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Abstract

Osteoporosis is a common skeletal disorder characterized by low bone mass, which
leads to reduced bone strength and an increased risk of fractures. Anabolic agents
have been shown to improve bone mass and decrease fracture risk in osteoporosis
patients by directly stimulating osteoblasts to produce new bone. Currently, two
anabolic agents are available in the USA: recombinantly produced teriparatide
(TPTD), which is the fully active (1-34) amino active sequence of human parathyroid
hormone (PTH), and abaloparatide (APTD), a synthetic analog of parathyroid
hormone-related peptide (PTHrP). At present, both agents are approved only for
treatment of patients with osteoporosis at high risk of fracture.

Q_] SﬁringcrLink
steoporos Int. 2018 May;29(5):1009-1022. deoi: 10.1007/s00198-018-4507-8. E pub 2018 Apr 7.

Nonetheless, their anabolic properties have led to off-label application in additional

settings which include spine fusion, osteonecrosis of the jaw, arthroplasty, and fracture

\

healing. In this article, we summarize available scientific literature regarding the
\_ efficacy, effectiveness, and safety of TPTD in these off-label settings.
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............ In this prospective study, 32 patients with aseptic nonunions
but without vitamin D deficiency (serum levels of > 30 ng/ml) and
disturbances in the calcium phosphate metabolism, were treated with
teriparatide (20pg/day) to investigate the effects of PTH on fracture

healing.

Definitive healing of the nonunions following PTH treatment could be
observed in 95% of the cases based on clinical and radiographical
findings.



Table 1

Distribution of age, sex and fracture sites (mean + SD), as well as number of operations

(median) and chronic diseases among patients (total number)

Age (years)
Sex (female/male)

Fracture sites

Operations

Chronic diseases (number of
patients, including double counts in

multimorbid patients)

22-83 (54 +£15.9)

17/15

Pilon tibial (7 = 16). malleolus (» = 2), distale crurale (» = 2), femoral (n
= 8). metatarsale (» = 1), distal humerus (» = 1), olecranon (» = 1). distal
radius (n=1)

2 (0-14)

Hypertension (12), obesity (7), diabetes mellitus type I (2), type II (1),
chronic kidney disease stadium I (2), hyperthyreosis (3), hypothyreosis

(3), autoimmune diseases (7)




Table 2

Results following PTH treatment

Time from fracture till PTH treatment (months) 0—-84 (24.3 £17.8)
Treatment duration (weeks) 4-10(73x1.5)

Time to heal after PTH treatment (months) in 30 out of 32 patients 2—6 (4.1 £1.5)

The mean time between the initial fracture and the PTH treatment was 24.3 £ 17.8 months (9-84).
After an average of 4.1 + 1.5 (2—-6) months after PTH treatment, 30 of the 32 patients experienced a
stable osseous consolidation of the nonunion and regained full, pain-free weight-bearing capacity of the
fractured extremity. These 30 patients were treated between 4 and 10 (7.3 = 1.5) weeks with PTH until
first signs of healing appeared (Table 2). Usually, appearance of bone bridges and reduction in pain
under dynamic load occurred simultaneously. Case examples are shown in Figs. 1 and 2.



“H Twpwon Twv YeudapBpwoewv HETA ATTO aywyn ME
TRPD gu@avioTnke 010 95% TWV TTEPITTTWOEWV”

@ ATroucia opadag eAEéyxou
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@ H Bgpartreia pe TRPD icwg va atroteAei eVAAAAKTIKI} AUON OTNV AVTIMETWITION

AoNTITWV YPeUdapOpwoewv o€ aoBeveig U UOIOAOYIKA BiTapivn D; 6TTOU AAAEG
OepatTEUTIKEG HEBODOI £XOUV ATTOTUXEI
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NMoAukevTpIKKN HEAETN atTo 11 KEVTPA TG laTTwviag

45 AFF (32 pts 20pg/day TRPD kai 13 pts 56.5ug/week TRPD)

34 AFF gixav TTponyouHevn avtiooTeoKAAoTIKA aywyn (BP R DNSMB)
30 ATav TTARpn AFF kai 15 ateAn



Table 1 Univanate analysis to
compare daily and weekly groups

Vanables Daly (%) Weekly (%) P
Numbers 32 13

Age (years) 78.8x7.1 79.0+7.0 0.915
Female/male 31/1 13/0 0.638
Right/left 21/11 8/3 0.933
Subtrochanteric/diaphyseal 2/30 1/12 0.623
Complete/incomplete 21/11 9/4 0.907
Bisphosphonate or denosumab usage

Number 23 (71.9) 11 (84.6) 0.604
Duration (months) 68.9+40.3 454+ 287 0.175
Past history of fraglity fractures 4(12.5) 6 (46.2) 0.039
Presence of diabetes mellitus 1(3.1) 0 (0) 0.626
Glucocorticoid usage 3(94) 0 (0) (.629
Surgical treatment 30 (93.8) 12 (92.3) 0.629
Intramedullary nail/locking plate 25/5 10/2 0.647
Follow-up period 266+ 18.1 344+246 0.246
Femoral curvature (angle)

Lateral 11.5+£5.7 10.9+59 0.761
Anterior 18.1+64 16.1+4.7 0.320
[Hr::aljng time of fracture (months) 7.1+£52 0.3+45 0.179 J




Table 2 Unmivanate and
multivanate analyses to compare

w HE kly groups of

patients

e

Uni. Multi.

Vanables Daily (%) Weekly (%) F P
Numbers 21 9

Age (years) 78.6x8.1 79.2+79 0.841

Female/male 2011 9/0 0.657

Right/lefi 15/6 112 0.928
Subtrochantenic/diaphyseal 2/19 0/9 0.873

Bisphosphonate or denosumab usage

Number 13 (61.9) 8 (88.9) 0.021 0.149 ]
Duration (months) 72.8+47.2 47.5+39.2 0.381

Past history of fragility fractures 21(9.5) 3 (33.3) 0.285

Presence of diabetes mellitus 0 (0) 0 (0) -

Glucocorticond usage 2 (9.5) 0 (0) 0.873

Surgical treatment 21 (100) 9 (100) -

Intramedullary nail/locking plate 19/2 &/1 0.595

Follow-up period 28.4+19.0 33.6+258 0.545

Femoral curvature (angle)

Lateral 11.1£6.7 10.6£69 0.828

Anterior 19.3+7.1 16.1+43 0.220
Healing time of fracture (months) 6.1 4.0 10,142 0.021 0.037 ]

O XpOVvog TTWPWOoNG TWV KATAYMATWY OTNV OMAdA TNG KABNUEPIVIHG XOpRYyNOoNG RTAV OCNUAVTIKA HIKPOTEPOG



Table 3 Univanate analysis to

compare daily and weekly groups
am

-

Vanables Daly (%) Weekly (%) P
Numbers 11 4

Age (years) 79.1+47 78.5+57 0.841
Female/male 11/0 9/0 -
Right/left 6/5 1/3 0.669
Subtrochanteric/diaphyseal 0/11 1/3 0.585
Bisphosphonate or denosumab usage
[Number 8 (76.9) 2 (50.0) 0.837

Duration (months) 65.8 +36.2 42.7+12.1 0.311
Past history of fraghty fractures 2(154) 2 (50.0) 0.567
Presence of diabetes mellitus 1 (7.7) 0 (0) 0.919
Glucocorticond usage 0 (0) 0 (0) -
Surgical treatment 9 (84.6) 3(75.0) 0.662
Intramedullary nail/locking plate 6/3 2/1 0.480
Follow-up period 23.1+17.2 36.3+253 0.266
Femoral curvature (angle)

Lateral 122+33 11.8+33 0.825
Anterior 15.6+4.1 16.0+£62 0.896
[Haal:ing time of fracture (months) 8.8+6.7 7.5+54 0.731




Table 4 Univariate analysis to
compare daily and weekly groups
only among patients prescnbed
bisphosphonate or denosumab
before AFF onset

Vanables Daily (%) Weekly (%) P
Numbers 23 11
Age (years) T84 £68 795+74 0.681
Female/male 23/0 11/0 -
Right/left 14/9 6/5 0.983
Subtrochantenic/diaphyseal 1/22 1/10 0.819
Complete/incomplete 13/710 8/3 0.594
Past history of fraglity fractures 3(13.0) 4(36.4) 0.263
Presence of diabetes mellitus 1(4.3) 0(0) 0.702
Glucocorticoid usage 3(13.0) 0(0) 0.543
Surgical treatment 21 (91.6) 11 (100) 0.819
Intramedullary nail/locking plate 17/4 9/2 0.677
Follow-up period 202+178 32.5+247 0.652
Femoral curvature (angle)

Lateral 10.53£53 10.5+62 0.891

Anterior 154+43 16.3+43 0.599

6.8+43 02+42

[Healing time of fracture (months)

0_13?]




Table 5 Univariate analysis to
compare daily and weekly groups
of complete AFF only among
patients prescribed
bisphosphonate or denosumab
before AFF onset

Vanables Daly (%) Weekly (%) P
Numbers 13 &

Age (years) 78.1+R82 79.0+£84 0.806
Female/male 13/0 80 —
Right/left 9/4 6/2 0.831
Subtrochanteric/diaphyseal 1/12 0/8 0.802
Past history of fraglity fractures 2(154) 2(25.0) 0.978
Presence of diabetes mellitus 0 (0) 0 () —
Glucocorticoid usage 2(15.4) 0 (0 0.689
Surgical treatment 13 (100) & (100) —
Intramedullary nail/locking plate 12/1 N (.689
Follow-up penod 33.9+ 16.6 20.5+243 0.625
Femoral curvature (angle)

Lateral 0.0+63 09+7.0 0.771
Antenor 16.1+54 15.5+4.1 0.798
Healing time of fracture (months) 6.4+42 04+38 0.119




Conclusions Daily teriparatide injections enhance bone union more than weekly injections in complete AFF patients.

“H ka@nuepivi xopnynon TRPD gvioxUEl TNV TTWPWOCN TOU KATAYMOTOG
TTEPICOOTEPO ATTO TNV EROopadiaia o€ TTARpPNn AFF”
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Table I. The preoperative demographic data for groups | and 2
(group |, placebo group; group 2, teriparatide group).

b
Group | (50 hips) oup 2 (46 higs) Value

Mean age in 82.3 (67.1 to 99.3) 1.6 (65.8 to 97.9) 0.544
years
(range)

Gender 0.973
Male 23 21
Female 27 25

Body weight 51.5 (37.1 to 81.5) 54.1 (39.1 to 80.8) 0.346
(kg)

Right/left 20/30 22/24 0. 440

BMD —3.2 (—4.6 to —2.6) 3.4 (—4.9 to —2. 0.187
(T-score)

Hospital stay 18.7 (12 to 52) | (12 to 45) 0.348
(days)

BMHMD: Bone mineral density.



KAINIKH BA©OMOAOIHZH

Group | Group b
(50 hips) 46 hips)\ Value

HHS score 6-months after  62.2 (26-86) 65.4 (24-90)| 0.515
operation
VAS pain score 6-months 22.8 (10-80) 24.5 (5-70)

after operation
VAS stiffness score 6-months 30.8 (10-80) 32.2 (10-9

after operation

0.331

0.346

HHS: Harris hip score; VAS: visual analog scale.




AKTINOAOTIKA 2HMEIA NQPQ2H2

Fracture healing Group | (50 hips) Gréup 2 (46 hips) p Value

Week 4 3 (6.0%) 3 (6.5%) 0916
Week 8 23 (46.0%) 25 (54.0%) 0414
Week 12 42 (84.0%) 38 (83.0%) 0.855
Week |6 48 (96.0%) 46 (100%) 0.170
Week 20 48 (96.0%) 46 (100%) 0.170
Week 24 50 (100%) 46 (100%)

MO TTwpwong 12.7 weeks 12.3 weeks




EMINAOKE2

Group | p
Categories (50 hips) Value
Excessive screw sliding I I
Reduction loss 2 0
Deep wound infection I 0
Superficial wound infection 2 2
Malunion 4 5
Overall complication 10 (20%) 8 (17%) 0.744




Table 5. The outcomes of patients with severe osteoporosis
(T-score less than —3.0).

Group | r-:.tup
(32 hips) {31:] hips) "u"alue

HHS score 6 months after 60.8 (26-82) /61.2 {14—57 0.616

operation
VAS pain score 6 months 26.2 (20-80) | 24.2 (20-70) | 0.553
after operation
Time to 1 2.9 weeks 12.1 weeks
radiologically union (SD 6.6) (SD 6.4)
Owverall complication T (22%) S5 (16%)

0.146

0.604

HHS: Harris hip score; VAS: visual analog scale; SD: s d deviation.
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q Our study has some limitations.

q First, since our study is a retrospective review with a small population, the conclusions
from the results are limited.

q In conclusion, with the patients available, short-term teriparatide did not decrease pain,
improve radiographic signs of fracture healing, or decrease postoperative complication
rate compared with the placebo in intertrochanteric fractures.

q The effect of teriparatide on fracture healing in humans remains uncertain.
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eAEyxou
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Assessed for eligibility (n=60)

Excluded (n=11)
+ Mot mesting inclusion criteria (n=5)

» Declined to paricipate (n=1)
+ Other reasons (=35}

Randomized (n=42)

.

w

Allocation

)

Allocated to zoledronic acid group (n=25)
+ Received allocated intervention (n=25)
+ Did not receive allocated intervention {n=0)

b

Allocated to placebo group (n=24)
« Received allocated intervention (n=24)

= Did not receive allocated intervention (n=0)

l [ Primary fellow-up (1 year) ]

Lost to follow=up (n=0)
Declined 1o continue (n=1])
Analyzed (n=24)

ki

Lost to follow=up (give reasons) (n=0)
Declined to continue (n=1})
Analyzed (n=23)

[ Extended follow=up (3=5 years) ]

h

Completed follow-up (n=19)

Analyzed (n=18)

Excluded

« Died (n=2)

« Unable due o poor general condition (n=2)
« Declined to participate {(m=1})

w

Completed follow-up (n=12)

Analyzed (n=12)

Excluded

« Died (n=3)

« Unable due to poor general condition {n=7)
« Malignancy (m=1})




Baseline characteristics of the patients.

Zoledronic acid (n = 25) Placebo (n = 24) P value'

Age (yr) 653 + 8.0 71.0+95 0.03
Height (cm) 163.9+6.1 1628 +43 0.46
Weight (kg) 769 + 20.6 78.8+126 0.70
Body mass index (kg/m?) 284465 208448 0.42
ASA classification

lor2 12 (48) 10 (42) 0.39

3 13 (52) 14 (58)
Bone mineral density (g/cm®), proximal femur

Femoral neck 0828 +0.121 0.790 + 0.088 0.21

Total hip 0932+0117 0.929 +0.127 0.95

Normal bone density (T-score > —1.0) § 16 (64) 16 (64)

Osteopenia (—2.5 < T-score > —1.0) § 8(32) 8(36)

Osteoporosis (T-score < —2.5) § 1(4) 0(0)
Bone mineral density (gfcm?), L1-L4 vertebrae 1.058+0.164 1.063 £0.229 0.91

Normal bone density (T-score > —1.0) § 14 (56) 18 (75)

Osteopenia (—2.5 < T-score > —1.0) § 9(36) 3(12.5)

Osteoporosis (T-score < —2.5) § 2(8) 3(12.5)
Bone mineral density (g/cm?), distal radius 0515+ 0.061 0.495 + 0.097 0.39

Normal bone density (T-score > —1.0) § 11(44) 9(38)

Osteopenia (—2.5 < T-score > —1.0) § 11(44) 8(33)

Osteoporosis (T-score < —2.5) § 3(12) 7(29)
25(0H)D-vitamin (nmol/1) 64.1 +21.1 57.0+257 0.31
Parathyroid hormone” (PTH, ng/1) 530+14.6 64.0+ 295 0.11
PINP (ng/ml) 443 +13.8 459+179 0.67
CTX (ng/ml) 045 +0.21 048 +0.29 0.88
TRACP-5b (U/L) 326+ 1.03 295+153 0.42
Osteoclacin (pg/l) 255+ 10.0 26.1+99 0.86
Harris hip score’ 555+ 18.8 43.2+16.0 0.02
WOMAC score 473 +21.1 506 +21.1 0.59
Walking speed (m/s) 0.85+30.8 0.81+28.0 0.63
Walking activity (steps/day) 2873+ 2133 271712710 0.84
Surgery

Stem size 4/5/6 9/14/2 11121 0.48

Surgery time (min) 90+ 16 87+9 0.52
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METANAZTEYZH MHPIAIAZ NMPOOGEXHZ
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Agv UTTAPSE OTATIOTIKA ONMUAVTIKNA
dl1a@opd HETASU TWV OUO OHAdWYV
oTNV AEITOUPYIKI ATTOKATACTAON
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In conclusion, zoledronic acid did not enhance the initial stabil-
ity of uncemented femoral stems. However, stem migration was
temporary even in women with low BMD and did not interfere
with osseointegration and implant survival. Zoledronic acid had a
long-lasting, partially protective effect on periprosthetic BMD. Fur-
ther large-scale prospective studies are warranted to evaluate the
effects of antiresorptives on clinically relevant outcome measures,
such as periprosthetic anti-fracture efficacy and implant survival,
in patients with impaired bone quality. This applies both for
cementless and cemented total hip arthroplasties.

“To ZA dev evioXUOE TNV APXIKN OTOBEPOTNTA TWV PNNPICIWYV TTPOOECEWY,
WOTOCO EIXE MIO HOKPOXPOVIA HEPIKWGS TTPOCTATEUTIKN ETTIOpOON OTNV
mTepITTPpoBeTIKA BMD”
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Conclusion Denosumab is one of a number of anti-osteoporotic agents to have a definitive effect on the restoration of
proximal periprosthetic bone loss, especially in zone 7, after cementless THA. Denosumab contributed to the restoration of
decreased periprosthetic BMD to normal levels. As the decrease in BMD 1n the proximal femur after THA 1s considered to
be apparent at 6-12 months after surgery, it is believed that prevention of the deterioration of bone quality is important in
the proximal femur immediately after cementless THA for elderly female patients with osteoporosis.

“H 0evOOCOUMANTTN €IXE ETTIOPAOCT OTNV ATTOKATAOTACT TOU KEVTPIKOU
TEPITTPOOETIKOU OOTOU”
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17 ooTeOTTOPWTIKOI 000evEIG (22 yovaTta) hE OAIKA apBPOTTAACTIKH YOVATOG EAAfav aywyn
ME TEPITTAPATION (S6g/ERD. N 20ug/NUEPQ)

Y1mrRpée rapopolia opada eAEyxou

NMNapakoAouBnOnkav yia cuvoAo 1 £Tog



Description Study group Control P-value
group

No. of patients 17 17
No. of knees 22 22
Gender Only female Only female
Age (vears) 78.9(4.1) 79.1(5.1) 0.87
Height (m) 1.48 (6.1) 1.49(3.9) 0.69
Weight (kg) 54.3(8.3) 56.3(5.7) 0.37
BMI (kg/m ) 24.5(3.4) 25.3 (2.3) 0.45
Until administration or baseline

16.4(13.0) 18.2(15.8) 0.69

from operation (months)

Teriparatide

Once-weekly

11 patients (14 knees)

6 patients (8 knees)
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Conclusions

Treatment with a 1-year course of teriparatide increased periprosthetic BMD 1n all regions of
the femoral and tibial component after TKA in our study. Our findings suggest that
teriparatide administration may be a reasonable option for osteoporotic patients to preserve or
improve periprosthetic BMD after TKA. We recommend the administration of teriparatide to
achieve better fixation in postmenopausal osteoporotic patients. However. the long-term
efficacy of teniparatide after TKA remains unclear. Additional studies are required to
determuine whether further therapy after treatment with teniparatide will protect the knee over

the long term.

“H aywyn yia Eva Xpovo e TepITTapaTtidn auénoe Tnv BMD trepIrpoOeTIKG O€
OAEG TIG TTEPIOYXEG TOU MNPIAIOU KAl KVNHIaiou TTPoBEpaToG....I[TpoTeivoupE TNV
XOPAYNON TEPITTAPATIONG OE OCTEOTTOPWTIKOUG ACOEVEIG VIO TNV KAAUTEPN
EVOWHATWOT TWV UAIKWV”
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