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PE3IOME

IIpegcmaBen e psigpk cayuall Ha 3acmapsiaa Ayk-
cauusi Ha nameaama, aekyBan ¢ engonpomesupane
Ha demopasHama uyacm Ha nameaodeMopasHama
cmaBa ¢ uumenmuo ¢ukcupan nauuenm-cneuudu-
yeH umnaanm. VI3Bbpwena e aamepasna Aubepa-
uusi Ha nameaama u naacmuka na MPFL u MCL.
Omuumam ce goGpu pesyamamu npu npocaegsaBa-
He om 5 meceua. Cp3gagen e pabomen npouec, kou-
mo aecHo moke ga 6bge usnoasBan 3a gpyeu nepco-
HaAU3UpaHU UMNAaHMU Ha nameAodeMopasHama
cmaBa u 6pgewu npoekmu.

KAKOYOBU AOYMW: nauuenm-cneuuduyeH um-
naanm, koassnaa cmaBa, engonpomesupane, aykca-
uus Ha nameaama

BbBEOEHWE

Aykcauusima na nameaama 8 gemcka B8p3pacm He
e psigka namoaoeust. HeaekyBanama aykcauus, o6aue
Bogu go mMopdoaozuunu npomenu 3amBbpgeHu ¢ us-
pacmBanemo u B8 nocaegcmBue go panna apmpo3sa Ha

ABSTRACT

A rare case of inveterate patellar dislocation
treated with endoprosthesis of the femoral part of
the patellofemoral joint with a cement-fixed patient-
specific implant is presented. Lateral release of the
patella and reconstruction of MPFL and MCL was
performed. Good results are reported with follow-up
of 5 months. A workflow has been created that can
easily be used for other personalized patellofemoral
joint implants and future projects.

KEY WORDS: custom implant, knee joint, arthro-
plasty, patellar dislocation

INTRODUCTION

Dislocation of the patella in childhood is not a rare
pathology. Untreated luxation, however, leads to mor-
phological changes confirmed by growth and subse-
quently leads up to early osteoarthritis of the knee joint
and disability. Individual endoprosthesis gives the ad-
vantage to correct bone deformities, creating the pos-
sibility for stable and painless movements in the joint.
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koassnnama cmaBa u unBaaugusauus. VinguBugyaano-
mo engonpomesupate gaBa npegumcmBo ga ce kopu-
eupam kocmuume gepopmumemu, kamo ce cp3gage
Bpsmosknocm 3a cmabuanu u HeboaesHenu gBuskenus
B cmaBama.

KAMHNYEH CAYYAI

Bauskume na nauuenm ¢ ¢ynkuuonasna neBns-
MokHOCIM 32 cCaMOCMOsIMEeAHO XOgeHe nombpcuxa ko-
cyamauus u nomow, npu Hac. Kacae ce 3a mpk Ha 46
2. cbC 3acmapsiaa Aykcauus Ha nameaama na as8a ko-
AsiiHa cmaBa, kamo nocaeguua om mpaBma 8 gemcka
Bnspacm. HeBb3morkno e camocmosimeanomo xogene,
nopagu HecmabuaHocm Ha astBa koasnna cmaBa u no-
pagu cnacmuuHa xemunapesa 8gsicHo. B gonbanenue,
om gemcka Bbspacm nauuenmbm uma HeaekyBana
xugpouedaaus u nepuogu Ha zppuoBe. Om 2 20guHu
ce npugBuskBa ¢ unBaaugna koauuka u e 3aBucum om
uyskga nomou.

Kaunuunomo uscaegBane Ha asiBama koassnna cma-
Ba nokasa konmpakmypa, Bpsmosknu nacuBuu gBuske-
Hus 20-90°, Baaeyc om 10°, nameaapHa u Meguasna
HecmabuAHOCM, apmposHU npomeHu B nameaodu-
MopasHama cmaBa u xunompodust Ha m. quadriceps
femoris. OcBen cmangapmuume penmeeHozpadpuu 8
guaenocmuuen acnekm usnoasBaxme CT u komnlo-
mbpHo 3D Mogeaupane 3a usscuaBane Ha MOpPOAO-
eusima Ha 3aceeHamama koastuua cmaBa.

3a ga nocmueHeM ueAma Cu - 3aegHO ¢ noMouima
Ha pupma NMS (Switzerland) usBspuiuxme npoyuBane
om ckenepa na nauuenma, 3a ga uscaegBame ecmecm-
Benama, 3gpaBa mpoxaeapHa 6pasga u ga cpaBuum
HetiHume xapakmepucmuku cbc cpwama kakmo npu
gpyeu 20 gucmaanu ¢emypa om 3gpaBu nauueHmu.
NscaegBanemo 3anouBa ¢ 6asa gannu om 20 3gpaBu
CT-6asupanu mogeaa Ha Gegpenama kocm, koumo
npegu moBa ca Guau ceemenmupanu 8 npoekm 3a us-
Bauuane Ha ganHu om kocmuu mogeau. [Tonyaauusma
e usbpana ga 6bge cmecuua om 20 mbke om eBpone-
ugHama paca. BeB Bceku om mogeaume nHa GegpeHa-
ma kocm Gewe cp3gagena anamomuuna koopguHamua
cucmema, GasupaHa Ha MexaHuyHama oc. Caeg moBa
paBnuna ce 3aBbspms okoro mpancenukonguanama oc
na cmpnku om 5 °. ToBa goBege go cepust om npeceunu
kpuBu meskgy paBrunama u gucmaanama npokcumaa-
Ha 6egpena kocm, koumo ompassiBaxa M-popmama na

92

CLINICAL CASE

The relatives of a patient with a functional inabil-
ity to walk independently sought consultation and help
from us. It concerns a 46-year-old man with an old pa-
tellar dislocation of the left knee joint, as a consequence
of a childhood injury. It is impossible to walk indepen-
dently due to instability of the left knee joint and due
to spastic hemiparesis on the right. In addition, from
childhood the patient has untreated hydrocephaly and
periods of seizures. He has been in a wheelchair for 2
years and is dependent on outside help.

Clinical examination of the left knee joint showed
contracture, possible passive movements 20-90 °, valgus
of 10 °, patellar and medial instability, arthritic chang-
es in the patellofemoral joint and hypotrophy of m.
quadriceps femoris. In addition to standard diagnostic
radiographs, we used CT and computer 3D modeling
to elucidate the morphology of the affected knee joint.

To achieve this goal - together with the help of NMS
(Switzerland) we performed a study from the patient’s
scanner to examine the natural, healthy trochlear sulcus
and to compare its characteristics with the same as in
other 20 distal femurs of healthy patients. The study be-
gan with a database of 20 healthy CT-based femur mod-
els that had previously been segmented into a project
to extract data from bone models. The population was
chosen to be a mixture of 20 men of European descent.
An anatomical coordinate system based on the mechan-
ical axis was created in each of the femur models. The
plane is then rotated about the transepicondylar axis in
5 ° increments. This resulted in a series of intersecting
curves between the plane and the distal proximal fe-
mur that reflected the M-shape of the trochlear groove.
The lowest points of the intersection curves were used
to calculate the angle of the trochlear groove. Creating
each plane in the correct position and calculating the
intersection curve manually took more than an hour
per bone.

Procedure 1 - Arthroscopy of the left knee joint was
performed, in the course of which Dejour type D troch-
lear dysplasia was found, as well as cartilage damage of
the patellofemoral joint ICRS 4th degree. Lateral release
of the patella was performed with an electric knife.

Procedure 2 - Endoprosthesis of the femoral part of
the patellofemoral joint was performed with a cement-
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mpoxaeaprus kae6. Hau-nuckume mouku na kpuBu-
me Ha npecuuate 6sxa usnoasBanu 3a usuucasBane Ha
bebAa Ha mpoxaeapHust kaeb. CbsgaBanemo Ha Bcaka
paBruna 8 npaBuanomo noaoskenue u usyucasBanemo
Ha kpuBama nHa npecuuane ppuno omue noBeye om uac
Ha kocm.

Queypa 1 Anaaus na CT gannume Ha nauuenma u ouenka na
HoBama nosuuus Ha nameaama

Figure 1 Analysis of the patient’s CT data and evaluation of the
new position of the patella

IIpouegypa 1 - HanpaBu ce apmpockonus Ha as8a
koasinna cmaBa, 8 xoga na kosmo ce ycmanoBu mpo-
xaeapHa gucnaasus Type D no Dejour, a maka cpuio
yBpega Ha xpywisiaa Ha nameaodpeMopasHama cmaBa
ICRS 4-ma cmenen. HanpaBu ce aamepaano ocBo60k-
gaBane Ha nameaama ¢ eackmponosk.

IIpouegypa 2 - V3Bspwu ce engonpomesupa-

He Ha deMOpasHama yacm Ha nameArodpeMOpasHama
cmaBa ¢ uumenmuo ¢ukcupan nauuenm-cneuupuueH
umnaanm. [Ipomenu ce pasmeppm u popmama Ha na-
meaama. HanpaBu ce aamepaana aubepauust Ha na-
meaama u ce cb3gage, u ¢ukcupa 8 kocmuu myneau
HoB8 MPFL ¢ mpancnaanmam om m. semitendinosus.
IIpemecmu ce gucmaanama uncepuust Ha MCL u ce
¢pukcupa B8 kocmen mynea ¢ Bunm. B kpag na pekon-
cmpykuusma ce npoBepu cmabuanomo gBuskenue na

koassnnama cmaBa 20-90° u eaagpk xog Ha nameaama.

NMHCTPYMEHTWUTE 3A NOCTABAHE

Bsixa nanpaBenu caegnume uncmpymenmu, gusat-

Ha Ha koumo Gewe Gasupan Ha USXOGHU gaHHU Om 2e-
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(Dueypa 2 ITaan na pekoncmpykuusma u Bupmyaano
MOHMUPAHUAM UMNAAHM in situ 6asupan Ha 3D mogeaume om
komnlomsprusm momozpad

Figure 2 Reconstruction plan and the virtually mounted in situ
implant based on 3D models from the computed tomography

fixed patient-specific implant. The size and shape of
the patella was changed. Lateral patellar release was per-
formed and a new MPFL with a m. semitendinosus graft
was created and fixed in the bone tunnels. We move
distally the distal MCL insertion and fix it in a bone
tunnel with a screw. At the end of the reconstruction,
the stable movement of the knee joint 20-90 ° and the
smooth course of the patella were checked.

Dueypa 3 ITpegonepamuBuu penmeenozpaduu
Figure 3 Preoperative radiographs
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oMempusima Ha 0ogo6penusim om xupypea kpaen Bapu-
aHM Ha npomesama

1. VInguBygyaaen Bogau 3a omHemaHe Ha Mamepuaa
u gocmueane Ha HUBomo Ha npomesHama ocHoBa

2. VMnguBugyasen uncmpymenm 3a npoBepka na
HuBomo Ha npome3nama ocHoBa

3. VInguBygyaaen Bogau 3a ocueypsiBane na gemap-
kauuonnama aunus 6oaen-3gpaB xpywsia - Bugsna u
gokymenmupana no Bpeme na apmpockonusima na cb-
wama cmaBa

4. VInguBygyaaen Bogau 3a uspabomka Ha aeeaomo
Ha nezoBeme Ha npomesama

5. TloaumepHa npo6a Ha npomesama cbomBem-

cmBawa Ha kpatinusm Bapuanm

PLACEMENT TOOLS

The following instruments were made, the design of
which was based on the initial data from the geometry
of the final version of the prosthesis approved by the
surgeon.

1. Individual guide for removing material and reach-
ing the level of the prosthetic base

2. Individual tool for checking the level of the pros-
thetic base

3. Individual guide for providing the demarcation
line sick-healthy cartilage - seen and documented during
the arthroscopy of the same joint

4. Individual guide for making the bed of the pros-
thesis pegs

5. Polymer sample of the prosthesis corresponding to
the final variant

Quzypa 4 Hoana u zopHa noBbrpxHOCM HAa UMNAAHMA, U X0g Ha onepamuBrama unmepBenuus ¢ nauuenm-cneuuduunu Bogauu go
dunasHama umMnaanmauus Ha peMopasHama komnonenma
Figure 4 Lower and upper surface of the implant, and the course of the surgical intervention with patient-specific guides until the
final implantation of the femoral component

AHAAN3SWUNPAHE HA PE3SYATATUTE N
NMPOCAEAABAHE

Caeg nppBama unmepBenuust /apmpockonus/ He
ouakBaxme nogo6penue B cbcmostnuemo Ha cmaBama,
HO HabAezHaxMe Ha usoMempusima 3a m. quadriceps
femoris. ToBa 6e nogeomoBka 3a pekoncmpykuusma
Ha koasnomo. Caeg Bmopama onepauust npuaokuxme
umobuausauus ¢ euncoB kpauoa 3a 20 gnu, nocaegBan
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ANALYZE RESULTS AND FOLLOW-UP
After the first intervention / arthroscopy / we did
not expect an improvement in the condition of the
joint, but we emphasized the isometry for m. quadriceps
femoris. This was a preparation for knee reconstruction.
After the second operation, we applied immobilization
with a plaster cast for 20 days, followed by controlled
mobilization of the joint and an immobilizing orthosis
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om konmpoaupana mo6uausauus Ha cmaBama u umo-
Buausupawa opmesa 3a npes Howma cbc cpok 2 Mme-
ceua. B kpasg nHa mosu nepuog nauuenmsm moke ga
xogu ¢ npoxoguaka. AkmuBrnume gBuskenus 8 onepu-
panama koasrna cmaBa ce ne6oaesnenu 8 o6em 10-95°.

Xogbm Ha nameaama e 2aagbk, 6e3 HoBu unuugenmu
Ha aykcauus. BrscmanoBsBanemo npogpaskaBa. [Tauu-
enmpm e npocaegen 5 Meceua. Ouenen no KSS - 72 m.
gobbp pesyamam.

ANCKYCHA

[Tameaopemopasnomo eHgonpomesupase e BbBe-
geno npes 1955 om McKeever /12/, kamo nppBonavaa-
Hus gusalii He goBea go nocmueane Ha 3agoBoaumea-
HU pesyAmamu.

[Ipes 70-me engonpomesupanemo Ha nameaode-
Mopaanama cmaBa omnoBo cb6yskga unmepec ¢ ny6-
aukyBanemo Ha pesyamamu om nbpBomo nokoaeHue
npomesu /2/. Omuuma ce 3Ha4umMeAHO nogobpenue B
pesyamamume npu HoBust gusaun /7, 8/.

Texnoaozuunussm Hanpegbk yaecusBa  paspa-
fomBanemo Ha nauueHm-cneuupuUHU UMNAAHMU
¢ nomowma Ha mpuusMepHa pekoncmpykuus 3a
BpsnpousBeskgane na paguyca na usBuBkama na na-
meaodemopasanama cmaBa /5/. Pannu pesyamamu
nokasBam, ue unmpaonepamuBuama konlombpna
HaBuzauus uMa nOmMeHUUaAa ga OCUZypu MOYHO aAU-
HupaHe Ha uMnaanma. B konmpoaupano npoyuBane
cpaBusBawo 15 nameaodemopasHu eHgonpomesu
nocmaBenu ¢ naBuzauus c epyna om 15 engonpomesu
6e3 naBuzauus, nokasBa 3a epynama ¢ naBuzauus nogo-
6penu kaunuunu pesyamamu u nukakBu ycaoknenust
/6/. VImnaanmume ¢ Hal-go6pu pe3yamamu Ha gbA-
eompatina 6esnpobaemHa ekcnaoamauus onucanu 8
Aumepamypama ca nauueHm-cneuupuutume /25 um-

B. KOXKYXAPOB, fl. TPUTOPOB, P. KAAbOHCKW, B. PAVIKOB
V. KOJOUHAROQV, Y. GRIGOROV, R. KALYONSKI, V. RAYKOV

for the night for a period of 2 months. At the end of
this period, the patient can walk with a walker. Active
movements in the operated knee joint are painless in a
volume of 10-95 °. The course of the patella is smooth,
without new incidents of dislocation. Recovery contin-
ues. The patient was followed for 5 months. Rated by
KSS - 72 points, good result.

®ueypa 5 IMocmonepamuBru
penmeeHozpaduu u kauHuueH pesyamam caeqg
3apacmBanemo Ha onepamuBHume gocmbnu
Figure 5 Postoperative radiographs and
clinical outcome after healing of operative
approaches

DISCUSSION

Patelofemoral endoprosthesis was introduced in 1955
by McKeever / 12 /, as the original design did not lead to
satisfactory results. In the 70’ the patellofemoral joint en-
doprosthesis aroused interest again with the publication of
results from the first generation of prostheses / 2 /. There is
a significant improvement in the results of the new design
/ 7.8/

Technological advances facilitate the development of
patient-specific implants with the help of three-dimensional
reconstruction to reproduce the radius of curvature of the
patellofemoral joint /5/. Early results indicate that intraop-
erative computer navigation has the potential to ensure ac-
curate implantation of the implant. In a controlled study
comparing 15 patellofemoral endoprostheses placed with
navigation with a group of 15 endoprostheses without
navigation, showed for the group with navigation improved
clinical results and no complications / 6 /. The implants
with the best results of long-term trouble-free operation de-
scribed in the literature are patient-specific / 25 implants in
22 patients KineMatch Custom PFR Cam (Camarillo, CA,
USA) reporting 100% stability for an average of 11.3 years,
without the need for additional interventions or loosening
/13/.

When there is a combined damage in Dejour type D
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naanma npu 22 nauuenma KineMatch Custom PFR™
(Camarillo, CA, USA) omuumatku 100% cmabua-
Hocm 3a cpegHo 11.3 2ogunu, 6e3 HeoGxogumMocm om
gonbaHUmMeAHU uHmepBenuuu uau pasxaabBane /13/.

Kozamo e naauue kombunupana yBpega npu mpo-
xaeapHa gucnaasus Type D no Dejour c¢ aykcupana
nameaa B8 aamepaanus peuecyc Ha cmaBama, kakmo
u nameaapHa yBpega na xpywsiaa ICRS cmenen 4 npu
MAag nauueHm ce HaAaaza Bp3cmanoBaBane Ha mpoxae-
apHama 6pasga ¢ uea ga ce usbezne u omaosku 668 Bpe-
Memo momaaHama cMsiHa Ha koassHomo.

[Teaume Ha nameAaopeMOpPaAHOMO eHgoOnpomesu-
paHe ca ga ce Bp3cmanoBu mpoxaeapnama Gpasga no
maksB Hauun, ye nameaama ga caegBa ecmecmBenus
cu nbm no Bpeme Ha gBukenue Ha koassHomo u sakpe-
nBanemo ga e makoBa, ue ga ce Heympaausupam pe-
skewume cuau no Bpeme Ha paekcusma na koagnnama
cmaBa 8 unmepdetica uumMenm-engonpomesa, koumo
Mozam ga s1 gecmabuausupam. [ToBeuemo npousBogu-
meAu Ha nameAOpeMOpPaAHU UMNAAHMU agpecupam
ueaume ¢ egHa om gBeme ¢uaocopuu Ha gusaiiHa:
»Heympaaen mpoxaeapeH kae6” uau ,Aamepaausupan
kae6®.

Opuenmauusima Ha mpoxaeapHusi kae6 Gewe us-
Opana cnpssmMo ganHume om ecmecmBenama konmpa-
AamepaaHa 6egpena kocm ¢ Q- bzbA Ha mpoxaAeapHUST
kae6 om 7 epagyca u no-Bucokocmosiw, rAamepasen
6opg, kotumo konupa popmama Hopmasnusm no-Bu-
cokocmosiuy, Aamepaaen pbp6 Ha nameaodpeMopasHama
cmaBa 68 HellHOMO HanpeyHO ceueHue npu 3gpaBomo
koasino. Tosu umnaanm caegBa wacmuuno ¢uaoco-
Pusama Ha AamepasusupaHusm skaeb6 ¢ noaezama u
paswupeHa mpoxaeapHa 6pasga, 3a ga ocueypu noBe-
ye ,xAabuHa", 3a ga ce ocyzypu npucnocobsBane Ha ec-
mecmBeHO-NpoOMeHIWUSM Ce XOg Ha NameAama caeq
onepauusima.

B npegcmaBenus cayuait Heo6xogumMocmma Om uH-
guBugyaseH uMnaanm ugBa om gucnAasuvHUS MepeH,
NamoAOZUYeH X0g Ha nameAama, npucbcmBaa gecem-
ku zogunu. 3amoBa nakou om konmpaungukauuume
32 nameAo$peMOPaAHO eHgonpomesupaHe He Osxa cna-
3€HU, a UMEHHO - NameAapHama HecmabuaHocm, Baa-
eycpm u o6embm Ha gBukenue B8 cmaBama.

OnepamuBnama mexnuka caegBawe cmbnkume
saaockeHu om npegonepamuBHomo naanupase u Ge
NnognoMozHama om gonbAHUMeAHUMe uHguBugyasnu
Bogauu 3a npaBuaHo nosuyuoHUpaHe HA eHgOnpomesa-
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trichlear dysplasia with luxated patella in the lateral recess of
the joint, as well as patellar damage of cartilage ICRS grade
4 in a young patient, it is necessary to restore the trochlear
sulcus in order to avoid and delay total replacement on the
knee.

The purpose of patellofemoral endoprosthesis is to
restore the trochlear sulcus in such a way that the patella
follows its natural path during knee movement and the at-
tachment is such as to neutralize the cutting forces during
knee flexion at the cement - endoprosthesis interface, which
can destabilize it. Most manufacturers of patellofemoral
implants address the goals with one of two design philoso-
phies: “neutral trichlear groove” or “lateralized groove”.

The orientation of the trichlear groove was chosen
based on data from the natural contralateral femur with a
Q-angle of the trochlear groove of 7 degrees and a higher
lateral board that copies the shape of the normal higher lat-
eral edge of the patellofemoral joint in its cross section at
healthy bone. This implant follows in part the philosophy
of the lateralized groove with the sloping and dilated trich-
lear sulcus to provide more “clearance” to ensure adaptation
to the naturally-changing course of the patella after surgery.

In the present case, the need for an individual implant
comes from the dysplastic terrain, a pathological course
of the patella that has been present for decades. Therefore,
some of the contraindications for patellofemoral endopros-
thesis were not observed, namely - patellar instability, valgus
and the volume of movement in the joint.

The operative technique followed the steps set by the
preoperative planning and was assisted by the additional in-
dividual guides for the correct positioning of the endopros-
thesis. The guides were firmly fixed in the femur with three
4.5 mm screws for each bone treatment. Thus, we avoided
the frequent mistakes mentioned in the correct positioning
of the femoral implant / 7, 13 /.

Intraoperative correction of the course of the patella
would be impossible only with the placement of the indi-
vidual implant, so the lateral liberation and reconstruction
of MPFL and MCL were performed.

CONCLUSION

Reconstructions that are difficult to solve are a challenge
we embark on, but balancing between risk and benefit. Cus-
tom implants have the potential to help resolve such cases,
but require more resources for planning, fabrication, and
specific and meticulous surgical techniques. A workflow
has been created that can easily be used for other custom-
ized patellofemoral joint implants and future projects.
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ma. Bogauume 6sxa cmabuano pukcupanu 8 6egpena-
ma kocm ¢ mpu 4,5 mm Bunma 3a Beaka o6paomka na

kocmma. Taka uszbeznaxme cnomenaBanume 3a yuecmu

epewku npu npaBuanomo nosuuuoHupaHe Ha pemo-

paanust umnaaum /7, 13/.

MumpaonepamuBuomo kopueupane na xoga

Ha nameaama 6u 6uao HeBb3MokHO camo ¢ nocmaBs-

Hemo Ha uHguBugyaaHus uMnaanm, 3amoBa ce Hanpa-
Bu Aamepaanama aubepauus u naacmukama na MPFL
u MCL.

3AKAKOYEHUNE

Tpygnume 3a pewenue pekoncmpykuuu ca npe-

gusBukameacmBo 8 koemo ce Bnyckame, HO Ganan-

cupauku mekgy puckpm u noasama om nest. ITauu-

enm—cneuucl)uquume uUMNnAaHmMuU uMam nomeHuuaasa

ga nomozHam B pewaBanemo nHa makuBa cayuau, Ho

usuckBam no-eoagM pecypc 3a naaHupase, uspabom-

Bane u cneuuduuHa u neganmuuHa onepamuBHa mex-

nuka. Bewe cp3gagen pabomen npouec, koumo aecno

Moke ga Gbge usnoasBan 3a gpyeu nepcoHaAusupaHu

uMnAaHmu Ha nameaopemMopasHama cmaBa u 6pgewu

npoekmu.
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