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Abstract

Loss of periprosthetic bone tissue in primary hip endoprostheses is common in clinical
practice. This loss can be progressive and in extreme conditions can jeopardize the
longevity of the prosthesis. In order to monitor the function of Alendronate therapy for
bone maintenance, the study included 50 patients with implanted total cement-free
hip endoprosthesis (TPH). The first group of 25 patients received Alendronate, calcium
and vitamin D3 orally postoperatively. The second group of 25 patients were examined
postoperatively without therapy. Patients were followed by radiographic and dual-energy
X-ray absorptiometry (DXA) at 6 and 12 months. The study showed that in patients with TPH
there was a difference in the X-ray findings as well as occurrence of osteolysis in certain
Gruen zones, which was confirmed by changes in the state of bone mineral density (BMD) and
bone mineral content (BMC) in the interval between 6 and 12 months using the DXA method.
Alendronate therapy after TPH implantation allows reduction of periprosthetic bone mass
loss, maintenance of bone mineralization and implant hardening.
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V3Bamok

['ybemeTo Ha MePUITPOCTETUUHOTO KOCKEHO TKUBO Kaj MPUMAPHUTE eHJIONPOTe31 Ha KOJIKOT e uecta
rnojaBa BO KJIMHMYKATA MpaKca. BakBUOT TyOUTOK MOKe Jia OWjle MPOrpecuBeH M BO eKCTPEMHU
VCIIOBY A ja 3arpo3yBa IONTOTPajHOCTa Ha MpoTe3aTa. 3apaji HabmyzyBare Ha (GyHKIMjaTa Ha
aJIeHJIpOHATHATA Teparuja 3a OfpPKyBabe Ha KOCKEHOTO TKMBO BO CTyamjata OGea BKydeHu 50
TalveHTn co BrpajieHa TotanHa besiemMenTHa enonporesa Ha Kok (TTIK). [Ipsara rpyma ox 25
nalyeHTy MOCTONepPaTMBHO NpUMaa OPajHO ajeHJipoHart, KamuyM v Butamut J13. Bropara rpyna
off 25 Mal¥eHTHIIOCTONEePaTHBHO Oea wceiyBaHn Oe3 mpuMeHa Ha Teparuja. IlarueHture 6ea
crlefieHy co paamorpadcku M JIBOjHO-eHepreTcka peH/reH3pauta arncoprromerpuja (DXA) Ha 6 1 12
mecerp. CTyznujaTa mokaxka jieka Kaj marmenTure co TIIK mocton pasnmka Bo PTI HaoauTe kako n
10jaBa Ha 0CTeoN3a Bo opesieHn Gruenovi 30HM, LT ce OTBPLK CO POMEHH 1 BO COCTojbaTa Ha
BpEJIHOCTITe Ha KoCKeHaTa MuHepasnHa rycruna(BMD) n KockeHata muHepanHa cozpskuna (BMC)
BO MHTEPBA/OT momery 6 u 12 mecei co momont Ha DXA MeTofioT. AleHaipoHaTHaTa Teparija mo
BrpajlyBame Ha TITK 0Bo3MOKyBa HaManyBame Ha MePUIPOCTETUUHATA 3aryba Ha KOCKeHaTa Maca,
OJIp/KYBate Ha MUHepan3alujaTa Ha KOCKEHOTO TKMBO 1 3aLiBPCTYBatbe Ha HMIIAHTOT.



Introduction

Poor bone quality is a significant
risk factor when implanting a total
hip arthroplasty (TPH). The loss of
bone mass affects the longevity and
stability of the implant. With the
reduction of bone mass, complica-
tions such as periprosthetic frac-
tures of the femur or loosening of
the prosthesis occur immediately 2.

Periprosthetic bone loss is present
in both cement and non-cement hip
prostheses. When an endoprosthe-
sis is implanted, the proximal part
of the femur is surrounded by a
spongy bone. The distal end of the
endoprosthesis is in contact with a
predominantly cortical bone. This
provides a variety of biological and
biomechanical conditions for TPH
implantation. During exercise, body
weight changes from proximal to
distal. This imbalance of load forces
causes bone resorption mechanisms
under Wolf’s law. This bone loss is
seen in the proximal femur 3.

Bobin et al. found that peripros-
thetic bone resorption was more
pronounced in large femurs with a
broad but porous sheath. To avoid
resorption, the bending coefficient
of the implant should be less than
that of the surrounding bone. Post-
operative weight gain and aseptic
relaxation also play a role in the
periprosthetic bone loss 2,

With dual energy X-ray absorption
(DXA), even small changes in bone
mass near the metal implant can be
accurately tracked. Recently, DXA
has been accepted as an accurate
method for monitoring peripros-
thetic bone mineral density (BMD).
Periprosthetic BMD decreases more
rapidly during the first 6 months
after TPH. After the initial period
of rapid loss, the plateau phase is

reached during the first year after
surgery, and changes in BMD in the
periprosthetic bone are minimal
over the next few years %8,

DXA studies have also shown that
patients with low BMD preopera-
tively have the highest BMD loss af-
ter TPH implantation .

The positive effect of bisphospho-
nates on bones has been scientifical-
ly proven. These osteoactive drugs
reduce the loss of bone density and
increase bone mass in postmeno-
pausal women with or without oste-
oporosis 202>, Devogelaer et al. gave
5,10 and 20 mg of Alendronate daily
to 516 postmenopausal women with
osteoporosis in their multicenter
study. A daily dose of 10mg signifi-
cantly and gradually increased the
bone mass of the lumbar spine, hip
and overall skeleton during a 3-year-
follow-up. The increase in BMD was
5.5% in the femoral neck and 7.2%
in the trochanter. This continuous
daily dose was well tolerated, and
no improvement was found in the
results with increasing dose 2.

Black et al., in their randomized
study showed that postmenopausal
women with low bone mass, receiv-
ing 5 and 10 mg of Alendronate dai-
ly, had a lower incidence of sever-
al types of fractures, including hip
fractures 7.

To our knowledge, there are not
enough studies published on the
effects of bisphosphonates on peri-
prosthetic bone loss after primary
TPH implantation.

The aim of this scientific study was
to evaluate the value of Alendronate
application in reducing peripros-
thetic bone loss after implantation
of a total cement-free hip endopros-
thesis.



Material and methods

The clinical material consisted of
50 patients treated at the University
Clinic for Orthopedic Diseases with
implantation of a total hip endo-
prosthesis in the period from 2018
to 2020 due to degenerative hip dis-
eases.

The age distribution of patients was
between 35-65 years, of whom 35 fe-
male and 15 male patients. All pa-
tients in the study were clinically
and osteodensitometrically without
visible signs of osteoporosis. All pa-
tients underwent spinal anesthesia
with anterolateral hip approach,
with standard verticalization 3 days
after operative treatment and stan-
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dard postoperative rehabilitation.
The first group of patients (25) were
permanently treated with Alendro-
nate bisphosphonate therapy as
well as with standard vitamin ther-
apy and calcium substitution. The
second group of patients (25) were
without therapy and were only ex-
amined.

Methodology: This study was based
on a clinical trial using two diagnos-
tic methods: native hip radiography
and dual energy with X-ray absorp-
tion (DXA). Densitometric analysis
refers to 7 Gruen zones of thefemur,
through which periprosthetic oste-
olysis formed in the femur after im-
plantation of a total hip endopros-
thesis (TPH) is implanted.

Figure 1. Schematic and X ray representation of the Gruen Zones

The results of both examinations were obtained and analyzed at time
points, 6 and 12 months from the day of surgery.

The analysis consisted of comparing the results for BMD (bone mineral
density) and BMC (bone mineral content) obtained at different time points

in both groups.



Results

Patients in the study group, treat-
ed with medication, and patients
in the control group, without med-
ication treatment protocol were
homogeneous in terms of gender

Table 1. Gender distribution

Gender

Female 35

17 (68)

structure (p=0.76). Female patients
were the majority of examinees in
both groups -68% (17) and 72% (18),
respectively.

18 (72) »*=0.095

Male 15

8(32)

7(28) p=0.76 ns

x* (Pearson Chi-square)

No statistically significant differ-
ence was found in the age of patients
in both groups (p=0.09). SG subjects
were insignificantly younger than
CG subjects (52.3 + 9.7 vs 56.8 + 8.6).

Tables 2,3,4 show the average and
mean values of the BMC parameter
in subjects from both groups, mea-
sured in the 7 Gruen zones of the
femoral stem, at two time points (6
and 12 months after implantation of
a total hip endoprosthesis).

According to the results shown in
Table 2, six months after implanta-
tion of the total hip endoprosthe-
sis, patients receiving bisphospho-
nate therapy with Alendronate and
patients without drug therapy had
significantly different bone mineral
composition in the 4th Gruen zone
(p=0.034). The BMC parameter had
a significantly lower mean value in
this zone in the group of patients
with drug therapy (median 1.87 vs
3.58).

In the other zones, with the excep-
tion of Zone 2, lower values for the

BMC parameter were measured
in SG patients compared to CG pa-
tients in this time control points,
but the differences were not suffi-
cient to be confirmed as statistically
significant.

At one year of surgery, Table 3, bone
mineral composition was signifi-
cantly different between the two
groups in zone 2 (p=0.008), and this
significance is due to a significant-
ly higher BMC value in Alendronate
therapy patients (median 2.92 vs
1.53).

BMC presented slightly higher values
in patients on Alendronate therapy
compared to patients without this
type of therapy in the other 6 Gruen’s
zones of the femoral stem.

Six months after surgery (Table 4), no
significant difference in bone min-
eral density (BMD parameter) was
found between patients treated with
Alendronate and those without med-
ication. The differences between the
two groups in all 7 Gruen zones of the
femoral stem were insignificant.



Table 2. Evaluation of BMC at 6 months

BMC 6 months

zone GROUP mean * SD median (IQR) p-level

71 SG 419+37 2.85(1.23 - 711) 7=0.43 p=0.67 ns
CG 451+36 3.25(2.02-713)

7 SG 3.51£2.8 2.35(1.12 - 5.31) 7=-0.66 p=0.5Ins
CG 3.09+27 1.85(1.02 - 5.14)

73 SG 3.05£19 2.75(1.63 - 3.42) 7=1.19 p=0.23ns
CG 394+23 3.65 (1.73 - 5.56)

74 SG 245+15 1.87(1.23 - 3.54) 7=2.11p=0.034sig
CG 3.36 1.7 3.58 (1.98 - 4.72)

75 SG 26714 2.63 (1.45 - 3.36) 7=1.9 p=0.057ns
CG 3.67£19 3.06 (2.31-4.6)

76 SG 3.72+3.2 2.36(1.35-3.97) 7=0.85 p=0.39ns
CG 441+33 3.12(1.98 - 6.32)

77 SG 341+31 1.95 (1.23-6.02) 7=0.56 p=0.57 ns
CG 3.83+£29 2.76 (1.03 - 6.37)

p (Mann-Whitney U Test)

At the control examination one year
after the surgical intervention (Ta-
ble 6), significantly higher values
for the BMD parameter were mea-
sured in patients with Alendronate
therapy in all 7 Gruen Zones (p=0.0

Table 3. Evaluation of BMC at 12 months

BMC 6 months

001,p=0.0002,p=0.000004,p=0.000
003,p=0.000002, p=0.000007, and
p<0.0001, respectively).

The mean value of bone mineral
density in the examined and control
group in the 1st Gruen zone was 1.43

zone (¢12{0]0) mean + SD median (IQR) p-level

71 SG 475+ 3.7 3.64 (1.98 - 747) 7=0.95 p=0.34ns
CG 354+24 2.63 (2.0 - 5.45)

79 SG 4.08 +2.7 2.92(1.83 - 5.83) 7=2.67 p=0.008sig
CG 2.33+2.2 1.53(0.95-3.12)

73 SG 3.58+1.8 3.21(2.35-3.98) 7=1.03 p=0.3ns
CG 3.21+23 2.45(1.25-4.11)

74 SG 3.07+£15 2.65(1.98 - 4.11) 7=1.31 p=0.19ns
CG 25716 2.25(1.32 - 3.03)

75 SG 329+14 3.11(1.98 - 3.93) 7=1.31p=0.19ns
CG 273+14 2.34(1.63 - 3.85)

76 SG 432 +31 312 (2.12-5.12) 7=1.37 p=0.17ns
CG 432 +31 2.75(19-5.11)

77 SG 41429 2.94(1.87-6.3) 7=1.44 p=0.15ns
CG 3.04+23 2.11(0.92 -5.37)

p (Mann-Whitney U Test)



and 0.68, respectively; in the 2nd Gru-
en zone 1.63 and 1.01, respectively; in
the 3rd Gruen zone 1.88 and 1.12, re-
spectively; in the 4th Gruen zone 1.98

Table 4. Evaluation of BMD at 6 months

BMD 6 months

Zone GROUP mean = SD

and 1.13, respectively; in the 5th Gru-
en zone 2.12 and 1,12, respectively;
in the 6th Gruen zone 2.32 and 1.12,
respectively; and, in the 7th Gruen

median (IQR)

p-level

71 SG 097+0.3 0.97 (0.76 - 0.99) 7=0.02 p=0.98ns
CG 111+ 0.7 0.89 (0.64 - 1.45)

7 SG 1.27+0.6 112 (0.91 - 1.35) 7=0.04 p=0.97ns
CG 1.39+0.7 1.23(0.87 - 1.87)

73 SG 149+ 06 1.24 (112 - 1.63) 7=0.05 p=0.96ns
CG 1.56 £ 0.7 1.45 (1.02 - 1.98)

74 SG 14108 1.21(0.98 - 1.32) 7=1.29 p=0.19ns
CG 15407 1.28 (1.09 - 2.12)

75 SG 1.65+0.8 142 (1.11-1.82) 7=0.44 p=0.65ns
CG 1.55+0.7 1.23 (1.06 - 1.87)

76 SG 1.93+0.97 1.67 (1.24 - 2.09) 7=0.93 p=0.35ns
CG 1.83+1.1 1.43(0.98 - 2.31)

77 SG 20117 1.67(1.25 - 1.83) Z=0.93 p=0.35ns
CG 1.61+0.38 14(1.03-19)

p (Mann-Whitney U Test)

zone, the mean BMD values of 2.1 in
SG and 1.12 in CG were measured.

Discussion

Studies investigating periprosthetic
BMD have shown that the most sig-
nificant bone loss occurs in the first
3 to 6 months after endoprosthesis
implantation, followed by a period
of stabilization during the first post-
operative year %%,

Table 5. Evaluation of BMD at 12 months

BMD 6 months

Zone GROUP mean + SD

Few studies have investigated the
effect of Alendronate on this peri-
prosthetic bone loss. A prospec-
tive randomized trial examined 13
patients treated for coxarthrosis
with a cement-free hip endopros-
thesis. Patients were randomized
to receive only calcium or calcium
Alendronate. This study showed
that in patients treated with Alen-
dronate, bone loss was significant-
ly lower than in the control group

median (IQR)

p-level

71 SG 171+ 0.7 143 (1.13 - 1.98) 7=3.87 p=0.0001sig
CG 093 +0.6 0.68 (0.51-1.23)

7 SG 202+09 1.63 (1.35-2.34) 7=3.74 p=0.0002sig
CG 11505 1.01(0.73 - 1.53)




73 SG 23815 1.88 (1.56 - 2.32) | Z=4.59 p=0.000004sig
CG 124+ 04 1.12(0.97 - 1.37)

74 SG 226 + 1.1 1.98 (1.63-2.43) | Z=4.65 p=0.000003sig
CG 118+ 04 1.13(0.94 - 1.23)

75 SG 248 +1.2 212(1.71-272) | Z=4.76 p=0.000002sig
CG 1.22 £ 0.5 1.12(0.89 - 1.28)

76 SG 263+1.2 2.32 (1.87 - 3.13) 7=4.5p=0.000007sig
CG 1.32 0.6 1.12 (0.83 - 1.87)

77 SG 2.43 +1.02 2.10 (1.64 - 2.84) | Z=5.05 p=0.000000sig
CG 118+ 0.5 1.12 (0.89 - 1.32)

p (Mann-Whitney U Test)

(0.9% vs. 17.1% for proximal Gruen
zones and 2.6% vs. 9.9% for all Gru-
en- zones)2022,

In our group of patients, the results
showed an increase in BMD in all
Gruen zones for all patients indi-
vidually over a period of 6 months
(measured 6 and 12 months after
surgery), indicating the benefit of
Alendronate in reducing peripros-
thetic osteolysis.

Our results from examining the val-
ues of BMD, but also of BMC, support
the potential benefit of Alendronate
in improving denture implantation,
as studies show that the mecha-
nism of action of Alendronate is
expressed through an increase in
bone mass and of the cortical and
trabecular bones, with the great-
est growth being in the trabecular
bone, which is necessary for the im-
plantation of the cement-free stem.

Conclusion

Alendronate is a proven inhibitor of
periprosthetic bone loss that occurs
after primary implantation of a total
cement-free hip endoprosthesis. Our
preliminary study reaffirms the ef-
fect of bisphosphonate therapy as an
inhibitor of periprosthetic bone loss
and aseptic implant loosening.
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