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Metabolic Bone Disease and Geriatric Fracture
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Approach to metabolic bone disease

Understanding bone development and physiology
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Bone compositions (#711lsznauesnszan)

1.

Extracellular bone matrix tsznaufne
1.1 Organic components isznavufng nax collagen fiber Fatsznavuiag type | collagen

feber wluuan Mutihiiy scaffold uazngui non-collagenous protein dilsznaufan

v
o

sialoproteins, osteonectin, osteocalcin uaz alkaline phosphatase uananniigail
dquilsznavuaas Bone morphogenetic protein

1.2 Inorganic components dautlsznauanisznaufag calcium waz phosphate flazsusia
lunan hydroxyapatite

Bone cells Usznaufaariu 3 tia

2.1 Osteoblast ufinifaariunsasunszan uazinendauiy osteoclast melinisineu
2239 PTH

2.2 Osteocyte L%dﬁﬁwﬁqﬁmuaummLmﬁmmxﬁwi@mz@n iedaanaluli active
osteoblast %ﬂﬁlm%mﬁu bone resorption waz remodelling

2.3 Osteoclast Lilu multinucleated cells %Qmemmﬂ mononuclear precursors 11

hematopoietic marrow ‘Emmiﬂi:ﬁumu RANK-RANKL pathway

Bone activities

1. Bone formation inuiiniilag Osteoblast tned 2 giuuy liun endochondral ossification

intramembranous ossification
Bone resorption Mnutinfilag osteoclast Nelin1snneusaniu stromal cells (osteoblast &

osteocyte) Inafansineades @A PTH, Vitamin D, Glucocorticoids (v pro-

inflammatory cytokines)
Bone modelling and remodeling tunszuaunisfinnliinszgnidingdsnslfimanziunisldam
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Nal A ..
ANTANNLNEILANNL Bone activity
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Calcium uinaeuwsiineadesiu bone mineralization uwaznalnaulusenie Tiud blood
coagulation, nerve conduction waz muscle contraction F19N8NANAS9NTT calcium AR AN

1093t uazni9sensar Tnavinluiaousiasnisegfludaeszndng 800-1200 mg siadu

b4 o

Phosphorus unasusineadesiy bone mineralization wiuri N13AIUANTAY phosphorus Y
AN PTH uaz active vitamin D wananniienaansa aluminium hydroxide fnannliiannisgniuaas

phosphorus fa11&an

Vitamin D Hag 2 16iasuunasiyn Ae Vitamin D2 (ergocalciferol) Hunasunannivg uay Vitamin
D3 (cholecalciferol) Hunasiniannnisdanszizadsnanie wasdmd Vitamin D ATanieasnad visesy
anensazatflugiang inactive form uazazinunszuaunslusenie (lawazsu) ienaswdy active

form AsaTxs088NEE ANGBINIT vitamin D 2t 600-800 IU siadi

Protein \uansa ety naaainsiesnisidsfiunuuzines 2 gm satmin 1 kg siadu wan

1650 protein snnvisetiesiiull aziinaudassianisdulsanszgnngu

ﬂ@ju Hormone l#un Parathyroid hormone, Calcitonin, Gonadal hormones, Glucocorticoids,

Thyroxine Lilugiu

WINIALANAR LUAANAINGTY fiavinasiaannan1sas1anszen

Age-related change in bone
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nagnsegninanngdunsanliguus (fragility fracture) Wurlymniandusiesndeyaiatiuguniog
AINATY
N19/529519N"8

UBNAINNIIANITANLNTNAZLIBINTEANUAT NsdanRanENBuanvesgaeazdaslun1siiiade lsania

wanuedn visalsan1esient3viald 11 moon face, cushingoid appearance, testicular atrophy Luiu
N19RINTNNIG5IR

nsgen nds@ialy (plain film x-ray) ansnsnssynnnznszgniin, NaeNBUIBINIZAN, N1ITATINTEGN

a 1% a a a =R o a
sy, anwoetingd uay nistindnfvrespanniiuisdaeansegn
Measurement of bone mass (N984IMTIANIANTEAN)

Dual-energy x-ray absorptionmetry (DXA) \fludsunsgulutiaquiunueniaanszgniesiiunimea

Tnawtianisudanadu 3 ngw 16un Normal (Un#), Osteopenia (nszAnuna), uaz Osteoporosis (N9xAN

EA
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tladelsanszgnngu uarlilunisinnunisinelsanszgnngu (HAasuulasanasedeilidzddny 7
Aumisazinn 5% slell uaz nszandunaa 3% sietl) uenanigsiinisthunlflunismsanszgndundain

= . g ¥ ! IS4 v !
B WATAYINTULINTRINIGEYIRENITANANN hyperparathyroidism fag ustaziidedninlunisula Tun

N33 Osteophyte, spur uaz metal implant

faqiuinisdensaagluuude) 1w Quantitative computed tomography (QCT) usielslaifindn g

dszanddnfndaniedansna DXA uanantifdadinismsaanaanszgninediiunisnmadanges Hun

Quantitative ultrasound, peripheral DXA a2 peripheral QCT

farlaTlunnsdensnanaanszan (TOPF 2016)

Female > 65, male > 70
Early menopausal (< 45 years old include bilateral oophorectomy)
Hypoestrogenism > 1 yr before menopause

. Parental hip fracture

Prolong corticosteroid use (daily prednisolone 7.5 mg or equivalent for at least 3 consecutive
months)

Menopausal woman with BMD < 20 kg/m?

Menopausal woman with decrease height at least 4 cm



Fragility fracture
- Receiving treatment of aromatase inhibitor in woman or androgen deprivation in man
- Imaging show osteopenia

FRAX: intermediate to high risk

Intermediate risk in OSTA score or KKOS 2 0.3

nsisziiuanaeanisiianszanin

Clinical assessment gninsnldinedszsifiudngiailananazifianszgniinluewanninisetios delily

nstsznaunssndulaludennisinen FRAX ihidsdssiiuaaadesyiiiunionnnlulaqiii
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- Complete blood count fniin19z pancytopenia a1aazasde Tsamanniduanvsueslsanszgnngu
- . < o Y = ' A a
A8 multiple myeloma @4 uFaINN1IEIATIANNLAN

- Renal function test N2z CKD Hnasianszgnlnenas

- Calcium uaz phosphorus ifuansandulunisnszuaunissneeesnszegn

- Albumin M1un13 correct serum calcium
N7A9RNTIANLAT

- Serum bone alkaline phosphatase 14lun1s1sziiiu osteoblastic activity Feazgalulsn
Osteomalacia

- Beta crosslap li1lsz151 bone resorption

- PINP 1152181 bone formation

- Serum hormone PTH, Gonadal hormone, cortisol
- Vitamin D

- 24-hour urine calcium and phosphorus

- Serum protein electrophoresis

BT
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Bone biopsy



1 lun13tlszifiu histoligical bone volume, osteoid formation waz formation and resorption surface

o

#nlflunnsdaeitiadt Osteomalacia Ndanm s bone turnover g4 uaziiniaifinges uncalcified

osteoid

TaAnanseanineUaannaula

Osteoporosis TsAnszanngu Dadniilu systemic disease Fedunusivangivudu Insanzdavun

dszanneuluindgs Anainliiinanisanasaesiianszan uaziiannudauueaasiasainnszgn daialanig

nsfanszgninaInndunsai liguuss aunsalinistadulaglden T-score 289 Central BMD < —2.5

a a A

Secondary osteoporosis lsAnszgnnguttanfuni Ae lsanszgnngundaunniainisa vsaainnislien

nnanniifnlsanszgnngu wulwwasnaddndauniadulsanszgnnguatiayAagRunnd waAnd faeeng

anvredlsAnszgnnguaiianaEnRAnues W nslda1uneaiia (M steroid, aromatase inhibitor,

androgen deprivation), Chronic kidney disease, systemic inflammatory disorder, endocrine disorder,

malignant disease Liusiu

Rickets & Osteomalacia {lulzaTiAaNA1sUNNIAI89 bone mineralization AuWuEALNNTUNNIAS

vitamin D &5 Rickets Ainuluianazdusiussu growth plate fae

Chronic kidney disease- mineral bone disease \flunguainisfiinainnnazlannaizess Gadanasie

mineral and bone metabolism Faatinsraslanlunguil 1u renal osteodystrophy

Endocrine disease

- Hyperparathyroidism & 3 ALp) 14un primary (adenoma or hyperplasia), secondary

(persistant hypocalcemia), tertiary (secondary hyperplasia leads to autonomous overactivity)
- Thyroid dysfunction
- Hypogonadalism

Paget’s disease of bone \{lulsafiin13iiisaas bone turnover gilinsuanmeidaian uswudn
AodNRusIUNsRamelaFa uaznuiloeludesnfglsluinndedy wazuawsng fiaalsatiiaondes

4 - L
fAaziia bone sarcoma 1nnIAwTiall

Sclerotic bone disorder 1 osteopretosis, prostate metastasis, hypervitaminosis D, fluorosis,

osteopoikilosis Lilusin
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Epidemiology and Burden of Osteoporotic Fracture
sALuN.dnen J5auanes

Epidemiology Worldwide and in Thailand
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Economic Burden
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Category T-score

Normal bone mass >-1.0

Osteopenia -251t0-1.0

Osteoporosis <-2.5

Severe osteoporosis <-2.5 with fragility fracture
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Table 2 Clinical Risk Factors Considered in FRAX

Clinical Risk Factors

Description

1.Demographic Characteristics

1.1 Age

Accept ages between 40 and 90 years

1.2 Sex

Male or Female

1.3 Body Mass Index (kg/m?)

Weight in Kilogram and Height in Centimeter

1.4 Current smoking

1.5 Alcohol use

> 3 units/day ( a unit of alcohol is equivalent to a glass of beer
[285 ml], an ounce [30 ml] of spirits, or a medium-sized glass of

wine [120 ml])

2.Previous history of fracture

2.1 History of fragility fracture

Including radiographic evidence of vertebral compression

fracture

2.2 Family history of osteoporosis

Hip fracture in mother or father (parental hip fracture)

3. Comorbidities

3.1 Corticosteroid use

Exposed to = 5 mg/day of Prednisolone for = 3 mo (or

equivalent doses of other glucocorticoids)

3.2 Rheumatoid arthritis

Diagnosis confirmed by a health-care professional

3.3 Secondary osteoporosis

Type-l diabetes, osteogenesis imperfecta in adults, untreated
long-standing hypothyroidism and hypogonadism or premature
menopause, chronic malnutrition or malabsorption, chronic liver

disease, and chronic kidney disease

(Fanlasaniesasilatlsziiunnnui@ssnisifianszgniiniag Professor Kanis)

A3NT 3 Ansauassuuanans I nenszanwguuniilaalae  The National  Osteoporosis

Foundation

Table 3 National Osteoporosis Foundation 2008 Guidelines for Pharmacologic Treatment of Osteoporosis®’

Category

Pharmacologic Treatment Should Be Considered

Applicable populations

Postmenopausal women and men = 50 yr of age presenting with:

1. Previous fracture

Hip or vertebral fracture or

2. Osteopenia

T-score between -1.0 and -2.5 at the femoral neck or spine and a 10-yr
probability of a hip fracture of = 3% or a 10-yr probability of a major

osteoporosis-related fracture of = 20% based on the U.S. —adapted World




Health Organization algorithm or

3. Osteoporosis T-score of < -2.5 at the femoral neck or spine

(Anuasannuuanenisliieninensegnnguungianlag The National Osteoporosis Foundation)
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Table 5 Bone Turnover Markers

Bone resorption markers Bone formation markers
Produce by osteoclast: Noncollagenous protein:
- Tartrate-resistant acid phosphatase (TRAP) -serum bone-specific alkaline phosphatase (s-BALP)

-serum and urine osteocalcin (s-OC and u-OC)

Collagen degradation products: Collagenous protein:
-free and total pyridinolines (PYD) -carboxyterminal propeptide of type-I collagen (PICP)
-free and total deoxypyridinolines (DPD) -aminoterminal propeptide of type-I collagen (PINP)

-serum and urine N-telopeptide of collagen cross-links (NTX)
- serum and urine C-telopeptide of collagen cross-links

(CTX)
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#u1n In the Health, Ageing,and Body Composition Study wuniuaasnimduinssznin w
intramuscular adipose tissue uaz risk of fall (8-10)
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da ¥ o a4

1in wu 40% vesnszgnaz InnvinTudnds wuluauinihihminfunielinnzd( 11 ) uaz The Osteoporotic
Fracture in Men Study (MrOS) #ifnmnnznszgnuguludane wuh 13% veanszgnaz Tunvin uaz 14%
vea non-vertebral fracture fatuluaudau (12)
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Pharmaceutical treatment
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1) onquiudimsaaisnszgn (Anti-resorptive agents) wu Bisphosphonate , Calcitonin,
Denosumab

2) onszqumsadunszgn (Bone forming agent)

3) wieengninsdudimsamenaznszqumsadunszgn (Dual action agent)
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1). Antibodies against myostatin or activity receptor type IIA and IIB
(eg,Bimagrumab) idwinisdnintuszesii 2 (phase II clinical trials) (13)

2) Testosterone

3) Growth Hormone

4) Dehydroepiandrosterone ( DHEA )
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Vitamin D deficiency and osteomalacia

un.eedn dudidas
W.A.A.UN. NI Ns9vicnuAdail

Amiiud viie calciferol Whuimiiusianazawlulviu ilassadeluwanaidlu 4-ring cholesterol
backbone #Ffivarszuuy uazunuiisuiiudesiinie ldun 3aiua-2 vagimindg-3  Taohdaniiug-2
=

o 4 ' . 1A A o o o
a$rannnluiuvesity 3aizeisenan ergocalciferol aadaniiug-3 adrawnn luiuvesdad

cholesterol) 3siizei3unh cholecalciferol

7-Dehydrocholesterol Vitamin D,
(Provitamin D) (Cholecalciterol)

CH,4
S
OC ,
Ergosterol Vitamin D,
{(Provitamin D,) (Ergocalciferol)

51 1 TaseadaTuanavedaniua

U a



ANNLUANA1952119 Vitamin D2 wag vitamin D3

Vitamin D2 Vitamin D3
Source Plant Humans synthesis
Animal
Potency Less More
Efficacy Less More
Stability (heat) Less More
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Vitamin D Analogs

femaned fignduaneiinldlumssnm lsafiiannmsnainiud vielsafiAannanuunnsesludiulan
dauwﬁwmmﬂmwamﬁmﬁua (vitamin D metabolism) sndnan’iaun vitaminD,
(ergocalciferol) , 100HD, (alpha-calcidol), 1,25(0H).D (calcitriol)  Falunslgn
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s¢u 25-OHD level luidenldlumsasimaresdfiiams Taevia i deernshldidane vitamin D
intoxication uasfinzunaiBenludengs (hypercalcemia) dauiildves active form vitamin
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hydroxylasesa'li'la ldunauldswman chronic kidney disease

wihiinanszgnuesiaiiua (skeletal function of vitamin D)

Saniud Swhisenawszunluiame Tt nandmthiiddyiineadestunanszgn fie 1,25-
(OH).D sziinaiaTasnsssenszgnaenssqumsiiannves osteoblast itunsadianszgnlasmsaiuguin
Runx2 uazlaedeuiie nszqunisads osteoclast (osteoclastogenesis) iuRANKL ¥
AT EABINS 1,25-(0OH).D luadosteoblast iumsdemstusznhusasssnhuradausuiia
vos osteoblast uazosteoclast uaz1,25-(OH),D diaunsadudi OPG(osteopotegerin) &

ilu decoy receptor dwsu RANKLIumsaaionszan nazdansequmsadiallsdusuunadon
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Type of food Condition Type of Amount (IU)
vitamin D

Salmon (100 gm) Fresh, wild D, 600-1,000
Farmed D, 100-250
Canned D, 300-600

Sardines (100 gm) Canned D, 300

Mackerel (100 gm) |Canned D, 250

Tuna (100 gm) Canned D, 230

Cod liver oil (1 tsp) D, 400-1,000

Egg yolk D;orD, 20

Shitake mushrooms | fresh D, 100

(100 gm) Sun-dried D, 1,600

Portabella fresh D, 10

mushrooms Sun-dried D, 460

msnSnadadualuemsuaazyia(Holick, Binkley et al. 2011)
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amzanadmiiua (vitamin D deficiency)
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HouuazIalufeduiisane tazn1zNviadaniug tundlsanszgniiuvsenszgnoeu (Osteomalacia)

szauImiuAmnzauRawanannelu lullszansSosay 98 Nliquaming egnilszunm 20
ng/ml(Ross, Manson et al. 2011) ualulszmnnshiianudsssemsiianizgniinainlsanszgnla

uuzihszauimunzauetaios 30 ng/mil

Tasnznsesiaiud(vitamin D insufficiency) szfiszauianiiug ogn 20-30 ng/ml uazazana
Jndudvitamin D deficiency) szau3miug fesni1 20 ng/ml Fslulszmalnefimsinuidenn

gnuesllszansntszauiamiiuaiosndt 30 ng/ml wndsdesas 75 naziiviaiaiiudGedy Iaiiug Yoo

20 ng/ml) wuiwnis 5.7%(Chailurkit, Aekplakorn et al. 2011)



Ricket and osteomalacia
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(A) Osteoporosis (B) Osteomalacia, (© Osteomalacia due to
vitamin D-related calcium malabsorption
Serum Ca, POy= Serum Ca, PO,(l) Serum Ca, POyl
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ms3inwn (Treatment of osteomalacia)
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ndudluviainemng uaamey 1000 un.aeiuelemental calcium) 3aiua 800-1200 IUse
Fu mslifimiualuvinangasu 25000-50000 1U 91 AT DINNTTAUINTUANID T ZA DN
ioane Idedisinsuadesinsandeniuiluszdesliimaintenance dose wie'li Sdileilinnnziing
= =) o N Y Y a Y = a A aa 49! 1 A =
gazuuaadonnng1 1d 1dtos arsiinisanms IMunavenadeuaz Iaiuangau nanneunadey 1000-
4000 wn.aoiu waziniua-3 4000-100001Ude iu sdeadhseuszauvesnadeouaz iniiuaees
Tndsanie linas i haiudluvinangannuin (megadose of vitamin D) wu 500000 [U
A A A ' a . . . = ' A ~ v v dw Y
iosnniuaNuEsnemsinan1g hypervitaminosis D aalusiudeuusnenniinnuduiusiunmsdy
uagnizgminla msliedmlsanszganguludihelsanszgmian (osteomalacia) udertuniiosnin o

Tinszdquinliunadeontediasly

o = Y dy ' PAl 9 @ 1
Lﬂ”mﬂﬂﬂm@ﬂﬂﬁﬁﬂ‘&l”lﬂ@ ﬁﬂ@”lﬂ”li‘]_]’mﬂ‘iz{ﬂﬂllﬁ%ﬂﬁﬁ\lm’t‘)’t‘)’t‘)uLLSQ%@QQﬂ?ﬂ lLﬁ%iWﬁ%ﬂUﬂJﬂ\HLﬁﬁW]

unaden Womanauwegluszaund ud luazsecondary hyperparathyroidism uazsnuiszdu

'
A Aq o 1

¥94 250HD 1eglug29i20-30ng/ml nsdamumssnuiiiuasiidnapnnmusuivziweninlsadl
¥ aX VoA aa ] o ' ' o A 9 Y] A
u NAYY nane oimsnuaaiinaaiosat szau ALP fesqanatavingszavindudazldnamasnou

H 4 H ] Y
seavunagon ludaanzianas fﬂWEﬂEJ’VINiQﬁﬂﬂﬂmaﬁ}ﬂm@\iﬂigﬂﬂNWﬂ;ﬁu uazmaﬂﬁ:@ﬂmwu?ﬁuamwmﬂu

Reference

Daniel D. Bikle, John S. Adams, and Sylvia Christakos. Vitamin D: Production,
Metabolism,



Action, and Clinical Requirements. Primer on the Metabolic Bone Diseases and
Disorders of Mineral Metabolism. 9~ ed. An Official Publication of the American
Society for Bone and Mineral Research. P.230-7

Michael R. Laurent, Nathalie Bravenboer, Natasja M. Van Schoor, Roger
Bouillon, John M. Pettifor, and Paul Lip. Rickets and Osteomalacia. Primer on
the Metabolic Bone Diseases and Disorders of Mineral Metabolism. 9» ed. An
Official Publication of the American Society for Bone and Mineral Research.
P.684-92

Chailurkit, L. O., et al. (2011). "Regional variation and determinants of vitamin
D status in sunshine-abundant Thailand." BMC Public Health 11: 853.

Holick, M. F., et al. (2011). "Evaluation, treatment, and prevention of vitamin D
deficiency: an Endocrine Society clinical practice guideline." ) Clin Endocrinol
Metab 96(7): 1911-1930.

Matsuoka, L. Y., et al. (1990). "Use of topical sunscreen for the evaluation of
regional synthesis of vitamin D3." J Am Acad Dermatol 22(5 Pt 1): 772-775.

Ross, A. C,, et al. (2011). "The 2011 report on dietary reference intakes for
calcium and vitamin D from the Institute of Medicine: what clinicians need to
know." J Clin Endocrinol Metab 96(1): 53-58.




Osteoporosis in chronic kidney disease
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Pathophysiologic Processes of Bone Change in CKD
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Periprosthesis after Total Hip Replacement fracture

Introduction

Periprosthetic fractures of the femur after total hip replacement can present some unique challenges
to the treating reconstructive orthopedic surgeon. Treatment may differ depending on fracture
location, bone condition, implant stability, patient characteristics, and surgeon experience. It is
imperative that adequate and sufficient mechanical fixation be achieved in the treatment of these
patients. It is crucial that the treating orthopaedic surgeon have a clear and effective treatment plan to
manage these complex cases. The patient’s final outcome is dependent on fracture union, implant
stability, early functional recovery, and return to pre-injury independence Fractures around a total hip
prosthesis increasing in incidence as a result of increased arthroplasty procedures and high-demands

of elderly patients

Treatment of periprosthetic fractures requires strict adherence to the basic principles of treating any
fracture. The surgeon must restore the biomechanical integrity of the bone. This requires restoration
of a biologic environment in which the bone can heal and a mechanically stable construct to give the

bone a chance to heal.

Biology is maintained by strict soft-tissue and indirect reduction technigues, when possible, to
preserve periosteal or endosteal blood supply. The surgeon should minimize periosteal stripping,
avoid dead space, and consider bone grafting if the biologic environment is compromised. The
patient's medical condition should be optimized. The patient should be encouraged to stop smoking

when applicable.



Mechanical stability is obtained by restoring the anatomic integrity of the bone and by following
ArbeitsgemeinschaftfirOsteosynthesefragen/Association for the Study of Internal Fixation (AO/ASIF)

principles with adequate fixation distal and proximal to the fracture.
The rate of intraoperative fracture may be lessened by careful preoperative planning and templating.
Exam and Imaging

An assessment of the patient before treatment is essential in order to maximize the chances of a
good outcome., many periprosthetic femur fractures occur from low-energy trauma such as a fall from
standing height. The surgeon should take the information from the patient’s history any signs and
symptoms that may suggest implant loosening prior to the injury, such as thigh pain and start up pain,
usually reported as pain while rising from a chair or at initiation of ambulation. A complete physical
examination with an emphasis on the injured limb’s neurovascular status should be carefully
documented. Physical examination may reveal ambulatory status, tenderness to palpation of the
fracture site, and pain with range of motion of the affected extremity, the surgeon should be
awareness of the osteoporosis condition , the level of vitamin D deficiency should be check
.Preoperative planning should include identification of previous surgical scars and soft tissue
condition, review of previous operative reports, especially for identification of the currently implanted
prosthesis and any unusual intraoperative events, and appropriate workup if septic loosening is
suspected. Patients with fractures around asymptomatic, well-fixed implants usually do not require an
infectious workup. High-quality standard anteroposterior (AP) and lateral radiographs of the affected
hip and femur together with an AP radiograph of the pelvis should be obtained. Images should be

reviewed thoroughly to ascertain the type of fracture and the stability of the implant.

The high- quality radiographs are essential to look for the signs of a loose femoral stem include
continuous lucency at the cement-bone and cement-stem interfaces, as well as cement mantle
fractures prior to incurring the periprosthetic fracture, a comparison of the older radiographs is
essential to evaluate the loosening implant. Post-injury cement mantle fracture is not a sign of stem
loosening by itself. Failure to identify an unstable implant is likely to lead to treatment failure if
osteosynthesis rather than revision arthroplasty is performed. The stability and the condition of the
acetabular component should be assessed as well, and if revision is warranted, it should be
addressed appropriately. Routine use of CT or MRI is usually not warranted. In case of Periprosthsis
fracture with loosening implant , a white blood cell count , ESR , and C-reactive protein analysis
should be check to evaluate of any possible septic loosening ,but the elevation of these maybe
associated with fracture . If the Surgeon highly suspected of infection, the joint aspiration for cell count
should be obtained. During the surgery, the intra-operative culture s and pathology specimens be

checked to help rule out of periprosthetic infection



Classification

Femoral periprosthetic fractures may occur intraoperatively or postoperatively. The widely used
Vancouver classification, developed by Duncan and Masri.The Vancouver classification of
periprosthetic femoral fractures has been modified to include intraoperative fractures and perforations:
Type-A fractures are confined to the proximal metaphysis, type-B fractures involve the proximal
diaphysis, and type-C fractures extend beyond the longest revision stem and may include the distal
femoral metaphysis.14 Each type is subdivided into simple perforations (subtype 1) and undisplaced
(subtype 2) or displaced (subtype 3) fractures.

Vancouver classification (Intraoperative)

Location

Intraoperative fractures

Femur , Acetabulum

e Pattern

o Stability of fracture
Types
A - proximal metaphysis

B - diaphyseal



C - distal to stem tip (not amenable to insertion of longest revision stem)
Subtypes

1 - cortical perforation

2 - nondisplaced crack

3 - displaced unstable fracture pattern

Epidemiology
Incidence

Intraoperative fractures are 3.5% of primary uncemented hip replacements and 0.4%

of cemented arthroplasties postoperative fractures, most common at stem tip
Prevention

Preoperative templating reduces risk of intraoperative fractures adequate surgical exposure special

care when using cementless prosthesis in poor bone (RA, osteoporosis)
Intraoperative Acetabular Fractures

The Incidence cemented acetabular components are 0.2% and 0.4% cementless acetabular components
repectively .The mechanism typically occurs during acetabular component impaction

The risk factors are under reaming > 2mm, elliptical modular cups, osteoporosis cementless, acetabular
components dysplasia, post-radiation

The treatment Evaluation must determine stability of implant

Observation alone
Indications
if evaluated intraoperatively and found to be stable, post-operative care, consider protected weight-

bearing for 8-12 weeks

Acetabular revision with screws vs. ORIF
Indications
if evaluated intraoperatively and found to be unstable, technique addition of acetabular screws, may

consider upgrading to "jumbo" cup ORIF of acetabular fracture with revision of acetabular component, if



posterior column is compromised, considered ORIF + revision is most stable construct, may add bone

graft from reamings, if patient has poor bone stock,

postoperative care, consider protected weight-bearing for 8-12 weekslIntraoperative

Femur Fractures

Incidence
Primary THA is 0.1-5%, revision THA is 3-21%

The mechanism proximal fractures usually occur with bone preparation by aggressive rasping, peri

prosthetic fracture may occur during implant insertion from dimension mismatch middle-region fractures

usually occur when excessive force is used during surgical exposure or bone preparation, for the distal

fractures usually occur when tip of a straight-stem prosthesis impacting at femoral bow ,the risk factors

are impaction bone grafting, female gender, technical errors, cementless implants, osteoporosis in

revision caseminimally invasive techniques (controversial)

The protocol for intraoperative periprosthetic fracture

Vancouver Classification & Treatment - Intraoperative Periprosthetic Fracture

Type Description Treatment
Al |Proximal metaphysis, cortical bone graft alone (e.g. from acetabular reaming)
perforation
A2 |Proximal metaphysis, nondisplaced |cerclage wire before inserting stem (to prevent crack propagation)
crack ) ) . . )
ignore the fracture if fully porous coated stem is used (provided there is
no distal propagation)
A3 |Proximal metaphysis, displaced fully porous coated stem, or tapered fluted stem provided
unstable fracture ) .
wires/cables/claw plate for isolated GT fractures
B1 |Diaphyseal, cortical perforation fully porous coated stem (bypass by 2 cortical diameters) + strut
(usually during cement removal) allograft
B2 |Diaphyseal, nondisplaced crack cerclage wire (if implant stable)
(from increased hoop stress during .
) ) fully porous coated stem to bypass defect (if implant unstable) + strut
broaching or implant placement)
allograft
PWB and observation (if detected postop)
B3 Diaphyseal, displaced unstable fully porous coated stem to bypass defect * strut allograft

fracture (usually during hip




dislocation, cement removal, stem

insertion)

Distal to stem tip, cortical

morcellized bone graft, fully porous coated stem to bypass defect, strut

C1
perforation (during cement removal) (allograft
Distal to stem tip, nondisplaced ]
Cc2 cerclage wire, strut allograft
fracture
Distal to stem tip, displaced
C3 ORIF

unstable fracture

Presentation

Change in resistance while inserting stem should raise suspicion for fracture, C-arm Imaging for

intraoperative radiographs are required when there is a concern for fracture

Treatment

Stem removal, cabling, and reinsertion

indications

intraoperative longitudinal calcar split

Trochanteric fixation with wires, cables, or claw-plate

indications

intraoperative, proximal femur fractures

Removal of implant, insertion of longer stem prosthesis

indications

complete (two-part) fractures of middle region

technique

distal tip of stem must bypass distal extent of fracture by 2 cortical diameters

may use cortical allograft struts for added stability

removal of implant, internal fixation with plate, reinsertion of prosthesis

indications

distal fractures that cannot be bypassed with a long-stemmed prosthesis

Postoperative Femur fracture

Introduction

Incidence 0.1-3% for primary cementless total hip arthroplasties

Early postoperative fractures




cementless prosthesis tend to fracture in the first six months, likely caused by stress risers during reaming
and broaching

wedge-fit tapered designs cause proximal fractures, cylindrical fully porous-coated stems tend to cause a
distal split in the femoral shaft

Late postoperative fractures

cemented prosthesis tends to fracture later (5 years out)

The postoperative periprosthetic fracture are around the tip of the prosthesis or distal to the femoral stem

Risk factors

poor bone quality
cementless prostheses
compromised bone stock
revision procedures
Classification

Vancouver classification (post -operative)

Treatment of total hip periprosthetic femoral fractures is dependent on a few fracture characteristics
such as fracture location, femoral bone stock, osteoporosis, implant stability, patient’s characteristics
like age and medical co-morbidities, and surgeon experience . This classification are simple and
validated but often difficult to differentiate between B1 and B2 fractures based on radiographs alone

Protocol for treatment

Presentation

often result after low-energy trauma

Treatment

nonoperative treatment with protected weight-bearing

indications



Type A

Stable Displaced
medial
cortex

No Cerclage
Treatment wire

AGT
I
I |
Displaced Minimal
or no
displacement
No Osteolysis Osteolysis No
Osteolysis Osteolysis
Fixation with Fixation with Protected

cerclage wire or
trochanteric claw
plate system

cerclage wire or

trochanteric claw

plate system with
bone grafting

weightbearing




Type B

Minimal Displaced fracture
displacement and
stable implant

May treat Stable impant B1 Loose
with protected Implant
weightbearing |
I |
Surgical Poor bone Good bone
Fixation with stock B3 stock B2
osteosynthesis
and strut graft ,—k—y
Young Elderly Long stem
patient patient revision
Revision with a long Proximal femoral
stem implant and replacement
bone graft
Consider allograft
prosthesis composite

Type C
I
l |
Adequate Poor
bone stock bone stock
Plate Plate and
fixation strut graft

fixation

Presentation

often result after low-energy

Vancouver Classification & Treatment - Intraoperative Periprosthetic Fracture



Type Description Treatment

A Fracture in trochanteric Often requires treatment that addresses the osteolysis.

region. Commonly associated with . )
_ AG fractures with <2cm displacement, treat
osteolysis. AG (greater trochanter) ] ) ) ) )
_ nonoperatively with partial WB and allow fibrous union.
fractures caused by retraction,
broaching, actual implant insertion, AG fractures >2cm needs ORIF (loss of abductor
previous hip screws. function leads to instability) with trochanteric
claw/cables.

B1 Fracture around stem or just below it, |ORIF using cerclage cables and locking plates
with a well-fixed stem

B2 Fracture around stem or just below it, [Revision of the femoral component to a long porous-
with a loose stem but good proximal |coated cementless stems and fixation of the fracture
bone stock fragment. Revision of the acetabular component if

indicated

B3 Fracture around stem or just below it, [Femoral component revision withproximal femoral
with proximal bone that is poor quality |,y 55raft or proximal femoral replacement
or severely comminuted

C Fracture occurs well below the ORIF with plate
prosthesis - leave the hip and acetabular prosthesis alone

Reference:

1. Total Hip Arthroplasty Periprosthetic Femoral Fractures

A Review of Classification and Current Treatment

Ran Schwarzkopf, M.D., M.Sc., Julius K.

Oni, M.D., and Scott E. Marwin, M.D. Bulletin of the Hospital for Joint Diseases 2013;71(1):68-78

2. Management of periprosthetic femoral fractures following total hip arthroplasty: a review Matthew

P. Abdell & Umberto Cottino & Tad M. Mabry International Orthopaedics (SICOT) (2015) 39:2005—
2010 DOI 10.1007/s00264-015-2979-0

3. Management of peri-prosthetic fractures around total hip arthroplasty: a contemporary review of

surgical options Dominic Davenport, Jonathan R. Hutt, Philip A. Mitchelll, Alex Trompeter, Daniel
Kendoff, Nemandra A. Sandiford Ann Joint 2018;3:65

4. Plate on Plate Osteosynthesis for the Treatment of Nonhealed Periplate Fractures Georgios

Arealis, Vassilios S. Nikolaou, Andrew Lacon, Neil Ashwood, and Mark ,Hamlet 1 ISRN Orthopedics

Volume 2014,


https://www.orthobullets.com/recon/5013/tha-periprosthetic-fracture#1647

1.

>. Intraoperative Femur Fracture Risk During Primary Direct Anterior Approach Cementless Total Hip
Arthroplasty With and Without a Fracture Table

Eric M. Cohen, MD , Joshua J. Vaughn, MD, Scott A. Ritterman, MD, Daniel L. Eisenson, BS, Lee E.
Rubin, MD The Journal of Arthroplasty (2017)

The examination for resident

What is not the the risk factors of intraoperative acetabular fractures.?

A. Under reaming > 2mm

B. Elliptical modular cups

C. Cemented Cup

D. Acetabular components dysplasia

E. Post-radiation
Ans. C

moow>»

The 53 years old lady underlying SLE on prednisonlone (5mg) 1 tab per oral three times a day , she
had avascular necrosis of the right hip. During the sugery,the surgeon try to apply the partial -coat
cementless prosthesis ,but he saw the crack at the diaphyseal area ,which non-diaplaced , the
prosthesis was stable . What is the right treatment?

Apply the fully porous coated stem to bypass defect + strut allograft

Apply locking plate and screw

Apply the cerclage wire

Apply Cerclage wire with strut allograft

Morcellized bone graft with fully porous coated stem to bypass defect combined with strut allograft
Ans.C

A 70 years old lady, she had history of bipolar hip replacement for 15 years.One day before
admission,she had fall in the bathroom .The X-ray as Pic 1.

What is the proper management?



A. Apply the fully porous coated stem to bypass defect + strut allograft
B. Apply locking plate and screw with wiring

C. Apply the cerclage wire

D. Apply Cerclage wire with strut allograft

E. Morcellized bone graft with fully porous coated stem to bypass defect combined with strut allograft

Ans. B



4. An 85 years old lady , she had Total hip replacement for 20 year, had fall accident with fracture femur
as pic 2

j

Femoral component revision with long-stem prosthesis

ORIF using cerclage cables and locking plates

Femoral component revision with proximal femoral allograft or proximal femoral replacement

o0 ®p

Apply the fully porous coated stem to bypass defect + strut allograft

Ans.C


https://www.orthobullets.com/recon/5013/tha-periprosthetic-fracture#1647
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Clinical presentation

Cope
(1930-1965)

Health et al
(1965-1976)

Mallete et al
(1965-1972)

Oltmann et al
(2001-2012)

Nephrolithiasis (%) 23 37 37 6

Skeletal disease (%) 57 10 14 11
Hypercalciuria (%) Undescribed 35 Undescribed Undescribed
Asymptomatic or mild | 0.6 18 49 7

disease (%)
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Hyperparathyroidism)
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Cause of Hypercalcemia

Chronic renal failure Severe secondary hyperparathyroidism or tertiary hyperparathyroidism
Malignancy-associated Humeral hypercalcemia of malignancy, squamous cell carcinoma, renal cell carcinoma,
hypercalcemia pancreatic carcinoma, bladder carcinoma, ovarian carcinoma, breast carcinoma,

lymphoma, local osteolytic hypercalcemia, multiple myeloma, lymphoid granulomatosis

Granulomatous disorders Sarcoidosis, tuberculosis, coccidiodosis, disseminated candidiasis, histoplasmosis,

blastomycosis, berryliosis, silicone-induced granuloma




Other endocrine disorders Hyperthyroidism, pheochromocytoma, Addison disease, VIPoma

Medications Vitamin D intoxication, vitamin A intoxication, lithium, thiazide

Miscellaneous Milk alkaline syndrome, total parenteral nutrition, acute renal failure, chronic renal

failure, familial hypocalciuric hypercalcemia, immobilization
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