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Densitometric kneecap changes after
unilateral knee arthroplasty
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Abstract. - PURPOSE: To assess bone den-
sity of kneecaps in subjects with femoro-tibial
prothesis before and after surgery by means of
DEXA examination.

SUBJECTS AND METHODS: We examined 34
patients with unilateral femoro-tibial prosthe-
sis, 20 healthy subjects of the same age and
non-carriers of knee replacement and 14
healthy young adult subjects.

All the data sets were analysed by two radi-
ologists (AS and AM). The coincidence of the
results between the two specialists was evalu-
ated by means of Cohen’s Kappa index and the
results were considered statistically significa-
tive if p value is < of 0.05.

RESULTS: The values of patellar BMD in the
group of 34 patients, were: a minimum of 0.386
g/cm? (K = 0.879, p = 0.0012), a maximum 1.707
g/cm? (K = 0.886, p = 0.0016). The comparison be-
tween the left and right knee showed the follow-
ing data: minimum difference 0.034 g/cm? (K =
0.901, p = 0.0015), maximum difference of 0.622
g/cm? (K = 0.908, p = 0.0017), the average was
found to be of 0.277 g/cm? (K = 0.894, p = 0.0018).
But this difference tends to decrease 6 months
after surgery.

In the group of healthy young adults, we ob-
tained the following values: a minimum of 0.782
g/cm? (K = 0.907, p = 0.0025), maximum 1.503
g/cm? (K = 0.932, p = 0.0012). Between both
knees, the difference was minimal 0.006 g/cm?
(K = 0.951, p = 0.0035) and maximum 0.096
g/cm? (K = 0.926, p = 0.0007) with an average
difference of 0.058 g/cm? (K = 0.954, p = 0.0026).

In the group of healthy subjects of the same
age and non-carriers of knee replacement the
values were average higher. A maximum value
of 1.134 g/cm? (K = 0.894, p = 0.0028) and a min-
imum value of 0.944 g/cm? (K = 0.892, p =
0.0023) were found; between both knees a mini-
mum difference of 0.010 g/cm? (K = 0.918, p =
0.0047) and a maximum of 0.090 g/cm? (K =
0.937, p = 0.0017) were found, with an average
difference of 0.052 g/cm? (K = 0.956, p = 0.0024).

CONCLUSIONS: DEXA examination of the
patellar is recommended as a supplementary
study to the clinical and radiological standard
exams because it is able to provide additional

information to determine when to intervene
surgically, on the basis of patellar bone density
values.
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Introduction

For several years we have witnessed the devel-
opment of several densitometric techniques for the
non-invasive study of bone matrix, including
DEXA (Dual Energy X-Ray Absorptiometry).
Such techniques with the aid of dedicated soft-
ware, enable the scanning of both specific bone
segments, in particular the lumbar spine, hip and
the “whole body” examination, providing an
analysis of the three components of the body com-
position (bone mass, fat mass and lean body mass)
plus possibly a fourth district which is the air'*S.

The values of bone mass obtained from the scan
are shown automatically on a standard reference
chart for age, sex and ethnicity; the densitometric di-
agnosis is based on the T-score and the Z- score’ 2.

Hip replacement surgery is become a routine
by now and in recent years there has been an in-
creasingly spreading of knee arthroplasty espe-
cially in patients with severe degenerative and
arthritic changes which may seriously compro-
mise articular function.

Up to now standards regarding the densitomet-
ric characteristics of the kneecaps before and af-
ter surgery do not exist in the literature.

The aim of our study is precisely to assess
bone density of kneecaps in subjects with femoro-
tibial prothesis before and after surgery.

The work was carried out regardless the cause
of knee replacement (arthrosis or arthritis) and
regardless the type of prosthesis implanted.

1224 Corresponding Author: Flavio Barchetti, MD; e-mail: flavio.barchetti@live.it



Densitometric kneecap changes after unilateral knee arthroplasty

Subjects and Methods

This prospective study was approved by the
Ethics Committee, and all patients gave written
informed consent. From January 2010 to April
2012, 146 individuals divided into three distinct
groups underwent DEXA examination for the as-
sessment of the BMD of the knee. The first
group was represented by 68 subjects (mean age
70.6 years) with unilateral femoro-tibial prosthe-
sis, the second group was composed by 41
healthy subjects of the same age and non-carriers
of knee prosthesis (mean age 60.4 years) and the
third group by 37 healthy young adults (mean
age 26.6 years).

For the study was used DEXA equipment
model QDR 4500 W (Hologic, Massy, France)
that uses Fan Beam technology with low dose in-
cident to the patient, an automatic calibration and
stabilization system and a system which pro-
duces two energy levels, named “pulsed power”,
so that the X-ray tube is rapidly switched on two
different levels of 100-140 KVP.

All subjects underwent DEXA examination of
both tkneecaps. Given the lack of standard refer-
ence, it was considered appropriate to position
the patients in lateral decubitus with the affected
limb in contact with the bed and the knee flexed
to approximately 30°-40°; the scan length was of
about of 10-12 cm and the duration of about 120
sec. Two types of software were used, initially
the one dedicated to the lumbar spine, which pro-
vides bone and soft tissue density and after the
one dedicated to forearm, which as well as bone
and soft tissue densities, takes also into account
the the presence of air (because in forearm den-
sitometry there is the measurement of X-rays in
air, which does not happen at the level of the
lumbar spine).

An area that included in addition to the patella
also part of the femur and the leg (global region
of interest) was determined. The next step was
performed automatically by the apparatus which
recognize bony parts; it is only at this point that
the operator intervened bleaching everything that
was not patella, to be sure that the BMD mea-
sured concern exclusively the patella. Then, an
ROI (region of interest) that included only the
bony structure involved was manually created:
the BMD thus obtained was the mineral density
of the patella in lateral projection.

The follow-up in patients who underwent
surgery was performed at intervals of about 6
months for a total period of 2 years.

All the data sets were analysed by two radiolo-
gists (AS and AM). The coincidence of the re-
sults between the two specialists was evaluated
by means of Cohen’s Kappa index and the results
were considered statistically significative if p
value is < of 0.05.

Results

The results obtained from the subjects who un-
derwent the DEXA examination of the patella
with the software for the lumbar spine (78 pa-
tients) were excluded, as the data were unreli-
able, because the software used for the column
does not include in its elaboration the presence of
air, which is present in the region of the patella.

At the end the results were obtained from 68
subjects who underwent DEXA examination by
means of software dedicated to the forearm,
which was the most appropriate for our purpose.

Of 34 patients with unilateral femoro-tibial
prosthesis examined, 16 underwent DEXA ex-
amination before and after surgery, the other 18
just after surgery; the healthy subjects of the
same age and non-carriers of knee replacement
examined were 20, while healthy young adult
subjects were 14.

The values of patellar BMD, expressed in
g/cm?, obtained in the group of 34 patients, were
as follows: a minimum of 0.386 g/cm? (knee
prosthesis, patients affected by osteoporosis) (K
= 0.879, p = 0.0012), maximum value 1.707
g/cm? (knee without prosthesis, subject affected
by osteoarthritis) (K = 0.886, p = 0.0016); the
difference was of 1.321 g/cm?(K = 0.892, p =
0.0011). The comparison between the left and
right knee showed the following data: minimum
difference 0.034 g/cm? (BMD value approxi-
mately equal in both the kneecaps) (K =0.901, p
= 0.0015), maximum difference of 0.622 g/cm?
(value of BMD more unequally between both
kneecaps) (K = 0.908, p = 0.0017), the average
was found to be of 0.277 g/cm? (K = 0.894, p =
0.0018). In the 16 subjects who underwent
DEXA examination before surgery, however, the
average of differences was slightly higher, that is
0.298 g/em? (K = 0.905, p = 0.0021), because the
values of bone density of the kneecaps of the
knees which had to be restored, tend to be lower.
The two values are close together, and this is to
be attributed to the fact that the follow-up of the
subjects after the intervention of prosthesis was
between one and two years.
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Figure 1. BMD evaluation in a patient
prior to surgery (A) and 6 months after
knee replacement (B) where a slithy re-
duction of patellar BMD is shown.

DXA Results Summary: DXA Results Summary:
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Regarding the values of the differences be-
tween the two kneecaps encountered in patients
who underwent a follow-up every six months af-
ter surgery, it was showed a further increase of
the gap after the surgery between the knee and
the unoperated knee prosthesis. The gap tends to
increase during the six months following
surgery, from that moment on, the difference in
density between the kneecaps tends to decrease
due to the increased density of the patella of the
knee prosthesis (Figures 1 and 2).

In the group of healthy young adults, the follow-
ing values were obtained: a minimum of 0.782
g/em? (K = 0.907, p = 0.0025), a maximum 1.503
g/em? (K = 0.932, p = 0.0012), total difference
0.721 g/em? (K =0.948, p = 0.0009). Between both

knees, the difference was minimal 0.006 g/cm? (K
= 0951, p = 0.0035) and maximum 0.096 g/cm?
(K'=0.926, p =0.0007) with an average difference
of 0.058 g/cm? (K = 0.954, p = 0.0026).

In the group of healthy subjects of the same
age and non-carriers of knee replacement the val-
ues were average higher. A maximum value of
1.134 g/cm? (K = 0.894, p = 0.0028) and a mini-
mum value of 0.944 g/cm? (K = 0.892, p =
0.0023) with a difference of 0.190 g/cm? (K =
0.937, p = 0.0017) were found; between both
knees a minimum difference of 0.010 g/cm? (K =
0.918, p = 0.0047) and a maximum of 0.090
g/em? (K = 0.937, p = 0.0017) with an average
difference of 0.052 g/cm? (K = 0.956, p =
0.0024) were found.

)XA Results Summary: DXA Results Summary:
Region Area BMC BMD jon Area BMC BMD
(em?) (® (g/enr’) i (cm?) {0 (glent)
GLOBAL 108 49 0.105 GLOBAL 488 360 0.7%
Figure 2. BMD evaluation in a patient 708 499 0,705 RI 458 140 01756
prior to surgery (A) and 1 year after knee . i 10 0108 s e r .
replacement (B) where an increase of NETAVG 1% 4 i NETAVG 488 169 0.756

patellar BMD is shown.
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Discussion

Both healthy young adults subjects and elderly
ones, showed a difference in bone density be-
tween the two kneecaps of about 0.05 g/cm?.

The value 0.05 g/cm? could be defined as a
physiological value of difference of patellar bone
density, which represents a percentage of bone
mass very small (5/1000).

If instead the results obtained by the group of
patients with knee prothesis are analyzed, a much
higher values are reached i.e. 0.277 g/cm? and
0.298 g/cm?, which represent a difference in per-
centage of bone mass by approximately of 25%;
these ones are absolutely non-physiological val-
ues, which could also be defined as pathological.

This is an important result, because nowadays
it does not exist in the scientific literature a stan-
dard value of the different physiological and
pathological patellar density.

It is interesting to note that with the increasing
of age it goes towards a lowering or rising of the
patellar bone density, but in any case the density
difference between kneecaps tends to keep
steady (0.05 g/cm?)".

The maximum difference in density between
the kneecaps there is in the group of subjects
with implants (0.277 g/cm?) and in those who are
candidate to undergo prosthesis (0.298 g/cm?).

In fact, the density value of the patella of
healthy knee is higher than that of the arthritic
one and the difference of density values is high.
After surgery a further increase of the density
value difference between the knee not operated
and knee with prosthesis takes places; such dif-
ference tends to increase again in the six months
following surgery and then, from that moment
on, the difference in density between the
kneecaps tends to decrease due to the increased
density of the patella of the knee prosthesis.

The density of the patella of the knee joint af-
fected by arthrosis is lower compared to healthy
one and is even lower after the surgery for about
6 months; from 6 months to 1 year occurs then a
recovery of bone mass up to reach the value be-
fore surgery and from about 1 year on, the initial
value previous surgery is exceeded with a ten-
dency to a steady increase which in any case
does not exceed the density value of the patella
of healthy not operated knee.

The reason for this event is supposedly due to
immobility of the knee prior to surgery, that is, the
more an arthritic knee is injured and, therefore ipo-
mobile, the more patellar bone mass is dispersed.

Although the presence of patellar osteophytes
in the arthritic knee suggests a thickening of bone
mass, the results obtained from our study, howev-
er, show that the patella is strongly porotica.

Functional recovery of patients with prosthe-
ses was evaluated during anamnesis and we ob-
served that individuals with lower bone density
difference between the kneecaps, had a better ar-
ticular functional recovery; on the contrary, those
with a difference in bone density between the
kneecaps highest presented a more difficult func-
tional recovery.

At present, there are no scientific works that
deal with the study of BMD of the patella before
and after total knee arthroplasty. Nevetheless
Soninvaara et al'*, performing the examination at
the distal femur in an only post-operative follow-
up after one year, show BMD data very similar
to those we encountered in the same period at the
patellar level. In the follow-up at one year after
surgery they reported the bone mineral density
value substantially similar to that pre-surgery.

Ishi et al'® in a work concerning the BMD of
the proximal portion of the femur show that even
in this area there is an increase of BMD after 2
years after total knee arthroplasty, that is the ana-
logue result we found at patellar level after a
similar period of time.

In a recent work Van Jonbergen et al'® show in
14 patients at approximately one year after uni-
lateral patellofemoral arthroplasty, a limited bone
density decrease of 15% in the peri-prosthetic
bone and of 8% in the distal diaphysis of the fe-
mur operated without significant differences in
the non-operated knee.

Conclusions

The kneecaps have physiologically the same
bone density that is on average of 1.21 g/cm?,
with a slight difference in density between both
patellae of about 0.05 g/cm?.

This difference in patellar density is physio-
logical in young healthy subjects with peak bone
mass and in healthy adult and elderly subjects;
this data tends to keep steady over time, in the
absence of pathological events.

Subjects with total femoral-tibial prostheses
have instead a difference of patellar bone density
greater than 0.05 g/cm?, that we estimated in
0.277 g/cm? and 0.298 g/cm? on average.

The density of the patella of the arthritic knee is
lower than the density of the patella of the healthy
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knee; after the implantation of prosthesis, the
patellar density continues to decrease for a period
of about 6 months, within six months after the
kneecap tends to recover pre-surgery bone mass
and within a period of 2 years after surgery has a
bone density greater than that of presurgery time.

Conclusions

A DEXA examination of the patellar is recom-
mended as a supplementary study to the clinical
and radiological standard exams because it is
able to provide additional information to deter-
mine when to intervene surgically, on the basis
of patellar bone density values.

Conflict of Interest

The Authors declare that there are no conflicts of interest.

References

1) STONGE MP WANG Z, HorLick M, WANG J, HEYMs-
FIELD SB. Dual-energy absorptiometry lean soft tis-
sue hydration: independent contributions of intra
and extracellular water. Am J Physiol Endocrinol
Metab 2004; 287: E842-847.

2) SHacam JY. Bone densitometry: an update. Radiol
Technol 2003; 74: 321-338.

3) Biake GM, FoGeLvaN |. Dual energy x-ray absorp-
tiometry and its clinical applications. Semin Mus-
culoskelet Radiol 2002; 6: 207-218.

4) BrioT K, Roux C. What is the role of DXA, QUS
and bone markers in fracture prediction, treat-
ment allocation and monitoring? Best Pract Res
Clin Rheumatol 2005; 19: 951-964.

5) Hain SE DXA scanning for osteoporosis Clin Med
2006; 6: 254-258.

6) Lewiecki EM, Borces JL. Bone density testing in
clinical practice. Arq Bras Endocrinol Metabol
2006; 50: 586-595.

7) ARCHIBECK MJ, SurbAM JW/, SHuLTz SC, JuNick DW,
WHiTE RE. Cementless total hip arthtoplasty in pa-
tients 50 years or younger. J Arthroplasty 2006;
21:476-483.

8) BeAuULE PE, Dorey FJ, HarTLEY WT. Survivorship analy-
sis of cementless total hip artroplasty in younger pa-
tients. J Bone Joint Surg 2001; 83A: 1590-1591.

9) MULLER PE, PELLENGAHR C, WiTT M, KIRCHER J, RE-
FIoR HJ, JANssoN V. Influence of minimally inva-
sive surgery on implant positioning and the
functional outcome for medial unicompartmental
knee arthroplasty. J Arthroplasty 2004; 19: 296-
301.

10) SHEeTTY AA, TINDALL A, TING P HeatLey FW/. The evolution
of total knee arthroplasty. Part lll: surface replace-
ment. Curr Orthopedics 2003; 17: 478-481.

11) RanawaT CS. History of total knee replacement. J
South Orthop Assoc 2002; 11: 218-226.

12) AcLETT P Buzzi R, DE FeLicE R, GIroN F. The insall-
Burstein total knee replacement in osteoarthritis:
a 10 year minimum follow-up. Artroplasty 1999;
14: 560-565.

18) GoERrRes GW, HAUSELMANN HJ, SEIFERT B, MICHEL BA,
UeBeLHART D. Patients with knee osteoarthritis
have lower total hip bone mineral density in the
symptomatic leg than in the contralateral hip. J
Clin Densitom 2000; 8: 484-487.

14) SOININVAARA TA, MIETTINEN HJ, JURVELIN JS, ALHAVA
EM, KrROGER HP. Bone mineral density in the
proximal femur and contralateral knee after total
knee arthroplasty. J Clin Densitom 2004; 7:
424-431.

15) IsHI'Y, YaGisawa K, Ikezawa Y. Changes in bone min-
eral density of the proximal femur after total knee
arthroplasty. J Arthroplasty 2000; 15: 519-522.

16) VAN JONBERGEN HP KosTER K, LABEY L, INNOCENTI B,
vAN KampPeEN A. Distal femoral bone mineral density
decreases following patellofemoral arthroplasty:
1-year follow-up study of 14 patients. BMC Mus-
culoskelet Disord 2010; 11: 74.



