral structures (Insall et al. 1985). The 
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Figure 1. A CT scan from the proximal 3-mm ievei of a tibia is 
shown with the region of interest matrix template supeqmposed 
(the smaller circles were used in this study). The template with 
marginal points coinciding with the medial and lateral margins 
of the condyles (arrow heads) is chosen for a specific tibia, and 
this template is used for definition of regions of interest in ail 
other scans of that tibia. Reproducibility of template position in 
relation to the intramedullary post of the tibial component 1s 
ensured by recording diagonal postimage coordinates and 
adjusting subsequent scans to the same relative template 
position. 

bone cuts and realignment performed according 
to Insall et al. (1985). Standard polymethylmetha- 
crylate bone cement was impacted manually into 
the jet lavage-prepared trabecular surfaces. The 
patients were allowed weight bearing from the 
fourth postoperative day. No major complications 
were recorded. The mean knee score (Hospital 
for Special Surgery Knee Rating Scale; Insall et 
al. 1976) improved from 55 (34-71) to 85 (74-96) 
at the 2-year follow-up. 

Bone density was measured by quantitative 
computed tomography just before operation and 
repeated at 1,3, and 6 weeks, 3 and 6 months, and 
2 years postoperatively. Because the method used 
to secure reproducibility of regions of interest 
relied on coordinates (Figure l), which did not 
exist preoperatively, the examination after 1 week 
was used as a baseline. Only a few patients were 
able to return for the examination after 3 weeks, 
which is therefore not included in this report. All 
the patients were examined at 1 week and at 2 
years, 13 patients at 6 weeks, 15 patients at 3 
months, and 14 patients at 6 months. 

The scannings were conducted on an EM1 7070 
scanner. The knees were centered in the gantry, 
with a saline-filled plastic bag placed centrally on 
top of the knees to approximate a circular 

geometry. Anteroposterior scanograms, in es- 
sence digitized radiographs, were obtained, and 
the lower limbs realigned to place the condylar 
cement-bone interface of the tibial component 
parallel to the scan plane. The scanograms were 
repeated to confirm correct positioning. A lateral 
scanogram was then obtained, and the gantry 
tilted to parallel the cement-bone interface in the 
sagiftal view. Consecutive scans with 2-mm-slice 
thickness were conducted at 1-mm increments 
distally to define a proximal tibial epiphyseal 
transverse plane just beneath the cementbone 
interface. Three consecutive 3-mm scans were 
then obtained, the proximal limit of the proximal 
scan coinciding with the proximal transverse 
plane. 

For evaluation of the scans, CT images were 
transferred to a General Electric RTlPLAN 
dose-planning system. Four regions of interest 
were defined for each scan (Figure l ) ,  two at the 
medial and two at the lateral condyle. The regions 
were approximately 5 mm in diameter (20 mmz). 
A computer program defined a series of electronic 
templates that could be superimposed on the CT 
image, rotated and translated to place the regions 
anteriorly and posteriorly at each condyle. The 
templates were congruent, differing only in abso- 
lute size. The template that matched the medio- 
lateral width of the proximal scan from the first 
postoperative examination of a particular knee 
was chosen to define regions of interest on all the 
scans obtained from that knee. During evaluation 
of the first postoperative proximal scan, the image 
coordinates of two diagonal corners of the intra- 
medullary fixation post of the tibial component 
were recorded. Through measurement of the 
coordinates of the same two comers on the 
subsequent examinations, the translation and ro- 
tation of the knee relative to the first examination 
were determined, and the position of the regions 
automatically corrected. Density is reported in 
Hounsfield units as the mean value of the pixels 
contained in a region of interest. 

The results of quantitative computed tomogra- 
phy were related to clinical and radiographic 
variables obtained preoperatively and after 2 
years. An activity index ranging from zero (pa- 
tient unable to stand or walk) to sixty (unlimited 
walking distance without use of walking aids) was 
calculated based on information on walking dis- 
tance and walking aids from the knee rating scale. 
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A weight index, corrected for sex, was calculated 
according to Lindberg et al. (1956). The tibiofe- 
moral angle was measured on short (approxima- 
tely 15 cm of distal femur and 15 cm of proximal 
tibia) standing anteroposterior radiographs; this 
angle is related to the mechanical hip-knee-ankle 
axis by + 7 k 2" (Jokio et al. 1984). Also, the tilt 
of the tibial component in the frontal plane and 
a tibial radiolucency index were measured on 
these radiographs (Hvid and Nielsen 1984). A 
radiolucency index of 200 (2-mm zone affecting 
100 percent of the interface) or more at the 
condyles or the intercondylar post was considered 
significant. The stage of arthrosis was determined 
according to Ahlback (1968), also in rheumatoid 
knees. 

The influence of time, diagnosis, and scan level 
of the bone density was analyzed by three-way 
analysis of variance (3-way ANOVA; Hald 1952). 
The influence of single variables was evaluated by 
the Student's t-test. Correlation between clinical 
and radiographic data and bone density was 
studied by a nonparametric method with correc- 
tion for tied observations (Spearman rank corre- 
lation; Siege1 1956). 

Bone density averaged for the four regions of 
interest at each scan level was influenced by 
diagnosis (P < 0.05), scan level (P < 0.001) and 
time (P < 0.03). At the examination after 1 week, 
there was no difference between bone density in 
knees with arthritis and arthrosis at any scan level, 
whereas at the 2-year examination, bone density 
was lower in arthritis than in arthrosis at scan level 
3 (Table 1). There was a mean 15 percent decrease 
of bone density with depth between levels 1 and 
2 except for patients with arthrosis after 2 years, 

Table 1. Mean values of density (Hounsfieid units) averaged for 
the four regions of interest of each level, shatffled for diagnosis, 
scan level and time 

Table 2. Raw data collection: clinical variables 
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Table 3. Raw data collection: CT data (Hounsfleld units) 
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but no further decrease between levels 2 and 3 
(Table 1). In rheumatoid arthritis, there was a 
mean decrease of density of 32 percent with time 
at all scan levels. In patients with arthrosis, the 
mean decrease of density with time was only 11 
percent and not significant at any scan level (Table 

Preoperatively, the tibiofemoral angle ranged 
from 11' of varus to 24" of valgus. There was a 
clear-cut relation between this angle and the 
distribution of density (Figure 2). Postopera- 
tively, the tibiofemoral angle was corrected to 
2-11' of valgus, and the tilt of the tibial com- 
ponent in the frontal plane was within k 4" 
relative to the long axis of the tibia. All the knees 
had a normal distribution of density with higher 
means medially than laterally after 2 years, but 
this change was apparent earlier in the valgus 
knees, where lateral bone density decreased 
(P c 0.05; Figure 3). The decrease of medial 
density in knees with preoperative varus was not 
significant; but when varus and valgus knees were 
taken together, there was a decrease of density 
with time of the preoperatively more loaded 
condyle (P < 0.005). The mean density at the 
preoperatively less loaded condyles did not 
change. Valgus deformity occurred in 417 arthritic 
knees and varus in 6/9 arthrotic knees (NS). There 
was no difference in overall mean density between 
varus and valgus knees. 

The individual change in condylar density from 
1 week to 2 years related to the change in 
alignment induced by the operation (Figure 4). 
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There was no correlation between the change in 
medial density and correction of alignment; but 
for the change in lateral density, this correlation 
was significant (P < 0.005). 

There was no influence of age, activity index, 
or stage of arthrosis on bone density. The weight 
index correlated with bone density after 2 years 
(r, =0.47, P < 0.05). The median radiolucency 
index was 0, ranging from 0 to 150, i.e., no 
radiolucency exceeded 1.5 m n  in width. The bone 
density at 1 week and 2 years and the radiolucency 
index at 2 years were not correlated. 

per- relative 
cent medial density 
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1 
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Qure 2. Relation between the tibiofemoral angle (TFA; varus 
angles negative) and medlolateral density distribution at level 
1 at 1 week postoperatively. Relative medial density (RMD) was 
computed from the sum of quantitative CT results from the two 
medial regions of interest in percent of the sum of quantitative 
CT results from all four regions. Linear regression analysis 
revealed the equation: RMD =-I TFA + 56, r =  -0.67, 
P =  0.002. 
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Flgure 3. Medial and lateral mean density as a function of time. Bars cornspond to 1 SEM 0 medial density, 0 lateral density. 
A. V m s  knew (preoperative tibidemoral angle & 2"). B. Valgus knees (preoperathre tiblofemoral angle 2 lo"). 
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Flgure 4. Influence of alignment correction on condylar density change (level 1) after total knee arthroplasty. The abscissashows 
alignment postoperatively minus alignment preoperatively (ALC), e.g., -10 designates an ailgnrnent change of 10" in the varus 
dlrection. The ordinates show the density change (DC; density at 104 weeks minus density at 1 week) averaged for the twocondyiar 
regions of interest 0 rheumatoid arthtitls, 0 arthmsis. 
A. Medial condyles. The regression line Is indicated dashed (the correlatlon is not signiflcant). 
B. Lateral condyles. The regression line Is shown (DC = 7.5 ALC -62.0, ~ 0 . 6 5 ,  P <  0.005). 

Discussion 

The difference in strength of proximal tibial 
trabecular bone in rheumatoid arthritis and ar- 
throsis is small at the time of total knee replace- 
ment (Wixon et d. 1987, Hvid 1988). The same 
was found for noninvasive bone-density measure- 
ment in our present study. The influence of varus 
and valgus deformity on the distribution of tibial 
density at the time of operatiop confirms previous 
studies (Behrens et al. 1974, Hvid and Hansen 
1986, Hvid 1988). The remodeling that takes place 
with time is characterized by loss of bone at the 
denser condyle, medial or lateral, according to 
preoperative deformity. Bohr and Lund (1987) 
reported on density changes measured by dual- 
photon absorptiometry after total knee replace- 
ment using an uncemented prosthesis. They found 
a slight initial increase in density from 3 to 6 
months after the operation and then apparently 
a slow decrease for 2 years. The study included 
9 patients with no details given on the type of knee 
pathology or preoperative deformity, and analysis 
of variance was not performed to exclude the 
possibility of mass significance. 

The overall response of the less dense condyles 
to the operation was unchanged density through- 

out the 2-year period. However, the postopera- 
tive density actually increased or decreased con- 
siderably in some patients (Figure 4), which may 
be considered significant on an individual basis 
(changes larger than 99 percent confidence limits 
of precision on repeated examination; Bentzen et 
al. 1987, Hvid et al. 1986). The mean 1-week, 
level-1 density of medial condyles of valgus knees 
was 130 HU, and of the lateral condyles of varus 
knees 194 HU. At 120 kVp scanning energy, these 
figures correspond to 5 and 8 MPa compressive 
strength (Bentzen et al. 1987, Hvid et al. 1987), 
when allowance is made for the steep loss of 
density (Bentzen et al. 1987) and strength (Hvid 
and Hansen 1985,1986) with the distance from the 
joint. A rough approximation of the unit loads 
after total knee arthroplasty at the lateral and 
medial condyles during walking suggests average 
figures of 1.5 MPa for the lateral and 2.3 for the 
medial condyle (Hvid 1988). Thus, static failure 
of these condylar structures would not be expec- 
ted. Avoidance of fatigue failure requires con- 
siderably higher static strength, e.g., 4.5 MPa 
laterally and 7.0 MPa medially have been esti- 
mated (Hvid 1988). On this basis, remodeling 
leading to higher density would not be expected. 
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Ryd (1986) suggested that fatigue failure of the 
trabecular support of the tibial component may 
occur, leading to migration of the component in 
the order of magnitude of 1 mm during the first 
postoperative year. However, this does not 
necessarily imply insufficient compressive 
strength of the supporting trabecular structure, 
because the average amount of distal migration 
was minimal. 

The data of Bentzen et al. (1987) suggest that 
with a direct relation of quantitative CT obtained 
in 3-mm slices at the tibial epiphyses to pen- 
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