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5. Publikationsliste

5.1 Publikationen der kumulativen Dissertation

Die folgenden Publikationen entstanden wahrend meiner Forschungstatigkeit am
Muskuloskelettalen Universitatszentrum Munchen (MUM) in der Arbeitsgruppe
von Herrn PD Dr. med. Julian Firmetz. Die ersten beiden Publikationen sind Teil
der kumulativen Dissertation.

5.1.1 Publikation 1

Bormann M*, Neidlein C*, Gassner C, Keppler AM, Bogner-Flatz VV, Ehrnthaller
C, Prall WC, Bocker W, Furmetz J. Changing patterns in the epidemiology of tibial
plateau fractures: a 10-year review at a level-l trauma center. Eur J Trauma
Emerg Surg. 2023 Feb;49(1):401-409. doi: 10.1007/s00068-022-02076-w. Epub
2022 Sep 3. PMID: 36057677 .

*Markus Bormann and Claas Neidlein have contributed equally to this work
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5.1.2 Publikation 2
Bormann M, Neidlein C, Neidlein N, Ehrl D, Jérgens M, Berthold DP, Bocker W,

Holzapfel BM, Furmetz J. High Prevalence of Persistent Measurable Postopera-
tive Knee Joint Laxity in Patients with Tibial Plateau Fractures Treated by Open
Reduction and Internal Fixation (ORIF). J Clin Med. 2023 Aug 27;12(17):5580.
doi: 10.3390/jcm12175580. PMID: 37685647; PMCID: PMC10488731.

5.2 Publikationen zusatzlich zu der kumulativen Dissertation

Folgende Publikationen sind nicht Teil der Dissertation, werden aber dennoch
erwahnt. Sie spiegeln den Aufwand wider eine Datenbank zu einer Frakturentitat
in einem grofRen universitaren Zentrum wissenschaftlich zu beleuchten, um einen

Beitrag fur eine zukunftig bessere Versorgung von Patient:innen zu leisten.

5.2.1 Publikation 3

Bormann M, Neidlein C, Keppler AM, Prall WC, Bocker W, Furmetz J. Einfluss
der COVID-19-Pandemie auf die Frakturepidemiologie am Beispiel der Tib-
iaplateaufraktur [Influence of the COVID-19 pandemic on fracture epidemiology
exemplified by tibial plateau fractures]. Unfallchirurgie (Heidelb). 2023
Dec;126(12):967-974. German. doi: 10.1007/s00113-022-01263-z. Epub 2022
Dec 28. PMID: 36576535; PMCID: PMC9795428.

5.2.2 Publikation 4

Neidlein C, Watrinet J, Patzold R, Berthold DP, Prall WC, Bocker W, Holzapfel
BM, Furmetz J, Bormann M. Patient-Reported Outcomes following Tibial Plateau
Fractures: Mid- to Short-Term Implications for Knee Function and Activity Level.
J Clin Med. 2024 Apr 17;13(8):2327. doi: 10.3390/jcm13082327. PMID:
38673600; PMCID: PMC11051425.

5.2.3 Publikation 5

Bitschi D, Furmetz J, Gilbert F, JOorgens M, Watrinet J, Patzold R, Lang C, Neid-
lein C, Bocker W, Bormann M. Preoperative Mixed-Reality Visualization of Com-
plex Tibial Plateau Fractures and Its Benefit Compared to CT and 3D Printing. J
Clin Med. 2023 Feb 23;12(5):1785. doi: 10.3390/jcm12051785. PMID: 36902573;
PMCID: PMC10002526.
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5.2.4 Publikation 6

Bormann M, Bitschi D, Neidlein C, Berthold DP, Jorgens M, Patzold R, Watrinet
J, Bocker W, Holzapfel BM, Furmetz J. Mismatch between Clinical-Functional
and Radiological Outcome in Tibial Plateau Fractures: A Retrospective Study. J
Clin Med. 2023 Aug 27;12(17):5583. doi: 10.3390/jcm12175583. PMID:
37685650; PMCID: PMC10488212.

5.2.5 Publikation 7

Hormandinger C, Bitschi D, Berthold DP, Neidlein C, Schroeder L, Watrinet J,
Patzold R, Bocker W, Holzapfel BM, Furmetz J, Bormann M. Lack of standardi-
sation in the management of complex tibial plateau fractures: a multicentre expe-
rience. Eur J Trauma Emerg Surg. 2024 Aug 2. doi: 10.1007/s00068-024-02616-
6. Epub ahead of print. PMID: 39095621.

5.2.6 Publikation 8

Watrinet J, Wenzel L, Furmetz J, Augat P, Blum P, Neidlein C, Bormann M, Stuby
F, von Ruden C. Mdglichkeiten und Grenzen der intraoperativen 2D-Bildgebung
in der Unfallchirurgie [Possibilities and limits of intraoperative 2D imaging in
trauma surgery]. Unfallchirurgie (Heidelb). 2023 Dec;126(12):935-941. German.
doi: 10.1007/s00113-023-01381-2. Epub 2023 Oct 23. PMID: 37870559.
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6. Vortrage und Posterbeitrage auf Kongressen

Des Weiteren konnten zahlreiche Ergebnisse der Dissertation im Rahmen von

Kongressen vorgestellt werden.

6.1 Vortrage

.Influence of the corona pandemic on fracture epidemiology of tibial plat-
eau fractures” 11/2021 auf dem 10. Jahreskongress der Deutschen Kniegesell-
schaft in Leipzig

,No difference in Complicationrate between External fixation and brace
therapy in bicondylar tibial plateau fractures” 10/2023 auf dem Deutschen
Kongress fur Orthopadie und Unfallchirurgie in Berlin

,No difference in Complicationrate between External fixation and brace
therapy in bicondylar tibial plateau fractures” 11/23 auf dem 12. Jahreskon-

gress der Deutschen Kniegesellschaft in Essen

6.2 Posterbeitrage

.Patient reported outcome after surgical treated tibial plateau fracture —
what can we expect’ 09/2022 auf dem 39. Jahreskongress der Gesellschaft fur
Arthroskopie und Gelenkchirurgie (Postervortrag)
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7. Preise und Auszeichnungen

Auf dem 10. Jahreskongress der Deutschen Kniegesellschaft in Leipzig wurden
Teile meiner Dissertation bei der Verleihung des Wissenschaftspreises ausge-

zeichnet:

2. Platz des CO.DON-AWARD (500€) fur den besten Abstract im Rahmen des
10. Jahreskongress der Deutschen Kniegesellschaft in Leipzig: ,Epidemiology
and treatment strategies of tibial plateau fractures in the last 10 years - data from

a European level-I-trauma center”

3. Patz des CO.DON-AWARD (300€) fur den besten Abstract im Rahmen des
10. Jahreskongress der Deutschen Kniegesellschaft in Leipzig: ,Influence of the
corona pandemic on fracture epidemiology of tibial plateau fractures”
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8. Beitrag zu den Veroffentlichungen

8.1 Beitrag zu Publikation |

PD Dr. med. Julian Furmetz war fur die Konzeption des Studiendesigns und der
Fragestellung sowie fur das Management und Koordination des Projekts verant-
wortlich. PD Dr. med. Julian Furmetz, Dr. med. Markus Bormann und Claas Neid-
lein entwickelten die Forschungsfrage und Methodik der Studie. Claas Neidlein
erstellte in umfassender Arbeit eine Datenbank durch Extrahierung und Analyse
der Patientenfalle. Prof. Dr. med. Viktoria Bogner-Flatz und Prof. Dr. med. Wolf
Christian Prall halfen bei der Bereitstellung der Patientenfalle. Claas Neidlein,
Dr. med. Markus Bormann, Dr. med. Christoph Gassner, Prof. Dr. med. Wolf
Christian Prall, PD Dr. med. Julian Firmetz waren fur die Klassifikation der Frak-
turen verantwortlich. Claas Neidlein war fur die ausfuhrliche statistische Auswer-
tung sowie Erstellung von Grafiken und Tabellen verantwortlich. PD Dr. med. Ju-
lian FUrmetz, Dr. med. Markus Bormann und Claas Neidlein waren fur die Inter-
pretation der Ergebnisse verantwortlich. Claas Neidlein, Dr. med. Markus Bor-
mann, PD Dr. med. Julian Firmetz und Dr. med. Alexander Keppler erstellten
das Manuskript. Claas Neidlein war fur die Zusammenfligung von Korrekturen
und Ausformulierung sowie Finalisierung verantwortlich. Claas Neidlein war fur
den Prozess der Einreichung der Publikation sowie den Reviewprozess des Jour-
nals verantwortlich. Prof. Dr. med. Christian Ehrnthaller und Prof. Dr. med. Wolf-

gang Bocker halfen bei der Durchsicht der Veroéffentlichung.

Claas Neidlein und Dr. med. Markus Bormann teilen sich die Erstautorenschaft
fur diese Publikation, da beide maldgeblich zu dem Erfolg dieser Arbeit beigetra-
gen haben. Beide waren intensiv an der Analyse und Klassifikation der Frakturen
beteiligt sowie der Analyse und Diskussion der Ergebnisse. Dr. med. Markus Bor-
mann konnte die Ergebnisse klinisch einordnen, wahrend Claas Neidlein fur die
wissenschaftliche Einordnung verantwortlich war und vergleichende Originalar-
beiten zusatzlich analysierte. Claas Neidlein hat den Grol3teil des Originalmanu-
skript verfasst und Dr. med. Markus Bormann war fur die Finalisierung und Kor-

rekturen verantwortlich.
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Aufgrund des grolden Aufwands und der engen Zusammenarbeit, halten wir eine
geteilte Erstautorenschaft fur gerechtfertigt.

8.2 Beitrag zu Publikation I

PD. Dr. med. Julian Firmetz entwickelte die Forschungsfrage und identifizierte
die Studienziele und war fur die Supervision und das Management des Projekts
verantwortlich. Dr. med. Markus Bormann, Claas Neidlein und PD Dr. med. Ju-
lian FUrmetz diskutierten und integrierten relevante Konzepte des Forschungs-
projektes. PD. Dr. med. Julian Firmetz beschaffte die Untersuchungsmaterialien
und organisierte die Finanzierung des Projektes. Dr. med. Markus Bormann und
PD. Dr. med. Julian Furmetz waren fur die Bereitstellung von Untersuchungsrau-
men verantwortlich. Claas Neidlein rekrutierte die Patienten aus der institutsei-
genen Datenbank. Claas Neidlein war fur die ausfuhrliche klinische Untersu-
chung der Patienten sowie die Befragung der Patienten und Vor- sowie Nachbe-
treuung der Patienten verantwortlich. Claas Neidlein war fUr die statistische Ana-
lyse und Erstellung von Grafiken und Tabellen verantwortlich. PD Dr. med. Julian
Furmetz, Dr. med. Markus Bormann, PD. Dr. med. Daniel Berthold und Claas
Neidlein waren fur die Interpretation der Ergebnisse verantwortlich. Claas Neid-
lein, Dr. med. Markus Bormann und PD Dr. med. Daniel Berthold haben grof3e
Teile des Manuskripts verfasst. Niels Neidlein half bei der Ubersetzung in die
englische Sprache und bei der Durchsicht der Veroffentlichung. Claas Neidlein
war fur die Zusammenfugung von Korrekturen verantwortlich. Prof. Dr. med. Den-
nis Ehrl, Prof. Dr. med. Wolfgang Bocker, Prof. Dr. med. Boris Michael Holzapfel
und Dr. med. Maximilian Jorgens waren an der Durchsicht des Manuskripts be-
teiligt.
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9. Einleitung

9.1 Einfuhrung in das Projekt

Die Grundidee des Projekts stammte aus der Erkenntnis, dass insbesondere fur
den deutschsprachigen Raum, bis dato nur mangelnde epidemiologische Daten
uber Tibiakopffrakturen vorlagen. Bisherige Publikationen basierten auf Fallstu-
dien mit begrenzten Fallzahlen. Epidemiologische Daten aus Deutschland und
dem deutschsprachigen Raum fehlten. Daten bezuglich des klinischen und radi-
ologischen Outcomes von Tibiakopffrakturen sind in der Literatur sehr vielschich-
tig. Bezuglich des Outcomes nach Tibiakopffrakturen ist die Literatur sehr hete-
rogen. Aus diesen Grinden wurde im Rahmen der Promotion eine Datenbank
etabliert, die die letzte Dekade (vom 01.01.2011 bis 31.12.2020) bezlglich Tibi-
akopffrakturen hinsichtlich multipler Parameter analysiert. Diese Datenbank wird
nun prospektiv weitergefuhrt und deutschlandweit von mehreren Kliniken der Ma-
ximalversorgung mit Daten eingepflegt. Aus den gesammelten Daten der letzten
Dekade entstanden diverse Studien und Publikationen, die das Verstandnis rund
um Tibiakopffrakturen analysieren. Die folgende Einleitung stellt einen Uberblick

Uber die im Rahmen der Dissertation entstandenen Publikationen dar.

9.1.1 Ziele der Studien

Das Ziel der vorliegenden Studien war es, die Ursachen der posttraumatischen
Arthrose nach Tibiakopffrakturen zu identifizieren und zu analysieren. Der Fokus
lag dabei auf den epidemiologischen Veranderungen und der Kniegelenksinsta-
bilitat nach operativer Therapie mittels offener Reposition und interner Fixierung
(ORIF) als potenzieller Risikofaktor fur die Entstehung der posttraumatischen
Arthrose. Da die Zahl an Fallen von posttraumatischer Arthrose unbefriedigend
hoch liegt, wurde untersucht, ob ein Zusammenhang in der epidemiologischen
Entwicklung zu erkennen ist und welche Patientengruppen besonders davon be-

troffen scheinen.

Die erste Studie analysierte epidemiologische Entwicklungen von Tibiakopffrak-
turen in einem Level-I-Traumazentrum in Zentraleuropa Uber einen Zeitraum von
10 Jahren (01.01.2011 bis 31.12.2020). Bis zu diesem Zeitpunkt lagen nur we-
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nige aktuelle epidemiologische Daten zu Tibiakopffrakturen fur den deutschspra-
chigen Raum vor. Besonderer Fokus lag dabei auf der Entwicklung der Frakturin-
zidenz auch in Abhangigkeit des Alters und Geschlechts der Patienten, sowie der
Unfallursachen und der Frakturmorphologie.

Ziel war es, die hohe Rate an posttraumatischer Arthrose im Zusammenhang mit
epidemiologischen Trends zu verstehen. Der Fokus lag dabei auf moglichen Ur-
sachen fur diese Entwicklung und der Identifizierung von Risikopatienten, wie

zum Beispiel dem geriatrischen Patientenkollektivim Sinne der Osteoporose.

Durch die umfassende Patientenanzahl und dem langen Beobachtungszeitraum
stellt diese Studie einen wesentlichen Beitrag zum Verstandnis der Tibiakopffrak-

tur dar.

Das Ziel der zweiten Studie war es, die postoperative Kniegelenksinstabilitat
nach ORIF als Risikofaktor fur die Entstehung der posttraumatischen Arthrose zu
analysieren. Bisher wurden Tibiakopffrakturen als primar knocherne Verletzun-
gen betrachtet, wahrend meniskale und ligamentare Strukturen vernachlassigt
wurden. In der Studie konnte jedoch gezeigt werden, dass signifikante Kniege-
lenksinstabilitadten nach ORIF unabhangig von der Frakturmorphologie auftraten.
Durch den Nachweis der Kniegelenksinstabilitat wurde dies als mafl3geblicher
Faktor zur Entstehung der posttraumatischen Arthrose diskutiert. Diese Erkennt-
nis war bis dahin in der Literatur nicht in diesem Umfang beschrieben und leistet
einen wichtigen Beitrag zum Verstandnis der komplexen Ursache der posttrau-
matischen Arthrose.

Beide Studien sind durch die Ubergeordnete Fragestellung nach den Ursachen
der posttraumatischen Arthrose nach Tibiakopffrakturen verbunden. Die erste
Studie liefert aktuelle epidemiologische Daten und identifiziert potenzielle Ursa-
chen fur die Entwicklung der posttraumatischen Arthrose. In der zweiten Studie
wird die postoperative Kniegelenksinstabilitat als einer der zentralen Risikofakto-
ren fur die Entstehung der posttraumatischen Arthrose fokussiert.

Die Erkenntnisse der Arbeiten tragen entscheidend zum besseren Verstandnis
der Entstehung der posttraumatischen Arthrose bei und bieten neue Ansatze flr

Praventions- und Behandlungsstrategien von Tibiakopffrakturen.
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9.1.2 Epidemiologie

Tibiakopffrakturen stellen schwere Frakturen fur Patienten und Operateur:innen
dar: 35% der Frakturen weisen eine komplexe Frakturmorphologie auf (AO/OTA
41 B und C) und das posterolaterale Plateau ist in bis zu 89% der Falle involviert
(1). Zwischen 70-89% der operativ versorgten TPF weisen eine postoperative
Malreduktion auf (1).TPF haben einen grof3en Einfluss auf das Leben der Pati-
enten und schranken diese in ihrer Lebensgestaltung und in ihrem Alltag stark
ein (2). Die Frakturen haben einen signifikanten Einfluss auf die Kniefunktion, das
Schmerzlevel und das Aktivitatsniveau der Patienten (2). Patienten mit Tibiako-
pffrakturen tendieren dazu, die Prognose der Verletzung zu uberschatzen, was
zusatzliche Probleme in der Patientenzufriedenheit mit sich bringt (3).

Tibiakopffrakturen werden in der Literatur mit einer Inzidenz von 10 bis ca. 29 pro
100.000 Personen pro Jahr angegeben (4—7). Sie machen ca. 1-2% aller Fraktu-
ren des menschlichen Korpers aus (8). Es konnte ein Inzidenzanstieg von bis zu
68% innerhalb der letzten Dekade nachgewiesen werden, der insbesondere al-
tere Frauen betrifft (4,9-11). Zudem ist ein Anstieg des Patientenalters zu erken-
nen: Die Patienten sind mit zur Zeit 54.9 Jahren im Schnitt 7.4 Jahre alter als
noch vor 10 Jahren (4).

Durch ein verandertes Mobilitatsverhalten der Bevolkerung hin zu einem immer
hoheren Aktivitatsniveau sowie durch den demografischen Wandel mit einer im-
mer altere Bevolkerung, mit einem hohen Aktivitatslevel (z.B. E-Bike), haben sich
auch spezifische Risikofaktoren fur Tibiakopffrakturen verandert (4,12—-15).

Die Ursache fur die Zunahme der Inzidenz wird als multifaktoriell beschrieben,
wobei der demografische Wandel und eine Zunahme an Stolperstiurzen im geri-
atrischen Patientenkollektiv von entscheidender Bedeutung erscheinen (4,16).
Aufgrund der epidemiologischen Veranderungen wurden Tibiakopffrakturen zu-
letzt als Osteoporose assoziierte Frakturen diskutiert (4). AuRerdem sind Tibia-
kopffrakturen in postmenopausalen Frauen bereits als Indikatorpathologien der
Osteoporose wie Wirbelkorperfrakturen, Frakturen des distalen Radius, proxi-
male Humerusfrakturen und Oberschenkelhalsfrakturen, klassifiziert (17,18).
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9.1.3 Kilassifikationen/Bildgebung/Diagnostik

In Deutschland haben sich die Klassifikationen nach Schatzker (19), Moore (20),
und Arbeitsgemeinschaft fur Osteosynthesefragen (AO/OTA) (21) etabliert.
Diese wurden auf Basis der konventionellen Rontgendiagnostik entwickelt, die
allerdings aufgrund der 2-dimensionalen Betrachtung die Komplexitat der Frak-
turmorphologie nur bedingt abbildet. Durch die dynamische Entwicklung der mo-
dernen Medizin wurden die genannten Klassifikationen mit Computertomogra-
phie basierten Klassifikationen erganzt, die durch die 3-dimensionale Darstellung
der Frakturverhaltnisse eine genauere Einschatzung der Frakturmorphologie er-
lauben (1,4,22-25). Die Computertomographie ist mittlerweile Standard in der
klinischen Diagnostik der Tibiakopffraktur (1,4,22,24). Bisher konnte sich jedoch
keines der neuen Klassifikationssysteme als globaler Standard durchsetzen und
haufig wird weiterhin auf die ursprunglichen Klassifikationssysteme zuruckgegrif-
fen (4,26)

9.1.4 Unfallursache

Weiterhin konnen Tibiakopffrakturen anhand des Traumamechanismus eingeteilt
werden. In der Literatur hat sich die Einteilung anhand des Unfallmechanismus
in sogenannte ,High-Energy“ (z.B. Hochrasanz Verkehrsunfalle, Sturz aus > 3m)
und ,Low-Energy“ (z.B. Stolpersturze) Trauma etabliert (27,28). Daneben besteht
die Moglichkeit, Tibiakopffrakturen anhand der Komplexitat der Frakturmorpholo-
gie einzuteilen. Dabei wird anhand der Schatzker-Klassifikation zwischen ,einfa-
chen-* (Schatzker I-Ill) und ,komplexen-* Frakturen (Schatzker IV-VI) unterschie-
den (2,28).

9.1.5 Operative Versorgung

Die meisten Tibiakopffrakturen werden in Deutschland operativ versorgt (76%)
(4). Im europaweiten Vergleich unterscheiden sich die Operationsraten jedoch
deutlich. In Belgien liegt die Operationsrate von Tibiakopffrakturen bei nur 37%,
wahrend sie in Danemark bei 92.1% liegt (5,29). Trotz ahnlicher Frakturinziden-
zen unterscheiden sich die Versorgungskonzepte deutlich. Bislang fehlen umfas-
sende Daten, um eine evidenzbasierte Bewertung der operativen gegenuber der
konservativen Therapie vorzunehmen und eine fundierte Entscheidung hinsicht-
lich der optimalen Behandlungsstrategie zu treffen.
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Bezuglich der operativen Versorgung wurden zahlreiche Verfahren vorgestellt.

Durch die detailliertere Bildgebung und das sich daraus ergebende verbesserte
Frakturverstandnis wurden neue Zugangswege fur die operative Frakturversor-

gung von Tibiakopffrakturen etabliert (11,30,31).

Die osteosynthetische Versorgung hat das Ziel einer anatomische Rekonstruk-
tion der Gelenkflache sowie der Beinachse (11,32,33). Weiterhin wurden zusatz-
liche Arthroskopische Verfahren zur Begutachtung der Fraktur und die Betrach-
tung von ligamentaren und meniskalen Begleitverletzungen etabliert (11,30).
Dennoch bleiben dabei haufig meniskale und ligamentare Strukturen unberuck-
sichtigt (11,34). Ubersehene begleitende ligamentare und meniskale Verletzun-
gen sowie Verletzungen des posterolateralen Bandkomplexes werden in der Li-
teratur mit bis zu 90% angegeben (11,34-36). Weiterhin konnte gezeigt werden,
dass die aus den begleitenden ligamentaren und/oder meniskalen Verletzungen
hervorgehende Kniegelenksinstabilitat zu subjektiv schlechteren Ergebnissen
der Patientenzufriedenheit fuhrt und einen Risikofaktor fur die Entwicklung einer
posttraumatischen Arthrose darstellt (11,37—42). Die fehlende Berucksichtigung
dieser Strukturen fuhrt zu einem Risiko fur die Entstehung der posttraumatischen
Arthrose (11,43).

Trotz der zahlreichen operativen Verfahren gibt es momentan keine klaren Emp-
fehlungen zur Behandlung von Kniegelenksinstabilitaten bei Tibiakopffrakturen.
Durch die Nichtbeachtung der ligamentaren Begleitkomponente sowie den un-
klaren Empfehlungen, entwickeln bis zu 44% der Patienten eine posttraumati-
sche Arthrose des Kniegelenks und 3-7% der Patienten bendtigen innerhalb von
10 Jahren eine endoprothetische Versorgung des betroffenen Kniegelenks
(5,9,11,43-49).

Die unmittelbare postoperative Mobilisierung ist insbesondere im geriatrischen
Patientenkollektiv von groRer Bedeutung. Deswegen werden neue Behandlungs-
strategien, wie die primare Endoprothetische Versorgung vor dem Hintergrund
einer immer alter werdenden Bevolkerung, diskutiert (4,50).
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9.1.6 Prognose und langfristige Ergebnisse

Es gibt verschiedene Faktoren, die fur eine gute Prognose entscheidend sind.
Solche Faktoren sind beispielweise eine ausreichende Gelenkkongruenz oder
eine annahernd anatomische Beinachse (2,51,52). In der Literatur werden gute
subjektive und funktionelle Ergebnisse fur das kurz- bis mittelfristige Outcome
nach Tibiakopffrakturen beschrieben (2,27,53-58). Fur das langfristige Outcome
sind allerdings nur wenig Daten bekannt (2).

9.1.7 Fazit

Durch die steigende Inzidenz von Tibiakopffrakturen und das hohe Risiko an
posttraumatischer Arthrose, stellen Tibiakopffrakturen eine Herausforderung fur
den Patienten, Operateur und das Gesundheitssystem dar (4). Es ist von essen-
zieller Bedeutung, in diesem Bereich weitere Forschung zu betreiben, um klare
Empfehlungen zur Versorgung aufstellen zu konnen. Insbesondere sollten Hand-
lungsempfehlungen auf Basis neuster wissenschaftlicher Erkenntnisse gegeben
werden, damit Tibiakopffrakturen nicht weiterhin als rein knocherne Verletzung
betrachtet werden, sondern als Gelenksverletzung.
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10. Zusammenfassung:

Das Ziel der ersten Studie war es, aktuelle epidemiologische Daten zu Tibiako-
pffrakturen aus Deutschland zu liefern.

Dafur wurden alle Tibiakopffrakturen des LMU-KIlinikums der letzten 10 Jahre
(Januar 2011 bis Dezember 2020) retrospektiv hinsichtlich verschiedener epide-
miologischer Daten ausgewertet. Daraus entstand eine Datenbank mit 607 Tibi-
akopffrakturen, die als Grundlage zahlreicher Studien herangezogen wurde.
Diese etablierte Datenbank dient nun als Grundstein fur die prospektive Erfas-

sung von Tibiakopffrakturen mehrerer Uberregionaler Traumazentren.

Der Fokus der ersten Arbeit lag zum einen auf der erstmaligen Beschreibung
sowie Analyse der Veranderung der Frakturinzidenz in Deutschland. Zum ande-
ren wurden Trends hinsichtlich der Frakturmorphologie, des Patientenalters, des

Unfallmechanismus und der bildgebenden Verfahren zur Diagnostik analysiert.

Die Haupterkenntnis der Studie ist der signifikante Inzidenzanstieg von Tibiako-
pffrakturen um 68% innerhalb der letzten Dekade. Zuletzt konnte so eine Inzidenz
fur Tibiakopffrakturen von 23.4 pro 100.000 Personen pro Jahr im Jahre 2020 in
Deutschland angegeben werden. Dabei war die Inzidenz bei Frauen
(12.1/100.000) innerhalb der Dekade deutlich hoher als die der Manner
(8.5/100.000). Aulderdem konnte eine deutlich hohere Frakturinzidenz bei geriat-
rischen Frauen (76-85 Jahre) nachgewiesen werden, die mit dem Zusammen-

hang der Osteoporose diskutiert wurde.

Hinsichtlich der Bildgebung konnte gezeigt werden, dass sich die Computerto-
mographie als Standardbildgebung in der Diagnostik etabliert hat. 91% der Pati-
enten erhielten in der Frakturdiagnostik eine CT. Auf der anderen Seite erhielten
nur 22% der Patienten eine MRT-Bildgebung, was ausfuhrlicher in der zweiten
Studie diskutiert wird.

Hinsichtlich der Frakturursachen konnten diese wie folgt ausgewertet werden:
Hauptunfallursache des gesamten Patientenkollektivs stellten Stolperstiurze mit
32.9% dar.

Bei genauerer Betrachtung stach bei jungeren Patienten, also denjenigen, die
junger als das Durchschnittsalter des Kollektivs waren (52.9 Jahre), eine andere
Ursache hervor: Die Mehrzahl der jungeren Patienten war mannlich und der
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Traumamechanismus konnte als ,High-Energy“ klassifiziert werden (z.B. Ver-
kehrsunfalle). Im Gegensatz dazu war das altere Patientenkollektiv Uberwiegend
weiblich und die Hauptunfallursache stellten sich als ,Low-Energy“ dar (z.B. Stol-

perstiurze).

Ein Vergleich der Daten innerhalb der Dekade flhrte zu dem Ergebnis, dass ins-
gesamt die High-Energy Unfallmechanismen im Verlauf der Dekade abnahmen

und Low-Energy Unfallmechanismen dominierten.

Das Ziel der zweiten Studie war es, Risikofaktoren der Entstehung der posttrau-
matischen Arthrose zu analysieren. Dieses Ziel ergab sich aus den Erkenntnis-
sen der ersten Studie: Dort konnte zum einen ein signifikanter Anstieg der Frak-
turinzidenz nachgewiesen werden. Aullerdem konnte gezeigt werden, dass die
MRT in der Diagnostik von Tibiakopffrakturen kein Standard darstellt. Weiterhin
wurde in anderen Studien gezeigt, dass die Rate an posttraumatischer Arthrose
nach Tibiakopffrakturen sehr hoch ist. Dies war der Anlass, einen Hauptrisikofak-
tor der posttraumatischen Arthrose naher zu analysieren: Die posttraumatische
Kniegelenkinstabilitat.

Dafur wurde die fur die erste Studie errichtete Datenbank hinsichtlich verschie-
dener Einschlusskriterien durchsucht, um so 54 Patienten klinisch auf eine Knie-

gelenksinstabilitat hin zu untersuchen.

Das Hauptergebnis der Studie war ein signifikante Erhdhung in der anterior-
posterioren tibialen Translation sowie der tibialen Translation in Innenrotation des
Unterschenkels des frakturierten Kniegelenks gegeniber dem gesunden Knie-
gelenk. AulRerdem zeigte das verletzte Kniegelenk signifikante Einschrankungen
in der Beweglichkeit (Range of motion).

Dies bedeutet im Ergebnis, dass operativ versorgte Tibiakopffrakturen eine sig-

nifikante Kniegelenksinstabilitat aufweisen.

Da die Kniegelenksinstabilitat ein Risikofaktor fur die Entwicklung einer posttrau-
matischen Arthrose darstellt, kdonnen die Ergebnisse der Studie als mogliche Ur-
sache fur die hohen Raten an posttraumatischer Arthrose nach Tibiakopffraktu-
ren darstellen.
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11. Abstract (English):

The primary objective of the first study was to provide updated epidemiological
data on tibial plateau fractures (TPF) in Germany. For this purpose, all TPF
treated at the LMU Clinic over the past ten years (from January 2011 to Decem-
ber 2020) were retrospectively analyzed regarding various epidemiological data.
This analysis resulted in a database comprising 607 cases of TPF, which served
as the foundation for numerous studies. This established database now provides
the basis for prospective data collection on TPF across multiple regional trauma

centers.

The focus of the first study was twofold: first, to describe and analyze changes in
fracture incidence in Germany for the first time, and second, to examine trends
regarding fracture morphology, patients age, injury mechanism, and imaging mo-
dalities used for diagnosis.

The main finding of the study is a significant increase in the incidence of TPF by
68% over the last decade. By the end of the study period, the incidence of TPF
in Germany was reported as 23,4 per 100,000 peoples per year in 2020. Notably,
the incidence in females (12,1/100,000) was significantly higher than in males
(8,5/100,000) over the decade. Furthermore, there was a notably higher fracture
incidence among elderly females (76-85 years), which was discussed in the con-
text of osteoporosis.

Regarding imaging techniques, it was demonstrated that computed tomography
(CT) has become the standard modality for fracture diagnosis, with 91% of pa-
tients receiving CT imaging. In contrast, only 22% of patients underwent magnetic
resonance imaging (MRI), which is discussed in more detail in the second study.

Analysis of injury mechanisms revealed the following: the primary cause of injury
across the patient cohort was falls, accounting for 32,9%. A closer look at young
patients, those younger than the average cohort age (52,9 years), showed that
most were male, and that the trauma mechanism was classified as “high-energy”
(e.g., traffic accidents). In contrast, the older patient cohort was predominantly
female, with “low-energy” trauma (e.g., falls) being the primary cause.
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Comparative analysis over the decade indicated that high-energy trauma mech-
anisms decreased overall, while low-energy mechanisms became more preva-

lent.

The second study aimed to analyze risk factors of the development of post-trau-
matic osteoarthritis (PTOA). This objective arose from the findings of the first
study, which identified a significant increase in fracture incidence and noted that
MRI is not a standard diagnostic tool for TPF. Additionally, other studies have
shown high rates of PTOA following TPF. This led to a focus on a key risk factor
for PTOA: post-traumatic knee instability.

To investigate this, the database created in the first study was searched based
on specific inclusion criteria to clinically assess knee instability in 54 patients.

The main result of the study was a significant difference in anterior-posterior tibial
translation as well as in tibial translation during internal rotation in the fractured
knee compared to the healthy knee. Additionally, the injured knee showed signif-

icant restrictions in range of motion.

In conclusion, the study indicates that surgically treated TPF exhibit significant
knee instability. Since knee instability is a known risk factor for PTOA, these find-

ings explain the high rates of PTOA observed following tibial plateau fractures.
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Abstract

Purpose Mobility patterns of western societies have been changing due to ongoing demographic change. Therefore, continu-
ously updated epidemiological data on fracture morphology and treatment strategies are needed.

Methods This retrospective single-center study included all tibial plateau fractures (TPF) between January 2011 and Decem-
ber 2020 in a level-I trauma center in Central Europe. Epidemiology, trauma mechanism and fracture morphology were
analyzed. Age- and sex-specific differences regarding fracture classification (Schatzker, AO/OTA, Moore) and changes
during the study period are highlighted.

Results A total of 607 patients (55.2% women, 44.8% men, mean age 52.9 years (z 17.9)) were included in the study, 462
(76.1%) thereof having undergone surgical treatment. Over the decade, an increase in mean age (+ 7.4 years; p=0.10), inci-
dence (+68%; p <0.05) and low-energy trauma was observed, with the highest peak in elderly women. Within classifications,
AO/OTA 41-B3 (24.9%), Schatzker II (26.8%) and Moore V (46.6%) fractures were the most common.

Conclusion Incidence (+68%), mean age and fractures with signs of knee dislocation of tibial plateau fracture increased
over the last decade and low-energy trauma mechanism are more frequent. As the increase in incidence is mainly seen in
older women, the comorbidities and need for immediate postoperative full weight-bearing have to be considered in treat-
ment strategies.

Keywords Epidemiology - Tibial plateau fracture - Level-I trauma center - Incidence - Osteoporosis

Introduction

Mobility patterns and age structure of western societies
are currently changing [1-3]. An aging population, part
of which still at a high activity level, alters trauma mecha-
nisms and fracture morphology of tibial plateau fractures
(TPF). With increasing age, patient specific risk factors and
the number of peri- and postoperative complications due to
comorbidities are rising [4]. Immediate postoperative mobi-
lization is essential in orthogeriatric patients, and stability
of fracture care to full weight-bearing is necessary as these
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patients rarely achieve weight-bearing limitation [5]. There-
fore, modified and individual treatment strategies including
primary total knee arthroplasty (TKA) [6] in the case of
TPF are needed. To capture these changes and challenges,
continuously updated epidemiological data on the different
fracture types are essential for better prevention, treatment,
and research.
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TPF are reported with an incidence of 10 per 100.000
person per year associated with a 10-year likelihood of 3-7%
for total knee arthroplasty [7, 8]. Recent data describe an
increase in incidence of TPF up to 26.9 or 28.7 per 100.000
persons per year [9, 10]. This increase in incidence predomi-
nately affects elderly women, which is why some authors
describe TPF as being associated with osteoporosis [8, 11,
12].

The dynamic progress of modern medicine within the
last decade, in particular the increasing availability of
tomographic imaging, has changed diagnostics, understand-
ing and treatment of TPF. This partly explains the marked
increase in incidence values [11, 13-16].

The established classifications according to Schatzker
[17], Arbeitsgemeinschaft fiir Osteosynthesefragen (AO/
OTA) [18] and Moore [19] have been extended in recent
years by new CT-based classification systems, describing a
more detailed fracture morphology and some of these classi-
fications include a therapy recommendation [11, 15, 20-23].
However, Schatzker and AO/OTA classifications for TPF are
still the most common in the literature for TPF [24].

Considering the increasing incidence and high risk of
post-traumatic osteoarthritis, TPF continues to be a chal-
lenge for patients, surgeons, and healthcare systems. There-
fore, the aim of this study was to provide updated epide-
miological data over the last 10 years. The study focuses on
incidence, fracture morphology at different ages and trauma
mechanism.

Patients and methods
Study design and participants

This retrospective single-center study includes TPF of the
last decade (January 2011 to December 2020) from a Ger-
man level-I trauma center. The study was approved by the
local ethics committee (21-0559) and complies with the
Declaration of Helsinki ethical standards.

Criteria for inclusion were confirmed intra-articular
TPF, imaging before treatment (X-ray, computed tomogra-
phy (CT), magnetic resonance imaging (MRI)), a detailed
documentation about trauma mechanism, and information on
gender, age, and the affected side. Information was obtained
from the institutional databank. Extraarticular fractures (AO/
OTA 41-A), tibial shaft fractures as well as inconsistent doc-
umentation were criteria for exclusion. In addition to the
epidemiological data, imaging technique, cause of accident,
diagnosis, therapy, and classification of the fractures were
assessed.

To allow comparability with other epidemiological stud-
ies, all fractures included were classified according to the
established systems of Schatzker, AO/OTA and Moore. The
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institutional research group (one head of department (JF),
two consultants (CG, MB), one scientific assistant (CN))
performed classification of all fractures and discrepancies in
classifications between the raters were solved by discussion.
If there were signs of knee dislocation, the fractures were
classified according to Moore [19] in addition to Schatzker
[17] and/or AO/OTA [18]. For this reason, different numbers
are found within the classifications.

Incidences were calculated based on the number of citi-
zens and the percentage of emergency care provided by the
institutional hospital [25]. Furthermore, the age-adjusted
incidence was calculated according to the age structure of
the city population.

According to other studies, trauma mechanisms were
divided into high energy and low energy [7, 11]. High-
impact ski accident, fall from more than 3 m and traffic/
bicycle accident were defined as high-energy.

Differences between groups were tested using t test or
analysis of variance (ANOVA) in normal distributed vari-
ables. Non-normally distributed variables were tested using
Mann—Whitney U test or Kruskal-Wallis test. Significance
was set at p <0.05. Statistics and graphics were performed
using RStudio (Version 1.4.1717 © 2009-2021 RStudio,
PBC).

Results
Patient demographics

A total of 764 patients with TPF were identified from the
institutional databank, of whom 607 patients (55.2% women,
44.8% men; mean age 52.9 years (+ 17.9)) met inclusion
criteria. 157 cases had to be excluded, 52 due to an extraar-
ticular/shaft fracture, 10 due to a periprosthetic fracture, 41
because primary treatment was done in another hospital and
54 because of inconsistent documentation (including miss-
ing X-ray/CT scan). The right knee was involved in 44%, the
left knee in 55% of the cases. Bilateral fractures were present
in 1% of the cases.

462 patients (76.1%) were treated surgically, 457 (98.9%)
by open reduction and internal fixation, and 5 (1.1%) by
primary TKA.

The average age increased by 7.4 years over the decade
(from 47.5 years to 54.9 years; p=n.s.). In female patients,
a bimodal age-fracture distribution can be seen, with a first
peak between 26 and 35 years and a second peak in patients
aged 5666 years. In male patients a unimodal peak between
the age of 46 and 55 years (Fig. 1B) is observed.
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Incidence

The overall incidence of TPF in our study was
22.3/100.000 persons per year, with an average increase of
68% during the decade from 13.9/100.000 persons per year
in 2011 to 23.4/100.000 persons per year in 2020 (p < 0.05)
(Fig. 1A). During the decade, women had a higher mean
incidence of 12.1 per 100.000 persons per year with an
increase of 49.4% in the study period (8.5/100.000 persons
per year in 2011 to 12.7/100.000 persons per year in 2020;
p <0.05). In men, there was a mean incidence of 10.2 per
100.000 per year in the study period, with an increase
of 98.1% from 5.4/100.000 persons per year in 2011 to
10.7/100.000 persons per year in 2020.

Incidence in both men and women increased in a phase
shifted manner until age 55 in men and age 65 in women.
Thereafter, incidence in men declined sharply, while in
women, it declined only slightly, with a higher incidence
in women than in men until the age 85 (Fig. 2B).

Imaging

Over the decade, 91% of the patients received CT imaging
as primary diagnostics, 71% X-ray and 22% MRI imaging
as primary diagnostics. Preoperative tomographic imaging
shows a nonsignificant increase of 10% for CT and 15.6% for
MRI over the decade, with constantly high levels in recent
years.

Trauma mechanism

The main trauma mechanisms were low-energy falls
(32.9%), bicycle falls (15%), traffic (21.1%) and skiing
accidents (10%). The causes of accident can be classified
into high-energy mechanisms (skiing, bicycling, traffic
accidents and falls from height) and low-energy mechanism
(low-energy falls, other). In younger patients (below mean
age (52.9 years)), male patients predominated (55%), as did
skiing accidents (14.8%) and high-energy trauma (23.5%).
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Older patients (above mean age) were mainly females. Fur-
thermore, in this age group, low-energy falls (40%) predomi-
nated. Within the decade, a divergent development between
high- and low-energy mechanisms can be seen with an
increase in low-energy mechanism (Fig. 3A, B).

Classification

Based on the available radiological imaging (x-ray, CT), the
fracture classification was made (Fig. 4). A total of 549 TPF
were classified according to Schatzker. There was a signifi-
cant 12.4% increase in Schatzker IV fractures. A decrease
in Schatzker I fractures over the decade (-19%, n.s.) as well
as a decrease in Schatzker VI fractures (-7%, n.s.) was seen.
Schatzker II fractures constantly represented a large propor-
tion of TPF. 557 fractures were classified according to AO/
OTA. The development over the decade was in line with that
of the fractures classified with Schatzker.
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220 fractures were classified using the Moore classifica-
tion. Over the decade, there was a significant 3% increase in
Moore fractures from 38% in 2011 to 41% in 2020.

There was a significant age difference between women
and men with Schatzker II, III, and VI fractures and corre-
sponding AO/OTA B3, B2, and C fractures over the 10 years
studied (Fig. 5). In addition, women with type Moore 2, 3,
and 5 fractures were also significantly older.

Within Schatzker classification, type II fractures pre-
sented a significant mean age difference of 9.9 years
(p<0.01) between male (n=71) and female (n=76) patients
aged 47.5 (+ 15.5) and 57.5 (% 17.5) years, accordingly.
Type III fractures showed a significant (p<0.01) higher
mean age of 55.7 ( 19.9) years in women (n=70) compared
to 45.7 (£ 16.2) years in men (n=42). There is also a sig-
nificant (p<0.01) age difference in Schatzker VI fractures of
9.6 years (men (n=68) 50.1 (+ 13.4) years; women (n=69)
59.7 (217.1) years).
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Concomitant injuries

During the decade, there were no relevant differences in seri-
ous concomitant injuries (additional fractures, intracerebral
hemorrhage, organ injury).

Length of hospital stay

The median length of hospital stay decreased significantly
by 33.6% from 14.6 days in 2011 to 9.7 days in 2020.

Discussion

This study describes a marked increase in the overall inci-
dence of TPF and different changes in incidence in men and
women. The mean age of the study cohort increases sharply
during the study period, and the age distribution differs
between genders. In addition, low energy falls have been

identified as the most common trauma mechanism and have
become much more frequent in recent years.

The increase in incidence of our study is comparable
to other recent European studies reporting changes from
13.3/100.000 in 2011 to more than 25/100.000 in 2019 or
23.4/100.000 in 2020 [9, 26].

The reasons for that increase appear to be multifactorial.
The demographic change increasingly shifts the patient
population to the older age group being at higher fracture
risk. The increase being as high as 7.4 years within this
study population over a 10-year time. This is highlighted
by a 330% increase of incidence in geriatric female patients
(age 76-85 y). Falls increase with age, affecting one-third
annually in persons older than 65 years, and approximately
10% of these falls result in a fracture [27].

In addition, these increased incidence rates associated
with older age suggest that osteoporosis is a key factor in
the development of fracture incidence. Osteoporosis-related
fractures of the lower extremity have generally increased in
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the German population between 2009 and 2019 (femoral
neck: +23%; proximal tibia: +9%; distal femur: +30%; [10])
In contrast, some fractures (e.g., distal radius) decrease in
incidence and total number [2, 10, 28, 29], which is achieved
primarily through prevention programs like the Fracture liai-
son services and adequate treatment of osteoporosis [30, 31].
Nevertheless, osteoporosis affects about 8 million people in
Germany, with a prevalence of 50% in women over 75 y [32,
33]. TPF in elderly women are already classified as “major
osteoporotic fractures” like fractures of vertebral body, dis-
tal radius as well as proximal humerus and femur fractures
[34, 35]. But unfortunately, there is a limited awareness
for underlying osteoporosis in TPF, leading to a delay in
diagnostics and initiation of therapy [36]. Oladeji and col-
leagues report a prevalence of osteoporosis of 14.3% in TPF
patients above 65 years [8], but detailed information about
this relevant risk factor is still missing. This study is the first
to demonstrate the increase of different TPF fracture types

@ Springer

together with the trauma mechanisms. The predominance of
female and elderly patients with frequent low-energy falls
identifies relevant risk factors that should be considered in
prevention, treatment, and further research of TPF. Due to
the increasing number of fragility fractures and the associ-
ated increasing fracture-related burden, we also recommend
establishing fracture prevention schemes such as fracture
liaison services and the introduction of fall assessment and
prophylaxis into geriatric assessment [12].

The applied diagnostic imaging was changing little over
time in our study. Tomographic imaging is usually avail-
able and used for fracture diagnostics of the knee, as the
sensitivity of conventional radiographic imaging in acute
knee trauma for the detection of fractures is only 78-83%
[37]. Especially fractures in the coronal plane are often
not recognized on x-rays [38]. Some studies also show
that MRI is more sensitive to impression fractures and
lateral displacement than X-ray/CT [39]. The increase in
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tomographic imaging in this study was not significant.
However, a small part of the increase in fracture incidence
appears to be due to the more frequent use (+ 10%) of
tomographic imaging.

To allow comparability with other epidemiological stud-
ies, in this study, fractures were classified according to the
established radiographic classifications of Schatzker, AO/
OTA and Moore. This study describes significant differ-
ences for different fracture types in terms of patient gender
and age. However, Schatzker and AO classification were
originally developed for conventional imaging and can only
represent the complexity of fractures to a limited extent.
Additional tomographic imaging for suspected TPF is nowa-
days the clinical standard of care corresponding to our study
results. Several new classification systems based on tomo-
graphic imaging have been developed trying to account for
the complexity of the fracture [11, 15, 20]. However, the
inter- and intra-observer reliability of these more complex
classification systems is lower and not all CT-based clas-
sifications describe the morphology of the fracture at all
levels. Altogether, this is the reason why none of the 38
systems described in literature has yet become established

as a standard classification system, which would be urgently
needed [40].

Although the incidence of TPF in this study is similar
to the incidence in Belgium [26], the rate of surgery in this
study population differs (76% vs. 37%). Data from Den-
mark [7], where the rate of surgical treatment is 92.1%,
demonstrate how different the treatment strategies are in
various countries. Outside Europe, a study group from
Singapore describes a surgery rate of 50% [13]. The mean
age of patients with TPF in Singapore is younger as it is in
Europe (49 vs. 53 years), thus not patients age but different
training of surgeons or different medical care systems seem
to be the reason for different treatment strategies. Detailed
outcome studies of operative and non-operative treatment
in patients of different ages are lacking at present. There
are only few older studies comparing surgical and con-
servative treatment of TPF concluding that conservative
treatment is a reasonable alternative to surgery; no studies
are available from recent years [41]. As patients age, new
treatment modalities such as direct primary knee arthro-
plasty are also coming more into focus [6]. Whether such
treatment, osteosynthesis, or the conservative approach
offers advantages in the geriatric patient population is not
yet clear and is the subject of current investigations.
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Conclusion

Incidence (significant), especially in postmenopausal women
(significant) and mean-age (n.s.) of TPF increased during the
last decade. There has also been a marked increase in frac-
tures with evidence of knee dislocation. TPF due to a low
energy trauma increased during the decade (n.s.) and low
energy-fall is the main trauma mechanism. These changes
should be considered in prevention (fall prophylaxis) and
treatment strategies with special attention on age, fracture
type and comorbidities (osteoporosis).

Limitation

This study is limited in its explanatory power as it is a
single-center study.
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Abstract: The development of post-traumatic osteoarthrosis after tibial plateau fracture (TPF) is
multifactorial and can only be partially influenced by surgical treatment. There is no standardized
method for assessing pre- and postoperative knee joint laxity. Data on the incidence of postoperative
laxity after TPF are limited. The purpose of this study was to quantify postoperative laxity of the knee
joint after TPE. Fifty-four patients (mean age 51 & 11.9 years) were included in this study. There was
a significant increase in anterior—posterior translation in 78.0% and internal rotation in 78.9% in the
injured knee when compared to the healthy knee. Simple fractures showed no significant difference
in laxity compared to complex fractures. When preoperative ligament damage and/or meniscal
lesions were present and surgically treated by refixation and/or bracing, patients showed higher
instability when compared to patients without preoperative ligament and/or meniscal damage.
Patients with surgically treated TPF demonstrate measurable knee joint laxity at a minimum of
1 year postoperatively. Fracture types have no influence on postoperative laxity. This emphasizes the
importance of recognizing TPF as a multifaceted injury involving both complex fractures and damage
to multiple ligaments and soft tissue structures, which may require further surgical intervention
after osteosynthesis.

Keywords: tibial plateau fractures; instability; post-traumatic osteoarthritis; tibial slope

1. Introduction

The incidence of tibial plateau fractures (TPFs) has increased by up to 68% in the
last decade [1-5]. In recent years, computed tomography scans (CT) became the gold
standard in the primary diagnostic of TPF [6,7]. Thus, the more comprehensive depiction
of the fracture led to the development of new classification systems and altered the surgical
approaches for tibial plateau fractures [8,9]. The choice of surgical approach for osteosyn-
thesis is mostly made depending on the type of fracture as well as concomitant ligamentous
and (osteo-)chondral or meniscal injuries, and treatment involving anterior, posterior, and
arthroscopic approaches may be required [8].

Although there are various surgical options to choose from, 23 to 44% of the patients
develop post-traumatic osteoarthrosis (PTA), leading to 3 to 7% of the patients requiring
total knee arthroplasty (TKA) within 10 years after sustaining TPF [10-17]. Interestingly,
some authors report worse functional outcomes in patients with TKA after sustaining PTA
when compared to patients with TKA indicated for primary osteoarthritis (OA) [18-20].
However, the development of PTA is multifactorial and has not yet been definitively clari-
fied [21-23]. These factors include cartilage lesions, meniscal lesions, post-traumatic knee
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joint laxity, post-traumatic joint step, post-traumatic axial deviation, and/or widening of
the tibial plateau, as well as higher age [21]. Osteosynthetic treatment aims to anatomically
reconstruct the joint surface, leg axis, and width of the tibial plateau to minimize these risk
factors [24,25]. However, meniscal and ligamentous injury factors often go unrecognized
in tibial plateau fractures [26], as to date there is no strong recommendation for using
additional (magnetic resonance imaging) MRI imaging in patients following TPF [27].

In this context, concomitant meniscal and ligament injuries are recognized as individ-
ual risk factors associated with early TKA following TPF [12]. It has been widely shown
that persistent knee joint laxity leads to a subjectively worse outcome [28-30], and that
persistent knee joint laxity is a relevant risk factor for the development of PTA [21-23].
In addition, studies of ligamentary knee surgery show that an unstable knee joint also
leads to a subjectively worse outcome [28-30]. Several studies show how different devices
can measure laxity of the knee joint [31,32]. Consequently, this comes along with higher
complication rates, while the number of (semi-)constrained prostheses after PTA is higher
in this patient cohort [10,13,15,18,19].

Unfortunately, no clear recommendation has been established of how to best diagnose
and treat intraoperative knee joint laxity in TPF. A German guideline recommends testing
ongoing intraoperative laxity testing after osteosynthetic treatment [27]. However, it
is not specified whether the examination should be conducted using fluoroscopic stress
images or solely through clinical examination. The guideline suggests additional peripheral
stabilization only for cases with significant medial and/or lateral laxity. Thus, the objective
of this study is to investigate knee joint laxity after the surgical treatment of tibial plateau
fractures using ORIF. The hypothesis was that most patients would show ongoing knee
joint laxity using a comprehensive and meticulous testing apparatus.

2. Materials and Methods
2.1. Patient Selection

A retrospective chart review was performed on patient data collected at a Level 1
trauma center between February 2014 and March 2020. Institutional review board approval
was obtained before the initiation of the study. Patients eligible for study inclusion were
those aged >18 years treated surgically for TPF; unilateral fracture; isolated fracture of
the affected leg; preoperative X-ray and/or computed tomography; and repaired or intact
ligament status of the affected knee. Ligamentous status at the time of surgery was assessed
pre-surgery and after ORIF before soft-tissue closure using MRI or clinical examination
by the surgeon. Information was obtained from the institutional databank, intraoperative
documentation, patient’s anamnesis, and/or MRI-scan. Patients were excluded if they
showed extra articular fracture, fractures other than TPF, previous ligamentous injury
and/or surgery, and bilateral fractures and did not have detailed intraoperative documenta-
tion. The minimum follow-up time after surgery was 12 months. Fractures were classified
according to the established system of Schatzker [33]. The fractures were additionally
classified according to Moore [34] if there was radiological evidence of knee dislocation.
All fractures were classified by the institutional research group, which consisted of a head
of department (J.F.), a consultant (M.B.), and a scientific assistant (C.N.). Disagreements
between the raters’ classifications were resolved by discussion.

This study was divided into four parts. (1) First, all patients were analyzed as a group;
(2) then, they were grouped according to their fracture type: simple fractures (Schatzker
Type I to III) vs. complex fractures (Schatzker Type IV to VI). (3) Third, they were subdi-
vided into one population with additional ligament repair (e.g., ACL reconstruction, in
some cases with additional meniscal repair) during the primary surgery and one population
where no additional ligament repair was performed. (4) In a fourth step, the entire collec-
tive was divided into a group with >2 mm and a group with <2 mm anterior—posterior
(AP) translation.
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2.2. Analysis of Laxity

Dynamic valgus instability (medial deviation) was measured using the Orthelligent
system (OPED GmbH, Valley, Germany). The patients were asked to perform a single leg
stand with a 20-30° flexion in the knee joint and to hold that position for 20 s (Figure 1).
The test was performed three times, with the average value taken.

Figure 1. Single leg stand measuring dynamic valgus instability, (A) coronal view, (B) sagital view.

The Laxitester (ORTEMA Sport Protection, Markgroningen, Germany) was used to
assess knee laxity. With a torque of 2 N (Newton), the internal and external rotation
laxity of the lower leg were obtained. The device’s accuracy has been described as 5° [31].
In addition, a Lachmeter (Equipamentos Ortopedicos LTDA, Preto, Brazil) was used to
measure anterior—posterior (AP) translation in the neutral position of the lower leg, as
well as internal and external laxity [31,35]. AP translation was measured from the neutral
position of the knee in a 30° flexion angle to the maximum anterior tibial translation.

All measurements were taken with the ankle locked in a predetermined dorsiflexion
using the trapezoidal shape of the talus. As a result, the torque generated to the foot is
transferred to the lower leg (Figure 2). Range of motion was measured using a Goniometer.
All tests were performed on both the injured and the healthy knee, serving as its own
control group.
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Figure 2. The measurement of instability was performed using Laxitester and Lachmeter (A) and
Laxitester (B,C).

2.3. Statistical Analysis

Statistical analysis was performed using a f-test to compare group differences for
variables with normal distribution. The Kruskal-Wallis or Mann-Whitney U test was used
to analyze variables with non-normal distribution. The significance level was set at p < 0.05.
A post hoc power analysis incorporating the total sample size, proportion of patients with
TPF, and concomitant instability, with an alpha value of 0.05, demonstrated a power of
89.1% for our study. For statistical analysis and graphical depiction, RStudio (version
1.4.1717 2009-2021 RStudio, PBC, 250 Northern Ave, Boston, MA 02210, USA) was used.

3. Results
3.1. Participants

At the final follow-up, 54 patients (1 = 32 women; n = 22 men) with a mean age of
51 &+ 11.9 years were included in this single-center study. Fracture classification and trauma
mechanisms as well as other demographic data are presented in Figure 3 and Table 1.
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Figure 3. The instability of the total collective and subpopulations was depicted using boxplot for
the three parameters: (A) anteroposterior (ap) translation, (B) ap translation in internal rotation, and
(C) ap translation in external rotation. The significance level pertains to total collective = injured leg
vs. healthy leg (control); subgroup ligament/meniscal repair vs. subgroup no ligament/meniscal
repair; subgroup complex fracture vs. subgroup simple fracture. N.s.=not significant.

Table 1. Demographic data of the total patient collective. Note: results of the measurement of
instability are presented as mean (95% confidence interval).

Criteria Total Collective (n = 54) p-Value
Male vs. female (%) 40.7% vs. 59.3% <0.05
Mean age at surgery (years) 47 £11.9 -
Mean age at follow-up (years) 51+£119 -
Schatzker (n)
I 0 -
11 25 -
I 3 -
v 3 -
\% 0 -
VI 23 -
Cause of accident (%)

Falls 33.4% -
Traffic 20.4% -
Ski 20.4% -
Bicycle 18.5% -
Fall from height 0% -

other 7.4% -
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Table 1. Cont.
Criteria Total Collective (n = 54) p-Value
ROM flexion (°) ! 127.1 £ 11.2vs. 129.7 £ 5.3 <0.05
ROM extension (°) 1 214+17vs. 27408 <0.05
Initial imaging (%)
X-ray 74.1% -
Computed tomography 98.1% -
Magnetic resonance imaging 20.4% -
Initial treatment
Brace 81.5% -
External fixator 18.5% -
Surgery time (minutes) 165.1 £76.8 -
ASA score 1.8+ 0.5 -
Mean difference BMI 2 242 +3.1vs. 249 + 3.7 n.s.
AP translation 3 1.02 (0.6 to 1.5) <0.05
AP translation in internal rotation 3 0.71(0.5t0 1.1) n.s.
Internal rotation angle 3 1.6° £10.6° n.s.
AP translation in external rotation 3 0.08 (—0.1 to 0.5) n.s.
External rotation angle —5.1° £10.1 <0.05
Medial deviation 3 0.45 n.s.

! Injured vs. healthy leg; 2 pre-surgery vs. follow-up; 3 mean side to side difference in millimeters.

3.2. Measurements

For all patients, there were significant differences (increased laxity to injured leg) in
the AP translation (mean (M) = 1.02; SD + 1.4 mm; p < 0.05) and AP translation in internal
rotation (0.71 £ 1 mm, p < 0.05) between the injured leg and the healthy side. Furthermore,
there were significant differences in range of motion (p < 0.05). In addition, patients had
a significant deficit in external rotation (M = —5.1°, SD =+ 10.1; p < 0.05). The results are
presented in Table 1.

3.3. Complex vs. Simple Fractures

The complex fracture group consisted of 26 complex fractures with a mean age of
48.0 & 11.9 years at the time of surgery (n = 3 Schatzker Type IV; n = 23 Type VI). The
simple fracture group consisted of 28 fractures (n = 25 Schatzker Type II; n = 3 Type III)
with a mean age of 44.5 & 12.0 years. The demographic data are presented in Table 2. The
fractured leg was compared. When assessed for fracture type, complex fractures show
significantly (p < 0.05) less external rotation (—7.4° & 11.2 vs.—3.1° £ 15.1) compared to
simple fractures. Significant differences regarding the AP translation in the Laxitester
measurement were not observed. There was also no significant difference between complex
and simple fractures regarding the medial deviation of the knee. The results are presented
in Table 2.

Table 2. Population complex vs. simple fractures. Note: results of the measurement of instability are
presented as mean (95% confidence interval).

Criteria Complex Fractures (1 = 26) Simple Fractures (n = 28) p-Value
Male vs. female (%) 38.5% vs. 61.5% 42.9% vs. 57.1% n.s.
Mean age at surgery (years) 48 £11.9 445+ 12 n.s.
Mean age at follow-up (years) 51.6 +£11.9 50.5 +12
Schatzker (n)
I 0 0 -
I 0 25 -
I 0 3 -
v 3 0 -
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Table 2. Cont.
Criteria Complex Fractures (1 = 26) Simple Fractures (n = 28) p-Value
v 0 0 -
VI 23 0 -
Cause of accident (%)
Falls 23.1% 42.9% <0.05
Traffic 26.9% 14.3% <0.05
Ski 19.2% 21.4% n.s.
Bicycle 26.9% 10.7% <0.05
Fall from height 0% 0% n.s.
Other 3.8% 10.7% n.s.
ROM flexion (°) ! 126.3 +14.1vs. 129.8 £ 7.8 127.8 £ 7.8 vs. 129.6 + 5 ns.
ROM extension (°) 1 23+18vs. 29 £0.7 1.8 £1.6vs. 2.6 £09 n.s.
Initial imaging (%)
X-ray 69.2% 78.6% <0.05
Computed tomography 100% 96.4% n.s.
Magnetic resonance imaging 19.2% 21.4% n.s.
Initial treatment
Brace 65.4% 96.4% <0.01
External fixator 34.6% 3.6% <0.01
Surgery time (minutes) 173 £ 91 157.8 £ 62.1 n.s.
ASA score 24+05 1.6 £0.5 -
Mean difference BMI 2 248 +2.6vs. 248 +£44 23.6 £35vs. 247 £ 38 n.s.
AP translation 3 1.12 (0.4 to 1.8) 1.02 (0.5 to 1.5) n.s.
AP translation in internal rotation 3 0.83 (0.3 to 1.4) 0.71 (0.3 to 1.1) n.s.
Internal rotation angle &S 1.2°+9.6 29° +11.6 n.s.
AP translation in external rotation 3 0.35(—02to1) 0.08 (—0.3 to 0.5) n.s.
External rotation angle —74° +11.2 —-3.1° +£15.1 <0.05
Medial deviation 3 0.67 0.25 n.s.

! Injured vs. healthy leg; 2 pre-surgery vs. follow-up; 3 mean side to side difference in millimeters.

3.4. Ligament Repair vs. No Ligament Repair

When assessed for additional ligament repair, patients were classified into two groups.
A lateral collateral ligament and/or anterior cruciate ligament brace was used for ligament
repair. Group 1 consisted of 24 patients undergoing ORIF with additional ligament repair
(n =10 Schatzker Type II; n = 1 Type III; n = 13 Type VI). The mean age of this group was
48.2 £ 11.6 years. Group 2 consisted of 30 patients with no additional ligament repair (n = 0
Schatzker Type I; n = 15 Type II; n = 2 Type III; n = 3 Type IV; n = 10 Type VI) The mean age
of this group was 46.2 4- 12.2 years. Further demographic data are presented in Table 3.

Table 3. Population: ligament repair vs. no ligament repair. Note: results of the measurement of

instability are presented as mean (95% confidence interval).

Criteria Ligament Repair (n = 24) No Ligament Repair (n = 30) p-Value
Male vs. female (%) 41.7% vs. 58.3% 40% vs. 60% n.s.
Mean age at surgery (years) 482 +11.6 462 £122 n.s.
Mean age at follow-up (years) 525+ 11.6 49.8 £12.2
Schatzker ()
I 0 0 -
I 10 15 -
I 1 2 -
v 0 3 -
\% 0 0 -
VI 13 10 -

Cause of accident (%)
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Table 3. Cont.

Criteria Ligament Repair (n = 24) No Ligament Repair (n = 30) p-Value
Falls 33.3% 33.3% n.s.
Traffic 20.8% 20% n.s.
Ski 20.8% 20% n.s.
Bicycle 20.8% 16.7% ns.
Fall from height 0% 0% n.s.
other 4.2% 10% n.s.
ROM flexion (°) 1 126.2 + 14 vs. 1295 + 6.9 127.8 + 8.4 vs. 129.8 4.2 <0.05
ROM extension (°) 1 23+£17vs.274+0.6 19+1.7vs. 27 +1 n.s.
Initial imaging (%)
X-ray 79.2% 70% n.s.
Computed tomography 100% 96.7% <0.05
Magnetic resonance imaging 20.8% 20% n.s.
Initial treatment
Brace 75% 86.7% <0.05
External fixator 25% 13.3% n.s.
Surgery time (minutes) 160 £ 72.7 169.1 + 80.7 <0.05
ASA score 1.8+04 1.8 £0.6 -
Mean difference BMI 2 244 +37vs. 242+ 4.1 24 +2.7vs. 25.5 £ 3.2 n.s.
AP translation 3 1.51 (0.9 to 2.1) 0.71(0.1to0 1.2) <0.05
AP translation in internal 1.19 (0.6 to 1.8) 0.4 (0.1 to 0.8) <0.05
rotation
Internal rotation angle 3 —0.3° £ 124 3.8° £ 85 <0.05
AP translation in external 038 (—02t0 1) 0.07 (—03 t0 0.6) ns.
rotation
External rotation angle —75°£10.3 —3.1°+9.6 <0.05
Medial deviation 3 0.25 0.61 n.s.

1 Injured vs. healthy leg; 2 pre-surgery vs. follow-up; 3 mean side to side difference in millimeters.

There were significant differences between the injured legs in AP translation as well
as in AP translation in internal rotation (p < 0.05). There was a significant difference in the
internal rotation angle as well as in the external rotation angle (p < 0.05). Significant differ-
ences in the flexion of range of motion (p < 0.05) were observed, while the deficit in external
rotation was significantly (p < 0.05) higher in the ligament repair group (—7.5° £ 10.3 vs.
—3.1° & 9.6). There was no significant difference in the number of patients receiving a
preoperative MRI scan, while the no ligament repair group showed significantly higher
rates of preoperative CT scans.

Surgery time showed a significant difference between the groups (p < 0.05), with a
shorter surgery time in the ligament repair group of 9.1 £ 106.9 min.

Patients with no additional ligament repair showed significantly higher rates (p < 0.05)
in the initial treatment with a brace.

3.5. AP Translation >2 mm vs. <2 mm

Overall, fifteen patients (27.8%) had an AP translation >2 mm. Out of these, ten had
a simple (Schatzker Type II) and five a complex fracture (n = 1 Schatzker Type IV; n = 4
Schatzker Type VI). The group with an AP translation >2 mm also showed a significantly
(p < 0.05) increased AP translation in internal rotation (1.7 +1.2 vs. 0.44 £0.97, p = 0.00013)
and in external rotation (1.2 £1.4 vs. —0.2 1.1, p = 0.0055). Preoperative MRI scans were
performed more often (p < 0.05) in the group with an AP translation <2 mm (25.6%) than in
the group with an AP translation >2 mm (6.7%).

4. Discussion

The most important finding of this study was that the majority of the patients demon-
strated significant relevant knee joint laxity 1 year postoperatively after sustaining TPF
when compared to their healthy knee. In other words, the data from this study show that
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significantly increased anterior translation and anterolateral rotation after surgically treated
tibial plateau fracture occurs when using a validated and reliable testing apparatus.

Postoperative persistent knee joint laxity is often related to several factors and mul-
tifactorial. Unaddressed meniscal or ligamentous injuries as well as malreduction may
evidently contribute to this instability. Other studies previously described up to 90% of
concomitant injuries such as meniscal/ligamentous lesions and lesions of the posterolateral
complex, some remaining neglected [26,36,37]. As 20.4% of all patients in this study had a
preoperative MRI scan, only 6.7% of the patients with an AP translation of >2 mm had a
preoperative MRI available, emphasizing the difficulty in detecting concomitant injuries
in TPE. Also, the high prevalence of simple fractures in the group with an AP transla-
tion >2 mm may indicate that preoperative MRI imaging is required more frequently for
these fractures.

When it comes to persistent anterolateral rotatory laxity (ALRL), the anterolateral
complex (ALC), involving the iliotibial band with its three layers, the accompanying Kaplan
fibers, and the anterolateral ligament, has been effectively shown to offer resistance against
internal rotational torques, particularly at greater levels of knee flexion [38—44]. As the
tibial insertion of these structures is located at Gerdy’s tubercule or slightly posterior to
it [38,41,43,45], it is in conflict with the standardized anterolateral approach to the tibial
plateau. During this procedure, the iliotibial band, which is often detached from Gerdy’s
tubercule with or without a bone flake, may cause damage to the ALC [7,33,46]. In addition,
the trauma mechanism leading to TPF may also lead to injuries to the ALC, thus leading to
persistent ALRL.

In this study, the anterolateral approach was the most used approach [46,47]. As
such, this may be a possible explanation as to why there is no significant difference in
the laxity of simple and complex fractures. In contrast, complex fractures were often
treated in combination with another approach (61.4% lateral approach, 24.6% combined).
This may also be an explanation for the high proportion of Schatzker Type II fractures
in the cohort with an AP translation >2 mm, as these fractures were treated using an
anterolateral approach.

In the total collective, significant instability was detected in two (AP translation and
AP translation in internal rotation) of the three measured dimensions, while in the cohort
with an AP translation of >2 mm, significant instability in all three dimensions could be
observed. A measured postoperative AP translation of >2 mm seems to indicate that
multidirectional laxity may be present.

The anatomical reduction in the joint surface, axis, and tibial slope is also an important
factor for the stability of the knee joint [18,21]. During surgery, the posterolateral corner
impression is frequently not visualized or dealt with properly because of inadequate visu-
alization of the lateral imaging [48]. The resulting steeper tibial slope with an increased
stress on the posterolateral corner thus contributes to persistent laxity. To avoid such com-
plications, it is crucial to precisely reduce and stabilize the fracture, reinstate the tibial slope,
and give particular attention to the posterolateral corner during the surgical procedure.

The occurrence of postoperative knee stiffness is associated with a bicondylar tibial
plateau fracture [49] as well as initial treatment with an external fixator [49-51]. In this
study, the complex fractures were initially treated significantly (p < 0.05) more often with
an external fixator (complex fractures 34.6% vs. simple fractures 3.6%). The study’s data
indicate that there is no significant difference in the range of motion (ROM) between com-
plex and simple fractures. Nevertheless, the entire group showed a statistically significant
decrease in ROM on the operated knee joint compared to the healthy side. Based on
the absolute values, which show an average flexion difference of approximately 2° and
extension difference of 0.6°, it is unlikely that arthrofibrosis occurred. It is still uncertain
how much the postoperative adhesions in the knee joint and approach area affect not
only the ROM but also the knee joint’s stability. Postoperative adhesions could also be a
factor for the measured restricted external rotation of the operated knee joint compared
to the healthy opposite side. This deficit is bigger in more complex fractures and frac-
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tures with ligament repair. These results conflict with other studies that have shown that
external tibial rotation is increased in knees with acute cruciate ligament (ACL) and or
posteromedial /posterolateral corner injuries [52,53]. Nevertheless, Mayr et al. were also
able to demonstrate a reduced external rotation in their studies with ACL injured knees,
though this was not significant [31,54]. It remains unclear which injuries during trauma
or surgery contribute to the reduced external rotation. Biomechanical studies show the
influence of pathological tibial rotation on the stability and pressure distribution of the
knee joint [55,56]. The cause of the reduced external rotation should therefore be clarified
in further (cadaveric) studies.

In the population of patients undergoing “ligament/meniscal repair,” the injured
structures were treated with refixation/internal brace techniques. However, studies have
suggested that these techniques may not achieve the same level of stability as ligament
reconstruction or intact ligaments [57-61]. In the population “ligament/meniscal repair”, a
refixation/internal brace of the injured structures was performed, and as a result, higher
translation values may be expected in this population.

It is notable that surgical time for cases involving ligament repair was shorter than in
the group without ligament repair. We interpret this to suggest that in situations involving
complex bone injuries, the osteosynthesis procedure takes longer. Consequently, there
might be a tendency to prioritize addressing the primary bone injuries in complex cases,
particularly when the overall surgical time is already prolonged. This potentially implies
that less attention is given to managing accompanying injuries in complex bone scenarios.

5. Limitations

This study comes along with some limitations inherent to its study design. First, the
small sample size from this single-center study potentially creates selection bias due to
exclusion criteria, in addition to the retrospective nature of the study design. Second, the
study did not account for potential confounding factors. Third, the generalizability of the
study may be limited due to the specific population and fracture types studied. Fourth,
another important factor for the development of post-traumatic laxity is postoperative
rehabilitation [20], which was not considered in this study. Fifth, several studies have
shown the influence of thigh muscles on knee laxity [62-65]. However, this study did not
include strength testing of thigh muscles.

Finally, undetected meniscal/ligamentous and posterolateral corner lesions may have
contributed to postoperative laxity in this study.

The data from this study demonstrated a measurable, significant anterior and an-
terolateral laxity after surgically treated TPF, which is not adequately assessed pre- and
postoperatively in terms of non-bony parameters. Although a preoperative MRI is effective
for detecting such instabilities, a more accurate evaluation through clinical and instru-
mental examination, such as intraoperative fluoroscopic stress images and postoperative
instrumental laxity tests, may be necessary. Further research is required to determine
whether additional stabilization is necessary for this type of laxity, either initially or sec-
ondary during implant removal. To reduce the occurrence of PTA, it is crucial to treat TPF
as a complex joint injury rather than just a fracture.

6. Conclusions

When treated by ORIF, patients with TPF demonstrate measurable uni- or multidi-
mensional knee joint laxity at a minimum of 1 year postoperatively. Interestingly, fracture
types (according to Schatzker and Moore) have no influence on postoperative laxity. This
emphasizes the importance of recognizing TPF as a multifaceted injury involving both
complex fractures and damage to multiple ligaments and soft tissue structures, which may
require further intervention after osteosynthesis.
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Im Anhang befinden sich Nachweise der Preise und Auszeichnungen der Publi-
kationen, die Teil dieser Dissertation sind.
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