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Abstract

Background: One of the rare complications of primary total knee arthroplasty is intra-operative fracture. Intra-
operative fracture during revision knee arthroplasty has been well-documented but there is limited literature on
fractures occurring during primary knee arthroplasty. We conducted a systematic review of the literature to
compare and contrast the various studies to clearly define the predisposing factors, incidence, and characteristics of
the fracture itself and to arrive at a consensus on the management and prevention of intra-operative fractures
during primary knee arthroplasty.

Methods: The PubMed/Medline, Cochrane, Scopus and Embase databases were searched using keywords “intra-
operative fracture”, “distal femoral fracture”, “tibial fracture”, “patella fracture” and “primary total knee arthroplasty”. A
total of 158 articles were retrieved and after further filtration and exclusion processing, 10 articles that evaluated

intra-operative fractures in primary total knee arthroplasty were included for the review.

Results: The reported incidence of intra-operative fractures varied from 0.2% to 4.4%. A higher incidence in female
patients with a male to female ratio of 0.4 was reported. Posterior stabilized (PS) total knee arthroplasty was
associated with higher risk of intra-operative femoral fractures by many authors in this review. Timing of occurrence
and location of the intra-operative fractures can vary widely, with femoral fractures occurring more commonly
during bone preparation, trialing and impaction of the final implant and tibial fractures occurring during
preparation for the tibial keel and impaction of the tibial component.

Conclusions: Intra-operative fractures during primary total knee arthroplasty are rare with higher risk associated
with osteoporosis, rheumatoid arthritis, advanced age, female gender, chronic steroid use, metabolic bone
disorders, PS type of femoral implant and difficult surgical exposure of the knee joint due to severe deformities. A
plethora of management options have been utilized according to surgeon preference. Standard principles of
fracture fixation and arthroplasty principles should be followed to achieve stable internal fixation and any unstable
fracture site should be bypassed with the utilization of stemmed components. Satisfactory radiographic and
functional outcome can be expected with appropriate treatment.
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Introduction

Total knee arthroplasty (TKA) is one of the most com-
monly performed surgeries to reduce the pain and dis-
ability associated with end-stage knee osteoarthritis. It
has been estimated that by the year 2030 there will be a
need for 3.48 million TKAs annually [1]. One of the rare
complications of primary total knee arthroplasty is intra-
operative fracture, with a prevalence of 0.39-2.2% [2, 3].
These fractures can occur at various stages of the pro-
cedure including surgical exposure of the knee joint,
during bone preparation and during trialing and place-
ment of the final components [2]. Several authors have
reported on the incidence, risk factors, location, intra-
operative and post-operative management and the out-
come of intra-operative iatrogenic fractures [2—8]. Vari-
ous risk factors for intra-operative fractures have also
been identified including advanced age, osteoporosis,
rheumatoid arthritis, chronic steroid use, female gender,
metabolic bone disease and posterior stabilized arthro-
plasty [2-5]. Different treatment modalities have been
described for the treatment of these fractures including
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internal fixation with screws, plating, tension-band wir-
ing, use of stemmed components and augments with or
without constrained implants and conservative methods
including protected weight bearing with bracing [2, 3,
9-11]. We conducted a systematic review of the litera-
ture to compare and contrast the various studies report-
ing on intra-operative fractures associated with primary
total knee arthroplasty, to clearly define the predisposing
factors, incidence and characteristics of the fracture it-
self, and to arrive at a consensus on the management
and prevention of intra-operative fractures.

Material and methods

The PubMed/Medline, Cochrane, Scopus and Embase
databases were searched using the keywords “intra-op-
erative fracture”, “distal femoral fracture”, tibial fracture”,
“patella fracture” and “primary total knee arthroplasty”
to retrieve articles evaluating the outcome of intra-
operative fractures in primary total knee arthroplasty
(Fig. 1; Preferred reporting items for systematic reviews
and meta-analyses (PRISMA) flow chart). A total of 158
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Fig. 1 Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow chart
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articles were retrieved; after further filtration by search-
ing through the summary text of the articles we identi-
fied 26 articles published in English. Single case reports,
letters to the editor, review articles and studies reporting
both intra-operative and post-operative fractures in pri-
mary and revision surgery and articles with minimal de-
tails of intra-operative fractures were excluded from this
review. The abstracts of the remaining articles were read
and only those articles that evaluate intra-operative frac-
tures in primary total knee arthroplasty were included
for the review. The references of these articles were also
hand searched for any missing articles. A total of 10 arti-
cles were included in this systematic review.

Results

Patient demographics and incidence of intra-operative
fractures in primary TKA

The incidence of intra-operative fractures reported in
the literature varied from 0.2% [12] to 4.4% [13]. Even
though Huang et al. [6] and Felix et al. [9] reported inci-
dence of 0.04% and 0.07% respectively, these percentages
do not represent the true incidence, because one study
included only femoral condyle fractures and the other
study included only tibial fractures (Table 1). The inci-
dence of reported intra-operative fractures may be
underestimated because clinically insignificant fractures
may be missed [7]. Six reports [2, 4-7, 13] include de-
tails of the numbers of male and female patients; 39
were men and 112 were women, with a ratio of 0.34.
Pinaroli et al. [3] report a male to female ratio of 0.38
and Felix et al. [9] report a ratio of 0.4. Delasotta et al.
[7] found that intra-operative fractures are 4.44 times
more likely to occur in women than in men.

The mean age of the patients in the reported studies is
60 years with a range of 45.5-73.3 years. The studies re-
port a mean follow up of 43 months. The most common
indication for total knee arthroplasty was primary osteo-
arthritis, comprising 57.4% of the population in the study
of Alden et al. [2] and 87% of the population in the study
of Pinaroli et al. [3]. Rheumatoid arthritis was the second
most common indication among the studies, comprising
21% of the population reported by Agarwala et al. [4].

Risk factors

Osteoporosis, rheumatoid arthritis, advanced age, female
gender, chronic steroid use, posterior stabilized arthro-
plasty and metabolic bone disease have been reported by
several authors to be significant risk factors for intra-
operative fractures during primary total knee arthroplasty
[2-6, 11-16]. As mentioned previously, many authors
found a significantly higher incidence of intra-operative
fractures in women as compared to men [2, 4-7, 9, 13].
Even though Lombardi et al. [13] identified a twofold dif-
ference between men and women with fracture (13 men,
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28 women), the same male to female ratio was also ob-
served in the Insall-Burnstein II posterior-stabilized (IB-1I
PS) nonfractured group, and the difference between men
and women was not statistically significant.

Pinaroli et al. [3] utilized anterior tibial tuberosity ele-
vation for the exposure in 137 out of the 1795 TKAs; 12
of them (8.7%) developed tibial fractures intra-
operatively thus indicating significantly increased risk of
intra-operative fractures in association with tibial tuber-
osity elevation. Delasotta et al. [7] reported that patients
with severe varus or valgus deformity requiring a semi-
constrained implant are at higher risk of intra-operative
fracture, as more bone is resected and the box cut is lar-
ger. Both cases reported by Huang et al. [6] were in pa-
tients with rheumatoid arthritis and severe osteoporosis.
One had severe valgus deformity with tibial bone defects
and a pre-operative range of motion (ROM) of 90°. The
other patient had a severe varus deformity with medial
tibial bone defect and femoral bone defects. This patient
also had a very limited ROM of 40° pre-operatively, thus
making the surgical exposure difficult.

Classifications

Felix el al [9]. classified periprosthetic fractures of the
tibia into to types I- IV based on their location, and they
were subdivided in to type A - post-operative fracture
with a well-fixed prosthesis, type B - post-operative frac-
ture with a loose prosthesis and type C - intra-operative
fracture. The classification includes both intra-operative
and post-operative fractures. Type I fractures extend
from the tibial plateau and involve the prosthesis inter-
face, type II fractures occur adjacent to the tibial stem in
the proximal metaphyseal-diaphyseal region, type III
fractures are distal to the tibial prosthesis and type IV
fractures are limited to the tibial tubercle. We did not
find any particular classification for intra-operative fem-
oral fractures in primary knee arthroplasty.

Type of implants and associated risk of intra-operative
fractures

Alden et al. [2] reported that a relative risk of femoral
fracture in PS TKA of 4.74 as compared to cruciate
retaining (CR) knee surgery. The majority of the distal
femoral fractures in their study involved the medial fem-
oral condyle (30%) followed by the lateral femoral con-
dyle (17%). Lombardi et al. [13] evaluated the incidence
of intra-operative intercondylar fractures associated with
two different type of implant designs. Among the 898
IB-II PS (Zimmer Warsaw) knee implants, 40 were
found to have the intra-operative intercondylar distal
femoral fracture. After they started using Maxim PS
knee (Biomet, Warsaw), they used a special instrument
to size the intercondylar resection before the insertion of
the final component. This allowed the surgeon to find
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out whether or not the intercondylar resection was ad-
equate for seating the final component. They reported
one displaced lateral condylar fracture out of the 532
Maxim PS TKAs. The difference in the incidence of
intercondylar fractures between these two cohorts of pa-
tients was statistically significant. Hernigou et al. [8] also
reported that 6 of the 10 intra-operative femoral frac-
tures were associated with PS knee surgery and they in-
volved the medial condyles. Delasotta et al. [7] reported
intra-operative fracture rates of 0.32%, 0% and 3.13% in
PS, CR and semi-constrained implants, respectively.
They also found that intra-operative fracture was 9.69
times more likely to occur in patients with a semi-
constrained implant than in those with a PS implant.
Pinaroli et al. [3] found that the incidence of tibial frac-
tures was higher with the use of smaller tibial compo-
nents. Out of the six tibial sizes available from the
manufacturer (Tornier PS knee), use of the size-1 tibia
was associated with statistically significantly higher inci-
dence of tibial fractures. They found that proportionally,
the tibial keel for base plate size 1 was too large for the
tibia of patients with a small frame, which explained the
higher incidence of fracture with the size-1 tibial implant.

Time of occurrence of the fractures during surgery

Pun et al. [5] reported that, of the femoral fractures
identified (n = 5), 80% (n = 4) were avulsion fractures in
the coronal plane of the medial femoral condyles, which
occurred during removal of the intercondylar notch be-
cause of an incomplete sagittal cut between the inter-
condylar notch and medial femoral condyle. Agarwala
et al. [4] reported that of the femoral fractures identified
(m = 4), 75% (n = 3) occurred during removal of the
intercondylar notch bone and trialing. The majority of
fractures (39%) in the study of Alden et al. [2] occurred
during exposure and bone preparation, 33% occurred
during trialing of the components and another 19% oc-
curred during cementation. Of the 10 non-displaced
femoral condyle fractures reported by Pinaroli et al. [3],
9 were observed during impaction of the PS femoral im-
plant. Delasotta et al. [7] reported that 50% of the fem-
oral fractures occurred during trialing when the tibia
was reduced on to the femur and another 50% occurred
during final implantation.

Of the tibial fractures in the study of Agarwala et al.
[4], 53% occurred during placement of the final cemen-
ted component. Overzealous hammering of the final tib-
ial component has been recognized to be a strong risk
factor for intra-operative tibial fractures [4, 10]. Of the
tibial fractures identified by Pinaroli et al. [3] and by Pun
et al. [5], 90% and 100%, respectively, occurred during
preparation of the tibial keel or impaction of the final
tibial implant.
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Location and characteristics of intra-operative fractures
There were 150 femoral fractures and 98 tibial fractures
in total from the 10 studies included in this review. Of
the 10 studies, 5 reported both femoral and tibial frac-
tures [2—5, 12], 4 reported only femoral fractures [6-8,
13] and 1 study reported only tibial fractures [9]. Alden
et al. [2] and Berry et al. [12] reported that the majority
of fractures in their studies were femoral as compared to
tibial fractures, whereas in three other studies the major-
ity of fractures were tibial as compared to femoral frac-
tures [3—5] (Table 2).

Among the studies that reported details, the medial
femoral condyle was the most common fracture site,
followed by the lateral femoral condyle involving the dis-
tal femur [2, 4, 8]. Three studies reported femoral frac-
tures as intercondylar or metaphyseal fractures, without
further specification of the fracture site [3, 12, 13]. Alden
et al. [2] reported 8 supracondylar fractures out of 49
femoral fractures and Hernigou et al. [8] reported 1
supracondylar fracture out of 10 femoral fractures. No
other studies reported supracondylar fractures. Fractures
of the medial and lateral femoral epicondyles were un-
common [2, 4].

Alden et al. [2] and Agrawala et al. [4] reported lateral
and medial tibial plateau fractures, which are similar to
the Type IC fracture described by Felix et al. [9]. The
large majority of the reported tibial fractures involved
the anterior, posterior, medial or lateral cortex of the
tibia without significant displacement. Pinaroli et al. [3]
reported one complex metaphyseo-diaphyseal tibial frac-
ture, which was treated with a long-stem tibial implant
along with plate and screw fixation. They also reported
two fractures of the anterior tibial tuberosity.

Management options

There is no consensus in the literature on a particular
treatment option for a particular type of fracture. We
found that various treatment options were utilized accord-
ing to surgeon preference, including no fixation with or
without delayed weight bearing in stable non-displaced
fractures, screw fixation, sutures, figure-of-eight wire,
components with intramedullary stems, plate and screws,
constrained knee implants, distal femoral replacement and
various combinations of these techniques.

Lombardi et al. [13] reported that 35 out of 40 femoral
intercondylar fractures were non-displaced, and they
were treated with no fixation and no change in the post-
operative protocol, with full weight bearing and ROM as
tolerated. Alden et al. [2] and Pinaroli et al. [3] delayed
weight bearing in stable femoral fractures for 6 weeks.
We found two studies in which screws and stemmed
femoral components were used in some of the femoral
condyle fractures [2, 13]. Three authors utilized only
screws for the fixation of femoral condylar fractures [5,



Page 6 of 13

(2020) 32:40

Purudappa et al. Knee Surgery & Related Research

YIM Uonex|} |euwlsiul pue uononpay

P31IN220 21N3oel) JelAPUod

"I4d ‘99U P10} G4 PAIBUIDD)

SMaJDS SNOJ[9DURD WW OE X WW G'9 [PJOWD) [eIpaW e Quauodwiod 141G paoe|dsig 9|ApuUoD |eJOWD) [eJa1e] ¢ 95ED [0] '|e 1
OM] YUIM Paxiy A|[eUJa1Ul PUe padnpay [PJOWD) 91 JO Buljle)y Bung ‘DYN 99Uy [e101 Sd PRIUSWRD) paoe|dsig 9|ApUOD [eJOWR) [BIPSIN | 95eD) bueny
uoneluedwi
[euly BuLNP PaN220 %05 PRUIBIISUOD-|UISS-7 Z-Je|Apuodiay|
INW3J 9yl 0IUO PIdNPSI SeM Blq) S99UY Sd- Z-91Apu0d [e1a1e] 9 ‘le 19
N 3)iym ‘Buljeny BupNp pPalindd0 90§ UOJYlel] Ja%ANS paiuswa) 4N 7-31ApUod [eIPaN  -INWia4 ejosejag
sisapolyue
diy yum usned sjewsy e uj buljewy
3IYM Pa.indd0-ain1oely JejApuodeidng
uoneue|dw [elq
Buunp eign sy Jo 10adse Jouisod
94} UO JOIDBI3) B YUM PaLINdI0
$9JN10eJ) 3|APUOD [BJOWIS) [eIpaW ¢
UOISUSIXS WID1S YIM JUSUOdWOd [eiowa  1usuodwod [eious) syl Jo Juswade|d
SMIIDS 3SIDASURLL OM]) 3[IYM PR.1INII0-99UY Sd YUM |-lejApuodesdng o [8] '|e 19
JO 9UO Y1IM Paxy) 2in1del S|APUOD [RIPSJ  PS1RIDOSSE $2In1del) S|APUOD [eIpaUl 9 92Uy Sd PLIULsWL) padeidsip ||V 6-9|Apuod [eIpsy -INWS4{  nobiuiaH
Aysoiagny jo
SJIM Dl|[e1aW AQ PIDIOJUID) SMAIDS  UOINRAJJR J3)Je UONEX]) Maids buung Z-2In12e4) A1S04aGNY [eIgLL
uonexy aejd yum eiqn wiais-buo]  uoneaspd Alsosagny Jaye uoneredaid |-24n1dely [eigqn
|93 3Y1 JO 3PIS Yoes uo [eIgiy 1oy uoxauadAy aauy buung |easAydeiposAydersw-osAydida 0
J915WEIP WW G JO SMaIDSs om) Ag papoddns Juejdw [eigiy sy1 Jo uonoedw Jo pajuswbelnniy  -e||91ed
UONEXI) UM 1YBI-JO-21nbl) Yum [99Y [eign buoT |99 Jeign ay1 Jo uoneledaid buung £z-neale(d |eiqi 9yl JO S2INSSI4 0s
uonuaaIul ON  Juawdeld Bif Arejjnpawenul buung CEINY paoe|dsig |-pOJ | Wiouj uonesoped  -eiqi
Syuow z—| jueidw paz1|IqeIS JOLRISOd JaIuIo] paoe|dsig X9110D [RJOWS) JOUSIUY ol [€]'e1w
10J Buleaq 1ybiom pake|op-s|geIs [eJOWR) Y1 Jo uondedwi buung paIUSWRD paoe|dsip-UON 6-INWa) [easAydelsiy  -INwia4 1joJeuld
'S2ININS YUIM ¢ pue
M3IDS YIIM |-S2IN1DeI) X31O0D [elgl) Jousiue
‘JusuOduwod [eIgll PALILISIS YUM S2IN1Del) X210D [elq} Jouslue ¢
neaje|d |eiq [esdle| ¢ pue SaIn1oely neajeid [eiqn [eIPaW f 0
neaje|d [eIgl) [EIPSW { S2ININS YUM € pue QW UMouNuN-| padeLNSal 10U e|[91ed neale|d [eign [esale| ¢ -B||91ed
SM3IDS YIIM €-S3IN1DRLJ XSL0D [eign [ela1e] ‘uonejue|dwi [euy pue maydan X310 [eIq} [BI91E| 9 Sl
MIIDS YlIM 2in1oely 3| puodida Bunuswad bulnp-g ‘syusuodwiod 8 YHWS d|Apuodida |elpaw | -eIglL
[PIPAW | ‘SMa1Ds pue 31e|d yum sainioely Jo Buiiely buunp - ‘uoneledaid || SISSUSD) PazZI|IeIS OISO 9|Apuod [eiale| | ¥ [v] '|e 319
9|ApUOD [PJOWID) [e421e| | PUE [BIPAW 7 auog pue ainsodxs buunp-9 pRIUSWIDD ||y paoe|dsip || UOIS|NAR SJAPUOD [eIpaW ¢ -INWe4  ejemaeby
| -X210D J0LIISOd
L-uid uewuIS 0L-X210D [eIpa
papealyl pue {|-1usuoduwod asuy €-X9UO0D [e4a1eT]
JejApuoD PaUIRIISUOD PaUIWIS ‘| -a1e|d -X910D JOLUY
puUe SM3Ds {|-Jusiade|dal [eJoway ¢-neajeld [e1qn [eIPSN
[PISIP {1-1USWd pue Yeib suoq 9-nealed [eiqn [ela1e]
!1-1n1is Yeibojje ‘z-24nIns ‘z-2nins | -X910D JOL1SOd 0
'SIQYSEM ‘SMIIDS ‘E-SUIDIS PUB SIDYSEM JuaWwade|dal [eJOWD) [RISIP | Z-9lApuodida [essre -ej|o1ed
'SM3JDS ‘g-s3usuodwod [eIgI} PAUIUIRIS 192eds auajAyle-A|od Syl  SIUIRIISUOD [RUORIPPE UM O Ajonessdo-enul /-3|Apuodids [eIps|y 8l
'8-53usu0duIOd [PIOUI) PIUILISIS BUILISSUI 9]IYM € PUE ‘UOeIUSWSD (4D) Buluielas 21PN 6 pa10319p 10U 8- Inwy JejApuodeidns  -eiqi|
‘6g-uonexiy a1eid pue SIaysem ‘smaidg Buunp ¢ ‘buljem sjiym zz (Sd) pazijigels-lous1sod g S19m pade|dsIp-uou € | 1-9|ApuUod |PJOWS) [B191E] 67— [a
KjoAieIodo-UoU paieall-9|gels aiam | ‘uoneledald pue ainsodxs Buunp 97 paBWD ||y pade|dsip 9 07-9|ApuUod [eIOWR) [PIP3KN  INWS4 ‘e 19 uap|y
pade|dsip-uou
JusWabeURW 3IN1DE JO POYIBIN 95U1INDD0 3IN1del) JO W] pasn ueidwi jo adA| SnsiaA pade|dsig 2IN1DBJ} 91 JO UOIEDOT Apnig

s|ieIep aAiesado-eiul pue saIn1dRl 3Y) JO SIlsHSIdRIRYD T dqel



Page 7 of 13

(2020) 32:40

Purudappa et al. Knee Surgery & Related Research

pazijigeis-1oudisod 4 ‘papodal Jou YN

JUBWD
Yum 10359p ay1 6 ‘2IgI PAWIWIRIS
e HupuaW=ad 031 Joud UoNex| aJIm-Y

Juejdwil 343 Jo BuIIeas 'UoRdNPa) (e}

L-DIII odAL
€Dl adAL ol

(6]

‘UONEXI) MIDS-SaNbIUYDa] uaIaylg  ‘uoiesedaud eig ‘SUOg UO UONDeIIRY UN UN 9-)1 9dAl  -eigll  °le 19 X194
S|1e3op Jay10 ou-juejduwil €1
Juswade|d Jueidwi pue ‘uondnpal 99Uy Sd P JO Juswaded  -eiqil
|eu ‘uoneledaud |eign buung UM INDD0 1ey) SaIN1del) €z [l
N YN 4N dN Je|ApuodIaiul 31oM SO -Inwid4  Je 39 Auiag
AJuo ma10g
AJUO Ma1s-pade|dsip | [PLY Y3 JO |eAOW] Jejnbuy
JusUOdWOD PaWIWSIS + M3IDS-pade(dsip 4 pauodal (mesiep 12ulolg) L
|0>0304d do-3s0d 10U Bulwi-sainidely paseidsiqg paz|Ige1s Jou1s0d Wixe pade(dsip | -Inwia4
ul abueyd ou-(do-1s0d) AjpAiresado-1sod sydeiboipes aanesado-1sod Ul (MeSiepp Uawiudl7) pazi|igels paoe(dsip § 9|Apuod |eJa1eT of [€1]e1®
palYUSPI S24N1eI) Pade|dsIp-UoN palyUIP! S2uN1deI) pade(dsip-UoN Jopa150d [|-UIRIsUINg-|jesu| pade|dsip-uou g¢ JejApuodiaiul -INWa4  IpJequioT
1uauodwiod
[eIQN [BUl} BY1 JO umOp Bulswwey
Bupnp Pa1ind20 sain1dely [eiqiL
21Aydosiso able| Jo nealeld eiqn
[PAOWIRI BULINP -24N31De1) S|APUOD [PIPAW 33 JO X310 Jolaiue
SM1IDS SNOj|dUed [PJOWJ [BIPSW JO XSLOD [BIPSA 3U1 JO S2INIDBJ) ORI [BIISA 4
OV papeaiyl Ajjered ww-s¢ aidipiniy yo10U JRjAPUODISIU] Y} JO |-9/Apuod  -eiqi
SMa1IDS SNO|j|dDUed [PAOWIRI BULIND P31IND20 2IN1oel) [eIgi painy pade|dsip Ajjewiuny [PIPSW 33 JO XSUOD [eIPSN S [s]
OV papeaiys Ajjered ww-g'¢ aidinnpy UOIS|NAR SJAPUOD [RJOWD) [BIPSN Sd7 USDXIN Sd pauswad)  pade|dsip Ajjewiuliy #-9]ApUOD [PJIOWDY [BIPSN -INWS4 ‘| 19 und
JUsUOdWOd [eloWa) 3yl JO
SM3IDS SNOJ[9DURD WIW O X WU G OM] Buleul Jo swi sy 1 PaUNdIIO Andaq
pade|dsip-uou
JusWabeURW 3IN1DEIS JO POYIBIN 95U1NDD0 aINdely JO W] pasn ueidwi jo adA| SnsiaA pade|dsig 2IN1DBJ} 91 JO UOIEDOT Apnig

(PanuUO)) s|1L19P SARRISO-RIIUI PUE S3INIDRL) DY) JO SDNSHIDRIRYD) T djqel



Page 8 of 13

(2020) 32:40

Purudappa et al. Knee Surgery & Related Research

1yb1am |4 -josoioud
[ensn oY1 wioly abueyd oN

PaMO|[e SBM YIS
Bupjem s1buls e Jo yoinid
SUO UM Uonezljiqow
‘SY99M 7 1Y "passaiboid
Ayjigow 1uaied se
sayoInid ¢ Ag padejdal
sem awely bupjiem ay|

‘| Aep uo awely bupjjem

e yum buueaq 1ybiam |ny
pue uolOW 99Uy JO buel
IN} PMO][e SIaM SIUBIIe

syauow
aAneIado-1sod ¢ 151l 9yl 1oy
PobRINOOUS JoX[eM B LM
Buresaq 1ybrom [ened

pue pasn sem deIq
‘pa1usWR|dWl SISDISXD
INOY 9AIssed pue oAy

dN

dN

SaIn1oely [elqn uo Lodas oN
SUIUOW Z—| IO}

Buliesaq 1ybrom pakejop
-S9IN1DkJ) [RIOWS) 3|geIS

193eM
e buisn buueaq ybrom
[N} YaM 99Uy paresado
941 JO uonouwl Jo abuei ||n4

pajeay sainel |y

uolun auoq panalyoe syusned ||y

dn-moj|o4
YIUOW € 1B PWULUOD uolun
dn moj

-|0} YIUOWI-¢ 18 PpauliljuUod uolun

pajeay sainidel |y

dN

suoljelado aidipnu palinbai

Ya1ym 2inidely eign xo|dwod yim

2U0 1dadxe pajeay sainidel |y

(sfoam 9| —G abuel)

SY92M 6'g JO UONRIND UeaW e e
uolun Auoq panaiyoe syuaned |y

€8 JO 21025 aAleIad0oIsOd [e101 SbeIaAR
‘GG 9belane Jo 21005 SSH dAeIado-a1d-93uUy Sd |9

7'€/-2102S UOIIdUN4
£'68-SSH Uesy

dn moj|0} Jeak-z 1e ‘Apandadsal ‘0/
PUB 89 9JaM $2102S UOIIDUNY PUe A191D0S 99UY-¢ 958D
dn moj|0} Jeak-z 1e ‘ApAndadsal ‘59
pUB 0/ 9J9M $2102S UOIDUNY PUe A191D0S 99UY-| 958D

(9-F) §-2102s DN
(L16-€19)

§9/-91025 SWODINQ SIIUYLUROISO pue Ainfu) 93Uy
911 — 0-uonow jo abues abesany

dN

9°'G/-21005 UONOUN
1'68-21005 Syj|

sain1oel) [eIow

§7/-2100S UoNdUN4
7'88-2100S Gy|-521N1081} [eIqLL

76 sem dn moj|o4 Ise| |V pUe |8 Sem dn moj||0) 1S11) 18 SSY
‘Aj9A1eIad0-1504 /'€ sem Appaieiado-aid Sy uesw ay|

AjoAnessdo-sod

19 0} A]9Aneiado-aid € WOl PaseaidUl 2103S uoiduny
Sy ueay “Ajpnnelado-isod g/ 01 AjpAiesado-aid ¢ of

[€l]1e3d
SUON Ipiequio]

1218| SYIUOW 6 WML

UOISIAI JUSMIDPUN PUB |[PUS01 UMOIBU

P193)ul Ue 0} AIBPUODAS UODyUI
snousboleway padojenrsp jusined suQ  [] '|e 3@ und

9]

SUON  ‘|e 38 Bueny

VAR -3 1)

dn mojjo0} pauodal ayy bunp auoN enosej2q
(8] le3s

N nobiuisH

uonddUl IOy
uoisiaal abeis-omy ‘buryelb suoq pue
uolexIy UolsiARl bulpnppul suonelado
a|dinw palinbal ainioely [easAyderp
-0asAydelaw xo|duwod yum uaned |
SYIUOW €7 18 abueydx
Jaull-AlljIgeISul [PIgROJOWS) Yum Jusied |
4I4O-syiuow ¢ (€]
18 2Jn1dey) AUS0IagN] [eIgll YuM | |e 39 1jodeuld

dn moj|04 ay3 1an0 ¥ lew
A19BIns uolisiAai palinbal syusied oN ejemieby

| -95835Ip Df1rISeIW
4O uoIssa1boud ‘| -5sSauyns ‘| -bupde-jew
Jejjo1ed ‘| -uted sauy Jou1UE ‘Z-UONDAJUI

"7-SISKj021S0 pue BuIuasoOo| ‘L-AlljIgelsu]

SEENYe! wolj parosdul OSSH) 21005 A12120S 33Uy UBSIN “,€01 18 HEET S i
10} buesq 1ybrem yonoy Ajjeolydesbolpel  pabueydun paulewas UoXal aauy ‘AjpAiesado-1sod 8| Jo obeiane ue 1e Aisejdoiyiie uoisiAl [
- S2In1oel) pade(dsIp-UoN pajeay sainidel) ||y 01 AjaAiesado-aid ,|°/ woi panoiduwll UoISUSIXD U 1USMISPUN (%1 7) Sausned 99 syl Jo {| ‘|e 3@ uap|y
j0d0301d
AdesayroisAyd aninesado-1s04 awodIno diydelbolpey 9WODINO [edIul]D A1261ns uoisinay Apnig

2WO0dIN0 3AneIado-1504 € ajqeL



Page 9 of 13

(2020) 32:40

Purudappa et al. Knee Surgery & Related Research

Kisejdosype aauy 230 Yy ‘uonow jo abues Yoy ‘pamodal Jou YN

syauow ¢ oy bueaq

1uauodwod eigll 3yl JO Buluasoo|

YUM PajIe) YdIym quawad pue 261324
YIM pajeasl sem 1A e ybnoiyy ainidely
SAllelado-eliul [elu] sisayisold pabuly

1yb1om |erued 10 bupeaq 1ybiam-uoN N UN YUM SYIUOW € 1e UOISIASL paiinbal | [6] e 19 XIj94
[cl]
UN UN UN 4N ‘e 30 Auiag
|g-2Anesado-1sod ‘09 sem 2102
uonow jo abues pue buieaq SSH 2Ane1ado-aid [B10) abeISAR-Sd WIXBIA
j020301d
AdesayroisAyd annesado-1s04 awodIno diydelbolpey 9WODINO [edIul]D A1261ns uoisinay Apnig

(panujUOD)) SUWODINO dAIlRI9d0-1504 € djqel



Purudappa et al. Knee Surgery & Related Research (2020) 32:40

6, 8]. Agarwala et al. [4] fixed the displaced medial and
lateral femoral condylar fractures with plate and screws;
similarly Alden et al. [2] fixed some femoral condylar
fractures using plates and screws, but they did not pro-
vide details on which type of femoral condylar fractures
were indicated for the use of plates and screws as com-
pared to screws alone.

Vertical crack fractures of the tibial cortex were fixed
with screws in four studies [2, 4, 5, 9]. Agarwala et al. [4]
used a stemmed tibial component to fix 4 medial tibial
plateau and 2 lateral tibial plateau fractures, and Alden
et al. [2] used a stemmed tibial component in 8 out of
the 18 tibial fractures in their study. Pinaroli et al. [3]
treated 27 vertical fractures of the tibial plateau with a
long tibial keel and Fig. 8 wire supported by two screws
of 4.5 mm diameter on each side of the keel. Tibial tu-
berosity fractures were fixed with screws reinforced with
metallic wires [3] (Table 2).

Post-operative treatment protocol

There was variation among the studies in allowing
weight bearing and ROM after the intra-operative frac-
tures were identified. Non-weight bearing or partial
weight bearing for a period of 6-8weeks post-
operatively was instituted in four studies [2, 3, 6, 9]. Full
weight bearing and ROM with crutches or a walking
frame immediately after surgery was allowed in three
studies [4, 5, 13].

Clinical and radiographic outcomes

Different outcome scores were utilized and all the au-
thors reported significant improvement in the clinical
scores as compared with the pre-operative status [2-7,
13]. Pinaroli et al. [3] reported an International Knee So-
ciety (IKS) score of 88.2 (43—-100) at the final follow up
and a function score of 72.8 (0—100) in patients with tib-
ial fractures and an IKS score of 89.1 (60—100) at the
final follow up and a function score of 75.6 (40-100) in
patients with femoral fractures. There was no statistically
significant difference in comparison to the series of pa-
tients without complications. Data on radiographic heal-
ing of the fractures was available in 7 [2-7, 13] out of
the 10 studies and all of them reported radiographic
healing of all fractures except for one complex fracture
of the tibia reported by Pinaroli et al. [3], which went on
to non-union and required multiple surgeries (Table 3).

Revision surgery

Revision surgery was reported in 4 out of the 10 studies
[2, 3, 5, 9]. Alden et al. [2] reported a revision rate of
21% (14 out of 66) at an average of 2.8 years (range of 2
months to 12 years), due to various reasons including in-
stability (n = 4), loosening and osteolysis (n = 4), infec-
tion (n = 2), anterior knee pain in an un-resurfaced
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patella (n = 1), patellar mal-tracking (1 = 1), stiffness (n
= 1) and progression of metastatic disease (n = 1): in 12
(86%) of the knees requiring revision surgery, the intra-
operative fractures were located in the distal femur and
2 fractures were located in the tibia [2]. Revision surgery
rates of 7.5% [3], 6% [5] and 10% [9] were reported for
the other three studies (Table 3).

Discussion

Intra-operative fracture during primary total knee
arthroplasty is uncommon and there is limited literature
on this topic. We conducted a systematic review of the
available literature to define the incidence, risk factors,
time of occurrence of the fracture during surgery, char-
acteristics of the fractures, management options and the
outcomes. We have also identified precautions to be
taken to prevent these fractures.

We identified incidence ranging from 0.2% to 4.4% but
this may be underestimated as some of the intra-
operative fractures may go un-noticed, and minimally
displaced fractures not requiring any intervention may
not be reported [7, 17]. The majority of the authors in
this review reported incidence below 1% [2, 4, 6, 7, 9,
12]. In comparison, intra-operative fractures during revi-
sion knee arthroplasty have been reported to be 1.9-3%
[12, 15]. Similar to revision knee arthroplasty surgery,
osteoporosis, rheumatoid arthritis, advanced age, female
gender, chronic steroid use, posterior-stabilized knee
arthroplasty and metabolic bone disorders have been
identified to be important risk factors for intra-operative
fractures during primary knee arthroplasty [2, 4, 12, 13]
and this review confirms these findings. Complex pri-
mary knee arthroplasty associated with severe pre-
operative deformities, bone defects in patients with
rheumatoid arthritis and osteoporosis are also important
risk factors for intra-operative fractures [6]. Hernigou
et al. [8] reported three patients with medial femoral
condyle fractures that developed while using a counter
angled retractor placed on the posterior aspect of the
proximal tibia for cementing of the tibial implant, in pa-
tients with rheumatoid arthritis or in those in cases
where it is difficult to expose the joint.

The intercondylar notch cut acts as a stress riser by
decreasing the strength of the femoral condylar bone
stock thus leading to fractures [18]. Many authors report
significantly higher incidence of intra-operative femoral
fractures associated with PS knee implants [2, 7, 13]. In
a PS knee replacement, stresses delivered to the condyles
from a tight-fitting final component into the intercondy-
lar resection can result in a fracture [13]. Similarly, if the
implant or the trial are inserted or extracted in a slight
varus or valgus angulation results in stresses applied to
either condyles, this may lead to fractures [13]. The dis-
tance from the medial cortex to the deepest aspect of
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the trochlea is smaller than that of the lateral femoral
cortex to the bottom of the trochlea, and this predis-
poses the medial femoral condyle to higher risk of intra-
operative fractures, especially with PS implants [8].

Bozkurt et al. [19] volumetrically measured and com-
pared the amount of bone removed through the inter-
condylar femoral notch wusing implants from five
different TKA manufacturers. They compared a single
femoral size from each manufacturer. They found that
the amount of bone removed from the intercondylar
notch varied among the different manufactures, when
comparing the Vanguard (3.6 + 0.4 c¢m®), Nex-Gen (3.7 +
0.5 cm?), Sigma (5.7 + 0.4 c¢m®), Genesis 2 (6.3 £ 0.3 cm®)
and Scorpio NRG (6.7 + 0.7 cm®). Indelli et al. [18] com-
pared the amount of intercondylar bone resection using
three different PS TKA devices — the Sigma PS (De Puy,
Johnson & Johnson, Warsaw, IN, USA), the Persona
(Zimmer, Warsaw, IN, USA) and the Vanguard (Biomet
Inc., Warsaw, IN, USA). They compared the bone re-
moval area for each of the three groups of cutting jigs
for small, medium and large sizes, through direct meas-
urement with a millimeter caliper. They found that for
all implant sizes the Zimmer Persona jig had a signifi-
cantly inferior tridimensional box area resection com-
pared to the Biomet Vanguard and Sigma PS. The
difference between the Zimmer Persona and the Sigma
PS was even more statistically significant in small and
medium-sized implants. Their study demonstrates that,
as the size of the femoral implant decreases, the amount
of intercondylar bone resection also decreases signifi-
cantly in some designs as compared to others. This re-
view demonstrates that the PS knee design is an
independent risk factor for intra-operative fractures dur-
ing primary knee arthroplasty. Surgeons should exercise
caution while using the PS knee design especially in fe-
male patients and in patients with osteoporosis or
rheumatoid arthritis and those who require smaller
implants.

Intra-operative fractures can occur at various stages of
a knee arthroplasty procedure. Exposure and bone prep-
aration in the femur have been identified to be particu-
larly risky [2, 4] as is impaction of the final PS-type
implants [3, 8, 13]. Huang et al. [6] were of the opinion
that the microfractures that might have occurred during
exposure and bone preparation would become visible on
trialing of the implants due to the mechanical forces cre-
ated by reducing the tibia on to the femur.

A high revision rate of 21% was reported by Alden
et al. [2], which may have been due to many of these pa-
tients having previous knee surgery or severe bone de-
formity. Of the 14 patients who underwent revision
TKA, 7 had prior knee surgery including femoral or tib-
ial osteotomies: in addition, 2 patients with prior oste-
otomies had severe bony deformities secondary to
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diagnosis of underlying osteogenesis imperfecta and
Marquio syndrome. They concluded that this is a subset
of patients that is more susceptible to peri-operative
complications and thus poor outcomes.

Recommendations and principles of management of
intra-operative fractures

We found that a particular treatment approach is diffi-
cult to recommend because of variable fracture patterns
and use of multiple treatment options by the authors
reviewed in this study. As a general rule, fracture fix-
ation and arthroplasty principles should be followed to
achieve stable internal fixation and any unstable fracture
site should be bypassed with the utilization of long intra-
medullary stems [2, 4].

Femoral fractures

Non-displaced intercondylar femoral fractures that do
not extend into the medial or the lateral cortex are con-
sidered to be stable and they do not need any further
intervention. Lombardi et al. [13] treated them with ob-
servation with no changes to the post-operative protocol.
Full weight bearing and unrestricted range of motion
were allowed.

Non-displaced fractures of the medial or the lateral
femoral condyles extending into the respective cortices
can be treated with partially threaded cancellous screws
[5, 6, 8]. Huang et al. [6] were of the opinion that fem-
oral condylar fractures can be successfully fixed using
two cancellous screws, because perfect reduction of
intra-operative fracture is easy to achieve, unlike post-
operative fracture, and cemented fixation provides im-
mediate stable fixation of the femoral implant. More-
over, plate fixation can interfere with the positioning of
the femoral component. Plate and screw fixation [4] or
screw with a stemmed femoral component [2, 13] should
be available as options in displaced unstable femoral
condylar fractures. Epicondylar fractures are uncommon
and can be safely addressed using screw fixation [2, 4].

Highly comminuted femoral condylar fractures and
supracondylar fractures might need to be treated using
distal femoral replacement [2, 20].

Tibial fractures

Small vertical crack fractures involving the anterior, pos-
terior, medial or the lateral cortex of the proximal tibia
can be managed with compression screws and a stand-
ard tibial implant [4, 5]. Tibial plateau fractures should
be addressed using a stemmed tibial implant and com-
pression screw fixation of the fracture to gain stable fix-
ation [2-4, 9]. Fractures involving the metaphyseo-
diaphyseal region of the tibia should be addressed using
a stemmed tibial component with or without plate and
screw fixation as needed [3, 9].
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Recommendations for prevention of intra-operative
fractures

Pre-operative considerations

The factors implicated in increasing the risk of intra-
operative fractures include osteoporosis, rheumatoid
arthritis, advanced age, female gender, chronic steroid
use, metabolic bone disorders such as osteomalacia,
Paget’s disease, osteopetrosis, osteogenesis imperfecta
and p-thalassemia [2, 4, 6, 9, 12, 15, 16]. Patients in
whom one or more of these factors are identified war-
rant careful planning to prevent intra-operative frac-
tures. Full medical history and careful evaluation of bone
stock and bone mineral density testing should be under-
taken. When indicated, patients with osteoporosis,
rheumatoid arthritis, chronic steroid use and metabolic
bone diseases should be evaluated by a medical specialist
for appropriate pharmacological treatment to improve
bone mineral density. Complete up-to-date imaging
studies should be available at the time of surgery to
make sure that the plan that was made in the clinic is
still appropriate. Stemmed components, augments,
plates and screws should be available as backup while
performing primary knee arthroplasty in patients with
any of the aforementioned risk factors.

Female patients are at particularly high risk of intra-
operative femoral fractures due to their narrower distal
femur. Using a PS knee implant along with excessive
medial or lateral placement of the components weakens
the respective condyles, thereby predisposing to frac-
tures [4, 13]. A CR design or ultra-congruent polyethyl-
ene insert, which do not need accessory bone resection
for the PS implant should be considered [18].

Exposure

The joint should be generously exposed to free the med-
ial and lateral gutters before flexing the knee in patients
with poor bone quality [2]. In patients with advanced
arthritis with severe fixed varus and valgus deformities,
adequate medial and lateral releases, respectively, should
be performed prior to flexing the knee [2, 4, 6, 8].

Bone preparation, trialing and final component placement

Mismatch between the intercondylar resection and the
final component should be avoided by carefully checking
the appropriate preparation of the intercondylar notch
in a posterior stabilized knee replacement using
implant-specific trials [13]. In a PS knee design, the box
cut should be wide enough to be slightly larger than the
dimensions of the final implant box, to prevent initiation
of the fracture during impaction [8]. Also the implant
should be lateralized to increase the distance between
the medial femoral cortex and the bottom of the box
cut. Fractures of the femoral condyle during exposure of
the proximal tibia can be prevented with improved
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exposure of the tibia obtained by disengaging the tibia
forward before hyper-flexing the knee and externally ro-
tating the tibia, and by avoiding placement of the poster-
ior tibial retractor in patients with poor bone quality [8].

If any difficulty is encountered during removal of the
intercondylar notch, a possible connection between the
intercondylar notch and the femoral condyles from an
incomplete box cut should be excluded to avoid an avul-
sion fracture [5]. Any varus or valgus malalignment dur-
ing insertion and extraction of the trial and final femoral
component should be avoided by using appropriate in-
strumentation rather than hand insertion [13].Overstuff-
ing of the tibia with cement with overzealous
hammering during final seating of the tibial component
should be avoided [4]. Tibial tuberosity elevation is asso-
ciated with 8.7% incidence of intra-operative tibial frac-
tures [3]. Use of bone-holding forceps is recommended
to decrease the risk of tibial fracture during impaction of
the tibial base plate in smaller patients in whom tibial
tuberosity elevation is necessary [3].

Conclusions

Intra-operative fractures during primary total knee
arthroplasty are rare with higher risk associated with
osteoporosis, rheumatoid arthritis, advanced age, female
gender, chronic steroid use, metabolic bone disorders,
PS type of femoral implant and difficult exposure of the
joint due to severe deformities. Patients with risk factors
warrant careful pre-operative planning with a full med-
ical history, evaluation of bone stock and availability of
appropriate instruments and implants. Exposure, bone
preparation and trialing, final femoral implant place-
ment, preparation for the tibial keel and impaction of
the tibial component are associated with higher inci-
dence of these fractures. A plethora of management op-
tions have been utilized according to surgeon
preference. Standard principles of fracture fixation and
arthroplasty principles should be followed to achieve
stable internal fixation and any unstable fracture site
should be bypassed with the utilization of stemmed
components. Satisfactory radiographic and functional
outcome can be expected with appropriate treatment.
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